
them. A French military officer noted in 1750 that Indians living near Fort Figure 11. Petroleum Production and Consumption
Duquesne (now the site of Pittsburgh) set fire to an oil-slicked creek as
part of a religious ceremony. As settlement by Europeans proceeded, oil'
was discovered in many places in northwestern Pennsylvania and western
New York-to tile frequent dismay of the well-owners, who were drilling
for salt brine./

>' Cons umption/

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 A Production
supplies. This impetus launched the modem petroleum age, which began on a t 10 -
Sunday afternoon in August 1859 at Oil Creek, near Titusville in northwestern-\
Pennsylvania. The credit has traditionally gone to "Colonel" Edwin L. Drake,
a railroad conductor on sick leave employed by the Pennsylvania Rock Oil 5 - /mpofs
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. Ironically,
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 195C 1960 1970 1980 1990
backers ordering him to cease operations, it might not have happened in Oil
Creek at all.

total output had dropped to 7,8 million barrels per day, 31 percent below
"Great excitement ensued" following Drake's discovery, according to the its peak.
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, Figure 12. Lower 48 and Alaskan Crude Oil Production
Mexico, Trinidad, Iran, and Venezuela. Overproduction temporarily drove
prices down, but the rapid adoption and spread of internal combustion en- 10 -
gines in the late 19'h century helped create vast new markets. With only tem-
porary interruptions, world petroleum consumption has expanded ever since. ow, 4a

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 o 6 -
consumption began to widen and imported petroleum became a major
component of the U.S. petroleum supply (Figure 11). After 1992, imports

m 4exceeded production.
'

Production of petroleum (crude oil and natural gas plant liquids) in the : 2-
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 Alaska
beginning in the late 1970s helped postpone the decline in overall U.S. o 70 .I
production, but Alaska's production peaked in 1988 at 2.0 million bar- 190 1970 980 1990

.rels per day and fell to 1,0 million barrels per day in 1999. By then U.S.
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Another index of the Nation's petroleum output is oil wll Figure 14.rotleumr Consumption by Sector
which fell from a high of 18.4 barrels per day per wellJn 1972 oTO 0.7
barrels per day per well in 1'99 (Figure 13). ' 15 -

U.S. petroleum consumption rose an-lially unitl 1973, when the Arab
OPEC embargo stalled the annual increases for two years. The increases
then resumed, raising consumption to 18.8 million barrels per day in
1978, before rising prices drove it do.vn to a post-embargo low of 15.2 10 - Transportaion
million barrels per day in 1983. Consumption began to rebound the fol- /-
lowing year and was boosted by p! mmeing crude oil prices in 1986, a
By 1999 it had reached 19.4 million carrels per day, an all-time high.

§ 5 - Induslrl
Of every 10 barrels of petroleum consumed in the Ujnited Sates in 199,
more ihan '4, barrels were c nsunie in the ifrm-r ol0m ..nla asoline. The
triiasprtation sector aTione accounted tor two-thirds of all petroleum used. and oRemside ial
f'jhn theUni5ted$jAh-ir+rQ99 (Figure T,) E" " c * tni'mc Utiilies _=. ... . ----.. .

/ 1950 1960 1970 1980 1990To meet demand, crude oil and petroleum products we imored a the 1950 1960 1970 1980 1990

rate of 10.5 nmillio! bair LS-;i;fi while exports measured 0.9
miitib' barrels per day. Between 1985 (when net imports fell to a
post-embargo low) and 1999. net imports of crude oil and petroleum OPEC nations reached 72 percent in 1977, subsided to 42 percent in
products more than doubled trom 4.3 million barrels oer day to 9.6 mil- 1985, and climbed back to 50 percent in 1999. Total net imports as a
lion barrels per (ia,.The share of U:S: net imports that came from share of petroleum consumption reached a record high of 52 percent in

Figure 13. Oil Well Productivity Figure 15. Strategic Petroleum Reserve Stocks
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Figure 16. Inflation-Adjusted Cost of Crude Oil Natural Gas

60 - Natural gas is mostly a mixture ulo melthane, elhanli, anil propane, with
metllane making up 73 to 9S percent of tle total. Often ciiountered when

50 - / drilling for oil, natural gasas s once considered mainly a nuisance. When
-<uD~~~~~~~~~ / ,~~~~~ \either uses or--more likely today-accessible markets were lacking, it was
mro(p~~~~~ 40_~~~ -\~ ssimply lared (burned off) at lie wellhead. Major flaring sites were some-

co, 40^/ l-imes the brightest areas visible in nighlilime satellite images. Today, how-
0- /eD~~~~~~~~~~~ \ "~ever, the gas is mostly reinjected for later use and to encourage greater oil

30-/ production.

20 The first practical use of natural gas dales to 200 B.C. and is attributed,
c . .- \,/ like so many technical developments, to the Chinese. They used it to

10 - - make salt from brine in gas-fired evaporators, boring shallow wells with
crude percussion rigs and conveying the gas !o the evaporators via bam-
boo pipes. Natural gas was used extensively in Europe and North Amer-

° '0 ''''" '' .. ica in the 19"h century as a lighting fuel, until the rapid development of
1970 1975 1980 1985 1990 1995 electricity beginning in the 1890s ended that era. The development of

steel pipelines and related equipment, which allowed large volumes of
g'as to be easily and safely transported over many miles, launched tile

1998 before declining to 50 percent the following year. The five leading modern natural gas industry. The first all-welded pipeline over 200
suppliers of petroleum to the United States in 1999 were Saudi Arabia, miles in length was built in 1925, from Lduisiana to Texas. U.S. demand
Venezuela, Canada, Mexico, and Nigeria. for natural gas grew rapidly thereafter, especially following World War

II. Residential demand grew fifty-fold between 1906 and 1970.

Figure 17. Natural Gas Overview
To protect against supply disruptions, the United States began to build a
Strategic Petroleum Reserve in the late 1970s. By 1985 the reserve's hold- 25
ings reached 493 million barrels, which would have provided enough crude
oil to replace about 115 days' worth of net petroleum imports that year \ Consumption20-
(Figure 15). In 1999, te reserve held 567 million barrels of crude oil.
Due to the increased rate of imports, however, that amount would replace / Produclon
only 59 days' worth of net imported petroleum. u. 15- /

U/

O '10 -

Despite recent price increases, petroleum remains relatively cheap in the
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 .. Imeos--'

percent below 1981's record inflation-adjusted cost of S56.50 per barrel o .-.. ... ,.,
(Figure 16). 1950 1960 1970 1980 1990
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Figure 18. Natural Gas Net Imports as Share of Consumption Figure 19. Natural Gas Well Productivity

20 - 500 - Peak Productivity: 435 thousand
* 455A _ /1cubic feet per day per well in 1971

15.8% in 1999

~1 ~~5 -%~~~~~ i 4O 400-

15- 
\

C ~ G 3o0t - -

S- _a ,1200-

2 100-

/4.2% In 1986 "

1 11960 1965 1970 1975 1980 1985 1990 995 1995

I
The United States had large natural-gas reserves and was essentially electric power producers other than utilities) accounted for nearly half of
s.L-sui-T-T enT 'ni'llI ,Ta i| - t|r ', l ^ hi.p.i|*in began all natural gas consumption, followed bytlhe residential sector, which used
to significantlY nl c nructi (Figure 17). Imports rose to make up another fifth of tie total. In recent years, very small amounts of natural gas
the difference, nearly all coming by pipeline from Fada, although small (about 5 billion cubic feet in 1998) have been reported for use in vehicles.
volumes were brought by tanker in liquefied form from A1' ia and, in re-
cent years, from a few other countries as well. Net importsa&a -hare of Figure 20. Natural Gas Consumption by Sector
consumplion mori than tripled from 1986 to 99J L 8). '

12 -
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-
tivity peaked at 435 thousand cubic feet per well per day in 1971, then fell/ \ndustrial
steeply through the mid-1980s before stabilizing. Productivity in 1999 was- 8 -
157 thousand cubic feet per well per day (Figure 19).

Three States (Texas, Louisiana, and .rahom)i) account fr - h l /Residential
nhia''ral ea. nr7-i'reo.n'[reni'e cr " t a.te.se xas alone produced 6.9 Iril-
iion'-cu'tf-eet in 1999. AdvancingiUig technology has made offshore / . -/ \ '..\ Electric Utililies

sites more important, and over the last two decades about one-fifth of all
U.S. production has come from offshore sites. , Commercial

/',.---..-'/": - -. . ... . Pipeline Fuel

r e a t d tho indti'e ril! 'Inr nf the econnmy hna hwn hth h.a-jest o ,*..-; . , ,,,.... .., .. , .,,
user of natural es..(Figure 20). In 1999 industrial entities (including most 1950 1960 1970 1980 1990
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The price of natural gas at the wellhead (i.e., where the gas is produce) Figure 21. Coal Production by Mining Method
was $1.98 per thousand cubic feet in 1999, in real terms (chained 1996, --
dollars), well below the historical high of $3.76 per thousand cubic feet 800 - .
in 1983. In nominal dollars, the 1999 wellhead price was $2.07 per hllou-
sand cubic feel.

Coal 500 -

, 400-Scattered records of the use of coal as a fuelidate from at least 1100 B.C. o
However, coal was not used extensively until the Middle Ages, when small . 300 -
mining operations in Europe began to supply it for forges, smithies, lime- Undrgsound
burners, and breweries. The invention of firebricks in the late 1400s, 200 -
which made chimneys cheap to build, helped create a home heating market 1
for coal. Despite its drawbacks (smoke and fumes), coal was firmly estab-
lished as a domestic fuel by the 1570s. By that time, production in Eng- 0 , . ....
land was high enough that exports were thriving. Eventually, some of that 1950 1960 1970 1980 1990
coal went to the American colonies.

Technological improvements in mining and the shift toward more sur-
The total amount of coal consumed in the United Stales in all the years be- face-mined coal, especially west of the Mississippi, have led lo great im-
fore 1800 was an estimated 108,000 tons, much of it imported. The U.S. provements in coal mining productivity. In 1949 U.S. miners produced 0.7
market for coal expanded slowly and it was not until 1885 that the young short tons of coal per miner hour; by 1998 that rate had increased to 6.2
and heavily forested nation burned more coal than wood. However, the ar- short Ions per miner hour.
rival of the industrial revolution and the development of the railroads in
the mid-nineteenth century inaugurated a period of generally growing pro- Figure 22. Coal Production by Location
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- 700 -
duction of coal reached a record 1.12 billion short tons and was second
worldwide after China. U.S. 1999 production was 1.10 billion short tons. 600 - East of Mislssippi

'^' 500-
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 t 400 -
1982. Coal regained the position of the top resource that year and again in ,
1984, and has retained it since. At 23 quadrillion Btu in 1999, coal c 300 -
accounted for a third of all energy nvEi5d in the couirL.

i 200-

Over the past several decades, coal production shifted from primarily un- 100
derground mines to surface mine (Figure 21), In addition, the coal re- solMississ
sou oWymi n and other areas west of the Misiii River 0 ............................ .

nde"w"ent tremendous development (Figure 22L : 1950 1960 1970 1980 1990
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Since 1950, the United Stales has produced more coal than it has con- Figure 24. Electricity Net Generation by Source 1999
suined. The excess production allowed the United States to become a sig-
nificant exporter of coal to other nations. In 1999 U.S. coal exports totaled
58 million short tons, which, measured in Btu, accounted for 40 percent of Natu Gas
all US. energy exports. About 38 percent of the year's coal exports went to and Petroleum
Europe, while the individual nations buying the most American coal were
Canada, Japan, Brazil, Italy, and the Netherlands- While the quantities of 51
coal leaving the country are huge, in 1999 they represented only 7 percent
of the Btu content of the petroleum coming into the United States.

The uses of coal in the United States have changed dramatically over the Nuclear Electric
years. In the 1950s, most coal was consumed in the industrial sector, butPower
many homes were still heated by coal and the transportation sector still con-
'umea slgnticant amounts in steam-driven tr' n ships (gure 3). In
1999the indutrial sector used less than half as much coal as in 1949. Today

or9it «it of aloal consumed in the United States goes to the industrial
sector. Ninety percent ij.used in the electric power sector; coal-fired units ac- Hydroelectric
counted for 51 percent of U.S. electricity generation in 1999 (Figure 24). Power and ther

Coal-fired electric generating units emit gases that are of environmental Except for a post-oil-embargo price spike that peaked in 1975, real (inna-
concern. In 1998 U.S. carbon dioxide emissions from the combustion of lion adjusted) coal prices have generally falen nr thp Inct hirf.pni,,r
coal for electric utility generation were nearly half a billion metric tons of The average price in 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. lars, 1999 production prices for coal were 84 cents per million Btu com-

pared with $1.86 per million Btu for natural gas and $2.68 per million Btu

Figure 23. Coal Consumption by Sector for crude oil.

1,000 - Electricity

/5 -Electric power arrived barely a hundred years ago, but it has radically trans-
, 750 - Electric formed and expanded our energy use. To a large extent, electricity defines

Power Sector/ modern technological civilization.

0° 500 - The reasons may not be easy to appreciate for those who have never known
e; <c/ ) ~~~~~~~~~~ /'~ I ~the filth, toil, danger, scarcity and/or inconvenience historically associated

. . Transportation with obtaining and deploying such fuels as wood, coal, and whale oil. By
:E^~~~~~~Z~~~~~~~~ / y ~~contrast, at the point of use electricity is clean, flexible, controllable, safe,

250 -x / / effortless, and instantly available. In homes, it runs everything from tooth-
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 business and
0° .. w : ,' -' l'-'T " :-' : I--.-r " industry, electricity enables virtually instantaneous global communication

1950 1960 1970 1980 1990 and powers everything fromi trains, auto plant assembly lines, and
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restaurant refrigerators to the computers that run the New York Stock Ex- whenl they are close together. Iligi costs arid thc Great [)Dpression, which
change and the automatic pin-setling machines at the local bowling alley, dried up most invesitnent capital, delayed electric service to rural Aenri-

cans until President Franklin Roosevelt signed into law the Rural Llectrili- t' (
Electric power developed slowly, however. Humphrey Davy built a cation Administration (REA) in 1935. The REA loaned mnoney al low _
battery-powered arc lamp in 1808 and Michael Faraday an induction dy- interest and helped to set ilp electricity cooperatives. Though interrupted
namo in 1831, but it was another half-century before Thomas Edison's by World War 1I, rural electrification proceeded rapidly thereafter. Uy
primitive cotton-thread filament burned long enough to prove that a work- 1967 more than 98 pcrcent of American farmis were using electricity front
able electric light could be made. Once past that hurdle, progress acceler- central station power plants.
ated. Edison opened the first electricity generating plant (in London) less
than 3 years later, in January 1882, and followed with the first American The depth of clectricity's penetration into our economy and way of life is
plant (in New York) in September. Within a month, electric currcnt from reflected in the fact that, over the last half century, annual increases in total
New York's Pearl Street station was feeding 1,300 lighlbulbs, and within a electricity sales by electric utilities faltered only twice, in 1974 and 1982;
year, 11,000-each a hundred times brighter than a candle. Edison's re- in every other year, sales grew. From 1949 to 1999, while the population
ported goal was to "make electric light so cheap that only the rich will be of the United Slates expanded 83 percent, the amount of electricity sold by
able to burn candles." 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 theThough he fathered the electric utility industry, Edison failed in his at- econoy can be seen in the sec hh r d in 19 by th

. , . , , . ', , . ~ residential sector, followed closely! by the industrial sector, and then the
tempts to dominate its business and technical sides. Other companies sur- .meial sector ( re 2.
passed his efforts to build central power stations,.and Edison's doged
faith in direct currenl( heDrael a cquld only be transmitted-2

faithndirect currnt(D a (C) do b.e transmtte1A/- _; Where does all this electricity come from'? In the United Slates. coalhas
miTeslt e - ea rival alternating-current (AC) system developedby Geor been ad continues to be the source'ofnost eletricit in for over

_ _ -; j1,n - 7 = -T=- L= ji-T - iE D'~ ~been and continues to be the source of most elecricuv arling forover
W --estangnoecand -io-aI-esa-(who odissonoadowred " enabled - haT of all electricity generated by utilities in 1999.((Figure 26).

uistance rransmission oT nigh-volta ge current and stepdowns to lower volt-
,ges at the point ouse-essentially the system in place tdoay. Edison

even subsidized construction of an A(C-powered electric chair to convince Figure 25. Electric Utility Retail Sales of Electricity, 1999
the public that AC was dangerous, but to no avail.

1.5 -

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 12 - 114

was slowed by competition from gas companies, which had a large stake in .o0 0.98
the lighting market. Nevertheless, by 1900 there were 25 million electric 0.9
incandescent lamps in use and homeowners had been introduced to electric
stoves, sewing machines, curling irons, and vacuum cleaners. In parallel, 2
generating equipment and distribution systems developed to meet the de- 0.6
mand. By 1903 utility executive Samuel Insull had commissioned a 5
megawatt steam-driven turbine generator-the first of its type and the larg-
est of any generator then built-and launched a revolution in generating 0.3 -
hardware. o.lo

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

Energy Information Administratlon/Annual Energy Review 1999 xxlx

*.



Figure 26. Electricity Net Generation at Utilities Figure 27. Electricity Net Generation 1999 i C

~~~2,~~~~~~O~Oo-
2.0- i -

C

a u1.5- C. Electric Ulilities ,.

kilowatthours

p."e= kilowatthours
t- 0.5-

Hydroelectric Power

~~0~~~~~~~.0. . . .... ..... .....Total: 3.7 trillion kilowatlhours
1950 1960 1970 1980 1990

Hydroelectric power wa an early snurice r !t1 n electricity-accounting the energy from its original form, such as coal, into electricity and the cost
for aTmost athird 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 (ovMrlTereat of the total in 1999). Natura r4- ta4ati e- Btu for the electricity delivered to their residences (Figure 28). In contrast,
leum grew steadil 'sao'W urces of electricity in the late 1960s. Their consumers paid an average of only $6.39 per million BLu for the natural gas
combined usage peaked at 37 percent of the total in 1972 and stood at 18
percent in 1999. Meanwhile, a new source entered the picture: nuclear ejc- Figure 28. Consumer Prices, 1999
rC· power7 A trickle of nuclear electricity began flowing in 195 and the

stream widened steadily except for downturns in 1979 and 1980, following 30 -
the accident at Three Mile Island, and again in 1993. Nuclear generation de-
clined 7 percent in 1997 but rebounded 16 percell between 1997 and 1999. 25 - 23.94

Just as electricity's applications and sources change over time, so is the 20 -C 20-
structure of the electric power sector itself evolving. The sector is now
moving away from the traditional, highly regulated organizations known 5 -
for many decades as electric utilities and toward an environment marked -L i

by lighter regulation and greater competition from and am Inn i l vy e 9.83
" 10 -

powerproduceT In 1999, percent of the total net generation of elec- o
tricifTme from nonutility power producers, such as independent power 39
producers and nonutility cogenerators (Figure 27).

Electricity's great assets as a form of energy are reflected in its cost to the 0
Residential Motor Residential

end user. The price paid by the consumer includes the cost of converting Electricity Gasoline Natural Gas
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purchased for their homes and an average of $9.83 per million Btu for the World War 11 posipoilcd furlther prugrcss lwaiid coiiiiiierial nuclCear 0
molor gasoline to fuel their vehicles. electric power, but tile theoretical foundation hIad been established and

several factors encouraged nuclear power's development when peace '?M
returned. It was believed that fuel costs would be negligible and there- 'i

The unit cost of electricity is high because most of the energy that must be fore that nuclear power would be rclati:lvy inexpensive. In addition,
purchased to generate it does not actually reach the end user but is ex- boltl the United Slates and Western Europe became net impiorters of
pended in creating the electricity and moving it to the point of use. In crude oil in the early 1950s and nuclear power was seen as critical to
1999, for example, approximately 35 quadrillion Btu of energy were con- avoiding energy dependence. Gcopolilics appear to have played a role
sumed to generate electricity at utilities in the United States, but only 11 as well; President Dwight Eisenhower's Atoms for Peace program was
quadrillion Btu worth of electricity were actually used directly by con- intended in part to divert fissionable materials fron bombs to peaceful
sumers. Where did the other 24 quadrillion Btu go? Energy is never de- uses such as civilian nuclearpower.
stroyed but it does change form. The chemical energy contained in fossil
fuels, for example, is converted at the generator to the desired electrical In 1951 an experimental reactor sponsored by the U.S. Atomic Energy
energy. Because of theoretical and practical limits on the efficiency of Commission generated the first electricity from nuclear power. The Brit-
conversion equipment, much of the energy in the fossil fuels is "lost," ish completed the first operable commercial reactor, at Calder Hall, in
mostly as waste heat. The overall energy efficiency of a system can be in- 1956. The US. Shippingport unit, a design based on power plants used in
creased through the tandem production of electricity and some form of nuclear submarines, followed a year later. In cooperation with the U.S.
useful thermal energy. This process, known as cogeneration, reduces electric utility industry, reactor manufacturers then built several demon-
waste energy by utilizing otherwise unwanted heat in the form of steam, stralion plants and made coininimentsj to build additional plants at fixed
hot water, or hot air for other purposes, such as operating pumps or for ' prices. This commitment helped launch commercial nuclear power in the
space heating or cooling. United States.

The success of the demonstration plants and the growing awareness of
In addition to the conversion losses, line losses occur during the transmis- U.S. dependency on imported crude oil led to a wave of enthusiasm for
sion and distribution of electricity as it is transferred via connecting wires
from the generating plant to substations (transmission), where its voltage isumulative Orders for Nuclar Generating Units
lowered, and from the substations to end users (distribution), such as
homes, hospitals, stores, schools, and businesses. The generating plant it- 300
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 2
the end user.

. 200

Nuclear Energy D /
° 150-

Among all the major forms of energy now in use, only nuclear power is na-
:3 100-tive to the 20'h century. The central insight-that the controlled fission of 100 -

heavy elements could release enormous energies-came to British physi-
cist Ernest Rutherford in 1904, and research during the 1930s convinced 50 -
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 0 .-.............
University of Chicago in a primitive graphite-moderated reactor built on a 1955 1960 1965 1970 1975 1980 1985 1990 1995

vacant squash court.
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nuclear electric power that sent orders for reactor units soaring between. F
1966 and 1974 (Figure 29). The number of operable units increased in Figure 31. Nuclear Generating Units Cancelled or Shut Down
turn, as ordered units were constructed, tested, licensed for full power 5 '
operation, and connected to the electricity grid (Figure 30). However,
the curve of operable units lagged behind the curve of ordered units Curnulative
somewhat because of the long construction times required for the large, 125 - Canela
complex plants. The total number of U.S. operable reactor units peaked
in 1990 at 12. c 100 -

Orders for new units, fell off sharply after 1974. Of the total of 259 units or- ° 75-
dered to date, none was ordered after 1978. Although safely concerns, espe-
cially after the accident at Three Mile Island in 1979, reinforced a growing E7"' 50-
wariness of nuclear power, the chief reason for its declining momentum in Z Cu
the United States was economic. The promise of nuclear electric power had Cumulative
been that it would, in the now-famous phrase, make energy "too cheap to me- 25 - Shu
ter." In reality, nuclear power plants have always been costly to build and, .
for several reasons, became radically more costly between the mid-1960s 0 i ,. . '
and the mid-1970s. Utilities began building large plants before much experi- 1955 1960 .1965 1970 1975 1980 1985 1990 1995

ence had been gained with small ones. Expected economies of scale did not
materialize. Many units were forced to undertake costly design changes and
equipment retrofits, partially as a result of the Three Mile Island accident. These trends disillusioned many utilities and investors. Interest in furthcr
Meanwhile, nuclear power plants have also had to compete with conven- orders subsided and many ordered units were cancelled before they were
tionalcoal-ornaturalgas-firedplantswithdecliningoperatingcosts. built. By the end of 1999, 124 units had been cancelled, 48 percent of all

ordered units (Figure 31).

|Figure 30. Operable Nuclear Generating Units Thie average capacity factor of U.S. nuclear units-the ratio of the
electricity they actually produced in a given year to the electricity they

150 - could have produced if run at continuous full power-has improved
steadily over the years, and reached 86 percent in 1999. However, as oper-

125 - able nuclear power plants have aged, some have become uneconomic to
operate or have otherwise reached the end of their useful lives. By the end

*S 100- of 1999, 28 once-operable units had been shut down permanently. The
D^~~~~~~3~~~~~~ / ~~~joint effect of shutdowns and lack of new units coming on line is that the

' 75 number of U.S. operable units has fallen off since 1990 to 104. In its An-
75

/11140 ual Energy Outlook 2000, EIA projects that 41 percent of the nuclear gen-
E erating capacity that existed at the end of 1998 will be retired by 2020. No
Z 50 / new plants are expected to be built during the period.

25 - Renewable Energy

0 · o .. f, ' For all but tlie mIst reccnl fraction oflhuilnaitiy's tiim on Lurlli, virtually all
1955 1960 1965 1970 1975 1980 1985 1990 1995 energy was renewable energy. Frior to lle widespread use of fossil fuels
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anc nuceai power, which arrived only an eyeblink ago in relative terms, Modern renewable sources in the United Slates contribuit about as
there was essentially nothing else. Our ancestors warmed themselves di- much (roughly one-lenth) to total energy production as does nuclear
rectly in the sun, burned brush and fuelwood fashioned by photosynthesis power (Figure 32). Just as water power was relativcly more imiportaint
from sunlight and nutrients, harnessed the power of wind and water created than wind energy in pre-industrial times, renewable energy today is
mainly by sun-driven atmospheric and hydrologic cycles, and of course dominated by hydroelectric power. About 45 percent of the U.S. renew-
used their own musclepower and that ofanimals. able total in 1999 came from hydroelectric power generation, which

uses damn-imp e waer o drive turbine generators tha makc elec-

We still depend heavily on renewable energy in these primeval forms. But tricity. The American hydropower infrastructure is extensive and in-
various cultures have also found more inventive means of harnessing re- cJsdes the grea dams of the intermounlain West, the Columbia basin,
newable resources, from mounting sails on wheelbarrows, as did ancient and the Tennessee River valley, as well as hundreds ooti'ersmaller
Chinese laborers, to gathering and burning buffalo dung, as did American installations natonwide.
settlers making their way west. The story of renewable energy is one of
the invention and refinement of technologies for extracting both more en- Most of the rest of the U.S. renewable energy total came froi ool I

ergy and more useful forms of it from a wider variety of renewable wl a diverse category that includes not only the obvious can idaecs
sources. Many energy experts believe that the age of fossil fuels is only an s-uch as wood, methanol, and ethanol) but also peat, wood liquors, wood
interlude between pre- and post-industrial eras dominated by the use of re- sludge, railroad ties, pitch, municipal solid waste, agricultural waste,
newable energy. 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-
. nntly in the energy consumpti n of such industries as paper

Some renewable energy technologies, such as water- and wind-driven manufacturing and lumber, which hale ready access to thcm.j 0 - -2
mills, have been in use for centuries. Grain mills powered by waterwheels mal was third in 1999, accounting for about 5 percent of U.S- ew-
have existed since at least the first century B.C. and became commonplace able energy production.
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. Figure 32. Renewable Energy in Total Energy Production, 1999
Some installations were surprisingly large. The Romans built a mill with
16 wheels and an output of over 40 horsepower near Aries 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 Fo s i
niche with the development of hydroelectric power. 8 I X

Windmills are a younger but still ancient technology, dating at least to the e| j|R rnify l

10Ih century in the Middle East, a bit later in Europe. In one form or an- 0 o %
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.
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Despite t.ei, cachet, solar ener y p voltaic and thermal) a wnd King Edward I of England, for inslancl, so objected lo lhe noxious smokeenergy contribute relativey i .to I renewable tal (h l r- arid funes fron London's manl y coal-burning fires that in 1300 hi triedent an one-half ercent resp e Lpeak year for U.S. nianu- (unsuccessfully) to ban its use by anyone except blacksmnitlis. But theacturers shipments o solar h collectors was 1981, when 21 cnormous scale of modern energy use has sharply increased concernsmillion square feet were shipped. From 1991 through 1998, an average about unwanted environmental ef'ccs. No form of energy production isof 7.4 million square feet were shipped each year. Over 90 percent entirely free of them, including renewable energy. Damm ing rivers andthe solar thermal collectors went to the residential sector in 1998. streals for hydropower facilities radically alters natural stream Ilows inNinety-three percent of the newly shipped collectors were used to heat ways that can threaten or endanger aquatic species. Wind-turbine genera-swimming pools, while 6 percent were used for water heating and less tors can make noise and kill birds. Bioniass generating plants that rely onthan I percent for space heating. Prices for photovoltaic cells have plantation forestry for fuel can displace natural forest habitat and reducefluctuated in recent years, while the volume'of shipments in 1998 was biological diversity.
nearly nine times the 1985 volume. U.S. wind energy production rose
58 percent between 1989 and 1999 but remains a very small factor in re- Among the most significant environincnal effects of energy productionnewable energy here. and consumption is the emission of greenhouse gases. Such gases-car-

bon dioxide, methane, nitrous oxide, and others--block infrared radiationEnvironmental Indicators 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 of carbon-dioxide-forced~warming of the climate has been pos-

The use of energy brings undisputed benefits; but it also incurs costs. p ibility of carbon-dioxide-rcednt arnii of the clinate has been pos-Some of these costs show up on consumers' utility bills. The charges lev- l eved stnce 1861a and in recen an-ca mand y scientists haveenoe ato be-ied on consumers by an energy producer (an electric utility with a raising global average t emperaturesed may produce harmful chasges incoal-fired generating plant, for instance) are designed to cover the pro- the global climate. Energy-related greenhouse gas emissions make up aducer's costs of building the power plant, extracting coal from the ground, significant fraction f all such emissions and the United Ses as onetransporting it to the power plant, crushing it to the proper size for combus- the world's largest producers and consumers an fossiled Sa, is responsiblelion, maintaining the generating turbines, paying workers and managerstile world's largest producers and consumers of fossil fuels, is responsible
tion, maintaining the generating turbines, paying workers and managers, for a major portion oglobal energy-relaed emissions.and so on.and so on. 'for a major portion of global energy-related emissions.

Carbon dioxide (CO 2) accounts for the largest share of combinedOne important category of costs that often is not reflected in consumers' anthropogenic greenhouse gas emissions. In 1998 U.S. anihropogenic CO 2
bills is energy-related environmental effects. These unwanted effects can emissions totaled about 5.5 billion metric tons (of gas; I ton of carbonbe thought of as the tail end of the energy cycle, which begins with extrac- equals 3.667 tons of carbon dioxide gas), 0.2 percent higher than the yearlion and processing of fuels (or gathering of wind or solar energy), pro- before and 20 percent higher than in 1985 (Figure 33). Nearly 99 percentceeds with conversion to useful forms by means of petroleum refining, of this total was energy-related emissions, especially from petroleum con-electricity generation, and other processes, and then moves on to distribu- suied by the transportation sector, coal burned by electric utilities, andlion to, and consumption by, end-users. Once the energy has rendered the natural gas used by industry, homes, and businesses,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 Energy-related emissions of methane, another important greenhouse gas,gases, spent nuclear fuel, and many others. cergy-relaled emissions of meiane, another imporlant greenhouse gas,gases, spent nuclear fuel, and many others. remained at 10 million metric tons in 1998. While about 35 percent of U.S.

methane emissions stemmed from energy use, most came from landfills andAll energy use has unwanted effects of one kind or another; even a simple such agricultural sources as ruminant animals (cattle and sheep) and theircampfire produces eye-stinging smoke as well as warmth. The effects can wastes. Emissions of a third potent greenhouse gas, nitrous oxide, re-be local or widespread, and neither type is only a concern of modern times. nainled about the sanie in 1998, at 1.2 million metric tons.
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Figure 33. Carbon Dioxide Emissions foresee critical but unexpected events, such as tilt 1973 oil embargo-- Ihe
projections can sketch a plausible general picture of future developments

7 giu en known trends in technology and demographics and current laws and
regulations.

', 6-
5 5.5 5.5 The projections in AEO 2000 suggest our near-term energy future will be

5 - 46 7 49 5 49 5 0 one of more: consumptiol, production, imports, and emissions. Real en-
(A BlJ 113 t li I H H~ H li H i h i C ii "ergy prices are expected either to increase slowly (petroleum and natural

o_ C 4 - gas) or to decline (coal and electricity). These circumnstanccs will cncour-
. i age greater consumption (Figure 34), and AEO 2000 projects U.S. total
u ~ ^3 - consumption to reach 121 quadrillion Btu in 2020, 27 percent higher than

; in 1998. Consumption rises in all sectors, but growth is especially strong ill
O 2 - transportation because of more travel and greater freight requircncnts.

1 - i 8 Despite tie general increase in energy consumption, efficiency gains and
rising population keep per-capita use of energy roughly stable through

O0 1985> 187 1.9~ 11~ 1.^3~ _s 1.972020, according to tle projections. Energy intensity, expressed as energy
1985 1987 1989 1991 1993 1995 1997 use per dollar of gross domestic product, has declined since 1970 and is cx-

pected to continue falling.

All sectors of the U.S. economy contribute to energy-related greenhouse More energy consumption, of course, means more energy produc-
gas emissions, especially CO2. Of 1998 energy-related CO 2 emissions of tion-somewhere. Because the output of aging U.S. oil fields will continue
1.5 billion metric tons of carbon (5.4 billion tons of gas), the industrial and to drop, rising demand for petroleum will have to be met by imports. The
transportation sectors each accounted for about one-third, the residential share of U.S. petroleum consumption met by net imports is projected to
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- Figure 34. Energy Consumption by Fuel, 1949-2020
ing electricity, petroleum, natural gas, and coal. Not surprisingly, the
transportation sector emits carbon dioxide mostly via the consumption of 60 - History Projections
petroleum (especially motor gasoline, distillate fuels such as diesel, and jet
fuel). Residential- and commercial-sector emissions are owed mostly to the 50 -
use of electricity and natural gas. .

40 - Petroleum .

The U.S. Energy Outlook c
30 /

Future patterns of energy production, use, and consequences in the United . Natura Ga
States are, of course, purely speculative. But educated guesses can be made 20 - .R Noeno"bilecric
by means of sophisticated computer models, such as the Energy Inforna- Energy

tion Administration's National Energy Modeling System (NEMS). EIA's 10 - Coat Nuclear Electric

current projections are published in its Annual Energy Outlook 2000 (AEO .....
2000) and extend through 2020. Although emphatically not to be taken as 0 ...... ....-.. Hydroeletric Power
predictions-no existing or imaginable model pretends to be able to 1950 1960 1970 1980 1990 2000 2010 2020
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rise from 52 percent in 1998 to 64 percent in 2020. Domestic natural gas 15. Ibid., Trable. 5.15.
production, on the other hand, increases 1.5 percent per year on average, an 16. Ibid., Table 5.19. Q
increase sufficient to meet most of the higher demand. Output from the Na- 17. Ibid., Table 6. ..I i"
lion's vast coalfields likewise incre,-.?s to meet rising domestic demand. 18. Ibid., Table 6.3. ':o
Growth in production of energy frorl. renewable sources is less than I per- 19. Ibid., Table 6.4.
cent per year, while output fromn nuclear power facilities declines 20. Ibid., 'able 6.5.
significantly. 21. Ibid., Table 7.2.

22. Ibid.
Unless policies to reduce emissi. 'is of carbon dioxide (such as those pro- 23. Ibid., Table 7.3.
posed under the 1997 Kyoto Proto; :1) are adopted, greater use of fossil fu- 24. Ibid., Table 8.2.
els, slow market penetration by renewable energy sources, and less use of 25. Ibid., Table 8.9.
nuclear power will inevitably lead to higher emissions. AEO 2000 projects 26. Ibid., Table 8.3.
U.S. energy-related carbon dioxide emissions to reach nearly 2 billion met- 27. Ibid., Table 8.1.
ric tons of carbon (7.3 billion tons of gas) in 2020, 33 percent more than in 28. Calculated from data in Annual Energy Review 1999, Tables 8.13 (rcsi-
1998. dential electricity) and A6, 5.22 (all types of motor gasoline) and A3, and

6.9 (residential natural gas) and A4.

What of our long-term energy future? That is even more speculative. Many 29 Annual Energ Review 1999 Table 9.1.
would argue that the world is destined to move beyond fossil fuels eventu- 30 Ibid.
ally; if the threat of global climate change does not compel it, then ex- 31. Ibid.
hausted supplies and rising prices may. The far future seems likely to 32. Ibid., Table 1.2.
belong to renewable sources of energy. Although the form they take may be 33. Ibid., Table 12.1.
radically different than in the past-solar hydrogen and advanced 34. History: Energy Information Administration, Annual Energy Review
photovoltaics, perhaps, rather than fuelwood and dung-humankind's 1999 Table 1.3 Projections: Energy Information Administration, Anniul
sources of energy thus will have comefull circle. Eergy Otlook 2000 Tables Al and A18.

Figure Source Notes Bibliography
Banks, F. The Political Economny of Natural Gas. London: Croom Helm,

I. Annual Energy Review 1999, Appendix F, Tables Fla and Fib. 1987.
2. Ibid., Table 1.2. Dukert, J. A Short Energy History of the United States. Washington, DC:
3. Ibid., Tables 1.2 and 1.3. Edison Electric Institute, 1980.
4. Ibid., Table 1.1.
5. Ibid., Table 5.1. Energy Information Administration. Annual Energy Outlook 2000. With
6. Ibid., Table 2.1. Projections to 2020. DOE/EIA-0383 (2000). Washington, DC: Dc-
7. Ibid. cember 1999.
8. Ibid. Gielecki, M. and Hewlett, J. "Commercial Nuclear Electric Power in the
9. Ibid., Table 1.15. United States: Problems and Prospects." Energy Information Admin-

10. Ibid., Table 2.9. istration, Monthly Energy Review, August 1994, DOE/EIA-0035(94/08)
11. Ibid., Table 5.1. (Washington, DC, August 1994),
12. Ibid,, Table 5,2.
13. Ibid. Glassione, S. Energy Deskbook. Washington, DC: U.S. Department of En-
14. Ibid., Tables 5.12a and 5.12b. ergy, Technical Information Center, 1982.

.xxxv Energy Information AdminlstratlonlAnnual Energy Review 1999

et.
" '. . '..



Hcrbcrt, J. Clean Caheap teat: The Development oJ'Residential allrkets/Jbr Sinil, V. Elntrg) in I'urld llislory. Uuuldcr: Wcsivicw l'rcss, 1994.
Natural Gas in the United States. New York: Praeger, 1992. ,

' --. General Einergelics: Energy itl itie Bio.sphere imid Civili:tlioin. New -. }~
Hyman, L. America's Electric Utilities: Past, Present, and Fiutre. Arling- Yurk: John Wilcy & Sons, 1991. 'I

ton, VA: Public Utilities Reports, 1983.on, VA: Public Utilities Reports, 1983. lTenncr, I,. Why Things Bite Buck. Teclhnology lnd the Revelge oJ' Uniin-

Lindbergh, K. and Provorse, B. Coal: A Contemporary Energy Story. Scat- tended Consequeices. New York: Knopl, 1996.

tie: Scribe Publishing Corporation, 1977. russing, A. and Tippee, B. The Natural Gas Industry: Evolution, Struc-
ture, and Economics. Tulsa: PennWcll Books, 1995.

McCaig, R. Electric Power in America. New York: Putnam, 1970.
United Stales Geological Survey, Mineral Resources of the United Slates.

Schurr, S. and Netschert, B. Energy in the American Economy. 1850-1975. Washington, DC, 1883.
An Economic Study of Its History and Prospects. Baltimore: The Johns
Hopkins Press, 1960. Walton, R. The Power of Oil. New York: Seabury 'rcss, 1977.

Energy Information AdministrationlAnnual Energy Review 1999 xxxv 1

pr



Kelliher, Joseph

From: Vemet, Jean
Sent: Saturday, June 09, 2001 11:47 AM
To: Otis, Lee; Kelliher, Joseph
Cc: Anderson, Margot; Conti, John; Carter, Douglas; Breed, William; McNutt. Barry
Subject: Update: NEP NSR Review

Sensitivity: Confidential

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

8990
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Kelliher, Joseph

From: Vemet. Jean
Sent: Thursday, June 07, 2001 7:27 AM
To: Otis, Lee
Cc: Jelliher. JoseDh: Anderson. Margot; Conti. John
Subject:

Sensitivity: Comtdential

Ms. Otis,

Per Joe's request

Jean

Jean E. Vemet
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: Vemet Jean
Subject RE: Update on NEP NSR review
Senrtivity: Confidetial

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

---Origal Message---
From: Vemet Jean
Sent: Tuesday, June 05, 2001 10:13 AM
To: Anderson, Margot; Conti, John; Keiher, Joseph
Cc: Carter, Douglas; McNutt, Barry; Breed, Wilbam; Moses, David
Subject: Update on NEP NSR review
Sensitivity: Confdental

To all,

Please do not forward this message.

Work with EIA.
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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.

.___ _8993
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Kelliher, Joseph

From: Vemet. Jean
Sent: Tuesday. May 29. 2001 7:47 AM
To: Anderson. Margot; Kelliher. Joseph
Cc: Breed, Wiliam; Conti, John
Subject:

Margot, Joe,

Bill Hamett called this am to update me on progress.

Jean

-- Original Message--
From: Vemet, lean
Sent: Wednesday, May 23, 2001 7:30 AM
To: Anderson, Margot; Conb, )ohn
Cc: Kellihef, 3oseph; Breed, Wlliam
Subject: EPA Process or NSR Review wuner ie NEP

Message from Bil Harnett. EPA OAQPS, Indicating that

8997
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Kelliher, Joseph

From: Vernet, Jean
Sent: Wednesday, May 23, 2001 7:30 AM
To: Anderson, Margot; Conti, John
Cc: .Kelliher, Joseph; Breed, William
Subject:

Message from Bill Hamett, EPA OAQPS, indicating that

.__._ ._ . .____ . -8998
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Kelliher, Joseph

From: Vemet, Jean
Sent: Friday, May 18. 2001 3:10 PM
To: Kelliher, Joseph
Cc: Anderson, Margot; Conti, John
Subject: RE: new source review/national coal council report

Importance: High

Joe,

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

Jean

---Onginal Message-
From: Kelliher, Joseph
Sent: Friday, May 18. 2001 1:40 PM
To: Anderson, Margot; Conti, John; Vemet. ean
Subject: new source review/national coal oucil report
1'mortance: High

______ 8999
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Kelliher, Joseph

From: Koch, Matthew
Sent: Tuesday, June 05, 2001 5:34 PM
To: Kelliher, Joseph
Cc: Tripodi, Cathy
Subject: Policy Talking Points

Joe.

As per bur conversation, I have highlighted specific programs and proposals from the National Energy Policy that would be
of interest to State and Local governments.

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

I ma.y 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

Polcy
statepolnts.doc

~____ ______ _~___~ 9000
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Kelliher, Joseph

From: Kolevar, Kevin
Sent: Tuesday, June 05, 2001 1:22 PM -
To: Hutto, Chase; Faulkner. Doug; Kelliher, Joseph; Reed, Craig
Cc: McSlarTow. Kyle
Subject: First draft of Chapter by Chapter

About 56 pages long

NEP chapter by
chapter.dc:

__ __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'. input.

Kyle's emai address isi

9063
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Kelliher, Joseph

From: Kolevar, Kevin
Sent: Monday, June 04. 2001 10:04 AM
To: Hutto, Chase; Kelliher, Joseph
Subject: draft of new NEP action plan

NEP Action Plan
ll.doc

9075
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(elliher, Joseph

From: Kolevar, Kevin
Sent: Thursday, May 31, 2001 10:40 AM
To: Kelliher, Joseph; Hutto, Chase
Subject: NEP action plan

NEP Action Plan.doc
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Kelliher, Joseph ; -

From: Koch, Matthew
Sent: Wednesday, May 23. 2001 4:20 PM
To: Kelliher, 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

corn: JWeisgal;, internet [ ()
Sent: Wednesday May z;, 2001 11:21 AMr
To: Kelliher, Joseph
Cc: tdbonner@midamerican.com%internet
Subject: Geothermal recommendations

DA011420027.doc

See attached. Please feel free to call with any questions or c:_3mne..-
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CONCEPTS FOR AN EXECUTIVE ORDER

FOR GEOTHERMAL DEVELOPMENT ON FEDERAL PUBLIC LANDS

POLICY - Consistent with the National Energy Policy relating to all energy sources, and

specifically to renewable sources, all federal agencies, under the lead of the Departments of

Energy and Interior are directed, consistent with applicable law, to undertake appropriate

actions to expedite the development and production of geothermal resources from federal

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

SPECIFIC DIRECTIVES

* It is a national priority, consistent with other laws, to develop and expand the use

of geothermal energy resources on federal lands. Federal agencies including. but

not limited to the Bureau of Land Management (BLM) and the U.S. Forest

Service (USFS), involved in geothermal leasing, permitting or other reviews are

directed to give geothermal energy projects expeditious and priority consideration

and minimize impediments and unnecessary requirements upon geothermal

operations;

* The Department of the Interior (DOI) is directed to review its regulations and

existing legal authority to enhance BLM's authority under the Geothermal Steam

Act to ensure timely decisions or actions involving geothermal leases and

subsequent permitting or review, including actions taken by other agencies. and to

I'DAOl 420027.docl I1 O'
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establish specific goals and timeframes for completion of leasing, permiting and

other actions;

* The DOI is directed to expeditiously review all moratoria and withdrawals of land

preventing exploration and development in Known Geothermal Resource Areas,

and where considerations of additional energy supply outweigh the original

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

consideration of development under applicable law;

* The DOI is directed that all active pending administrative appeals concerning

geothermal energy development should be expedited, including the consideration

of assumption of jurisdiction of such appeals by the Secretary in order to reach

final decisions on such, appeals;

* The BLM is directed to decide whether or not to issue leases or hold a competitive

lease sale within 90 days for all pending lease applications;

* DOI is directed to examine whether a portion of the federal share from geothermal

royalties should be set aside for Native American Tribes that demonstrate

historical ties to the land or operate as local units of government and to take

appropriate regulatory action or propose legislative amendments as it determines

necessary;

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

fund geophysical studies, including the drilling of temperature gradient core holes.

! DA01 1420027.doc) -2- I uI
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to help characterize new potential geothermal resources in order to define high

potential areas that can be offered for competitive bidding;

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

practices to ensure that they promote and facilitate development;

* Federal agencies, especially the power marketing administrations, are directed to

consider purchasing geothermal energy as part of their "green" power promotion

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

to promote new development; and

* DOI is directed to review geothermal leasing and regulations by other agencies

(including DOD) and to report on actions that could be taken to promote

geothermal development and ensure uniform lease terms, administration and

royalty policies;

* The Department of Energy is directed to establish a National Geothermal

Coordinating Committee (as recommended by the February 28, 2001 NREL

Report) to facilitate agency actions supporting and expediting the expanded

production or energy from geothermal resources; and

* The Department of the Treasury is directed, in cooperation w'ith the Department of

Energy. to consider expanding the production tax credit to geothermal energy as

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

I DAO1 142002 .d cl| -3- I I ,

9093



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

-- Original Message-
From: Kelliher, Joseph
Sent: Tuesday, May 22, 2001 1:50 PM
To: Cook, Trevor
Cc. Magwood, Wiliam
Subject: RE: reprocessing paper
Importance: High

-- OOnrgnal Message--
From: Cook, Trevor
Sent: Tuesday, May 22, 2001 9:21 AM
To: Kelliher, Joseph
Cc: Magwood, Willam
Subject: reprocessing paper
Importance: Hih

Joe.

Here is the paper. its just over a page.

Trevor.

<< File: ONE PAGER ON REPROCESSING.doc >

----Orginal Message---
From: Kelliher. Joseph
Sent: Monday, May 21. 2001 3:15 PM
To: Magwood. Willam; Cook, Trevor
Subject heanng prep: reprocessing

9094
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.h --
Kelliher, Joseph _ _

From: Cook, Trevor
Sent: Tuesday, May 22, 2001 3:04 PM
To: Kelliher, Joseph
Subject RE: reprocessing paper

Importance: High

3-7046

--Oinal Message-
From: Keaier, Joseph
Sent: Tuesday, May 22, 2001 1:50 PM
To: Cook, Trevor
Cc: Magwood, Wlliam
Subject: RE: reprocesing paper
Importance: High

-Original Message--
From: Cook, Trevor
Sent Tuesday, May 22, 2001 9:21 AM
To: KeBiher, Joseph
Cc Magwood. William
Subject reprocessing paer
Importance: High

Joe.

Here is the paper, its just over a page.

Trevor.

<< File: ONE PAGER ON REPROCESSING.doc >

-- Orignal Message--
From: Kellher, oseph
Sent: Monday, May 21, 2001 3:15 PM
To: Magwood, William; Cook, Trevor
Subject: hearing prep: reprocessing

9095
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Kelliher, Joseph

From: Kripowicz, Robert
Sent: Tuesday, May 22, 2001 1:53 PM
To: Kelliher, Joseph
Subject: RE: CCT successes

Importance: High

Sec-Cean Coal.wpd

Attached is what I just sent to Chase and Kevin.

-Original Message-
Fromm Kfliher, oseph
Sent: Tuesday, May 22, 2001 1:48 PM
To: Kripowl. Robert
Subject: CCT successes
Importarne High

9096
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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

-- Original Message-
From: Carter, Douglas
Sent: Tuesday, May 22, 2001 1:10 PM
To: Kripowia, Roert
Cc Rudirs, George
Subject: Kelliher request NCC report

Doug Carter (FE-26)

9099
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Kelliher, Joseph

From: Anderson, Margot
Sent: Tuesday, May 22, 2001 11:11 AM
To: Kolevar, Kevin; Kelliher, Joseph
Subject NEP Implementation

Kevin and Joe,

R&D Reviews.

Margot

National Academy R&D Council
of Sciences RF.. Overview.doc
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Kelliher, Joseph

From: McMonigle, Joe
Sent: Friday. May 18. 2001 8:30 PM
To: Kelliher. Joseph
Subject: chapter 7 summary and recommendations

Importance: High

NEP.OCapter7JOE.
doc

___ ___ -____ 9110
DOE0 15-2453



Kelliher, Joseph

From: Kolevar. Kevin
Sent: Friday, May 18, 2001 5:56 PM
To: KeUiher. Joseph
Subject: Chapter 4 synopsis and recommendations

Chapter Four-Using
Energy Wise...
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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.

--- Original 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
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I hope this helps.

Andy

--Original Message-
From: Margot Anderson at HO-EXCH at X400PO
Sent: Thursday. May 03, 2601 5:59 PM
To: Kydes. Andy
Subject: need infor

Andy,

Muchas

Margot

9120
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Martin, Adrienne ( S )

From: Tom Kimbis
Sent . Friday. May 04. 2001 12:04 PM
To: Anderson, Margot
Subject RE: Revisions to Renewabli Chapter

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

I.arro Anderson@HQMAIL on 05/04/2001 11:57:51 AM

Tom Kimbfs/EE/DOE@DOEEHQMAIL

... : RE: Revisions to Renewables Chapter

what's your phone number?

----- Original Mesge----

roei, Tom Kimbie

Senti Friday, May D0. 2001 9:SO AM

To: Anderson. Hargoc

Subject: RE: Revisions to Renewables Qapter

*...:: 2 Anc:erston-HQM IL on 05/03. 2001 04:59:45 PM

Tom Klmbis/EE/DOE. DOEOHQMAIL

... : RE: Revisions to Renewables Chapter

--Original Muage-----

rrom: Tom Kibas

Sent: Thursday. Hay 03. 2001 Z1:1 PM
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To: Anderson. Margot

Ccl Pansueti, Lawrence; York. Michael; Zimerunan. MaryBeth; Tseng. Phillip

Subject: RE: Revisions to Renevables 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
cc: Lawrence Mansueti/EE/DOE@DOE@HQMAIL. Michael York/EE/DOE@DOE@HQMAIL. MaryBeth

Zimmerman/EE/DOE@DOE@HQMAIL, Phillip Tseng/EE/DOE@DOE@HQMAIL

S-.ect: RE: Revisions to Renewables Chapter

Thanks, Tom. Much appreciate your hard work.

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

Trani Tom Kiibi

Sent: Thursday. 
M
ay 03. 2001 1:50 PM

To: Anderron. Margot

Cc: Hansueti. Lawrence; York. Michael: Zinermnan. MaryBeti: Teeng. Phillip

Subject: Revisions to Renewables Chapter

Isortrince High

MarRot:
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Let me know if you have any further questions.

Tom

5B6.9264
586 7055 vm

<< File: CHP schematic.ppt >>

<< File: bpxvd66o >>
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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

I nope this helps.
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Andy

-Original Message-
From: Margot AndersonatHQ-EXCH at X400PO
Sent: Thursday, May 03, 2001 5:59 PM
To: Kydes. Andy
Subject: need infor

Andy.

Muchas

Margol
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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

6p.d66o

Maigo. Anderson@HQMAIL on 05/03/2001 04:59:45 PM

.: Tom Kimbis/EE/DOE@DOE@HQMAIL

.-. : RE: Revisions to Renewables Chapter

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

From: Tom Kimbis

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

To: Anderson. Margo:

Cc: Mansueti. Lawrence; York. Hicbael; Ziierman. MaryBeth: Tseng. Phillip

Sub-ect: RE: Revisions to Renewables Chapter

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

A-- .. :..,; cHQM; IL ron 05 0_ 2003 01:53.18 Pl;:

Tom Kimbis/EE/DOE@DOEEHQMAIL
: Lawrence Mansueti/EE/DOEODOE@HQMAIL. Michael York/EE/DOE@DOE@HQMAIL. Vary3e:n

Zmmerman/EE/DOE@DOE@HQMAIL. Phillip Tseng/EE/DOE@DOE@HQMAlL

-.: .: -RE: Revisions to Renewables Chapter

T-anr.s. Tom. uch .appreciate your hard wcrk.

----- Originas Message---

rro=: Tom Kimbia

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

To, Anderson. Margot

Cc: Mansuet-. Lawrence; York. Michael: :imnerman. Mar-.-Be:h. Tserc. P._: ;
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Subject: Revisions to Renewablg Chapter
Import cei: High

MarRot:

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 - /

From: Tom Kimbis
Sent: Thursday, May 03, 2001 2:11 PM
To: 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...

M.';rt Anderson@MHQMAIL on O /03/2001 01:53:18 PM

'. Tom Kimbis/EE/DOE@DOE@HQMAIL
Lawrence Mansueti/EE/DOE@DOE@HQMAIL. Michael York/EE/DOE@DOE@HQMAIL, MaryBeth

Zimmerman/EE/DOE@DOE@HQMAIL. Phillip Tseng/EE/DOE@DOE@HQMAIL

: .r -:' RE: Revisions to Renewables Chapter

Thanks. Tom. Much appreciate your hard work.

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

Frosr Tom Kimbis

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

To: Anderson. Margot

Cc: Mansueti. Lawrence; York. Michael; Zimmerman. MaryBeth: Tscng. Phillip

Subject: Revisions to Renewables Chapter

Importance: Hig

Margot:
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Let me know if you have any further questions.

Tom

586-9264
586-7055 vm

<< File: CHP schematic.ppt >>

2
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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 to Renewables Chapter

Importance: High

CnP ICtmnalat c.Dp

Margot:

-.e: mre know It you have any further questions.

To.

586 9264
566 7055 vm
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Martin, Adrienne

From: Carter. Douglas
Sent: Wednesday, May 02, 2001 9:54 AM
To: Anderson, Margot
Subject: FW: high cost of oil production

Margot -

Doug

---- Original Message---
Fronr. Allison, Edith
Sent: Tuesday, May O, 2001 . 1 41 AM
To: Anderson, Margot
Cc: Carter, Douglas; Rritsch, Jay; DeHoratis, Guido
Subject: high cost d oil DrndLtion

Edith Allison
Exploration Program Manager
Department of Energy
Office of Natural Gas and Petroleum Technology
Telephone: 202-586-1023
Fax: 202-586-6221
email edith.allison@hq.doe.gov
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Martin, Adrienne

From: KYDES, ANDY
Sent: Tuesday, May 01.2001 826 PM
To: Anderson, Margot
Subject: Final suggestions/checks on Infrastructure Chapter

.ml .EIA.OC

These are the final comments we have on the Infrastructure Chapter

They are on pages 8-10 on the attached and are highlighted in yellow.

Andy

Andy S. Kydes, El-80
U.S. DOEIEIA
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 http://www.eia.doe.gov for access to EIA's energy
information and publications. Please call NEIC at (2C2) 586-8800 or email
them
at infoctr@eia.doe.gov if you have general questions regarding such
information
or how to locate it.
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Martin, Adrienne

From: KYDES, ANDY
Sent: Tuesday. May 01,2001 7:05 PM
To: Anderson, Margot
Subject: FW: <NULL>

It appears that our particular problems with the international write-up is
fine
to go forward with. See the note below.

Andy

-- Original Message--
From: Cato, Derriel
Sent: Tuesday, May 01, 2001 2:31 PM
To: Kydes, Andy; Butler, George; Holte, Susan; Sitzer, Scot; McA die,
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; Holte. Susan: Sitzer. Scott; McArdle.
Paul; Earley. Ronald
Cc: Kilgore. Cal; Hutzler, Mary; Pettis. Larry
Subject: FW: <NULL>

Thanks for your help.

Andy
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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: Darrell Beschenat_HQ-NOTES at X400PO; Michael York at HQ-NOTES at
X400PO
Subject: <NULL>
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Martin, Adrienne

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. I was out of the office yesterday and this morning at a conference. 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
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--- Original Message--
From: Schmidt.Lorie@epamail.epa.gov%intemet
[mailto:Schmidt. Lorie@epamail.epa.gov]
Sent: Tuesday, April 24. 2001 12:08 PM
To: Kelliher, Joseph
Cc: Stevenson. Beverley
Subject: NEPD Recommendations

Joe

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

I 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)

2
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Martin, Adrienne

From: Freitas, Christopher
Sent: Tuesday, May 01, 2001 2:16 PM
To: Anderson, Margot
Subject: 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: Anderson, Margo
Sent Tuesday, May 01, 2001 1:25 PM
To: Kelliher, Joseph
Cc Fteitas, Chrisoher; Kripowia, Roert
Subject: FW: infrastructure

Joe.

Margot

--- .Oriinal M essage....

From: Anderson, Margot
Sent: Tuesday. May 01, 2001 9:55 AM
To: Charles Smith (E-mail)
Cc: Freltas, Chrstopher
Subject: infrastructure

Charlie.

Margot

File: chapter 9 DOE comments april 23.DOC >>
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Martin, Adrienne

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

-- Original Message--
From: Anderson, Margot
Sent: Tuesday, May 01, 2001 1:25 PM
To: Kelliher, Joseph
Cc Fretas Christopher; Kripowiz, Robert
Subject: FW: infrastucture

Joe,

Margot

----Original Message----
from: Anoson, Margot
Sent: Tuesday, May 01, 2001 9:55 AM
To: Charles Smith (E-mail)
Cc. Freitas, Christpher
Subject: infrastructure

Charlie.

Margot

<< File: chapter 9 DOE comments april 23.DOC >>
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Martin, Adrienne

From: KYDES, ANDY
Sent: Tuesday. May 01.2001 3:17 PM
To: Anderson, Margot
Cc: BEAMON, JOSEPH; HUTZLER, MARY; PETTIS, LARRY
Subject: RE: Going to Press: Clean up of Chapter 1

-- Original Message-
From: Margot Andersonat HQ-EXCH at X400PO
Sent: Tuesday, May 01, 2001 8:40 AM
To: Kydes. Andy; Douglas Carter al HQ-EXCH at X400PO; Joseph
Kelliherat HO-EXCH at X400P(5
Subject: Going to Press: Clean up of Chapter 1

Margot

-- Original Message-
From: Charles M. Smith(ovp.eop.gov%inlemet
Imailto:Charles_M._Smith@ovp.eop.gov]
Sent: Monday. April 30. 2001 4:42 PM
To: Kelliher, Joseph; Anderson. Margot;
Robert_C._McNally@oa.eop.gov%intemet
Cc: Andrew D. Lundquist@ovp.eop.govintemet;
KarenY _<nutson@ovp.eop.gov%intemet;
Kjersten_S._Drager@ovp.eop.govintemet
Subject: Clean up of Chapter 1
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Please get us responses to the open items by noon, Tuesday, May 1, 2001.
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Martin, Adrienne

From: Carter, Douglas
Sent: Tuesday. May 01,2001 11:50 AM
To: Anderson, Margot
Cc: Kripowicz, Robert; Rudins, George; Braitsch, Jay
Subject: Chap 3 - Coal gasification intro

Margot -

Doug

-- Original Message-
From: Anderson. Margot
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 possible. Thanks.

Margot

--- Original Message---
From. Charles M. Smith@ovp.eop.gov%intemet
[mailto:Charles M. Smith@ovp.eop.gov]
Sent. Monday, April 30.2001 10;25 PM
To: Kelliher. Joseph; Anderson, Margot;
Moss.Jacob@epamail.epa.gov%internet;
William bettenberg@ios.doi.gov%intemet; Tomfulton@ios.doi.gov%intemet
Cc: Kjersten_drager@ovp.eop.gov%intemet-
Andrew D._Lundquist@ovp.eop.gov%intemet;
Karen Y._Knutson@ovp.eop.gov%intemet
Subject: chaoter 3
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I need this literally first thing in the am. Chapter 3 is to be laid out
starting about noon.

Charlie
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Martin, Adrienne

From: Carter. Douglas
Sent: Tuesday. May 01, 2001 11:23 AM
To: Kelliher, Joseph
Cc: Rudins, George; Kripowicz, Robert; Anderson, Margot; Braitsch. Jay
Subject: RE: clean coal

Joe-

Doug
--Original Message--

From: Keniher, Joseph
Sent: Tuesday, ay 01, 2001 10:37 AM
To: Carter, Douglas; Anderson, Margot
Cc: Rudins. George; Kripowi, Robert
Subject: RE: dean coal

----- Original Message--
From: Carter. Douglas
Sent: Tuesday, May 01. 2001 10:35 AM
To: Anderson, Margot; Kelliher, Joseph
Cc: Rucns, George; Knpowicz, Robert
Subject: RE: clean coal

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
To: Cater, Douglas
Subject: FW: dean coal

Doug.

Can you fill this is for Joe Kelliher?

margot
.-- O-nginal Message---

From: Kelliher. Joseph
Sent Morday. Aoril 30. 2001 6:49 PM
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To: Andeson, Margot
Subject: RE: dean coal

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

-Original Message-
From: Anderon, Maot
Sent Monday, April 30, 2001 6:19 PM
To: Keliher, Joseph; Kipowicz, Robert
Cc Carter, Douglas; DeHorabis, Guido
Subject: RE: ean 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

--- Oriina Message--
From: Keliher, joseph
Sent: Monday, Apil 30, 2001 6:16 PM
To: Kripowi, Robert
Cc Andeson, Margot
Subject: dean coal

2
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Martin, Adrienne

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

--- Oiginar Message--
From: Carter, Douglas
Sent: Tuesday, May 01, 2001 10:35 AM
To: Anderson, Margot; Kelliher, osph
Cc: Rudins, George; Kripowicz, Robet
Subject RE: dean coal

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
To: Carter, Douglas
Subject: FW: dean coal

Doug.

Can you fill this is for Joe Kelliher?

margot
--- Orignal Message-----

From: Kelliner, )oseph
Sent: Monday, Apil 30, 2001 6:49 PM
To: Anderson, Margot
Subject: RE: dean coal

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

-- Original Message-
From: Anderson. Margot
Sent: Monday, April 30, 2001 6:19 PM
To: Kelliher, Joseph; Kripowcz. Robert
Cc: Carter. Douglas: Oemaratus, Gudo
Subject: RE: clean coal

Joe.

9164
DOE0 15-2507



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

Margot

----Oginal Message--
From: Kelliher, Joseph
Sent: Monday, April 30, 2001 6:16 PM
To: Kripowi Robert
Cc Anderson, Margot
Subject dean cod
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Martin, Adrienne

From: Carter, Douglas
Sent: Tuesday, May 01. 2001 10:35 AM
To: Anderson. Margot Kelliher, Joseph
Cc: Rudins. George; Kripowicz, Robert
Subject: RE: cean coal

If this desn' work. please email or call me at x69684.

Doug

- -.Originl essage--
From Anderson, Margot
Sent: Tuesday, May 01, 2001 8:28 AM
To: arter, Douglas
Subject: i'W: dean coal

Doug.

Can you fill this is for Joe Kellihe ?

maroot
--- Original 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: Monay. April 30. 2001 6:19 PM
To: Kellier. Joseph; Kripowiz, Robert
Cc: Carter. Douglas: DeHorais, 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

---- Onginal Message----
From: Kelliher. Joseph
Sent: Monday. April 30, 2001 6:16 PM
To: Knpowaz, Robert
Cc: Anderson, Margot
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Subject: dean coal

2
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Martin, Adrienne

From: Carter, Douglas
Sent: Tuesday, May 01, 2001 10:26 AM
To: Anderson, Margot; Kelliher, Joseph; Kripowicz, Robert
Cc: Rudins, George
Subject: RE: clean coal

Attached is descriptive info on the CCTP.

Doug

Ctan Co.l tc"tnoM y
Program....

-Original Message-
From: Anderson, Hargot
Sent Monday, April 30, 2001 6: 1.9 PM
To: Kelliher, Joseph; Kripowia, Rober
Cc: Carter, Douglas; DeHorathi, Guido
Subject: RE: dean 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

----- Oginal Message---
From: Kellher, Joseph
Sent: Monday, April 30, 2001 6:16 PM
To: Knpovwic, Robert
Cc: Anoerson, Margot
Subject: dean coal
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Martin, Adrienne '

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.

nucKer suey 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

-- Orial Message--
From: Andersn Margot
Sent: Monday, Apri 30, 2001 5:54 PM
To: Carter, Douglas; DeHoratis, Guido
Subject: chapter S fact deck

All,

Margot

9172
DOE015-2515



Martin, Adrienne

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

Yes

--Original Message-
From: Anderon, Margot
Sent: Tuesday, May 01, 2001 8:51 AM
To: KeYiher, oseph
Subject RE: nudear safety

Joe.

Margot

--- Onginal Message-
From: Kelliher, Joseph
Sent: Tuesday, May 01, 2001 8:10 AM
To: Magwood, William; Cook, Trevor
Cc: Anerson, Margot
Subject: nuclear safety
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Martin, Adrienne

From: Kelliher, Joseph
Sent: Tuesday. May 01,2001 8:10 AM
To: Magwood. William; Cook, Trevor
Cc: .Anderson. Margot
Subject: nuclear safety

Q174
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Martin, Adrienne '

From: Kelliher, Joseph
Sent: Monday, April 30, 2001 6:49 PM
To: Anderson, Margot
Subject: RE: clean coal

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

-Original Message-
From: Anderon, Margot
Sent Monday, April 30, 2001 6:19 PM
To: Kelliher, Joseph; Kripowicz, Robert
Cc: Carter, Douglas; Deiorabis, Gido
Subject RE: dean coal

Joe.

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

Margot

--- Original Message--
From: Kelliher, Joseoh
Sent: Monday. April 30, 2001 6:16 PM
To: Kripowicz, Robert
Cc Anderson, Margot
Subject dean coal
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Martin, Adrienne

From: Kelliher, Joseph
Sent: Monday, April 30, 2001 6:16 PM
To: Kripowicz. Robert
Cc: Anderson, Margot
Subject: dean coal
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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...
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-Original Message-
From: Kydes. Andy
Sent: Monday, April 30, 2001 1:59 PM
To: Schnapp. Robert; Benneche. Joseph
Cc: Pettis, Larry; Hutzler, Mary
Subject: FW: Info. Needed for Chapter 5 by 3:00 TODAY...

Boh'

Thanks for your help.

Andy

---- Original Message--
From: Margol Anderson atHQ-EXCH at X400PO
Sent: Monday. April 30. 2001 11:15 AM
To: Kydes. Andy; Douglas Carter at HO-EXCH at X400PO; William
Breedat HQ-EXCH at X400PO
Cc: Joseph Kelliher at HQ-EXCH at X400PO
Subject: FW: Info. Nreeded for Chapter 5 by 3:00 TODAY...

Doug and Andy.

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

Bill. PO should be on call to help if asked.

Margot

---- Original Message--
From: Kjersten_S. Drager@ovp.eop.gov%intemet
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imailto:Kjersten S. Drager@ovp.eop.gov]
Sent: Monday. April 30, 2001 10:56 AM
To: McSlarrow, Kyle; Anderson, Margot; Kelliher. Joseph
Cc: Karen_Y._Knutson@ovp.eop.gov%intemet;
Andrew_D._Lundquist@ovp.eop.gov%intemet;
CharlesM._Smith@ovp.eop.gov%intemet
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 ;o mu':h! -Kjersten << File: CHAPTERF.DOC >> < File: CHAPTER5.DOC

3
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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 3:30ocan' tel from my calendar topic or who attended)

3123 - NEP meeting at Jackson Place. Topic not dear. I 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 it might well be. I

Margot
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Kelliher, Joseph

From: Kelliher, Joseph
Sent: Tuesday, June 26, 2001 9:27 AM
To: Anderson, Margot
Subject: RE: more meetings

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

-- Original Message-
From: Arderson, Margot
Sent: Tuesday, June 26, 2001 8:01 AM
To: Klliher, Joseph
Subject: more meetings

Joe,

2/26 - White House NEP meeting at 3:30[(can't t 'l from ,ny calendar topic or who attended)

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

Margot

9182
DOE015-2525



Kelliher, Joseph

From: Anderson, Margot
Sent: Tuesday, June 26. 2001 10:23 AM
To: Kelliher, Joseph
Subject: RE: meetings

I have on my calendar on 316 NEP meeting at WH. That's it rNothing from Fenzel on the 3/6 meeting (he tended to weigh
in on only on principals' meetings). This was probably a staff meeting.

Did you see Energy Daily today? Looks like WH is not willingly wanting to engage on the GAO request }

-Original Message-
From: Kdlliher, Joseh
Sent: Tuesday, June 26. 2001 9:52 AM
To: Andeson, Margot
Subject: meetings

Hopefully, my last question. Was there a working group meetin !on 3156 I have a email from John Fenzel to that
effect, but nothing on my calender.
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Williams, Ronald L

From: Poche, Michelle [Mlchelle.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

o-Original Mesage-
From: Anderson, Margot [malt:MargotAdersonmhqdoe.gov]
Sent: Surday, March 25, 2001 1:29 PM
Tm 'Poche, Hicele'; Kedther, wseph
Cc 'SyxnosJereny(a)EPAgo
Subijs: RE: DOT Commant

Michelle.

Margot

-- ina Message-
From: Poche, MIchelle (mailto:Mlchet!e.Pocheodotgov]
Sent: Saturday, March 24, 2001 4:18 PM
To: Keiher, )oseph
Cc: Anderson, Margot; ymonsJerremy(a)EPA.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 let me know If you have
Auestions. and rlI run them down with the folks who have offered these suggestions.

Jeremy, Joe and Margot,

Thanks.
Michelle

9205
DOE015-2548



9206
DOE015-2549



3

9207
DOE015-2550



<< File: DOT comments.doc >>
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Williams, Ronald L

From: Poche, Michelle [Michelle.Poche@ost.doLgov]
Sent: Monday. March 26, 2001 7:57 AM
To: Anderson, Margot; Keliher, Joseph
Subject: FW: New Chapter 9 from DOT

MargotlJoe,
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 rye identified needs for info.
Thanks a million.
-Michelle

-Original ~Mage--
From: Pohe, Mictle
Set: MondKy, MIfdh 26, 2001 7:55 AM
To: 'lartnY._Korusono.e op.eop.w; 'Os_M._Sm hovp.top.go; JohnMFjdovp.eop.gov
Subject: New Capter 9 hm DOT

Charlie, since I dionl nave a'second peer review meeting, would it be possible to distribute this to the full group as
soon as possible to solicit edits/comments?
Thanks very much.
-Michelle

6P3
Ch9.03.26.doc
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Williams, 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. I want to finalize a list that we could give to the Secretary this afternoon. Please
identify the proposals that raise serious problems so we can discuss, and also Indicate If there are glaring omissions from
the list Thanks.

fedectsl13.doc
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Kelllher, Joseph

From: Dave Nevius [Dave.Nevius@nerc.netl
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

telabaity legisbtion IndustySRRO.pdf
end 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

----.Or.ginal Message-----
From: Glotfelty, Jimmy [mailto:Jimmy.Glotfeltyehq.doe.gov)
Sert. Tu,?sday, July 17, 2001 9:02 AM
To: Dave Nevius
Cc: Kelliher, Joseph; 'Linda Stuntz (E-mail)'; 'DNC (E-mail)'
Sub.ect: I.E: Reliability Legislation and National Grid Study

Sen-._r .-_::-* .-. Aisor
_ffi-e cf :he Se retary of Energy

:22 in--ne-.- Avene ene, SW

-. 
- ..... . - - - e_ .- . dDoe. ov

…...ri=ci xessaie-----
Fr:r.: _a.' I;evr:'s ;na-itc:Dave.Nevius@nerc.net]

Se-..: ~_a-sy.v J;:y 1 , 29:1 7:47 AM
-: _ :_e: y, _-r. _.;
:: :-.-:..-e-, s:se-.; Linda Stur.- (E-mail); DNC (E-mail,

r.-e-: ? e:: -'.s:l-y- _e;isla:ion and National Grid S:udv

2
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Sorry you asked?

dave

---- Original Message-----
From: Glotfelty, Jiimy imailto:Jimmy.Glotfeltyehq.doe.gov]
Sent: Monday, 7uly 16, 2001 5:52 PM
To: Dave Neviu:i
Subject: FW: REliabi.ity Legislation and National Grid Study

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

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

Ji'-n.y Glo-fel'y
Senior Pcic y Advisor
Office of zhe Secretary of Energy
10CC -.depe-den-e Avenue, SW
IWas:-_in,_s.., DC 2056e

-:rr.-.g -- @h ey-.i.doe.gov

----- r.... -r.a: '- sese----- .
Fr-:: -eOllher, =seph
Ser-: -ria. -y 1, 2C01 5:20 PX
$_n .' _ _ , , _ *-.

S-^---- : e.. - :iili" : Legislation and National Grid Study

-----;ri:-._ -:e£sa…e-----
r==.: _ae.e i:e-:-ls [atlto:Dave.Neviusenerc.netj

Ser.-:: r:-ay, ;:l. :-, 20C01 1::47 AM
-:: -K---l/~h.€ J'seph
S:';er:: -Lesisiic-. and National Grid Study

':c _e - -. %r._-ngs:

3
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Thanks.

dave
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Preface

In December 2000 the U.S. Environmental Protection suggested by the Committee, most of the major assump-
Agency (EPA) issued a final rulemaking on Heavy-Duty tions in this report are consistent with those used by the
Engine and Vehicle Standards and Highway Diesel Fuel EPA in its Regulatory Impact Analysis (RIA) of the Rule.
Sulfur Control Requirements. The purpose of the rule-
making is to reduce emissions of nitrogen oxides and Within its Independent Expert Review Program, EIA
particulate matter from heavy-duty highway engines arranged for leading experts in the fields of energy and
and vehicles that use diesel fuel. The rulemaking economic analysis to review earlier versions of this anal-
requires new emissions standards for heavy-duty high- ysis and provide comment. The reviewers provided
way vehicles that. will take effect in model year 2007. comments on two draft versions of the report and dis-
"The pollution emitted by diesel engines contributes cussed their comments in a joint meeting. All comments
greatly to our nation's continuing air quality problems," from the reviewers either have been incorporated or
the EPA noted in its regulatory announcement. "Even were thoroughly considered for incorporation. As is
with more stringent heavy-duty highway engine stan- always the case when peer reviews are undertaken, not
dards set to take effect in 2004, these engines will con- all the reviewers may be in agreement with all the meth-
tinue to emit large amounts of oxides of nitrogen (NO,) odology, inputs, and conclusions of the final report. The
and particulate matter (PM), both of which contribute to contents of the report are solely the responsibility of EIA.
serious public health problems in the United States." The assistance of the following reviewers in preparing

the report is gratefully acknowledged:
While the review of this rule was underway, the Com-
mittee on Science of the U.S. House of Representatives Raymond E. Orv
asked the Energy Information Administration (EIA) to Baker and O'Brien, Inc.
provide an analysis of the proposal (Appendix A). The Norman Duncan
Committee noted that the proposed rule would reduce Energy Institute, University of Houston
the level of sulfur in highway diesel by 97 percent.
"These deep sulfur reductions will require significant Kevin Waguespack
investment s that not all refiners may choose to make. As PricewaterhouseCoopers
a result, diesel fuel supplies could be affected," the Com-
mittee's letter stated. The legislation that established EIA in 1977 vested the

organization with an element of statutory independ-
In response to the Committee's request, EIA undertook ence. EIA does not take positions on policy questions. It
an analysis incorporating two different analytical is the responsibility of EIA to provide timely, high-
approaches. Mid-term issues and trends are addressed quality information and to perform objective, credible
through scenario analysis using EIA's National Energy analyses in support of the deliberations of both public
Modeling System. In addition, refinery cost analysis and private decisionmakers. The information contained
addresses the uncertainty of supply in the short term. herein should be attributed to the Energy Information
Discussion of the key issues and uncertainties related Administration and should not be construed as advocat-
to the distribution of ultra-low-sulfur diesel is based ing or reflecting any policy position of the L'.S. Depart-
on interviews with a number of pipeline carriers. As ment of Energy or any other organization.
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Executive Summary

This study was undertaken at the request of the Cor- through scenario analysis using EIA's National Energy
mittee on Science, U.S. House of Representatives. The Modeling System (NEMS). The Committee on Science
Committee asked the Energy Information Administra- requested that these analyses use assumptions consis-
tion (EIA) to provide an analysis of the Final tent with the Regulatory Impact Analysis publi;.cd by
Rulemaking on Heavy-Duty Engine and Vehicle Stan- the U.S. Environmental Protection Agency (EPA). Dis-
dards and Highway Diesel Fuel Sulfur Control Require- cussion of the key issues and uncertainties related to the
ments, which was signed by President Clinton in distribution of ULSD is based on interviews with a num-
December 2000.' ber of pipeline carriers.

The purpose of the rulemaking is to reduce emissions of Although highway-grade diesel is the second most con-
nitrogen oxides (NO,) and particulate matter (PM) from sumed petroleum product, gasoline is the most impor-
heavy-duty highway engines and vehicles that use die- tant product by far. In 1999 highwav diesel accopnted
sel fuel. The new rule requires refiners and importers to for 12 percent of total petroleum consumption andg aso-
produce highway diesel meeting a 15 parts per million line 43 percent 2 Consumption of highway-grade diesel
(ppm) maximum requirement, starting June 1, 2006; (500 ppm) accounted for 68 percent of the distillate fuel
however, pipelines are expected to require refiners to market in 1999, although 9 percent went to non-road
provide diesel fuel with an even lower sulfur content, (rail, farming, industry) and home heating uses.3 Higher
somewhat below 10 ppm, in order to compensate for sulfur distillate (more than 500 ppm sulfur), used exclu-
contamination from higher sulfur products in the sys- sively for nor-road and home heating needs, accounted
tern, and to provide a tolerance for testing. Diesel meet- for the other 2 percent of the distillate market.
ing the new specification will be required at terminals by
July 15, 2006, and at retail stations and wholesalers by Assessment of hort-Trm Effects
September 1. 2006. Under a "temporary compliancerm oec
option" (phase-in), up to 20 percent of highway diesel of the Rule
fuel produced may continue to meet the current 500
ppm sulfur limit through May 2010; the remaining 80 Whether there will be adequate supply of diesel fuel as
percent of the highway diesel fuel produced must meet the new standard becomes effective in une 2006 isone
the new 15 ppm maximum. of the kev questions rieo by the House nmm ee on

Science in the request for analysis. To assess this possi-
The purpose of this study is to assess the possible impact bility, cost increases for individual refineries to produce
of the new sulfur requirement on the diesel fuel market. ULSD were estimated, the cost increases were arraved
The study discusses the implications of the new regula- from smallest to largest, and the resulting cost curves
tions for vehicle fuel efficiency and examines the tech- were matched against projected demand and imports.
nology, production, distribution, and cost implications The cost curves reflect investment requirements and
of supplying diesel fuel to meet the new standards. In operating costs for refineries in Petroleum Administra-
order to address both the short-term and mid-term tion for Defense Districts (PADDs) I through IV.' ULSD
supply issues identified by the Committee on Science, production costs were estimated for different groups of
this analysis incorporates two different analytical refineries based on size, sulfur content of feeds, fraction
approaches. Refinery cost analysis addresses the uncer- of cracked stocks in the feed, 5 boiling range of the feed,
tainty of supply in the short term, during the transition and fraction of highway diesel produced. Unlike ULSD
to ultra-low-sulfur diesel fuel (ULSD) in 2006. Mid-term analyses conducted by the EPA and others, the cost
issues and trends (2007 through 2015) are addressed curves relied on proprietary stream data collected by

I U.S Environmental Protection Agency, "Control of Air Pollution from New Motor Vehicles: Heavv-Durv 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 .
2 Energy Information Administration, Petroleum Supply Annual 1999, DOE/EIA-0340(99)/1 (Washington. DC. lune 2000), Table 3
3Energy Information Administration, Fuel Oil and Kerosene Sales 1999, DOE/EIA-0525(99) (Washington. DC. September 2000). Tables

19-23
4 PADD V was not included in this analysis, because supply concerns 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-IV.

5Cracked stocks are previously processed streams hat are more difficult to treat.
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EIA.6 The capital and operating costs for the different * In the Cautious Expansion scenario, current produc-
groups were developed to. EIA by the staff of the ers with competitive cost structures for ULSD pro-
National Energy Technology Laboratory (NETL), con- duction and high fractions of highway diesel
sistent with the EPA analysis. Return on investment was production (greater than 70 percent) are assumed to
assumed to be 5.2 percent after taxes, consistent with the maintain current production levels and, possibly, to
EPA's assumption of a 7-percent before-tax return on push production of ULSD toward 100 percent of
investment. Costs were not adjusted to take sulfur credit their distillate production if only minor increases in.
trading into account, because of the uncertainty about per-unit production costs occur for the increased
whether trading would occur and the value of the cred- volume.
its. If credit trading occurred, costs could be reduced.

* The Moderate New Market Entry scenario assumes
Cost representations of desulfurization units were used that a selective number of refineries currently pro-
to develop four sets of cost curves, based on four differ- ducing little or no highway diesel will enter the
ent investment rationales (Table ES1). Within a given ULSD market. The underlying premise is that a lim-
supply curve, the relative costs of different groups of ited number of companies would think that they
refineries provide an indicator of possible supply short- would be able to gain market share without depress-
falls at the beginning of the ULSD requirement in the ing margins to the extent of undercutting profits.
summer of 2006. Some refiners may be able to produce
ULSD at a cost of about 2.5 cents per gallon; however, at The Assertive Investment scenario assumes that a
the volumes needed to meet demand, costs are esti- larger number of refiners would make the requisite
mated at 5.4 to 6.8 cents per gallon, 7 and they could be investments to either maintain or gain share in the
higher if supply falls short of demand and consumers highway diesel market. In this scenario, refiners
bid up the price. The behavior of refiners will be influ- would believe that most of their competitors were
enced by their expectation of what others will do and is overly cautious, and that they could succeed by tak-
therefore subject to considerable uncertainty. ing a contrary strategy (which in reality would be

adopted by far more refiners than anticipated).
The four refinery investment scenarios have progres-
sively more volume and are defined as follows: As a result of distribution limitations and non-road uses,

the amount of ULSD actually needed to balance demand
The Competitive Investment scenario includes only in 2006 is highly uncertain. Accordingly, a range of
those refiners that are very likely to prepare to pro- demand estimates was developed to account for some of
duce ULSD in 2006. They currently hold market the uncertainty (Table ES2 and Figure ES1). The Small
share and are estimated to be able to produce ULSD Refiner and Temporary Compliance Options demand
at a competitive cost. Refiners with highway diesel estimate was calculated as 80 percent of the estimated
as a relatively low fraction of their distillate produc- demand for transportation distillate for both highway
tion are assumed to abandon the market unless their and non-road uses in PADDs I-IV in 2006 (excluding
cost per unit of production is competitive at current production by small refineries, which are allowed to
highway diesel production levels. request waivers to delay production until 2010), repre-

senting the EPA's requirement to produce 80 percent
ULSD after the regulation takes effect. The Small Refiner
and Temporary Compliance Options with Imports

Table ES1. Short-Term Scenarios
Number of Refineries

Scenario Producing ULSD Characteristics

(1) Competitive Investment 66 Current low-sulfur 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-sulfur diesel contains 500 ppm sutfur. 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.

6The 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. 9250A
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estimate assumes that imports from Canada and the transportation demand, that the temporary compliance
Virgin Islands will continue at historical levels (Demand option will further reduce this demand by 20 percent,
B, which matches the demand projection in the and that imports will remain at historical levels. Finally,
mid-term analysis described in Chapter 6). The High- the Highway Use Only, Small Refiner and Temporary
way Use Only, Small Refiner and Temporary Compli- Compliance Options with Higher Imports estimate
ance Options with Imports estimate (Demand C) (Demand D) assumes a higher level of ULSD imports.'
assumes that ULSD will be used only to meet highway

Table ES2. Short-Term Demand Estimates. 2006
Demand Level

(Thousand Barrels
Estimate per Day) Characteristics

Demand A: Small Refiner and Temporary Compliance 2.026 76 percent of transportation demand
Options

Demand B: Small Refiner and Temporary Compliance 1.946 Demand estimate A. less projected imports from Canada and
Options with Imports the U.S. Virgir Islands.

Demand C: Highway Use Only. Small Refiner and 1.662 65 percent of transcortation demand. less prolected imports trom
Temporary Compliance Options with Imports Canada and the U.S V!rgin islands.
Demand D: Highway Use Only. Small Refiner and 1.625 Demand estimate C less higher projected Impons
Temporary Comoliance Options with Higher Imports

Source: National Energy Modeling System. run DSU71NV.C043001 A.

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 short of the demand level projected in the Small Refiner
total volume of ULSD production on the cost curves for and Temporary Compliance Options with Imports esti-
the Competitive Investment and Cautious Expansion mate in both the higher capital cost and higher required
scenarios, production reaches the two lowest demand return on investment sensitivity cases.
estimates, although at different costs (Figure ES1). In the
Moderate New Market Entry scenario, production just The scenarios indicate the possibility of a tight diesel
reaches the Small Refiner and Temporary Compliance market when the ULSD Rule is implemented.
Options with Imports estimate. In the Assertive Invest- Supply scenarios that assume more cautious investment
ment scenario, production just reaches the Small Refiner indicate inadequate supply compared with the demand
and Temporary Compliance Options estimate. levels projected in the Annual Energy Outlook 2001. Only

more aggressive investment scenarios or lower demand
The largest shortfall-estimated at 264,000 barrels per scenarios show adequate supply to meet estimated
day relative to the Small Refiner and Temporary Com- demand. Furthermore, this anal' .is compares supply
pliance Options demand estimate (Demand A, the high- and demand at a very aggregate level. M.- inlining a
est demand estimate in Table ES2)-occurs in the balance of supply and demar.d .?cross regions and
Competitive Investment scenario (which assumes the throughout the distribution system could be even more
most cautious investment strategy and has the lowest difficult.
production estimate). The largest surplus-517,000 bar-
rels per day relative to the Highway Use Only, Small If supplies fell short of demand, sharp price increases
Refiner and Temporary Compliance Options with would likely occur to balance supply and demand.
Higher Imports estimate (the lowest demand esti- Sharply higher prices would curtail demand for diesel
mate)-occurs in the Assertive Investment scenario fuel. Truckers would reduce consumption to the extent
(which assumes the most aggressive investment strat- possible and try to pass higher fuel costs on to custom-
egy and has the highest production estimate). ers, who would then look for alternative means to trans-

port goods. In this situation refiners would attempt to
With the Highway Use Only, Small Refiner and Tempo- maximize ULSD production. Some additional produc-
rary Compliance Options with Imports demand esti- tion may be possible by, for example, shifting some
mate (Demand C), all the production scenarios project non-road distillate or jet fuel streams into ULSD. Addi-
sufficient supply (at least in the aggregate). For the Small tional imports of ULSD or jet fuel could be forthcoming
Refiner and Temporary Compliance Options with if there were large price differentials between markets.
Imports demand estimate (Demand B), the'Moderate
New Market Entry and Assertive Investment produc- In 2006, little ULSD will actually be needed, because few
tion scenarios provide supplies that are higher than new vehicles requiring ULSD will be on the road by
demand by 197,000 barrels per day and 6,000 barrels per then. If it becomes apparent that there will be inadequate
day, respectively. Supplies in the Competitive Invest- supply, or if distillate markets are tight, the EPA could
ment and Cautious Expansion scenarios fall short of temporarily reduce the required proportion of ULSD
Demand B by 184,000 and 123,000 barrels per day, production, which could make additional diesel sup-
respectively. For the Small Refiner and Temporary Cor- plies available. However, a temporary reduction would
pliance Options demand estimate (Demand A), only the reduce the availability of ULSD supplies for new vehi-
Assertive Investment production scenario provides suf- c les. In its final rulemaking the EPA required refiners
ficient supply. and importers to submit a variety of reports to ensure a

smooth transition, and the agency plans to establish an
Two sensitivity cases were used to examine the effects of advisory panel to look at issues of diesel supply and
assumptions about hydrotreater capital costs and about monitor the progress of related technologies.
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- Assessment of Mid-Term Effects
treater units are assumed to be about 40 percent higher of the Rule
than assumed in the initial set of scenarios, production
of ULSD is projected to be 25,000 to 55,000 barrels per The mid-term analysis for this study was performed
day lower, and the production costs are projected to be using the NEMS Petroleum Market Module (PMM) to
from 0.5 to 1.1 cents per gallon higher. When a 10- assess the impact of new requirements for ULSD in the.
percent return on investment is assumed, as compared years 2007 through 2015. The PMM represents domestic
with 5.2 percent assumed in the initial set of scenarios, refinery operations and the marketing of petroleum
production is projected to be 40,000 to 66,000 barrels per products to consumption regions. Refining operations
day lower and costs 0.8 to 1.2 cents per gallon higher. are represented by a three-region linear programming
3ecause of the reduced volumes, estimated production formulation of the five PADDs. PADDs I (East Coast)
levels in the Moderate New Market Entry Scenario fall and V (West Coast) are treated as single regions, and
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PADDs II (Midwest), III (Gulf Coast), and IV (Rocky units, consistent with the results of the individual refin-
Mountains) are aggregated into one region. Each region eryanalysis. In the "10';, Downgrade" case, 10 percent of
is considered as a single firm, for which more than 80 the 15 ppm diesel produced is assumed to be down-
distinct refinery processes are modeled. Refining capac- graded to a lower value product because of contamina-
itv is allowed to expand in each region. tion with higher sulfur products in the distribution

system. In the "4% Efficiency Loss" case it is assumed
Unlike previous ULSD analyses, the PMM provides that manufacturers will meet the emissions require-
multi-year scenarios. These scenarios reflect market ments of the ULSD Rule by installing after-treatment
prices rather than average costs and implicitly include technology on new vehicles beginning in 2010, which
investment and import decisions. In contrast to the cost would result in a 4-percent loss of fuel efficiency that is
curves used in the short-term analysis, the NEMS projec- phased out as new technology emerges. In the "1.8";
tions reflect equilibrium market prices. That is, the Energy Loss" case, a greater loss of energy content is
results of the PMM scenarios assume that, in the long assumed than in the Regulation case. In the "Higher
run, refiners will increase supply to meet demand. As a Capital Cost" case, the capital costs of the hvdrotreaters
result, the NEMS analysis reflects more aggressive are 24 percent higher and 33 percent higher than in the
investment behavior than that portrayed for individual Regulation case, based on a review of the most recent
refiners in the short-term analysis. industry cost data.

The PMM was used to develop a ULSD Regulation case
e ws ud to d p a R tion ce The No Imports case assumes that foreign imports of

based on the provisions of the EPA's final ULSD Rule. As c a t f m
. .. ULSD will not be available. This assumption was not

Severe case was developed to combine five sensitivity ULSD will not be available. This assumption was notr, . e, '. .e .~ ,n - included in the Severe case because it was deemed to be
cases associated with greater uncertainty in industryope eations 1ad ' css eat mports cas anduless likely. Foreign supplies should be available from
operations and costs.' Finally, a No Imports case and aFinlly I r" iCanadian refiners, who likely will move to the U.S. stan-
10°., Return on Investment case were developed.10 Return on Ie dard at the same time as the United States, and from.a

In the Regulation case, highway diesel at the refinery large refinery in the U.S. Virgin Islands that is jointly
gate is assumed to contain a maximum of 7 ppm sulfur. owned by Armada Hess and Venezuela's national oil
Although sulfur content is limited to 15 ppm at the company, PdVSA. Both owners of the Virgin Islands
pump, there is a general consensus that refineries will plant see the United States as a strategic market. The
need to produce diesel somewhat below 10 ppm in order greatest uncertainty for import availability is likely to
to allow for contamination during the distribution pro- occur in the earlv years of the program, because foreign
cess. Revamping existing units to produce ULSD is refiners may delay investment until the market outlook
assumed to be undertaken by 80 percent of refineries, for ULSD is more certain.
while 20 percent build new units. The amount of ULSD
that is to be downgraded to a lower value product The 10% Retur on Investment case uses the after-tax
because of sulfur contamination in the distribution svs- rate of return assumed in most other studies, which is
tem is assumed to total 4.4 percent. The energy content higher than the 5.2-percent after-tax rate used in the Reg-
of the ULSD is assumed to decline by 0.5" percent,, ulation case and in the other sensitivity cases in this

because undercutting and severe desulfurization will study, consistent with the EPA's assumption. At a rate ot
result in a lighter stream composition than 500 ppm die- return less than 10 percent, investors may hesitate to put
sel. The Rule is assumed to result in no loss in vehicle money into the refinery industry, especially for equip-
fuel efficiency. The actual after-tax return on investment ment-designed for a new product.
is assumed to be 5.2 percent, which is equivalent to a
7-percent before-tax return on investment. As suggested In the Regulation case, the marginal annual pump price
bv the Committee. the major assumptions in this case are for ULSD is projected to range from 6'5 to 7.2 cents per
consistent with those used bv the EPA in its Regulatory gallon between 2007 and 2011 (Table ES3 and Figure
Impact Analysis (RIA) of the Rule."' ES2).'I The peak differential is projected to occur in 2011.

when oil refiners must produce 100 percent L'LSD In
The Severe case combines five sensitivities at variance absolute terms, real marginal prices range from 51.29 to
with the above assumptions. In the "2/3 Revamp" sensi- 51.35 per gallon in the Regulation and Severe cases from
tivitv case, two-thirds of upgrades at refineries are 2007 to 2011.12 Refiners are projected to invest 56.3 to
assumed to be accomplished bv retrofitting existing 59.3 billion to meet full compliance with the ULSD Rule
equipment and one-third by construction of all new through2011.

9Results for the five sensitivity cases are provided in Chapter 6and Appendix E
UL'.S. Environmental Protection Agency, Rie,'dalt.l Ilmpirl AILnalIs.: Hc'it'!D-Diiiu En\',ci. ,,111I t, llclr' S.iilil,/irl ,dl l, Hlli(,l i. L '.. i : ' ii

.iil'lur Coltrol Reqillrenniafts, EPA420-R-00-026 (Washington. DC. Deceinber 2000).

Analvsis oi 2006 is discussed above. As a partial vear, 200o is not included in tl e equcilitritnll analv. i-

12These cases are based on variations from a reierence case sinilar to thai in Elt s Anual i r Qn/u Outil',, 'til
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After 2011, the first full year of 100 percent ULSD, the necessary for full compliance, to be making additional
projected differential of marginal prices is generally investment only to meet incremental demand, to be
expected to decline, because of lower distribution and replacing and upgrading existing equipment, and to be
capital investment costs. About 0.7 cents of the projected making incremental operating improvements that make
decline results from using the EPA's assumption that the ULSD production less challenging. A similar decline in
additional capital investments for distribution and stor- the price differential also occurs in all the sensitivity
age of a second highway diesel fuel will be fully amor- cases.
tized during the transition period. The remainder of the
drop in the post-2011 differential occurs because refiner- Through 2010, the Regulation case projections for high-
ies are assumed to have completed the upgrades way diesel consumption exceed the reference case levels

Table ES3. Variations from Reference Case Projections in the Regulation and Sensitivity Analysis Cases,
2007-2015

l2007-2010 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)

Regulation ............ 7.0 6.7 6.5 6.8 7.2 5.1 6.8 5-4
Severe ............... 8.8 8.4 8.4 8.6 10.7 6.8 8.6 7.4

No Imports ............ 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
Severe ............... 41 40 39 57 355 374 44 366
No Imports............ 10 9 7 7 81 83 8 81

Total Imports of Highway Diesel Fuel (Thousand Barrels per Day)
Regulation ............ -36 -1 -1 0 0 -10 0
Severe .............. -3 - - 1 0 0 0 -10 0
No mpons ............ -120 -125 -125 -125 -125 -125 -124 -125

Source: National Energy Modeling System, runs DSUREF.D043001B. DSU7PPM.D043001A. DSU7ALL.D050101A. and DSUIMPO.D043001A.

Figure ES2. Difference Between End-Use Prices of ULSD and 500 ppm Diesel ;n the Reference Case,
2007-2015
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by up to 10,000 barrels per day, which can be attributed Differences between regional end-use prices in the anal-
to the assumption of 0.5-percent loss in energy content. vsis cases relative to those in the reference case reflect
In 2011 the differential in consumption increases to variations in the marginal costs of producing ULSD
83,000 barrels per day, because ULSD contaminated in between regions. The cost curve analysis described in
the distribution system can no longer be downgraded to Chapter 5 indicates that PADD IV, which is made up of
500 ppm highway diesel, and refiners must therefore relatively small refineries, can be expected to be the
make more ULSD. highest cost region. The relatively high cost in PADD IV

is obscured in the mid-term analysis (Chapter 6).
In the Severe case, up to 57,000 barrels per day of addi- because PADD IV is aggregated with both PAD II and
tional highway diesel is projected to be consumed b P IV i a. w bt PD ational highway diesel is projected to be consumed the largest and lowest cost refining region, PADD 111. In
between 2007 and 2010, and an average of 366,000 bar- the transition ears of the Regulation case regional
rels per day of additional consumption is projected . 53 ce

refining costs range from an average of 4.8 to 5.3 cents
between 2011 and 2015. The ULSD Rule by itselfan per gallon. PADD I is the highest cost region, PADD V is
accounts for an a-werage of 9,000 barrels per day of the the lowest cost region, and PADDs II-IV and average
additional consumption through 2010 and an average of US.) costs fall in between. Average marginal refining
83,000 barrels per day after 2010. The combined effects ofthe* 23Rap %Dwgd,4Eficosts generally narrow bv about 0.5 cents per gallon in
the 2/3 Revamp, 10% Downgrade, 4% Efficiency Loss, post-2010 period, as refineries make incremental

the post-2010 period, as refineries make incremental1.8% Energy Loss, and Higher Capital Cost cases raise improvements that allow them to produce ULSD more
consumption beyond that in the Regulation case by at efficiently.
least 30,000 barrels per day through 2010, primarily
because of energy losses and higher capital cost, and by
an average of 283,000 barrels per day after 2010 because Additional Uncertainties
of energv losses, downgrading, and efficiency losses..of energy losse, downgrading, and efficiency losses. Uncertainties about the pace of engine, refinery, and
The higher downgrade assumption accounts for about
210,000 barrels of the additional demand after 2010. pipeline testing technology development; the availabil-

ULSD-r elated.. i theity of personnel, thick-walled reactors, and reciprocat-
ULSD-related investments in the Severe case are pro- . -ULD- t ^i i n- t ii i- Severe case are pro- iing compressors; the behavior of ULSD in the oil
jected to total S9.3 billion through 2011, $3 billion more g co o; t b ior o U n e

pipeline system; and cost recover, bv oil pipelines fur-than in the Regulation case. Higher demand in the pipene sstem; and cost recover b oil pipelines fur-
c-an in the Regulation i, se. Higher iemand i~ in th ther cloud the outlook for the transition to very low ]ev-
Severe case generally results in marginal prices 1.7 to 1.9 ther cloud the outlook for the transition to ver low ev-

els of sulfur in diesel fuel. The new ULSD Rule requirescents per gallon above those in the Regulation case, esof sulfur in diesel ULD Rule requires
not only that the sulfur content of transportation dieselalthough costs range up to 3.5 cents per gallon higher in t

a0t1u.g cot rguo3esr glo hihe in fuel oil produced by domestic refineries be drastically
reduced by 2007, but also that emission controls on

The No Imports case explores the impact of the ULSD heavv-dutv diesel engines be imposed to reduce emis-
Rule by assuming that foreign imports will not be avail- sions of NO,. PM, and hydrocarbons (HC).
able to meet the new sulfur standard. In the Regulation
case, projected imports of highway diesel are lower than Historically, engine manufactures have met ne emis-
in the reference case in the first few vears, because for- sions standards through modifications to engine design
eign refiners are expected to be more hesitant to invest to To meet the 2007 standard manufacturers will have to
meet a U.S. regulation. The No Imports case assumes h e a i l o n component and sstem development b
that no imports of ULSD are available, and that imports emission control equipment manufacturers. In particu-
of highway diesel are reduced by 120.000 to 125.000 bar- lar, engine manufacturers must implement an exhaust
rels per day between 2007 and 2015, relative to the refer- after-treatment catalyst technology to control NO, emis-
ence case. The lack of imports means that domestic sions. Currently the EPA expects NO, adsorbers to be
refineries must produce more ULSD. The requirement the most likely emission control technology applied by
for more production results in marginal prices 1.1 to 1.6 the ndustry Using current catalyst technology the
cents per gallon higher than in the Regulation case. The fuel-rich cycle could reduce fuel efficiency by 4 percent.
higher prices in the No Imports case result in a slight To date, no NO adsorber system has proven feasible.
dampening of demand compared with the Regulation Although NO, adsorbers have demonstrated compli-
case. ance using ULSD (7 ppm), the systems show losses in

conversion efficiency after 2.000 miles of operation. In
Because the Regulation case assumes a 5.2-percent order to meet the 2007 emission standards for
after-tax return on investment, the 10'% Return on heavv-dutv diesel engines, conversion efficiencies must
Investment case must be compared with an alternative be improved, and exhaust gas recirculation equipment
base case that assumes the same return on investment must be optimized. The considerable time available for
The resulting price differentials range from 7.5 to 8.0 research and development, however. may provide gov-
cents per gallon between 2007 and 2011 and are 0.9 cents ernment and industry ample time to resolve the fuel effi-
per gallon higher or. average than when the 5.2-percent ciencv loss issues associated with advanced emission
after-tax rate is assitmed control technologies
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Beyond traditional hydrotreating to remove sulfur from projects. Excluding the former Soviet Union, there are
diesel streams, new technologies are under develop- only five manufacturers of reciprocating compressors in
ment that could reduce the cost of desulfurization. They the world.
include sulfur adsorption, biodesulfurization, sulfur
oxidation, gas-to-liquids, and biodiesel. Each of these The exact sulfur level at which refineries will be required
technologies is in the first stages of commercialization. to produce ULSD is not certain, because there is no expe-
Although they are being spurred by the EPA Rule, it is rience with distributing ULSD in a non-dedicated or
uncertain whether any of the new technologies will common transportation system. Residual sulfur from
make a significant contribution to meeting the require- high-sulfur material could contaminate subsequent
ments of the ULSD Rule in 2006, although they may pipeline material beyond the interface between the two
have some impact later in the decade. products. Recently, Buckeye Pipe Line conducted a test

of possible sulfur contamination from one product batch
Before the ULSD Rule takes effect in 2006, sulfur testing to another. Buckeye carefully measured the sulfur con-
methods must also be improved. The designated tent in batches of highway diesel fuel following a batch
method, ASTM 6428-99, was developed for testing sul- of high-sulfur diesel fuel and found that the sulfur con-
fur in aromatics and has not yet been adapted or evalu- tent of the second batch of highway diesel fuel
ated by industry as a test for sulfur in diesel fuel. increased. Exact sulfur levels have implications for the
Because the diesel methodology has not yet been devel- amount of material downgraded during pipeline and
oped for the designated method, it has not yet been terminal operations.
tested by multiple laboratories. There is also no readily
available and appropriate test for sulfur that will permit If no other application or action were taken by an oil
the precise cuts between batches that will be required in pipeline company, the existing tariff rates covering die-
handling ULSD. Most oil pipeline operators will proba- sel fuel would apply to ULSD when that material is dis-
bly want or need to perform in-line monitoring of sulfur tributed to markets; however, oil pipelines will incur
content, because degradation of ULSD will easily and, large incremental capital and operating costs in distrib-
possibly, frequently occur in as little as a minute's time. uting the new diesel fuel If an oil pipeline carrier is
However, current instruments for testing sulfur do not operating under the Federal Energy Regulatory Con-
have adequate sensitivity, accuracy, or speed for the job. mission's commonly approved index method and
Current machines require 5 to 10 minutes to complete applies its existing tariff rate to ULSD, there will be no
one analysis of a passing product stream-far too long to basis for the carrier to recover its incremental costs inithe
permit a pipeline operator to make a correctional approved rate. A carrier might file a new tarff rate
response if off-specification material is detected in a expressly covering ULSD.
batch of ULSD.

The deployment of diesel desulfurization technologiesComparison with Other Studies
will hinge not only on the ability and willingness of
refiners to invest and the timing of investment and per- Earlier studies related to ULSD supply and costs
mitting but also on the ability of manufacturers to pro- included analyses by the U.S. Environmental Protection
vide units for all U.S. refineries at once, and the Agency (EPA), Mathpro, the National Petroleum Coun-
availability of engineering and construction resources. cil (NPC), Charles River and Associates with Baker and
In addition to providing diesel hydrotreaters, the same O'Brien, EnSys Energy & Systems, Inc., and Argonne
contractors will be designing and building gasoline National Laboratory (ANL). The studies were based on
desulfurization units for the Tier 2 gasoline sulfur reduc- two general types of methodologies: a linear program-
tion requirements that will be phased in between 2004 ming (LP) approach used by Mathpro, NPC, EnSys,
and 2007. The EPA's breakout of the expected startup of ANL, and EIA; and a refinery-by-refinery approach
gasoline and diesel desulfurization units reflects an used by Charles River, EPA, and EIA.
overlap of 26 gasoline units and 63 diesel units in 2006,
more than any other year except 2004. The EPA esti- Cost estimates from the different studies are not easy to
mates that 30 percent more workers will be required for compare, because differences in estimation methodolo-
the gasoline and diesel programs together than for the gies make them conceptually different. Both average
gasoline program alone. If thick-walled reactors are and marginal costs can be based on LP models that oper-
required for deep hydrotreating, delivery lead times will ate as a single firm, or estimated from analysis of indi-
be longer, because only one or two U.S. companies vidual refineries. In general, marginal cost estimates that
produce thick-walled reactors. Another type of represent the cost of the last barrel of required supply
critical equipment is reciprocating compressors. Two can be seen as estimates of market prices. Average cost
eciprocating compressors will be required for each die- estimates usually reflect refinery investment, but they

sel desulfurization project. Reciprocating compressors are not good estimates of market prices. Much of the
will also be required for gasoline desulfurization variation in investment and cost estimates reflects
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different assumptions about the cost of technologies; average costs for the marginal firm, different estimates
unit size; contingency factors; the extent to which refin- of the penetration of ULSD, different consumption esti-

:. .:,: ers will modify existing equipment or build entirely new mates, different assumptions about the cost of technolo-
hvdrotreaters; the cost and quantity of additional hydro- gies, different assumptions about the extent to which
gen required; the extent to which some refineries may refiners will modify existing equipment or build entirely
reduce highway diesel production; and the amount of new hydrotreaters, different assumptions about the cost
highway diesel downgraded due to fuel contamination and quantity of additional hydrogen required, and dif-
during distribution. Nevertheless, the studies using LP ferent regions. The range of estimated cost increases
models reported cost increases ranging from 4.0 to 10.7 reported in the studies using refinerv-by-refinery analv-
cents per gallon, excluding distribution costs and taxes. sis was 4.1 to 6.8 cents per gallon. This study's range for
The marginal refinery gate prices reported in this study the 2006 analysis is at the higher end, because it leaves
for the post-2006 period, which exclude distribution out the lower cost PADD V, is based on marginal indus-
costs and taxes, range from 4.7 to 9.2 cents per gallon. try costs rather than average refinery costs, and has 63

percent of refineries revamping their hydrotreaters, as
Likewise, the costs derived from refinery-by-refinery compared with 80 percent in the studies with lower cost
analysis included average costs for the industry and estimates.
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1. Background and Methodology

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

This study was undertaken at the request of the Com- this study to assess their future costs- Chapter 4 dis-
mittee on Science, U.S. House of Representatives. The cusses the impact of the ULSD Rule on oil pipeline oper-
Committee asked the Energy Information Administra- ations'. Chapter 5 addresses th ..>sue ci 'l;ture supply of
tion (EIA) to provide an analysis of the Final ULSD, particularly during the transition t:-t.:.:: in 2006,
Rulemaking on Heavy-Duty Engine and Vehicle Stan- and the potential responses of refin:ry operators. Chap-
dards and Highway Diesel Fuel Sulfur Control Require- ter 6 summarizes mid-term projections (2007 through
ments, which was signed by President Clinton in 2015) for diesel fuel prices, based on a range or assump-
December 2000. Along with all other regulations final- tions in cases analyzed using EIA's National Energy
ized at the end of the Clinton Administration, the Rule Modeling System (NEMS). A comparison of the
underwent a 60-day review by the Bush Administration. assumptions and estimates from this study with those
On February 28, 2001, the Administrator of the U.S. from other analyses is provided in Chapter 7.
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.2 Summary of the Final ULSD Rule

The purpose of the rulemaking is to reduce emissions of The new ULSD Rule requires refiners and importers to
nitrogen oxides (NO,) and particulate matter (PM) from produce highway diesel meeting a 15 parts per million
heavy-dutv highwav engines and vehicles that use die- (ppm) maximum requirement starting June 1, 2006. g

sel fuel. The rulemaking requires new emissions stan- Pipeline operators are expected to require refiners to
dards for heavv-duty highway vehicles that will take provide diesel fuel with even lower sulfur content
effect in model vear 2007. Because the advanced emis- (somewhat below 10 ppm) in order to compensate for
sion control devices that will be required to meet the possible contamination from higher sulfur products in
2007 emissions standards are damaged by sulfur, and the system and to provide a tolerance for testing. Diesel
because the 2007 model year begins September 1, 2006, meeting the new specification will be required at termi-
the rulemaking also requires the sulfur content of high- nals by July 15, 2006. and at retail stations and w*holesal-
way diesel to be substantially reduced by mid-2006. ers by September 1,2006. This time schedule is driven by

the need to provide fuel for the 2007 model year diesel
The purpose of this study is to assess the possible impact vehicles that will become available in September 2006.
of the new sulfur requirement on the diesel fuel market. Under a "temporary compliance option" (phase-in), up
The study does not address the impact of the to 20 percent of highway diesel fuel produced mav con-
rulemaking on vehicle emissions or public health.3 This tinue to meet the current 500 ppm sulfur limit through
stud! discusses the implications of the new regulations May 2010. The remaining 80 percent of the highway die-
for vehicle fuel efficiencyvand examines the technology, sel fuel produced must meet the new 15 ppm maximum.
production. distribution, and cost implications of sup-
plying diesel fuel to meet the new standards. The ULSD Rule provides for an averaging, banking, and

trading (ABT) program. Refineries that produce more
A summary of the new sulfur requirement, the analysis than 80 percent of their highway diesel to meet the 15
issues identified by the Committee on Science, and ppm limit can receive credits, which may be traded with
the methodology of the report are provided in the other refineries within the same Petroleum Administra-
remainder of this chapter. Chapter 2 describes emission tion Defense District (PADD) that do not meet the
control technologies for heavy-duty diesel engines, their 80-percent production requirement. Starting June 1,
effects on fuel efficiency, and expected costs. Chapter 3 2005. refineries can accrue credits for producing any

!L 5 En\ ironnenteal Protection Agency, "Control of Air Pollution irom New Motor \ehllclei Heav\- -Dtit Engimne and \Iehicl' ':a.
dard; and Hitghwv.ay Diesel Fuel Sutilfur Control Requirements: Final Rule. ' Fdcrial Rci\lstl'r. t)CFR Parts n'. .I. .and So (Jlallar Ix l. 210( I

L .S Environimental Protection Agency. "EPA Gives the Green Light on Dlesel-Sultl r Rule." Press Releas ' I1eruar\ 2h. 20tl l
RSoturces addressing the impact ol the ULLSD Rule on vehicle emissions and pi'llhi health are rucilhdeI in itli b11i( hlo.rph\
4Tlhe Stide of Alaska aind tIh U.S. Territories have been exempted troin tht pro)ram
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volume of highway diesel that meets the 15 ppm limit.5 * The cost and availability of ULSD imports
The trading program will end on May 31, 2010, after
which time all refineries must produce 100 percent of * The impact of the Rule on refinery operations
their highway diesel at a low enough sulfur level to * The impact of the Rule on fuel efficiency (related to
ensure 15 ppm at retail. The ABT program will not engine after-treatment devices) and on diesel fuel
include refineries in States that have State-approved die- demand
sel fuel programs, such as California, Hawaii, and
Alaska. * The cost of current and future technologies that-are

expected to allow refineries to meet the new sulfur
The Rule includes provisions for refiners in a Geograph- standard, and their costs
ical Phase-In Area (GPA) that includes Colorado, Idaho,
Montana, New Mexico, North Dakota, Utah, Wyoming, * The likelihood that the necessary technologies will
and parts of Alaska. The highway diesel provisions in be adequately deployed to meet the new standards.
theGPA are linked to theTier2 gasoline program. While The memorandum also identified a number of issues
the rest of the country is required to average 30 ppm gas- related to the distribution of ULSD that are addressed in
oline sulfur requirements by January 2006, refineries in the study, including:
the GPA are granted an additional year to meet this
requirement. Under the highway diesel provisions, * The effects of the ULSD Rule on the U.S. oil distribu-
refineries in the GPA that meet the ULSD standard by tion system both during and after the phase-in
June 1, 2006, for all their highway diesel may receive a period
2-year extension on gasoline compliance to December
31, 2008. To receive the extension, the refinery must * How the distribution system would handle the sec-
maintain production of 15 ppm highway diesel fuel that ond highway diesel product during the phase-in
is at least 85 percent of its average 1998 and 1999 high- period, the infrastructure and investments required,
way diesel production. and how the investments might be recouped

Hardship provisions are allowed for small refiners with * The extent to which fuel contamination might occur
up to 1,500 employees corporate-wide and that had a when ULSD is shipped in common pipelines with
corporate crude oil capacity of 155,000 barrels or less per other, higher sulfur products
calendar day in 1999. The small refiner provisions Thecapability of curren testing methods to measure
include: (1) production of 500 ppm diesel fuel until May sulfur at the 15 ppm level
31, 2010; (2) the ability to acquire credits for producing
15 ppm highway diesel prior to June 1, 2010; and (3) a * The operational changes required in the distribution
2-year extension of the refiner's applicable interim gaso- system, and how they will affect consumer costs.
line standards if all its highway diesel fuel is 15 ppm sul-
fur beginning June 1, 2006. 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

Summary of the directed EIA to reflect the assumptions used by the EPA,

Request for Analysis to. the extent possible. Where EPA's assumptions
diverge meaningfully from industry expectations, EIA

In its July 2000 letter (see Appendix A), the Committee was asked to provide a sensitivity analysis. The Corn-
on Science requested that EIA undertake a study mittee noted several issues that might require sensitivity
addressing the possible supply and cost implications of analysis, including:
the diesel fuel regulations. The Committee specifically
asked EIA to address the following production and sup- * The difference in production of 7 ppm versus 10 ppm
ply issues related to the ULSD Rule: diesel fuel

* The potential impacts of.the Rule on highway diesel * The energy content of ULSD
fuel supply and on costs to end users of diesel fuel6

* Fuel efficiency losses associated with engine after-
* The potential impacts of the diesel fuel regulation on treatment devices

other middle distillate products such as home heat-
ing oil, non-road diesel, and jet fuel * Additional distribution costs.

5Credits 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 requirements, and how potential
supply would change if the ULSD requirement were phased in.
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Background required to meet the 30 ppm standard until 2007. The
date for GPA and small refiner gasoline sulfur compli-

The ULSD Rule represents a unique financial and logis- ance has been extended an additional 2 vears for those
tical challenge to refiners and distributors, because it refineries that produce 15 ppm diesel at 85 percent of
places an unprecedented low sulfur limit on a secondary baseline highway diesel production levels."
product. Although highway-grade diesel, which is
currently limited to 500 ppm sulfur, is the second most Consumption of highway-grade diesel (500 ppm sulfur)
consumed petroleum product, gasoline is the most accounted for 68 percent of the distillate fuel market in
important product by far. In 1999, 500 ppm diesel 1999,12 although 9 percent of that fuel went to non-road
accounted for 12 percent of total petroleum consump- (rail, farming, and industry) and home heating uses.'l

tion while gasoline accounted for 43 percent.7 The ULSD Higher sulfur distillate (more than 500 ppm) used exclu-
Rule comes less than a vear after a new nationwide sul- sively for non-road and home heating needs accounted
fur standard for gasoline was finalized by the EPA at for the other 32 percent of the distillate market. These
an average 30 ppm.8 Some concerns have been raised other distillate markets will also be affected by the new
that resources may be both financially and physically highway diesel standard and may play a role in how
challenged to meet both the gasoline and diesel sulfur some refineries respond to the rule. For instance, instead
standards.9 of investing in ULSD production, some refineries may

opt to switch production to non-road or heating
In February 2000, the EPA finalized a rule on Tier 2 vehi- markets.
cle emissions and gasoline sulfur standards. The sulfur
content of gasoline across the country is to be phased The EPA is in the process of promulgating "Tier 3"
down to 30 ppm on average between 2004 and 2007. Like non-road engine emission limits around 2005 or 2006,
the diesel sulfur standard, reduced sulfur gasoline is which are expected to be linked to sulfur'reduction for
required in order to accommodate new emissions con- non-road diesel fuel. 14 The level of sulfur reduction
trol technologies required for meeting tighter vehicle required for Tier 3 vehicles is highly uncertain because
emissions standards. Gasoline produced by most refin- of the diversity of the non-road market. Diesel engines
ers will be required to meet a corporate average sulfur used for farming, construction, rail, and other industrial
content of 120 ppm in 2004 and 90 ppm in 2005, com- markets have different performance requirements that
pared with a national average of around 340 ppm in need to be reconciled. 1- Both the American Petroleum
1998. !' By\ 2006, most refiners must meet a refinery level Institute (API) and National Petrochemical and Refiners
annual average of 30 ppm with a maximum of 80 ppm in Association (NPRA) have expressed concerns about
any gallon. complying with potential non-road standards before full

*-~~~~~~~~~' ~implementation of the 15 ppm highway diesel stan-
Refiners producing most of their gasoline for the Geo- dards.'l
graphical Phase-In Area (GPA), generally encompassing
the Rocky Mountain region, will also be allowed a more In addition to refinery issues, there are concerns about
gradual phase-in because of less severe ozone pollution the ability of the distribution system to handle the
in the area. These refiners will be required to meet a requirements of the ULSD Rule. Between June 2006 and
refinery average of 150 ppm in 2006 and must meet the June 2010. the 80/20 rule will allow up to 20 percent of
30 ppm requirement in 2007. Small refiners will not be highway diesel production to continueat the current 500

Energy Iniormation Administration. Petroleum Supply Ariual 1999. DOE/EIA-0340(99)/1 (Washington. DC. lune 2000). Table 3
"'i.S E nvironmental Protection Agency. "Control of Air Pollution from New Motor Vehicles: Tier 2 Motor Vehicle Emissllfns Siindards-

arid Ga-olhne Cortrol Requirements," Federal RReister, 40 CFR Parts 80,85. and 86 (February 10, 2000).

'"ational Petroleum Council, U.S. Petroleum Refiliii: Assurinig lle Adequacy arid Afflrdability of Clearier Fuels lune 20001. Chapter .
U.S.A.

'"L .S En-ironmental Protection Agency. EPA Staff Paper on CGasoliner Sulhfr Issues, EPA420-R-96-005 (Washingioni. DC. Ma' 199S) The
averaRte tultiir content has declined since the sulfur content of reformulated gasoline was reduced substantially to meet Phase 2 relormnw-
lated gasolne emissions requirements, which became effective in 2000.

The EPA announced on .May 4. 2001. that National Cooperative Refining Association and Wyoming Reirinog i\oild be .vI\en addI-
tional tine to meet the sulfur standard for gasoline. Both refiners are planning to comply with the 2006 highway dieel reqltreinenwl tn
tillrt.

.-Energy Iniormation Administration. Petroleum Suippli/Aliiuil 1999, DOE/EIA-0340(99)/1 (Washiigtot. DC. ]itif 20ltOl, Trhitc
:'Energy linormnatiol Administration, fluet' Oili ai Kri'ron'il' Sliles 1999, DOE/EIA-0525(i9) (* ashington. DC. Septeinber 20i0l). 1 ,.blcit

1 '-23

;4U.S Environm;ental Protectioni Agency. Rcducituli Air Pollution from VNo,-rlutl LnllAlrn. EPA42l1-F-1k-l.4o t( \Aashigon. DC. \o\'emnhr
JOO). p 3.

!N\onroad Workgrolup. Minute of the Workgroup's Meetnmg (Alexandria. VA lanunrv 1 t. 20()tk

i"D,1scl f urii \rcr, Vol ;. \Nt 3 IFebruary 5. 2001 )
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ppm limit. That fuel must be segregated in the distribu- a group of State and local air pollution regulators
tion system from the remaining 80 percent of highway warned that more States would follow suit with their
diesel meeting the 15 ppm limit. As a result, some own regulations if the ULSD rule were delayed or
pipelines, terminals, and retail outlets may temporarily changed in any way. 2'
need to carry an extra diesel product, requiring capital
investment for the additional infrastructure require-
ments and additional operating costs for distributing the Methodology
extra product. Both pipeline operators and fuel market- In order to address both the short-term and mid-term
ers are concerned that contamination from higher sulfur supply issues identified by the Comittee on Science,
petroleum products might require some ULSD to be this analysis incorporates two different analytical
downgraded to a higher sulfur product that would have approaches.
a lower market value. Moreover, a second new distillate
product may be required if Tier 3 requirements also Refinery cost analysis addresses the uncertainty of sup-
become effective before 2010. ply in the short term. In addition; mid-term issues and

trends are addressed through NEMS scenario analysis.2 '
A number of groups representing refiners and retailers Discussion of the key isses and uncertainties related to
are taking legal action against the ULSD Rule, including the distribution of ULSD is based on interviews with a
the National Petrochemical and Refiners Association numberof pipeline carrers
(NPRA), the American Petroleum Institute (API), the
Society of Independent Gasoline Marketers of America As suggested by the Committee, most of the major
(SIGMA), and the National Association of Convenience assumptions in this report are consistent with those used
Stores (NACS). The four groups have cited concerns by the EPA in its Regulatory Impact Analysis (RIA) of
about the possibility of inadequate ULSD supply under the Rule. Before conducting this study, EIA consulted
the Rule. The retailer groups also oppose the phase-in with representatives from diesel engine and emissions
provision of the ULSD Rule ("the 80/20 rule"), because control manufacturers, the refining industry, and
it will temporarily require costly storage of an additional Government 22 to discuss the methodology and assump-
product. SIGMA's lawsuit also questions the feasibility tions. ELA also received input through EIA's Independ-
of the 15 ppm sulfur limiton ULSD.' 7 On theotherhand, ent Expert Review program.2 3 On the basis of the
the Rule has been strongly supported by a diverse coali- information received and a review of other analyses,
tion of environmental, manufacturing, regulatory, and EIA identified the analysis assumptions that contained
trucking groups.' 8 State and local regulators are sup- the most significant uncertainties. Where possible, sensi-
portive of the ULSD Rule because it is an integral part of tivity analyses were developed to provide a measure of
their State Implementation Plans for meeting air quality uncertainty in the projections.
standards.

Assessment of Short-Term Effects
Some State and local areas have begun to set their own of the Rule
requirements for ULSD. Texas and Southern California
have already finalized ULSD regulations, and the State For the purpose of assessing the short-term supply situa-
of California is in the process of doing so. 19 During the tion as the new standard becomes effective in June
Bush Administration's review of the Federal ULSD rule, 2006 (see Chapter 5), industry-level cost curves were

17Diesel Fuel News (March 19, 2001).
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 Ad minis-
trators, U.S. Public Interest Research Group, and the Union of Concerned Scientists.

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

20 Diesel Fuel News, Vol. 5, No. 4 (February 19,2001).
21Energy Information Administration, National Energy Modeling System: An Overrrew 2000, DOE/EIA-0581(2000) (Washington, DC,

March 2000), www.eia.doe.gov/oiaf/aeo/overview/index.html.
22 Contact with diesel engine manufacturers included Cummins, Inc., Mack Truck, Inc., and Caterpillar, Inc. Contact with emission con-

trol manufacturers included Johnson Matthey and Engelhard Corporation. Refining industry contacts included the American Petroleum
Institute (API), the Cenex Harvest States Cooperatives, UniPure Corporation, Equilon Enterprises, LLC, Lyondell Citgo Refining Company.
Ltd., ExxonMobil Refining and Supply Company, Marathon Ashland Petroleum, LLC, and the National Petrochemical and Refining Associ-
ation (NPRA). Government contacts included the U.S. Department of Energy's Office of Policy and Office of Transportation Technologies
and the U.S. Environmental Protection Agency.

23lndependent 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 Wa uespack, PricewaterhouseCoopers.
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constructed, based on refinery-specific analysis of * Moderate New Market Entry Scenario. This cost
investment requirements and operating costs.24 Unlike curve assumes that a selective number ot refineries
the NEMS projections discussed below, the cost curves that are currently producing little or no highway die-
do not reflect an equilibrium market price. sel will enter the ULSD market. The underlying

premise is that there would be a limited number of
The cost curves developed for this study are the result of companies that think they will be able to gain market
a refinery-by-refinery analysis. Because of the propri- share without depressing margins to the extent of
etarv nature of the data, this analysis does not disclose undercutting profits. Only a few will make this
information about individual refineries. The ULSD pro- move, while the rest wait for a clear indication of
duction costs were estimated for different groups of ULSD margins.
refineries based on their size, the sulfur content of the
feeds, the fraction of cracked stocks in the feed, the boil- Assertive Investment Scenario. Refineries were
ing range of the feed, and the fraction of highway diesel assumed to make the requisite investments to either
produced. The capital and operating costs for the differ- maintain or gain highway diesel market share
ent groups were developed for EIA by the staff of the The scenarios discussed above are based on capital cost
National Energy Technology Laboratory (NETL). 25 and return on investment assumptions that are consis-

wee ud to tent with EPA's analysis. Due to the uncertainty of these
The technology cost representations were used to

Th technolog t , r s.e n assumptions, two sets of sensitivity analysis are also
develop four sets of cost curves based on four different

provided. To address the uncertainty associated with
investment rationales. Within a given supply curve; the p . To a s te u a ia i

the cost of installing or modifying distillate hydro-
relative costs of different groups of refineries provide an te ost of ing or mo ing distillate hdro-treaters for producing ULSD, a set of scenarios was
indicator of possible supply problems. A large range of dev r

developed assuming capital costs for hvdrotreater unitscompliance costs in which investment costs are much t i
pi e forso ine thanvthersmae a c that are about 40 percent higher than the initial set. An

higher for some refiners than for others may be an indi-
cation that some refiners may forgo investment. The additional set of scenarios explores the impact of assum-cation that some refiners may forgo investment. The

,1 .~ ,,. ., . ,.~ , ~ .~ ~ing a 10-percent after-tax rate of return on investment,behavior of refiners will be influenced bv their expecta- - -
-',.,, .' used in most of the studies compared in Chapter 7,tion of what others will do and in most ofs therefore subject to7.

tion of what others wil do a i therefore subect to instead of the 5.2-percent after-tax rate (equivalent to 7
great uncertainty. In order to explore the uncertainty of

percent before tax) assumed in the initial setrefinerv behavior and the possible implications for sup-
ply, cost curves were developed based on the four differ- Assessment of Mid-Term Effects
ent scenarios of investment behavior discussed below: of the Rule

of the Rule
_- Competitive Investment Scenario. This scenario T m a

The mid-term analysis for this study was performedassumes that some refineries will produce ULSD in
2006, while others mav' find it more economical to using the NEMS Petroleum Market Module (PMM). The

abandon the market. Refiners that have ce PMM represents domestic refinery operations and theabandon the market. Refiners that have competitive
marketing of petroleum products to consumption

costs of production are assumed to maintain market petrolm
regions. PMM solves for petroleum product prices,shares similar to current highway diesel market p

shares. Refnenes current produ g a r y crude oil and product import activity (in conjunctionshares. Refinenries currently producing a relativily . ., ',c .N , 1 i ,with the NEMS International Energy Module and Indus-
low fraction of diesel fuel may abandon the market -

trial Demand Module), and domestic refiner). capacityunless their cost per unit is competitive at current al Dean o e and el consmt io. P is a reina i
hi y , iese production levels.expansion and fuel consumption. PMM is a regional. lin-highway diesel production levels.

-'*~~~~~ *~~~ear programming representation of the U.S. petroleum
Cautious Expansion Scenario. Current producers market. Refining operations are represented by a
with competitive cost structures for ULSD produc- three-region linear programming formulation of the
tion and a high yield of diesel production (greater five Petroleum Administration for Defense Districts
than 70 percent of middle distillates) are assumed to (PADDs). PADDs I (East Coast) and \' (West Coast) are
increase production if the unit cost of the increased treated as single regions, and PADDs II (Midwest). 111
production is not substantial. Other refineries may (Gulf Coast), and IV (Rockv Mountains) are aggregated
also increase their fraction of highway production if into one region. Each region is considered as a single
economical and if the non-road market will allow. firm where more than 80 distinct refinery processes are
For instance, the Northeast has a strong heating oil modeled. Refining capacity is allowed to expand in each
market, potentially limiting a shift toward highway region over each 3-year period. As a result, cumulati\e
diesel production.

24The EPA and Baker and O'Brien also developed refinery-specific cost analyses. but their esilinate- did ilt' relh' t da,i i t,i le. d l ', I ho,
.lualilt or crude oil inputs and the quality ol diesel iiel components input to downstreamn units, colltecled Ib El.\

'The technolo;.v costs were developed in consulltation with Mr lohn Hackworth and were ere revi etd t' ti Ra X (r\. oie ir oi A Ildc.,
pendenlt expert re iewer:>. and by members of API
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investment for any given year may include investment * The rate of return on investment (the 10% Return on
to meet future product expectations. Investment case).

Unlike previous ULSD analysis sponsored by the EPA The PMM provides average annual marginal prices.
or industry groups, the PMM provides multi-year sce- Because of its aggregate regional and annual nature, the
narios. These scenarios reflect market prices rather than PMM cannot be used to address short-terrrm supply
average costs and implicitly include investment and issues. The results of the PMM scenarios assume that, in
import decisions. Because each model region operates as the long run, refiners will increase supply to meet
a single firm, the impact of the ABT refinery credit pro- demand.
gram is also implicitly represented. The PMM cannot
differentiate between the costs of different types of refin- Assessment of Distribution and Marketing
eries, but the impact of the temporary compliance option Effects of the Rule
for small refiners is partially accounted for in this analy-
sis by reducing the refinery production of ULSD by 4 T h e temporary compliance and small refinery provi-
percent prior to 2010. sions were incorporated into the Final Rule as a "safety

valve" to minimize potential supply problems by allow-
The PMM was used to develop a ULSD Regulation case ing up to 20 percent of a refinery's highway diesel fuel
based on the provisions of the EPA's final ULSD Rule. production to remain at the current 500 ppm sulfut stan-
Five sensitivity cases were developed for assumptions dard between June 1, 2006, and May 31, 2010, and by
associated with greater uncertainty, as well as a Severe allowing small refineries (representing about 5 percent
case, which combines the five sensitivity case assump- of total diesel fuel production) to delay compliance with
tions in a single scenario, a No Imports case, and a 10% the new standard until June 1, 2010. These provisions
Return on Investment case. The eight alternative cases provide flexibility to refiners during the. transition
explore the impacts of the following assumptions: period but will effectively require the distribution sys-

tem to temporarily handle an additional product. Aside
* The capital costs associated with distillate hydro- from carrying an additional product, the distribution

treaters (the Higher Capital Cost case). system will face new challenges related to transporting a

* The reliance of refineries on revamped equipment very-low-sulfur fuel in the same system with other,
versus new equipment (the 2/3 Revamp case) high-sulfur products. The discussion of the implications

.... · of the ULSD Rule for the pipeline distribution system
The percentage of ULSD that is downgraded to a (Chapter 4) is based on interviews with a number or

lower value product because of contamination from pipeline companies representing a cross-section of size,
higher sulfur products in the distribution system capacity, location, markets, corporate structures, and
(the 10% Downgrade case) operating modes.26

* The fuel efficiency loss associated with meeting new
diesel emissions standards (the 4% Efficiency Loss The mid-term scenarios generated by the PMM include
dise)l emi s s s (e 4% E y Ls additional distribution costs associated with getting the

ULSD to market during the transition period and after
* The loss in ULSD energy content resulting from 2010. The incremental distribution costs reflect both the

more severe desulfurization processes (the 1.8% cost of capital for pipelines, terminals, and retail outlets
Energy Loss case) and the costs associated with downgrading highway

* The combined effects of the alternative assumptions diesel that is contaminated during distribution. The cap
in the previous five sensitivity cases (the Severe case) ital component of the distribution costs used in this anal-

ysis is the same as that used in the EPA's Regulatory
* The impact of the ULSD Rule assuming that foreign Impact Analysis (RIA) and is similar to those estimated

imports meeting the new sulfur standards will not by two other studies (Chapter 7). The cost of down-
be available (the No Imports case). graded product is estimated by EIA using EPA':; total

26 The 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 Partners L.P., Marathon Ashland Petroleum, LLC, TE Products Pipelinm 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. 28 Due to the uncertainty about
ferential between ULSD and other diesel.2? 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 4.4 percent estimate to 17.5 percent by Turner larger downgrade assumptions (see Chapter 6).

- L.S. Elvironmental Protection Agency. Rc'»lah/ont Impacl Aialiists: He';,t-Duitt E 'lc anii V'iuh' l-lI 'lid uli r.ls -.,I Hl:t', iu z ,nDi -! Fn,!
;ulfuir Rlquirermenits. EPA420-R4)-02-0o) (lVashington. DC. December 2000). Chapter \'. w\ehte wwt\ .ep..g.o0 . otl, rcgs. htid20t Irln

riua--.pd

-Ttilrner. lMason & Comnpany. Rr'tzi'td iuppelcmre ii R'porl: C('lts/lhiprict- *ic ' Do ir rililii.; f iltl i ilrhi i l.I;r,l : ?]diil L)i. -! (Dalla-. \
AnJuts! 8. 200X))
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2. Efficiency and Cost Impacts
of Emission Control Technologies

Background heavy-duty engine manufacturers, stating that the 2004
emission standards would be met bv October 2002.)'

The new ultra-low-sulfur diesel (ULSD) Rule issued by The standards for new heavy-duty highway vehicles in
the U.S. Environmental Protection Agency (EPA) model years 2004 and later were finalized July 2000.
requires not only that the sulfur content of transporta-
tion diesel fuel oil produced by domestic refineries be In December 2000, EPA published additional standards
drastically reduced by 2007, but also that emission con- for on-road heavy-duty diesel engines that would take
trols on heavy-duty diesel engines be imposed to dra- effect beginning in 2007. These standards will require
maticallv reduce emissions of nitrogen oxides (NO,), stricter control of PM (0.01 g/bhp-hr), NO, (0.20
particulate matter (PM), and hydrocarbons (HC). This g/bhp-hr), and HC (0.14 g/bhp-hr) emissions. The new
chapter summarizes the new heavy-duty engine emis- standards apply to diesel-powered vehicles with gross
sion standards, discusses the feasibility of meeting the vehicle weight (GVW) of 14,000 pounds or more.
standards based on a review of the EPA-identified emis- The PM standard applies to all on-road heavy- and
sion control technology options that might be available, medium-duty diesel engines. The NO, and HC stan-
and assesses cost implications of the technology options. dards are to be phased in at 50 percent of new vehicle

sales in model years 2007 through 2009. In 2010, all new
The new ULSD standards finalized by the EPA are cru- on-road vehicles will be required to meet the NO, and
cial to the successful development of emission control HC standards.
equipment for heavv-duty diesel engines. The catalysts'
to be used in meeting the emission standards can be For years 2007 through 2009, the EPA allows diesel
severe!v damaged bv sulfur contamination. For exam- engine manufacturers flexibility in meeting the NO, and
pie. catalyst-based particulate filters for diesel engines HC standards. 31 Engine manufacturers are provided the
have shown significant losses of conversion efficiency option of producing all diesel engines to meet an aver-
with fuel containing 30 ppm sulfur, particularly in age of 2004 and 2007 NO, and HC emission standards
colder climates. With respect to NO, adsorbers, (1.1 g/bhp-hr). Engine manufacturers and EPA have
researchers have found that at fuel sulfur levels above 10 confirmed that the industry intends to design and pro-
ppm. the heavv truck emission standard may not be duce engines that meet the average NO,/HC emission
attainable, standard, providing engine manufacturers the abilifv to

comply with the standards by using less.stringent emis-
The EPA's final emission standards will affect new sion control svstems.32 If manufacturers produce
heavv-dutv vehicles in model vears 20020007, and 2010. low-emission engines in 2006, the number produced can
Although this study focuses on the impact of the 2007 be deducted from 2007 production requirements.
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 Emission Control Technologies
emission standards for 2004 and later model vear
heavv-dutv diesel engines that required a combined Historically, engine manufactures have met -new
standard for NO, and HC of 2.4 grams per brake horse- emissions standards through modifications to engine
power-hour (g/bhp-hr).2 Thecurrent standard for NO, design. The continuation of this trend is seen in the
is 4 g/bhp-hr. and the standard for HC is 1.3 g/bhp-hr. projection of technologies used to meet the EPA's 2004
The proposed standard was reviewed by industry, and emission standards for heavv-dutv diesel engines An
in 1998 the EPA signed consent decrees with several EPA-commissioned technology study that addressed

2-The brake horsepower of an engine is the effective power output, sometimes measured as the resistance the engine provides to a braki
ittached to the output shaft. A bhp-hr is that unit of work or energy equal to the work done at the rale of 1 horsepower r or hour

'UL.S Envi\ronmental Protection Agency., firail Emissionl Stalldard lfor 2(X)4 ard lIhrT Mod'll Year H\l.oirl,/ Ha:.l;-D0ir./ l-'tl.lc'h; and £,,iiun, -.
EPA420-F4-O-026 (Washington. DC, July 2000), p. 4

1 LU. Elvironmental Protection Agei\ , Hca'ivl-Dutoi Euiin'e and Velh.cl -.talldardl s lli Hihll;,lai DP csl F,'Inl . 'lct'lr t., rilrl R' l.llr nlh. ll-
EPA4-20-F40-057 ( Washington. DC, December 2000), p 2.

- Based on telephone interviews with engine ria,,naiacturers and the L.S. Eniivronineltal Protection A.genc-.
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technology, availability, cost, and efficiency concerns catalytic reduction (SCR) devices. Lean-NO, catalysts
concluded that engine manufacturers could meet the have not seen significant improvement in NO, reduc-

:2004 emission standards with engine control strate- tion efficiency during the past 3 years and are not con-
gies-primarily, exhaust gas recirculation (EGR) and sidered a viable option, but NOx adsorber and SCR
high-pressure fuel injection systems with retarded fuel svstems have shown potential for significant reduction
injection strategies. 33 The EPA also stated that other of NO, emissions.3 8 The NO, absorber catalyst works by
advanced diesel engine technologies-such as waste- temporarily storing NO, during normal engine opera-
gated turbochargers, air-to-air after-coolers, advanced tion on the adsorbent. When the adsorbent becomes sat-
combustion chamber design, and electronic controls- urated, engine operating conditions and fuel delivery
could be used to help meet the 2004 emission standards. rates are adjusted to produce a fuel-rich exhaust, which

is used to release the NOx as N2. The SCR process
Although the EPA states that implementation of cooled involves injecting a liquid urea solution into the exhaust
EGR will achieve most of the necessary emission reduc- stream before it reaches a catalyst. The urea then breaks
tions and that increases in fuel consumption are down and reacts with NO, to produce nitrogen and
expected due to pumping losses, they believe that water. Using the SCR system, it might be possible to
advanced turbochargers, advanced combustion cham- meet the NOx emission standard without ultra-low-
ber design, and electronic controls will also be used to sulfur diesel fuel.
overcome losses in efficiency. The EPA also mentions
various catalyst technologies that might be used to meet Industry experts have indicated that the SCR system
the NO, and PM standards but concedes that engine shows more promise than the NO, adsorber system for
manufacturers will opt for engine control strategies to reduction of NO, emissions in truck applications. 39

meet the NO, standard, due to both economic and There is currently no infrastructure in place for the dis-
technological concerns regarding the catalyst technolo- tribution of urea, however, and other issues remain to be
gies for NO, reduction. The EPA concludes that particu- addressed, including freezing of the urea solution in
late traps or oxidation catalysts will be used to control extreme weather conditions as well as operator compli-
PM. 34 The assumptions reflected in the EPA study ance. Several engine manufacturers are working on
were recently confirmed when several engine manu- infrastructure development plans for liquid urea.
facturers reported that they would implement the Although the EPA agrees that the technology is promis-
above-mentioned engine technologies to meet the 2004 ing, it has serious concerns about compliance issues,
standards. 35 36,37 ' because truck drivers may forgo refilling the urea tanks

in an effort to save on operating costs. Engine manufac-
Whereas engine manufacturers have been able in the turers are working with the EPA to develop engine con-
past to meet new emission standards by using advanced trol systems to address this and other engineering
engine controls and technologies, they will have to rely issues. The SCR technology will not be viable until infra-
heavily on component and system development by structure plans are established and engine manufactur-
emission control equipment manufacturers to meet the ers can demonstrate to the EPA that compliance can be
2007 standard. In particular, engine manufacturers must assured through reasonable engine control strategies.
implement an exhaust after-treatment catalyst technol-
ogy to control NO, emissions. Currently, the EPA expects `NO, adsorbers to be the

most likely emission control technology applied by the
Several NO, control after-treatment devices are industry.4 0 Using current catalyst technology, the
currently being investigated, including lean-NO, cata- fuel-rich cycle reduces fuel efficiency by 4 percent. 4 1 The
lysts, NO, adsorber catalysts, and urea-based selective majority of the reduction in fuel efficiency comes from

33U.S. Environmental Protection Agency, Regulatory Impact Analysis: Control of Emissions of Air Pollution From Highway Heavy-Duty
Enginies, EPA420-R-00-010 (Washington, DC, July 2000), p. 21.

34 U.S. Environmental Protection Agency, Regulatory Impact Analysis: Control of Emissions of Air Pollution From Highway Heavy-Duty
Engines, EPA420-R-00-010 (Washington, DC, July 2000), p. 46.

35DieselNet. "Caterpillar Aruounces 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 Standards," web site http://www.trcukinginfo.com/news/

newsprint.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.
39Based on telephone interviews with manufacturers of heavy-duty diesel engines.
40 U.S. Environmental Protection Agency, Tecdnical Support Document for the Heavy-Duty Engine and Vehicle Standards and Highway Diesel

ruel Sulfur Control Requirements: Air Quality Modeling Analyses, EPA420-R-00-028 (Washington, DC, December 2000), p V-3.

41 U.S Department of Energy, Office of Transportation Technologies, "Diesel Emission Control: Sulfur Effects (DECSE) Program Phase II
Summary Report: NO, Adsorber Catalysts" October 2000), p. 2 1.
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the reduction of sulfur in the exhaust stream. The sulfur catalysts are expected to improve and that the associated
accumulates on the NO, adsorber catalyst, and eventu- optimization of EGR and timing control will eventually
allv adsorber storage capability is completely lost. Even be achieved.
at ultra-low-sulfur levels, further desulfurization must
occur to ensure that the NO, adsorber is not "poisoned." Technology Costs

To date, no NO, adsorber system has proven feasible. The EPA's cost analysis of the technologies required to
Although NO, adsorbers have demonstrated compii- meet the 2004 standard assumed that fuel injection and
ance using ULSD (7 ppm), the systems show losses in turbocharger improvements would occur without the
conversion efficiency after 2,000 miles of operation. 42 new emission standards. Therefore, when estimating
Concerns have also been raised about the abilitv of the increases in engine costs, the EPA excluded 50 percent of
technology to perform over a range of operating temper- the technology costs in the total cost estimation. The
atures and loads. Industry and government research incremental costs for medium-duty engines were esti-
efforts are seeking ways to overcome the obstacles fac- mated to be $657 in 2004, decreasing to 5275 in 2009.
ing the NO, adsorber technology. Heavy-duty engine costs were estimated at $803 in 2004,

decreasing to $368 in 2009. 45

In order to meet the 2007 emission standards for heavv-
duty diesel engines, the EPA makes the following The EPA also estimated increases in annual operating
assumptions regarding the performance of NO, costs of 549 for medium-duty engines and 5104 for
adsorber emission control technology: heavy-duty engines for the maintenance of the EGR sys-

tem. The cost of the NO, adsorber emission control svs-
* Conversion efficiencies will improve so that the em for medium-duty engines was estimated at 64 intern for medium-duty engines was estimated at S2,364 in

overall loss of fuel economy will be only 2 percent: 1 2007, decreasing to 51,412 in 2012. For heavy-duty
percent for the fuel-rich cycle and 1 percent for trucks, the cost of control technolog was estimated at
pumping losses. S3,227 in 2007, decreasing to 51,866 in 2012.4' Although

* EGR equipment will be optimized as a result of the engine manufacturers state that these costs are optimis-
improved efficiency of NO, adsorber emission con- tic, no studies have been completed to dispute the EPA
trol equipment. The optimized EGR air-to-fuel mix- estimates.
ture will provide a 1-percent increase in fuel
efficiency, which will offset the 1-percent loss in effi- Efficiency Losses
cienc! from the fuel-rich exhaust cycle. EPA assumptions for the impacts of the ULSD Rule on

'* The application of the new emission control technol- diesel engine fuel efficiency are used for the Regulation
ogv will provide a 3-percent or greater increase in case in this analysis. Because the emission control tech-
efficiency by offsetting the fuel efficiency reductions nology development needed to meet the 200 standards
that were incurred to meet the 2004 standard when remains to be developed, however, a sensitivity case
diesel engine manufacturers manipulated fuel injec- was analvzed to evaluate the possible impacts of fuel
tion timing to optimize for low NO, emissions. efficiency reductions. ' In the 4% Efficiency Loss case for

this stud'y, it is assumed that meeting the emission stan-
Based on these assumptions, EPA predicts that there dards in 2010 will reduce the average fuel efficiency ot
will be no loss in fuel efficiency associated with the NO, highway heavv-duty diesel engines by 4 percent.
adsorber catalyst designed to meet the 2007 emission improving to no efficiency loss in 2015. It is assumed in
standard. 4.Although experts agree that this is possible, this scenario that engine manufacturers will not be able
it has vet to be proven.44 Current field tests reveal a 4- to to overcome fuel efficiency losses in order to meet the
5-percent fuel efficiency loss with current state-of-the- standards in 2010, but with continued improvements in
art technology,'which still requires EGR and timing NO, adsorber efficiency and desulfurization catalysts.
control. Experts agree, however, that NO, adsorber they will be overcome by 2015.

-MlaniItactlirers of Emission Controls Association. Catalustl-Bltas Diesel Pirtliculliat Filters and .N\O Adisorlrsr: A .timmnlrci/ I tih Tchrlci-
(ciet's and i/ Effects o( FFne/l Sulr (August 14. 2000). p. 19.

' 'L.S. Environmental Protection Agencv. Technical Strppnrl Dii-nullnt for tle H ear'-Dut!/ EIici ' it canld ;hclrh' >titldlr, .nl, Hll .I n il Dl .Il
Fir.' Siilhr Cinotrol Rerquireinments: Air Quialiht MtOchl i Ainalyu.w, EPA420-R-00-028 (Washington. DC. Decemnber 200L). p \'-34

44 Based on phone interviews with emission control equipment mailfactlurers
45 L.S. Environmental Protection Agency, Ret'\,ulatoi Irnpact Altllisii: Control of EmtiS i4n of Air Polliutioni Fron: Hl.call a:, l-i .i f-D- 'ln

EZllic'. EPA420-R)00-010 IWashington, DC. )lv' 200)). p 88.
4"L'.S Env ron mental Protection Agency . Techlicial uprrportl Doiilmriit for tlc' Hw''l/,-Dunt EiF' r c i, nil \', 'nl . ilr ila.ari. ,11,i H '/hr:l,::, Di Il

furi' Suilhrfr Control Reqmrerlnirtsls Air Qliliht! Mile/i 'iI A /lls-vs. EPA420-R-C00-028 (Washington. DC. Det'einter 2t)XO). p \ -Is
4 Althog ih this case reflects a scenario in which losses iln etlicielicy troin emnisionI c iotol are not o tvrrolne byh new lei hnhiloli .iit. oi.1

.liderable mine aivaiable ior research and deeo et a proi ene ad denulopsrent m\ rovi govr aipli'e tiin i rcl' h tl.( (i Iel oili' \ ' i-<
isstue ass,' iated with ad aniced emission control lechnologies
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The reference case for this analysis includes assump- marginal because the number of new vehicles expected
tions for the market penetration of advanced engine and to enter the market is small relative to the total numbe
vehicle technologies and resulting improvements in fuel of vehicles on the road. Fuel expenditures for heavy
efficiency. Included in the slate of technologies are low trucks are projected to be $1.9 billion higher in 2007 in
rolling resistance tires, improved aerodynamics, light- the 4% Efficiency Loss case than in the reference case,
weight materials, advanced electronic engine controls, and the difference grows to $2.9 billion in 2011 (Table 1),
advanced turbochargers, and advanced fuel injection an increase of $410 in average fuel expenditures per
systems. Market penetration is estimated using a pay- truck. Cumulative fuel expenditures from 2007 to 2015
back function in which the incremental capital cost for are projected to be $17.6 billion higher in the Regulation
each technology is compared to a stream of fuel savings case than in the reference case and an additional $3.0 bil-
over a specified technology payback period (1 to 4 lion higher in the 4% Efficiency Loss case. The projected
years), discounted at 10 percent. In the reference case it is cumulative increase in energy use in the 4% Efficiency
projected that average new truck fuel efficiency will Loss case is approximately 80 trillion British thermal
increase from 6.4 miles per gallon in 2000 to 7.4 miles per units (Btu). Energy consumption projections are dis-
gallon in 2020. cussed in Chapter 6.

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

Table 1. Projected Fuel Expenditures for Heavy-Duty Diesel Vehicles, 2006-2020
(Billion 1999 Dollars)

Total,
Analysis Case | 2007 2008 2009 2010 2011 2015 2007-2015

Total Fuel Expenditures

Reference ............. 39.45 40.46 41.46 42.19 42.98 45.96 385.63

Regulation............... 41.37 42.31 43.09 44.40 45.55 47.95 403.24

4°o Efficiency Loss ..... 41.37 42.31 43.09 44.58 45.92 48.44 406.21

Incremental 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.D043001B. DSU7PPM.D043001A. and OSU7TRN.D043001A.
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3. Desulfurization Technology

Introduction 7 ppm. Whether production is at 10 ppm or 7 ppm, the
same technology would be used. In general, a relatively

The availability of technologies for producing ultra- lower sulfur content would be achieved with more
low-sulfur diesel fuel (ULSD) was one of the issues severe operating conditions at a higher cost.
raised bv the House Committee on Science. First, do ade-
quate and cost-effective technologies exist to meet the Considerable development in reactor design and cata-
ULSD standard? Second, are technologies being devel- lyst improvement has already been made to achieve
oped that could reduce the costs in the future? Last, is it ULSD levels near or below 10 ppm. In some cases low
likely that the needed technologies can be deployed into sulfur levels are the consequence of refiners' efforts to
the market in time to meet the ULSD requirements of the meet other specifications, such as low aromatie levels
rule? required in Sweden and California. In other cases refin-

ers have decided to produce a "premium" low-sulfur
A review of the technologies reveals that current tech- diesel product, as in the United Kingdom, Germany, and
nologies can be modified to produce diesel with less California. These experiences, though limited, provide
than 10 parts per million (ppm) sulfur. A small number evidence for both the feasibility of and potential difficul-
of refineries currently produce diesel with sulfur in the ties in producing ULSD on a widespread basis.
10 ppm range on a limited basis. The existence of the req-
uisite technology does not ensure, however, that all Refineries currently producing ULSD in limited quanti-
refineries will have that technology in place in time to ties rely on enhanced hydrotreating technology. Teeh-
meet the new ULSD standards. Widespread production nology vendors expect that this will also be the case for
of ULSD will require many refineries to invest in major widespread production of ULSD. The following section
revamps or construction of new units. In addition to the focuses on hydrotreating as the primary means to
status of desulfurization technologies, this chapter dis- achieve ULSD levels. A few emerging and unconven-
cusses possible impediments to their deployment. tional desulfurization technologies are also discussed,

which if proven cost-effective eventually max expand
Refineries in the United States are characterized by a refiners' options for producing ULSD.
wide range of size, complexity, and quality of crude oil
inputs. Upgrades at a given refinery depend on individ-
ual circumstances, including the refinery's existing con- ULSD Production Technologies
figuration, its inputs, its access to capital, and its
perception of the market. The sulfur in petroleum prod- Very-low-sulfur diesel products have been available
ucts comes from the crude oil processed by the refinery. commercially in some European countries and in Cali-
Refiners can reduce the sulfur content of their diesel fuel fornia on a limited basis. Sweden was the first to impose
to a limited extent by switching to crude oil containing very strict quality specifications for diesel fuel, requiring
less sulfur; however, sulfur reduction from a switch in a minimum 50 cetane, a maximum of 10 ppm on sulfur
crude oil would fall well short of the new ULSD stan- content, and a maximum 5 percent on aromatics content
dard. Refineries will require substantial equipment To'meet these specifications the refiners at Scanraft.
upgrades to produce diesel with such limited sulfur. Sweden, installed a hydrotreating facility based on

SvnTechnologv. 48 The Scanraff hvdrotreating unit con-
In order to allow for some margin of error and product sists of an integrated two-stage reactor svstem vwith an
contamination in the distribution system, refineries will interstage high-pressure gas stripper. The unit processes
be required to produce highway diesel with sulfur a light gas oil (LGO) to produce a diesel product with
somewhat below 15 ppm. Due to limited experience less than 1 ppm sulfur and 2 4 percent aromatics by vol-
with such low-sulfur products, the exact sulfur level that ume. It is important to note that the Scanraii plant is
will be required by refineries is not certain. In the Regu- highly selective of its feedstock to achieve the ultra-lox
latorv Impact Analysis for the ULSD Rule, the EPA sulfur content which may not be generalized to most
assumed highway diesel production with an average of U.S. refineries.

4'B van der Linde (Shell ) R Meclon (ABB Lurninulsl. D Dave & S Gui.las tCritero)l. "Svnl ct hnolog An.\I -\t tracti e . ui'Itn lor \o c -
lmg Futlre Diesel Specilicatimls." presentalion to the I '

9
I Asian Relnlllng Techiology Conierei cc. ARTC-',P
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In addition to Sweden, other European countries are SynSat operation in 1996 and then converted to SynShift
encouraging the early introduction of very-low-sulfur in 1998. The revamped hydrotreater has a capacity o
diesel fuel ahead of the shift to a European requirement 50,000 barrels per day and consists of a first-stage reactoi
for 50 ppm diesel in 2005. The United Kingdom and Ger- operating at 675 psig pressure, a high-pressure stripper,
many have structured tax incentives for the early intro- and a second-stage reactor that uses a noble metal cata-
duction of 50 ppm diesel fuel and have discussed lyst. The feed to the unit is a blend of light cycle oil
incentives for introduction of a 10 ppm diesel fuel. An (LCO), coker distillate, and straight-run distillate
example of a European refinery capable of producing (approximately equal volumes) with 1.4 percent sulfur
diesel fuel for these markets, is BP's refinery at by weight, 70 percent aromatics, and a cetane number of
Grangemouth, United Kingdom, which has a 35,000- 30. The product has about 40 percent aromatics, a cetane
barrel-per-stream-day unit originally designed for 500 number of 38.5, and sulfur content less than 140 ppm.
ppm sulfur in 1995. 49 The hydrotreater at Grangemouth
has a two-bed reactor, no quench, and operates at about Citgo reported that the LCR hydrotreating unit was the
950 pounds per square inch gauge (psig). Operating at a largest reactor of its type when installed in 1996 and that
space velocity of 1.5 and using a new higher activity the volume of catalyst in the unit, which had been 40,000
AK30 Nobel catalyst (KF757), the unit is producing 10 to pounds in the old unit, had increased to 1.7 million
20 ppm sulfur diesel product. The feed is primary LGO pounds in the revamped unit. The diesel sulfurlevel
with a sulfur content of about 1,800 ppm, derived from a produced in the unit reportedly met the 15 ppm sulfur
low-sulfur crude. BP reported that on several occasions cap at initial conditions at start of run, but as the
the feed had included a small fraction of cycle oil, which desulfurization catalyst aged, the reactor temperature
resulted in a noticeable increase in catalyst deactivation had to be revised'to achieve target sulfur levels. If the
rate. revamped unit had to consistently meet a 15 ppm diesel

sulfur limit, the cycle life could be greatly reduced from
In 1999 Arco announced that it would produce a pre- current operation, causing frequent catalyst replace-
mium diesel fuel- which Arco termed "EC Diesel"-at ment and more frequent shutdowns. Under the current
its Carson, California, refinery. 50 EC Diesel is a "super mode of operation, the frequency of catalyst changeout
clean" diesel designed to meet the needs of fleets and is managed by reducing the cracked stocks in the feed to
buses in urban areas. The reported quality attributes the unit. More frequent catalyst changeouts to meet a 15
include less than 10 ppm sulfur, less than 10 percent ppm sulfur cap reportedly could raise the cost of diesei
aromatics, and 60 cetane, among others. 51 Arco indi- production. 54

cated that the crude slates of the Carson refinery would
remain unchanged, with only the operating conditions Hydrotreating
modified. The refinery had to selectively take out a sul-
furous, aromatic cycle oil feed stream to the diesel unit Conventional hydrotreating is a commercially proven
and repeat this every few days for batches. If continuous refining process that passes a mixture of heated feed-
production were required, a major capital investment stock and hydrogen through a catalyst-laden reactor to
would have to be made. In April 2000, Equilon also remove sulfur and other undesirable impurities. Hydro-
announced that its Martinez refinery in Northern Cali- treating separates sulfur from hydrocarbon molecules;
fornia could provide ULSD for fleet use in that region of some developing technologies remove the molecules
the State.5 2 that contain sulfur (see box'on page 16). Refineries can

desulfurize distillate streams at many places in a refin-
The challenge of producing ULSD from feedstocks that ery by hydrotreating "straight-run" streams directly fol-
are difficult to desulfurize is well represented by the lowing crude distillation, hydrotreating streams coming
experience of Lyondell-Citgo Refining (LCR) at its refin- out of the fluid catalytic cracking (FCC) unit, and/or
ery in Houston, Texas. In 1997 the refinery moved to a hydrotreating the heavier streams that go through a
diet of 100 percent Venezuelan crude. 53 The gravity of hydrocracker. Over half of the streams currently going
the crude oil was less than 20 °API, and it was highly into highway-grade diesel (500 ppm) are made up from
aromatic. To produce suitable quality low-sulfur diesel straight-run distillate streams, which are the easiest and
product the refinery had revamped a hydrotreater to least expensive to treat.

49 L.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).

54Now part of BP Amoco.
51 "Arco's EC Diesel Dominates CARB Advisory Discussion," Diesel Fuel News (April 26, 1.999), p. 5.
5 2 "Equilon Offers 15 PPM Sulfur Diesel for N. California," Diesel Fuel News (April 10, 2000), p. 10.
5 3 L. Allen (Criterion Catalyst Co.), "Economic Environmental Fuels with SynTechnologies," presented at the World Fuels Meeting,

EAA-World Fuels-98 (Washington, DC, Fall 1998).
54 Diesel Fuel News (April 11, 2000), p. 17.

14 Energy Information Administration / Transition to Ultra-Low-Sulfur Diesel Fuel 9261A



Refineries with hydrotreaters are likely to achieve pro- Refining: Assuring the Adequacy anld Affordabilitil ofCIlernur

duction of ULSD on straight runs by modifying catalysts Fuels, the National Petroleum Council (NPC) suggested
and operating conditions. Desulfurizing the remainder that in order to produce diesel at less than 30 ppm sulfur.
of the distillate streams is expected to pose the greatest new high-pressure hydrotreaters would be required,
challenge, requiring either substantial revamps to operating at pressures between 1,]00 and 1,200 psig.-5

equipment or construction of new units. In some refiner- Pressures over 1,000 psig are expected to require
ies the heavier and less valuable streams, such as LCOs, thick-walled reactors, which are produced by only a few
are run through a hydrocracker. The distillates from the suppliers (see discussion later in this chapter) and take
cracked stocks contain a larger concentration of corn- longer to produce than reactors with thinner walls. In
pounds with aromatic rings, making sulfur removal contrast to NPC's expectations, EPA's cost analysis
more difficult. The need for some refineries to desulfur- reflected vendor information for revamps of 650 psig
ize the cracked stocks in addition to the straight-run and 900 psig units that would n .. requir-: thick-walled
streams may play a key role in the choice of technology. reactors. The vendors indicated nadi: : existing

hydrotreating unit could be retrofiti,:d with a number of
When the 15 ppm ULSD specification takes effect in June different vessels, including: a reactor, a hydrogen com-
2006, refiners will have to desulfurize essentially all die- pressor, a recycle scrubber, an interstage stripper, and
sel blending components, especially cracked stocks, to other associated process hardware. 57

provide for highway uses. It is generally believed that a
two-stage deep desulfurization process will be required The amount of hydrogen required for desulfurization is
by most, if not all refiners, to achieve a diesel product also uncertain, because the industry has no experience
with less than 10 ppm sulfur. The following discussion with widespread desulfurization at ultra-low levels.
reviews a composite of the technological approaches One of the primary determinants of cost is hydrogen
of UOP, Criterion Catalyst, Haldor Topsoe, and consumption and the related investment in hydro-
MAKFining (a consortium effort of Mobil, Akzo Nobel, gen-producing equipment. Hydrogen consumption is
Kellogg Brown & Root, and TotalFinaElf Research). the largest operating cost in hydrotreating diesel, and

minimizing hydrogen use is a key objective in hvdro-
A design consistent with recent technology papers treating for sulfur removal. In general, 10 ppm sulfur
would include a first stage that reduces the sulfur con- diesel would require 25 to 45 percent more hydrogen
tent to around 250 ppm or lower and a secondsstage that consumption than would 500 ppm diesel, in addition to
completes the reduction to less than 10 ppm. In some improved catalvsts. s Hydrogen requirements at lower
cases the first stage could be a conventional hvdro- sulfur levels rise in a nonlinear fashion
treating unit with moderate adjustments to the opera-
tion parameters. Recent advances in higher activity In addition to improvements in design and catalysts,
catalysts also help in achieving a higher sulfur removal other modifications to refinery operations can contrib-
rate.5 5 The second stage would require substantial modi- ute to the production of ULSD. For example, high-sulfur
fication of the desulfurization process, primarily compounds in both straight runs and cracked stocks lie
through using higher pressure, increasing hydrogen predominantly in the higher boiling range of the materi-
rate and purity, reducing space velocity, and choice of als. Thus, reducing the final boiling point for the streams
catalyst. To deep desulfurize cracked stocks, a higher and cutting off the heaviest boiling segment can reduce
reactor pressure is necessary. Pressure requirements the difficulty of the desulfurization task. If a refiner has
would depend on the quality of the crude oil and the hydrocracking capability, the hydrocracker would be an
setup of the individual refinery. ideal disposition for these streams. Some refiners mak-

ing both high- and low-sulfur distillate products may be
The level of pressure required for deep desulfurization able to allocate the more difficult distillate blend streams
is a key uncertainty in assessing the cost and availability to the high-sulfur product; however, the EPA is in
of the technology. In its 2000 study, U.S. Petroleum the process of promulgating "Tier 3" non-road engine

*5The type of improvement in catalyst activity is illustrated by Akzo Nobel new KF757 cobalt-molvbdenuin (CoMo) catalhst Coinparing
KF 757 with its predecessor catalyst Akzo states, A diesel unit designed to achieve 500 wppm prod uct sull ur Awith K F 75. can easilh achieve
less than 20 ppm product sulfur with KF 757 while maintaining the same operating cycle" Source: C.P Sinit. ". AKFiiiIIIg Preminln Disti-
lates Technology The Future of Distillate Upgrading," presentation to Petrobras (Rio de laneiro, Brazil. August -4. 2001), p .1

*'National Petroleum Cotuncil, U.5. Petroleum Refinin.': Assurnl\' th' Ade quacy anid Affirldabilhtu of CIh'acir Fils I i une 2etk)) .Chapte'r 7. pp
132-133.

"' LS. Environmental Protection Agencv, Re:lrlaton/ Impact Alillti s: Hleavr -Dluh l Ei.\i r tii iii Vi,' llr i lrctIIIirl ,1lt,l Hiltch i'i, O li'.m ' fru!
.iifur Reqnurnuwnl., EPA420-R-00-026 (Washington. DC. December2000), Chapter V\ p V-o9

t"Charles River Associates. Inc.. and Baker and O'Brien. In. A, -All it'nPilu tI of Ill, Pri'i ll I/I ,TIl llp I i ' Prirltl I, El:irritr iin'ili,,i R.i\,,il. n',, l ,
U s. Rtfiirury Siipl.i Of Di.'el Fil -l. CRA No. D02>1h)-0)0 Aiugust 2000). p 2t
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Developing Technologies and Ultra-Low-Sulfur Alternatives

Sulfur Adsorption recovered and recycled. The major advantages of this
new technology include low cost, lower reactor tem-One new technology on the horizon is the "S Zorb" new technoloy include low cost, lower reactor tem

One new technology on the hoperatures and pressures, short residence time, no emis-
processing under development by Phillips Petroleum. atures and pressures, short residence time, no emis-
S Zorb has been promoted for gasoline desulfurization sons and no requrement.
to meet EPA's Tier 2 requirements. The major distinc- Advocates for the sulfur oxidation technology estimate
tion of this process from conventional hydrotreating is capital costs at $1,000 per barrel of daily installed
that the sulfur in the sulfur-containing compounds capacity-less than half the cost of a new high-pressure
adsorbs to the catalyst after the feedstock-hydrogen hydrotreater.d The technology preferentially treats
mixture interacts with the catalyst. Thus the catalyst dibenzothiophenes, one of streams that is most diffi-
needs to be regenerated constantly. Phillips is promot- cult to desulfurize, but it does not work as well on
ing the S Zorb process for highway diesel as potentially straight-run distillate. Because the process removes
having lower capital cost than conventional hydro- molecules containing sulfur, some volume losses also
treating options and reportedly is on the fast track to occur. One company working on the technology has
demonstrate the process in a pilot plant in 2001.- Phil- proposed installation of 1,000 to 5,000 barrel per day
lips estimates on-site capital costs at $1,000 to $1,400 units at distribution terminals to "polish" materiathat
per barrel per day. might otherwise be downgraded. Construction of a

Biodesulfurization pilot plant is planned, but to date there has been no
real-world demonstration of the process.

Biodesulfurization is another innovative technology,
which uses bacteria as the catalyst to remove sulfur Fischer-Tropsch Diesel and Biodiesel
from the feedstock. In the biodesulfurization process, One way to add to ULSD supply without desulfuriza-
organosulfur compounds, such as dibenzothiophene tion is to rely on a non-oil-based diesel. The Fischer-
and its alkylated homologs, are oxidized with geneti- Tropsch process, for example, can be used to convert
cally engineered microbes, and sulfur is removed as natural gas to a synthetic, sulfur-free diesel fuel. Two
a water-soluble sulfate salt. Several factors may limit gas-to-liquids (GTL) facilities have operated commer-
the application of this technology, however. Many cally: the Mossgas plant in South Africa with output
ancillary processes novel to petroleum refining would capacity of 23,000 barrels per day and the Shell Bintulu
be needed, including a biocatalyst fermentor to plant in Malaysia at 12,500 barrels per day Other
regenerate the bacteria. The process is also sensitive to plants are in the planning stages-
environmental conditions such as sterilization, tem-
perature, and residence time of the biocatalyst. Finally, Commercial viability of GTL projects depends on capi-
the process requires the existing hydrotreater to con- tal costs, the market for petroleum products and possi-
tinue in operation to provide a lower sulfur feedstock ble price premiums for GTL fuels, the value of
to the unit and is more costly than conventional byproducts such as heat and water, the cost of feed-
hydrotreating.b Biodesulfurization has been tested in stock gas, the availability of infrastructure, the quality
the laboratory, but detailed engineering designs and of the local workforce, and potential government sub-
cost estimates have not been developed. sidies. Capital costs for GTL projects are currently less

than $25,000 per daily barrel of capacity. An ELA analy-
Sulfur Oxidation~~~~~Sulfur Oxidation ^sis of a hypothetical GTL project estimated the cost of
The latest entry in unconventional desulfurization GTL fuel at almost $25 per barrel in 1999 dollars. Thus,
involves sulfur oxidization. This process creates a a- GTL project with present technology could be cost-
petroleum and water emulsion in which hydrogen per- competitive only if investors were confident that crude
oxide or another oxidizer is used to convert the sulfur oil prices would stay in the range of $25 to $30 per bar-
in sulfur-containing compounds to sulfone.c The oxi- rel and natural gas feedstock prices would remain at 50
dized sulfone is then separated from the hydrocarbons cents per thousand cubic feet.e
for post-processing. Most of the peroxide can be (Continued on page 17)

'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 IV, pp. IV-31-lV-32.

bNational Petroleum Council, U.S. 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 atoms.
dR.E. Levy et al., "UniPure's ASR-2 Diesel Desulfurization Process: A Novel, Cost-effective Process for Ultra-Low Sulfur Diesel,"

presented at the National Petrochemical and Refining Association 2001 Annual Meeting (New Orleans, LA, March 18-20, 2001).
'"Gas-to-Liquids Technology: The Current Picture," International Energy Outlook 2000, DOE/EIA-0494(2000) (Washington, DC,

March 2000), pp. 59-60; and S. Weeden, "Financial Commitments Brighten 2001 GTL Prospects," Oil & Gas Journal (March 12, 2001).
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Developing Technologies and Ultra-Low-Sulfur Alternatives (Continued)

A second way to avoid desulfurization is with market would be able to absorb. Biodiesel is a strong
biodiesel made from vegetable oil or animal fats. solvent and can dissolve paint as well as deposits left in
Although other processes are available, most biodiesel fuel lines by petroleum-based diesel, sometimes lead-
is made with a base-catalyzed reaction. A fat or oil is ing to engine problems. Biodiesel also freezes at a
reacted with an alcohol, such as methanol, in the pres- higher temperature than petroleum-based diesel.
ence of a catalyst to produce glycerine and methyl Biodiesel advocates claim that a 1-percent blend of
esters or biodiesel. The methanol is charged in excess to biodiesel can improve lubricity bv as much as 65 per-
assist in quick conversion and recovered for reuse. The cent. At least eight companies are marketing biodiesel
catalyst, usually sodium or potassium hydroxide, is in all parts of the United States, according to the
mixed with the methanol. Increased production of National Biodiesel Board. f

biodiesel could create more surfactants than the

'Web site www.biodiesel.org/marketers.htm

emission limits around 2005 or 2006, which are expected NEMS Approach to Diesel
to be linked to sulfur reduction for non-road diesel
fuel.59 Desulfurization Technology

A processing scheme that has been promoted primarily The Petroleum Market Module (PMM) in the National
in Asia and Europe employs a combination of partial Energy Modeling System (NEMS)6 ' projects petroleum
hydrocracking and FCC to produce very-low-sulfur product prices, refining activities, and movements of
fuels. In this scheme a partial conversion hydrocracking petroleum into the United States and among domestic
unit is placed in front of the FCC unit to convert the vac- regions. In addition, the PMM estimates capacity expan-
uum gas oil to light products (distillate, kerosene, naph- sion and fuel consumption in the refining industry. The
tha, and lighter) and FCC feed. The distillate product is PMM is also revised on a regular basis to incorporate
low in sulfur (less than 200 ppm) and has a cetane num- current regulations that may affect the domestic petro-
ber ot about 50. The cracked stocks produced jn the FCC leum market.
unit are also lower in sulfur and higher in cetane. The
relatively greater demand for distillate relative to gaso- The PMM optimizes the operation of petroleum refiner-
line demand in Europe and Asia and the higher diesel ies in the United States, including the supply and trans-
cetane requirement are more in keeping with the portation of crude oil to refineries, the regional
strengths of this process option than is the case for most processing of these raw materials into petroleum prod-
U.S. refineries. ucts, and the distribution of petroleum products to meet

regional demands. The production of natural gas liquids
A few new technologies that may reduce the cost of from gas processing plants is also represented. The
diesel desulfurization-sulfur adsorption, biodesulfuri- essential outputs of the model are product prices, a
zation, and sulfur oxidation-are in the experimental petroleum supply/demand balance, demands for refin-
stages of development (see box above). Although they erv fuel use, and capacity expansion.
are being spurred by the EPA rule, they are unlikely to
have significant effects on ULSD production in 2006; The PMM employsa modified two-stage distillate deep
however. they mav affect the market bv 2010. In addi- desulfurization process based on proven technologies "
tion, methods have been developed to produce diesel The first stage consists of a choice of two distinct units.
fuel from natural gas and organic fats, but they still are which accept feedstocks of various sulfur contents
costly. and desulfurize to a range of 20 to 30 ppm (Table 2). The

'5L.S. Environmental Protection Agency, Reducinttr Air Polliilzol from.n N.n-rndll Ein',i';. EPA4120-F-00-0-48 (iWashTigton DC. \o\ ember
2000), p. 3

"'XEMS was developed by EIA for mid-term forecasts o LU.S. energy markets (currently through 2020) \E.1S d. linmenltatiol canl be
Iounld at web site www.eia.doe.gov/bookshelf/docs.htinl PPMM dotuimneltationt can hb loutd alt eb site \\. ela doe . -\. pul. pdi
model dots/ mn09(2001 ).pdi.

-! The PMM incorporates the technology database iroin EnS!.s Energy & vstemnt . Inc., a conulilt to EIA. or rt'llit'n privesi mod-
eling.
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second stage also includes a choice of two processing I. The ULSD production costs were estimated for dif-
units, which further deep desulfurize the first-stage ferent groups of refineries based on their size, the sulfu-
streams to a level below 10 ppm. The purpose of reduc- content of the feeds, the fraction of cracked stocks in the
ing the sulfur level to 20 to 30 ppm in the first stage, feed, the boiling range of the feed, and the fraction of
rather than the common goal of 250 ppm or less, is to highway diesel produced. The capital and operating
enable a more accurate representation of costs for pro- costs for the different groups were developed for EIA by
cessing streams. the staff of the National Energy Technology Laboratory

(NETL).
The PMM retains the option of conventional distillate
desulfurization when 500 ppm sulfur diesel can still be -For the study, a semi-empirical model was developed to
produced (before June 2010). Because the PMM models size and cost new and retrofitted distillate hydrotreating
an aggregation of refinery capacities in each of the plants for production of ULSD. Sulfur removal was pre-
refinery regions,6 2 the above representation of multi- dicted using a kinetic model tuned to match the limited
pie processing options is possible, although in reality literature data available on deep distillate desulfuriza-
individual refineries may choose one process over the tion. Correlations were used in the model to relate
other on the basis of strategic and economic evaluations. 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

Individual Refinery Analysis Appendix D for a discussion of the assumptions used to
construct the model.)Approach to Diesel Desulfurization

Technology Capital costs ranged from $592 to $1,807 per barrel per
day, depending on the size of the unit, whether it was

To assess the supply situation during the transition to new or retrofitted, and the percentage of straight run
ULSD in 2006, industry-level cost curves were con- feedstock (Table 3). A large hydrotreater using only
structed for this study and matched against assumed straight-run distillate derived from high-sulfur crude
demand and imports. The cost curves are the result of a had the least cost for both new and retrofitted units. The
refinery-by-refinery analysis of investment require- most expensive units were small hydrotreaters running
ments and operating costs for refineries in Petroleum 32 percent cracked stocked, about the average propor.
Administration for Defense Districts (PADDs) I through tion of cracked feedstocks in PADD II.

Table 2. Desulfurization Units Represented in the NEMS Petroleum Market Module
Capital Cost a Total Capital Cost

Capacity (1999 Dollars per Unita
Unit (Barrels per Day) Feedstock per Barrel per Day) (Million 1999 Dollars)

HL1/HS2. .. 25.000 All except coker gas oil and high-sulfur light cycle oil 1.331 33.3

HD /HD2 . . 10.000 All 1.849 18.5

aOnly on-site costs for hydrotrealers 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 Costa Total Capital Cost

Throughput Straight-Run Feedstock (1999 Dollars per Unit
Type (Barrels per Day) (Percentage) per Daily Barrel) (Million 1999 Dollars)

New . ............. 50.000 100 995 49.8
New ............... 10,000 68 1.807 18.1

Revamp.............. 50.000 100 592 29.6
Revamp ............ 10.000 68 1.210 12.1

aIncludes only on-site costs.
Source: National Energy Technology Laboratory.

62Within the PMM, the refinery sector is modeled by a linear programming representation for three refining regions. The first region
consists of Petroleum Administration for Defense District (PADD) I; the second of PADD's II, Ill, 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.
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Expected Developments unsuitable or require major capital outlays. Uncertainty
about the level of revamp is a major source of uncer-

and C~os~t Improvements tainty in estimating the cost of the ULSD Rule.

Recent experience indicates that consistent, high- Further consolidation of the refinery industry mav
volume production of ULSD is a technologically feasible achieve better economies of scale, although some indus-
goal, although many refineries could face major retrofits try analysts have expressed concern that a shortage of
or new unit construction. The variation in feedstock con- diesel supply could materialize in the short term if some
cerning both sulfur content and the amount of cracked economically challenged refineries exit the diesel mar-
stock may be influential in the choice of process option ket. Catalyst improvements are expected to be one of the
and the cost of desulfurization, which may also entail a main factors in reducing operating costs, both in terms
different allocation of streams to products. Although of recycle rate and efficient use of hydrogen. Other fac-
unconventional desulfurization technologies have been tors, such as the dependence of the refiner) on distil-
promoted recently by various vendors, none has made lates, access to lower-sulfur crude, level of competition,
sufficient progress toward the commercial stage to war- and ability to upgrade infrastructure, must also be taken
rant consideration by most refiners who must start pro- into account. The European experience could also pro-
ducing ULSD by June 2006.63 vide valuable insights for U.S. refineries.

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 Deployment of
design are important. Properly designed distribution Desulfurization Technologies
trays can greatly improve desulfurization efficiency, in
that catalyst bypassing can make it virtually impossible The deployment of diesel desulfurization technologies
to produce ULSD. Because hydrogen sulfide (H2S) will hinge on several factors, such as the ability and will-
inhibits hvdrodesulfurization reactions, scrubbing of ingness of refiners to invest, the timing of investment
recycle gas to remove HS will improve desulfurization. and permitting, the ability of manufacturers to provide
New design or revamps will also include gas quench to units for all U.S. refineries at once, and the availability of
help control temperature through the reactor. In the engineering and construction resources.
design of a two-stage system, there will be a hot stripper One impediment to acquiring desulfuzation upgrades
between the two reactors where ammonia and H-S are may be the willingness and ability of individual refiners
stripped from the first-stage product-stripped from the first-stage product. to obtain capital. The EPA estimates that average invest-

ment for diesel desulfurization will cost S50 million perAs more commercial evidence and cost information
refinery, slightly more than the estimated 544 million

become available for diesel desulfurization in the next me t t ei d
per refinery required to meet the Tier 2 gasoline sulfurfew v ears. it will be possible to better assess the technol- r
requirement. Most refiners will invest in the gasoline

ogv choices--including equipment requirements, oper-o chog et r. sulfur upgrade because gasoline is their major product.
ating conditions, and production logistics-that most

-.0 ., . -, , " Because U.S. refineries typically produce three to fourrefiners will have to make in order to meet the new . - .
I'LSD standards. However, the EPA's tight compliance times as much gasoline as highway diesel fuel, the perLULSD standards. However, the EPA's tight compliance

gallon investment cost of ULSD will be three to fourtimetable for producing ULSD might short-circuit the gallon nvestment cost o ULSD ill be three to four
times as high. 65

learning process for refiners to acquire necessary experi- times as h
ence to make cost-effective decisions.' The many cave- In its Regulatory Impact Analysis, the EPA provided an
ats within current vendors' statements must be carefully analysis of capital requirements indicating that the com-
scrutinized, to avoid overestimating the capability or bined annual capital investment for gasoline and diesel
underestimating the costs for new or revamped distil- desulfurization would be 52.15 billion in 2004 and S2.49
late hydrotreafing facilities. Most vendors state that billion in 2005./" The EPA analysis spread the diesel
their goal is to use or revamp a client refiner's current investments over a 2-year period (to reflect "a somewhat
process units whenever possible. In trying to reach a 10 more sophisticated schedule for the expenditure of capi-
ppm or lower sulfur target, however, many units may be tal throughout a project") and assumed that the gasoline

It is believed that, tocompliv with the new ULSDcapof 15 ppmn,a refiner would require about 4 ears lead tine to sex ire a p'rimi ,1nd
to design, build, and optimize a new desulfurization process before commercial production is ready

, Small refiners, which may delay U LSD production under special provisions of the Rtile. could adopt e me rgin techmnol'ies later in the
lecade when any ol those technologies becomes cost-competitive.

"' U.S. Environmental Protection Agency. Re.ulutorin Impact AnaulvtiSi: Hiaurl-Diiti, Enii ir, lt' 1, Vhic'rl Slalida,,r, airl Hti.h;irat Dli.i' fiul
;iilfur Rlqiiirrnil'mt'. EPA420-R-00-02b (Washington. DC. December 2000X) Chapter IV

UL.S Environmental Protection A gencv. Reidlltln/rm Irmpti cl Aillhift ~ Hci.t'i,-L)tlu Eii.iii,m ,ian, \I Chit hl- ti,loir,. .n1, ili.jt:i-:t [,ir<." Fn.j'i
.llflur Rijiilremrn'iit. EPA420-R-00-026 (Washington. DC. Deceinhe 2000). Chapter 1\, pi, 1\ .-- \ -r-4
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investments would be incurred in the year before a unit will be providing gasoline desulfurization units for the
came on line. The EPA concluded that this level of Tier 2 gasoline sulfur reduction requirements that wil'
investment should be sustainable by the industry be phased in between 2004 and 2007. Moreover, engi-
because it is roughly two-thirds of the estimated envi- neering and construction requirements will also be
ronmental investments incurred during 1992-1994, expanding outside the United States. The Canadian gov-
when the industry was responding to the 500 ppm high- ernment has committed to harmonizing gasoline and
way diesel and oxygenated and reformulated gasoline diesel requirements with the United States. In Europe,
requirements. Other estimates of ULSD investment refiners will be making upgrades to meet tighter gaso-
costs range from $3 billion to $13 billion (see Chapter 7). line and diesel requirements in 2005 and have may

incentives to produce even cleaner fuels for markets in
Although not discussed in the EPA's investment analy- Germany and the United Kingdom (see discussion in
sis, the 1990s was a period of rationalization for the refin- Chapter 6).
ing industry, marked by refinery sales, mergers, and
closures. Between January 1990 and January 1999, 50 of In its 2000 study, the NPC provided an analysis of the
205 refineries were closed (4 of which were merged wth number of construction projects required for U.S. refin-
adjacent refineries). 6 7 The NPC attributes the refinery ers to provide both gasoline and diesel fuel meeting a 30
closures to heightened competitiveness. Although the ppm sulfur cap. The analysis concluded that "if a-diesel
environmental requirements of the 1990s cannot be sulfur reduction is required for 2006, implementation
pointed to as the cause of the closures, they contributed would overlap significantly with the Tier 2 Rule gasoline
to the inability of some refineries to compete economi- sulfur reduction, and engineering and construction
cally. Refiners who chose not to invest in the 500 ppm resources will likely be inadequate, resulting in higher
sulfur limit (required for highway diesel since 1993) costs, implementation delays, and failure to meet the
found it more economical to shift their existing regulatory timelines." The study also concluded that if a
high-sulfur diesel production to non-road markets. 15 ppm diesel standard is required, further investments

in new units will be required and there will be a signifi-
Some refiners will be more able than others to obtain cant risk of inadequate diesel supplies.
capital for Tier 2 gasoline and ULSD projects. Assuming
that capital is accessible, a refiner's willingness to invest The NPC estimated that 89 refineries will require gaso-
in ULSD projects will depend on its assessment of the line hydrodesulfurization units by 2004 and that 85
economics of the market. For instance, a refiner would refineries (presumably the same ones) would make
be less likely to invest if it believed it could not compete upgrades for new highway diesel standards and con-
favorably with others because the investments would cluded that if the diesel standard were required within
result in a higher cost per gallon. History may lead some 12 months of completion of Tier 2 gasoline projects, con-
refiners to be cautious about investment. In the 1990s struction labor shortages could occur. The analysis pro-
refinery upgrades for meeting reformulated gasoline vided peak monthly engineering and construction
requirements resulted in excess gasoline production personnel requirements for five scenarios with different
capacity. As a result, gasoline margins were depressed, assumptions about the timing and overlap of Tier 2 gas-
making it difficult for refiners to recoup investments. oline and ULSD requirements (Table 4). The scenarios

ranged from a "balanced implementation" case, in
Profit margins for ULSD could be depressed if refiners which one-fourth of the required projects would begin
build too much capacity, and the fear of overinvestment in each quarter of the first year (Scenario A), to highly
could lead some refiners to delay investment until more front-end loaded cases (Scenarios D and E), in which
highway diesel production is required. On the other three-fourths of the projects would begin in the first
hand, refiners anticipating inadequate supply of ULSD quarter of the first year. Scenarios B and C assumed that
may choose to invest as early as possible to benefit tem- refiners would start projects as late as possible.
porarily from. higher margins and sell credits to those
that do not invest early. The EPA believes that any lack In the Regulatory Impact Analysis for the ULSD Rule,
of investment will be compensated for by the temporary the EPA conducted its own analysis of the personnel
compliance options and credit trading provisions of the requirements for design and construction services
ULSD Rule. related to the overlapping requirements of the Tier 2

gasoline and ULSD requirements. The analysis pro-
Another possible hurdle to the timely adoption of vided monthly estimates for each personnel category,
desulfurization technologies is the ability of the engi- assuming that in a given year 25 percent of the projects
neering and construction industries to design and build would be completed per quarter. The monthly estimates
'iesel hydrotreaters in a timely manner. In addition to were used to develop estimates of the maximum num-
roviding diesel hydrotreaters, the same contractors ber of personnel required in any given month for the

6 7National Petroleum Council, U S. Petroleum Refining: Assuring tle 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 employment esti- The EPA's analysis assumed that a total of 97 units
mates for the Tier 2 gasoline program only, in all three would be added to makeTier 2 gasolineand that 21 die-
job categories. When the temporary compliance option sel desulfurization units would be added or ULSD
is taken into account, personnel requirements for the (Table 5). The expected startup dates for the gasoline
two programs are only about 30 percent higher than for and diesel desulfurization units indicate an overlap of 26
the Tier 2 gasoline program alone, 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 is significantly great- than '.t would have
end design, where 30 percent of available U.S. personnel been with ULSD implementation in any ,j:'er year
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 Another possible hurdle to implementing tchnologv
for the adequacy of engineering and construction per- for the ULSD Rule raised by the NPC is the a bility of
sonnel lies somewhere between 30 percent and 50 per- manufacturers to provide critical equipment. As men-
cent over the personnel requirements of the Tier 2 tioned earlier, the NPC analvsis assumed that a sulfur
requirements alone. requirement below 30 ppm would require new deep

hydrotreaters 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 is more limited. Only one or two U.S. companies
given the temporary 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 very the United States, 10 to 12 companies are able to supply

Table 4. Estimated Peak Engineering and Construction Labor Requirements for Gasoline and Diesel
- Desulfurization Projects
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reactors regardless of wall width. This view is at odds Conclusion
with the EPA analysis, which was based on vendor esti-
mates, with reactor pressures in the range of 650 to 900 Technology for reduction of sulfur in diesel fuel to 15
psig. ppm is currently available and new technologies are

under development that could reduce the cost of
Another type of critical equipment identified by the desulfurization. Variations in feedstock sulfur content
NPC is reciprocating compressors. The NPC indicated and the amount of cracked stock may be very influential
that two reciprocating compressors will be required for in the choice of process option and cost of desulfur-
each diesel desulfurization project. Reciprocating corn- ization. Estimates of investment costs related to ULSD
pressors will also be required for gasoline desulfur- production range from $3 billion to $13 billion. The abil-
ization projects, and the NPC listed them as the principal ity and willingness of refiners to invest depends on an
constraining factor for the gasoline projects. Excluding assessment of market economics. Experience with
the former Soviet Union, there are only five manufactur- upgrades to meet reformulated gasoline requirements in
ers of reciprocating compressors in the world. Two are the early 1990s may lead some refiners to be cautious.
in Europe and were assumed to be occupied with orders The availability of personnel, thick-walled reactors,
for European gasoline sulfur reduction projects through and reciprocating compressors may delay some
2003. The NPC analysis did not account for additional construction.
orders from Canadian desulfurization projects.
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4. Impact of the ULSD Rule on Oil Pipelines

Introduction Although the overall costs of the program may be lower
if the rule is phased in, the incremental costs associated

The petroleum products pipeline distribution system is with temporarily transporting ULSD, in addition to
the primary means of transporting diesel fuel and other low-sulfur diesel and heating oil fall on pipelines and
liquid petroleum products within the United States. The other players in downstream distribution. During the
Nation's refined petroleum products pipeline system is transition phase, some 20 percent of the highway diesel
not monolithic. Pipelines are distinguished by the region volume will be 500 ppm. The increased cost of tankage
they serve, the type of service they offer, their mode of for handling this small volume of 500 ppm material is
operation, their size, the size of the interfaces between borne solely by the affected regions. On a cost-per-
batches, and how they dispose of them. In preparing this gallon basis for the small volume in the limited region,
report, several pipeline companies were contacted. 68 the increased cost more than doubles the current pipe-
These companies represent a cross-section of size, capac- line tariff for the largest carriers. Whether such an
ity, location, markets, corporate structures, and operat- increase can be passed through in tarff rates is a matter
ing modes. The assessment of the impact of the of significant concern for pipeline operators.
ultra-low-sulfur diesel (ULSD) Rule is complex, both
because the pipeline system is complex and because Finally, there is a concern that further limitations on dis-
there are uncertainties that cannot be resolved without tribution flexibility will contribute to price spikes or spot
operating experience with ULSD. outages. The distribution of ULSD will reduce the sys-

tem's flexibility by imposing testing requirements that
The first question appears to be: "Can the Nation's oil will increase transit times by increasing the product lost
pipeline system successfully distribute ULSD without to downgrade and bv "freezing" storage capacity in the
degrading its sulfur concentration?" While the answer event of'product contamination. These adverse impacts
seems to be ves, lingering uncertainties that come with inject new supply risks into the system, making an
the unique specifications of this new and untested prod- already burdened oil distribution system more vulnera-
uct prevent a clear assertion. Among the uncertainties ble to product supply imbalances in local and regional
are the following: markets. Supply imbalances, if they occur, could cause

increased product price volatility, price spikes, and* Protecting the product integrity of 15 parts per mil- i
product outages. This concern is not just theoreticallion (ppm) product will be more difficult than pro- product outages. This concern ust theoretical

ion e product ie oe d t t pro During 2000, logistics problems contributed to large and
tecting the product integrity of the current 500 ppm

tectin the. p od t intery of the curre nte 300i pp ;sudden price spikes in the Midwest gasoline market 'highway diesel. Not only is the sulfur specification To the extent that the ytem overburdened stresse
lower, with less room for error, but also the relative unforeseen circumstances ill cause imbalanceand unforeseen circumstances will cause irbalances
"potency" of the sulfur in products further upstream ,

in ,.,*igher. ' ~~more often, and with greater impact.i- higher.

* The behavior of sulfur molecules in ULSD has not
been field-tested to allow conclusions about whether The Role of Refined Petroleum
pipeline wall contamination is a real problem or sim-
ply a fear, and whether the migration of sulfur will Product Pipelines
require a significant increase in the volume down-

graded at the interface. Oil pipelines transport more crude oil and refined
graded at the interface.graded~ at~ the interfacepetroleum products in the United States than any other

* There are few pieces of the approved test equipment means of transportation."' Tvpically. as common carri-
now in use, but its reliability and accuracy are ers (which transport for an! shipper on a nondiscrimina-
unproven. tory basis), oil pipelines are subject to State authority it

""'Buckeve Pipe Line Company, Colonial Pipeline, Conoco Pipe Line Company. Kaneb Pipeline Parners. L P.. Kinder \Morgan Energi\
Parrners L.P .Marathon Ashland Petrolelun LLC. TE Products Pipeline Company. L.P., and Wiliamns Energy Ser\v i.t

"loanne Shore. Energy Information Adminiistration, "Supply of Chicago/Milwaukee Gas0nlin' Spring 2L)u. web :iie \
Ia.do' go\ .' puib/ oil_ as/ petroleum/ presentationls/ 2000/ suppl _ ofchicago_minilwa-iikeegasoline' spring 21t)0 i s, upii 2'i ) I hi

"A August 9. 20001

'According to the Assoc ation of Oil Pipe Lines, Shifts in Petrolhuni Trauil'Plrtloin 1I9 
' (2001 i. pipeleli- e t' t tI('1iilt air p'tlt iiit t sh

ton-lniles o il transported in the United Slates. tOne ton of oil transported one mnile equA.ls one ton-inilr )
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they are in intrastate service, or to the U.S. Department delivers material that has the same product specifica-
of Transportation for operations and safety and to the tions but is not the original material.
Federal Energy Regulatory Commission for tariff rates,
if they provide interstate service. Interstate pipeline car- In general, fungible product operation is more efficient;
riers transport the higher volume, by far. Accordingly, however, customer requirements for segregation limit
the Federal Government is the major regulator of oil fungible operation, and batch service is often the only
pipelines. Some pipelines are private, serving private feasible choice Like the difference between trunk and
(proprietary) transportation needs. These private oil delivering carriers, the difference between fungible and
pipelines are not regulated with respect to tariff rates or batch service is one of scale for many operating parame-
other economic issues. Today, transportation of refined ters. An oil pipeline in batch service has considerably
petroleum products by pipeline is essential to move less flexibility to offset operating "hiccups" (such as
more than 19 million barrels per day of refined petro- product contamination at a shipper's terminal tank)
leum products to markets throughout the Nation. than does an oil pipeline operating in fungible service.

The United States is divided into five Petroleum Admin- Product pipelines routinely transport various grades of
istration for Defense Districts (PADDs), each with dis- motor gasoline, diesel fuel, and aircraft turbine fuel in
tinct population levels, indigenous oil production, the same physical pipeline. (For the most part, oil pipe-
refinery and pipeline systems, and crude oil and refined lines do not transport both crude oil and refinedpetro-
product flows. Imbalances that result from these differ- leum products in the same pipeline.) To carry multiple
ent characteristics are brought into equilibrium by trade products or grades in the same pipeline, different petro-
and hence transportation. The trade can consist of leum products or grades are held in separate storage
imports from abroad and shipments from other regions. facilities at the origin of a pipeline and are delivered into
Shipments from the Gulf Coast (PADD IIl) dominate separate storage facilities at the destination. The differ-
(Figure 1), first to the East Coast (PADD I) and second to ent types or grades of petroleum product are trans-
the Midwest (PADD II). Shipments from the East Coast ported sequentially through the pipeline. While
to the Midwest are third. Thus, shipments between traversing the pipeline, a given refined product occupies
PADDs east of the Rockies account for almost all the the pipeline as a single batch of material. At the end of a
interregional trade. Intraregional movements are also a given batch, another batch of material, a different petro-
core element in the market logistics, but few data are leum product, follows. A 25,000-barre batch of produc
available on these movements. (See Appendix C for a occupies nearly 50 miles of a 10-inch diameter pipeline.

more detailed discussion of the U.S. regions and theirme d d d n of te U. r s ad tr Generally, such batches are butted directly against each
key pipelines.) '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-

Overview of Key Pipeline Operations standing the volume of interface generated, it would be
typical for 150 barrels of mixed material ("transmix") to

Refined petroleum product pipelines in the United be generated in a 10-inch pipeline over a shipment dis-
States fall into two service categories. Trunk lines serve tance of 100 miles. The hydraulic flow in a pipeline is
high-volume, long-haul transportation requirements; aso a crucial determinant of the amount of mixing that
delivering pipelines transport smaller volumes over "Turbulent ow" as occurs in most pipelinesoccurs. "Turbulent flow," as occurs in most pipelines,
shorter distances to final market areas. As the systemnimzes the generation of interface. Operations thatreaches its furthes capillaries, the inflexrminimizes the generation of interface. Operations that
reaches its furthest capillaries, the inflexibilitiesreaches its furthest capillaes, the inflexibilities require the flow to stop and start generate the most inter-
imposed by the smaller scale become more apparent. A face matriaface material.
"lockout" can occur when a terminal does not have
room to accept a scheduled shipment and there are no The composition of. the mixed (or interface) material
other terminals at hand to accept the product. The pipe- reflects the two materials from which it is derived. While
line is thus stalled until the product can be delivered. it does not conform to any standard petroleum product

specification or composition, it is not lost or wasted. For
Petroleum product pipelines also differ by whether they interface material resulting from adjacent batches of dif-
operate on a batch or fungible basis. In batch operations, ferent grades of the same product, such as mid-grade
a specific volume of refined petroleum products is and regular gasoline, the mixture typically is blended
accepted for shipment. The identity of the material into the lower grade. This "downgrading" reduces the
shipped is maintained throughout the transportation volume of the higher quality product and increases the
process, and the same material that was accepted for volume of the lower quality product.
shipment at the origin is delivered at the destination. In
ungible operations, the carrier does not deliver the Typically, refined oil products are transported from

same batch of material that is presented at the origin a source location, such as a refinery or bulk terminal,
location for shipment. Rather, the pipeline carrier to a distribution terminal near a market area. Large
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Figure 1. Pipeline Shipments of Distillate Fuels Between PADDs, 1999

· ';. ,'"- ' ; · Total Annual Shipments (Million Barrels)

.- .-- ._ .

2.44PADD IV '' -'"PADD II

PADD V -- -- 30

PADD I

'1 2 03.96

PADD III 20396

Note: Includes low-sulfur (highway) diesel fuel and high-sulfur distillate fuel oil (non-road diesel fuel and heating oil).
Source: Energy Information Administration. Petroleum-Supply Annual 1999, DOE/EIA-0304(99)/1 (Washington. DC. June 2000). Table 33.

aboveground storage tanks at an origin location accu- barrel-per-batch, not a percentage, basis. For instance,
mulate and hold a given petroleum product pending its one pipeline operator creates 25,000 barrels of
entry into the pipeline for transport. Petroleum products high-sulfur/ low-sulfur distillate interface per batch
are also stored temporarily in aboveground storage whether the batch is 250,000 barrels or 1,000,000 barrels.
tanks at destination terminals. Such tanks usually are In addition, a given batch of product might be trans-
dedicated to holding a single petroleum product or ported in multiple pipelines between its origin and its
grade. Most storage tanks used in pipeline operation are final destination and even within the same system might
filled and drained up to four or more times per month. require a stop in breakout tanks, as noted above. Each

segment of the journey generates additional interface.
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- Challenges of the ULSD Rule
ing) that direct petroleum products from and to
respective origin and destination storage tanks and in Because pipeline operators do not have experience with
the tanks themselves. Essentially, station piping repre- 15 ppm product, there are significant uncertainties
sents the connection between a main pipeline segment related to its transport. This section discusses some of
and its requisite operating tanks. The concept is simple the issues:
in theory, but in practice the configuration of station pip-
ing is not. Station piping layouts become more complex * The volume of downgraded product likely to be pro-
as the tanks at a pipeline terminal facility become more duced from deep pipeline cuts necessary to preserve
numerous. the integrity of ULSD

· Likely strategies for protecting the product integrity
The interface generation in station piping and breakout of 15 ppm diesel a ther i t on t

of 15 ppm diesel and their impact on the generation
tanks may be even more important than during pipeline of ierfaes a anmi

v , o 
r

r , , of interfaces and transmix
insit. The volume of interface material thus generated
due to the physical attributes of the system. It has * Limitations on downgrading from 15 ppm to 500

fewer variables but approaches a fixed value on a ppm product within the diesel pool
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* The sulfur content of products reprocessed from flow and the topography of the land are also important
transmix factors. A pipeline that can run in a turbulent flow wil'

have a lower volume of interface for a given diametei
* The possibility that residual sulfur adhering to main- than one in which the flow slackens for any number of

line pipeline walls may contaminate ULSD as it tran- operating reasons. Interface generation is also affected
sits the pipeline by batch size. Moreover, station piping and breakout

-* ~ Product testing~ .tanks are additional and large generators of downgrade
· Product testing 0 Product testig ~~volume. (The EPA accounted for the role of station pip-

* The challenges and costs of the phase-in period. ing and breakout tanks by assigning higher percentages
to the larger diameter pipe, as a proxy for the greater

Estimation of Interface Generation complexity of the large systems.) In addition, the higher
product flow in the larger lines is not taken into account.

The U.S. Environmental Protection Agency (EPA) esti- If a system like the Colonial Pipeline has a downgrade
mates that the interface that will be generated under the rate of 0 percent, it would result in a much higher num-
ULSD rule will be 4.4 percent of the highway diesel fuel ber of downgraded barrels than a8-ch-diameter line.
volume transported by pipeline. EPA arrived at this 4.4 ber of d ngrde submission, the operator with the
percent figure by estimating the current level of inter- I0-percent downgrade accounted for 90 percentof all
face as a percentage of highway diesel fuel volume and downgrade.
doubling the current level. 7 1There are significant uncer-
tainties in the EPA's calculation. EPA then adjusted its initial estimate of downgrade vol-

umes downward by 15 percent. EPA made this adjust-
At the EPA's request, the Association of Oil Pipelines u .

ment based on the following assumption:(AOPL) and the American Petroleum Institute's pipeline ment based on the following assumption:
Committee surveyed their members on the impact of the Data from the Energy Information Administration
ULSD rule. The survey and its cover letter are comments (EIA) indicates that 85 percent of al highway dieselfiel
to the EPA's Notice of Proposed Rulemaking.72 AOPL supplied in the United States is soldfor resale. There-
points out that pipeline companies do not now sepa- fore, we believe it is reasonable to assume that only this
rately account for interface volumes and indicated that 85 percent is shipped by pipeline, with the remainingo 15
the estimates of. downgraded interface from the survey percent being sold directl from the refiner rack or
should not be used for economic analysis.73 through other means that does not necessitate the use of

the common fuel distribution system. By multiplyingSix respondents provided numerical estimates of the the commo fuel disribution systm. By multiplying
*ix respondents provided numerical estimates of the 2.5 percent by 0.85 we arrived at apt estimate of the cur-current diesel fuel downgrade. These estimates ranged 2.5 p85we arved at a esti na l e oth c lr -

from 0.2 percent to 10.2 percent of diesel shipped by the rent amount of hghu dieselfiuel that is degraded
pipeline on an annual basis. In making its calculation of today to a lower value product of2.2 percent of the total
the total current downgrade of highway diesel, the EPA lu me of highway dieselfuel supplied.
used the range of downgrade percentages from thethe range of d d p e fm th This downward adjustment of downgrade volumes has
AOPL survey and information from a database on the is donard adstment o donrade olmes as

some limitations. EIA's Form 782A collects data from
pipeline distribution system published by PennWell. refiners. There is no way to determine whether the vol-

The EPA assigned each pipeline diameter in the umes sold to end users transit a pipeline or not. They
PennWell database a value between 0.2 percent and 10.2 may have, if they were sold in a refiner's integrated sys-
percent (the range of response in the AOPL survey), tem. Form EIA-782A excludes sales to other refiners, and
with the smallest diameter at the low end and the largest some of the excluded volumes may also have been trans-
at the high end. EPA then multiplied the assigned values ported in a pipeline. Finally, the volume throughput in a
by the miles of a given diameter of pipe and divided the pipeline system is not necessarily equal to consumption,
result by the total number of pipeline miles in the data- because some volumes may travel in more than one
base to arrive at an average downgrade of 2.5 percent. pipeline before reaching the consumer. Thus, "sales for

resale" as a share of total refiner sales is not an ideal
Pipeline diameter is only one of the factors in determin- proxy for the share of highway diesel transported by
ing the amount of interface material. The velocity of the pipeline.

71 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 IV, p. IV-93.

72Cited in the EPA's documents as "Comments of Association of Oil Pipelines (AOPL) on the NPRM, Docket Item IV-D325." Cited here
"AOPL Comments."
73AOPL Comments, p. 2.
74U.S. Environmental Protection Agency, Regulatory Impact Analysis: Heavy-Duty Engine and Vehicle Standards and Highwnua Diesel Fuel

Sulfur Requirements. EPA420-R-00-026 (Washington, DC, December 2000), Chapter IV, p. IV-93.
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The EPA assumed the level ULSD downgrade volumes not be uncommon). Under these circumstances, it is rela-
at 4.4 percent of ULSD supplied, double their current tivelv unlikely that chance contamination could move
estimate of 2.2 percent of highway diesel supplied. The the diesel from 300 ppm to nonconforming status at
EPA based this assumption in part on comments made more than 500 ppm.
by respondents to the AOPL survey. In its Regulatory
Impact Analysis, the EPA stated a desire to"... yield a Thecurrent situation, however, contrasts significantly to
conservatively high estimate of our program's impact the ULSD situation. ULSD (15 ppm) may be adjacent to
. .. and noted ". . . an appropriate level of confidence jet fuel at 2,000 ppm. 133 times the ULSD sulfur concen-
that we are not underestimating the impact of our sulfur tration, or to heating oil at 3,000 to 5,000 ppm, 200 to 300
program .. will help account for various unknowns that times the ULSD concentration. In this case, a tiny con-
may cause downgrade volumes to increase." 75 tamination will move the ULSD batch to nonconforming

status. According to one of the AAPL/API respondents,
Pipeline operators have several concerns about the "... a 0.15 percent contamina,.iun (15 bi;;s irn 000 bbls)
downgrade volume of ULSD. One concern is that the of (heating oill in ULSD wili raise the s iltui level by 3
simple use of specific gravity-the current method- ppm... " According to another, ... he Iheating oil] at
may not be a sufficiently sensitive indicator to make the 2000 ppm can contaminate the ULSD at levels as low as
interface cut. One of the AOPL/API survey respondents 0.22 percent."7 9 In combination with the concei-nsraised
noted, for instance: "Our initial studies of trailback from about the sulfur trailback, the issue of the volume neces-
[heating oil] to [low-sulfur diesel] indicates that trail- sarv for the protective cut is another significant uncer-
back in interfaces to ULSD diesel may be as much as 4 tainty in the handling of ULSD_
times that of the gravity change between products." 76

However, the EPA viewed increased trailback- from The assumption made about the size of the increase in
heating oil to ULSD as less of a concern 77 interface generated after a switch from the current stan-

dard for highway diesel (500 ppm) to ULSD becomes
The EPA assumed that pipeline operators would not important when calculating the cost of the regulation
have to substantially change their current methods to EPA's estimate of additional costs of the ULSD rule that
detect the interface between ULSD and adjacent prod- can be attributed to increased product downgrades was
ucts in the pipeline. In the EPA's view it was highly 0.3 cents per gallon of IJLSD supplied once the ULSD
unlikely that there would be any difference i0 the phvsi- rule was fully implemented and all highway diesel must
cal properties of ULSD versus the current 500 ppm high- meet the 15 ppm standard. This 0.3 cents per gallon cost
wav diesel that would cause a substantial change in the was with the 4.4 percent downgrade assumpt:on .'
trailback of sulfur from preceding batches into batches Turner Mason and Company conducted a study of dis-
of ULSD. s tribution costs for the API and came up with a cost

increase of 0.9 cents per gallon for product downgrade
Another concern is that a protective cut, when it can be Turner Mason assumed that 17.5 percent of LLSD
calibrated using real-world experience, may require a shipped would be downgraded.
large volume downgrade. The conventional approach is
to buffer distillate products against other distillate prod- Strategies for Buffering ULSD in a Pipeline
ucts to facilitate blending, as noted in the previous dis-
cussion. A batch of 500 ppm diesel might be wrapped Because there is no experience with distributing ULSD
between a batch of 2,000 ppm jet fuel and a batch of dye in a non-dedicated or common transportation system.
non-road distillate fuel oil (heating oil) at 3,000 to 5,000 pipeline operators are unsure how thev will sequence
ppm. Thus, the product with the sulfur restriction (500 the new product in the pipeline. Those that now\ ship
ppm diesel) is wrapped by a product with four times the highway diesel adjacent to jet fuel are unlikely to be able
sulfur (2.000 ppm jet fuel), and bv a product with six to to continue the practice unless the sulfur content of the
eight times the sulfur (3.000 to 5,000 ppm heating oil). In jet fuel is also lowered. At the current jet fuel sulfur con-
practice, the current highway diesel is usually consider- tent, ULSD cannot tolerate the contamination from the
ably less than the 500 ppm limitation (300 ppm would protective cut necessary to protect the other properties

*5U.S. Environmental Protection Agency. Reilatlonr/ Impact Analysis: Hteart-Duht Eii.ril anid Vehicleh Slandardis iiin, Hillrl'i;i' Dls-cl Til/
Sitllir Reqitrermeit;f. EPA420-R-00-026 (Washington. DC. December 2000). Chapter IV. pp IV-93-IV-94.

'"AOPL Comments. Attachment. p. 2 /

U.S. Environmental Protection Agency, Re:Cilatorvi Impact Arialus,: Hcil' i-Dilutt EilUil. ie ai Vlulncl,' lr a li r,lin l, a il H ,hit'i;ria Di'-<c! fit,;
.Slliur Ricq(irenn-ict.1 EPA420-R-00-02)h (Washington. DC. December 2000). Chapter IV, p 1I\-9%

-' L.S En ironmental Protection Agency. RcniiLlalon Irrrmpia Anahlltsi: Heall-Dtil, Eilt sr,, iiR Il Vh ' h .' itaiiar.- ra, Hil,.ii, ;I id. ;/ Fin, '
/lWfltr R'eqlirtnimnll;, EPA420-R-00-026 (Washington, DC. December 2000). Chapter IV. p. IV-g4.

\AOPL Comments. Attachment, p 2 and p. 5.

;L.S Eln ironmiental Protection Agency, R.,iiinlaoni Imnitio Altalttsi:. Hcamtii-Di;ti E Z.1W 1 intt, t Vlru'/1-' Si -t iiar,l .1m,I Hi):lr,n, re'.; I u,t
S*ulltir R.eqiiirl;'ini. EPA420-R-0)-U26 (Washington. DC. December 2X)00), Chapter\. p V-12 1
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f"the jet fuel. According to the EPA, pipelines might management on the part of pipelines and shippers, to
have to treat a mixture of jet fuel and 15 ppm diesel as assure that requisite tanks have room for the incoming
transmix in separate tanks, because it will not be accept- product. Given the inventory environment in oil mar-
able either as jet fuel or as 15 ppm diesel. The need for kets, any new rigidity imposed by the logistics system
new tanks to handle this new hybrid, however, would can reverberate through market prices.
be difficult to accommodate. In addition, it is not clear
how the hybrid would be reprocessed for reentry into The result of deeper cuts will be significantly more prod-
the petroleum products distribution system. uct downgrading. The practical effect of creating a

greater volume of high-sulfur distillate is difficult to
There is currently no regulatory requirement that the estimate. Depending on market circumstances at vari-
sulfurcontent of jet fuel be lowered to 15 ppm. Even ker- ous locations, it will range from none to significant. The
osene/jet fuel used for blending into 15 ppm diesel is worst case will be found where the creation of
controlled by the specification of the finished product, high-sulfur distillate affects terminals that do not have
not the blending component. As a practical matter, how- capacity to accept and store the material or in markets
ever, any kerosene/jet fuel destined for blending must that do not have enough demand to absorb it.
have ultra-low sulfur content. Whether an ultra-low-
sulfur jet fuel will present additional lubricity problems The 20-Percent Downgrade Rule
for jet engines is another unknown.

The ULSD Rule prohibits any party downstream of the
While there is a 500 ppm product in use, operators might refiner orimporter from downgrading more than 20 per-
be able to buffer 15 ppm ULSD with the 500 ppm prod- cent of its annual volume of 15 ppm highway diesel to
uct. Such buffering is limited by the volumes that can be 500 ppm highway diesel.8 1 (There is no limitation on
downgraded within the diesel pool, however, as dis- downgrading from 15 ppm diesel to the non-road pool.)
cussed below. This provision is designed to discourage downgrading

within the diesel pool during the phase-in period.82 The
Gasoline, at an average of 30 ppm and a maximum of 80 pipeline industry, however, is likely to be handling sig-
ppm, will represent the next lower sulfur content in the nificantly increased volumes of downgraded material
overall product transportation slate. Some operators and to have substantial incentive to minimize the down-
have speculated that if the trailback is significant, gaso- grade, because of the economic penalty involved. Fur
line buffers might be the best alternative. There are con- thermore, the downgrade limitation applies to normal
siderable problems, however, with the.increased interfaces.
generation of transmix. The availability of reprocessing
facilities is the first. In addition, some transmix is now As noted previously, the generation of some interface is
reprocessed in purpose-built facilities-a simple distil- irreducible, fixed by the physical attributes of the sys-
lation column-on station property. Such a simple facil- ter. An operator with a high-interface system may have
ity, or even a more complex purpose-built facility, has little room against the 20-percent limitation when all the
never needed to accommodate desulfurization. Thus, other increases in ULSD interface are factored in. The
the reprocessing of transmix will be routinely more diffi- 20-percent limitation also applies to the accidental con-
cult under the ULSD program, and it is unclear that the tamination of a batch. If a batch were accidentally con-
facilities will exist to reprocess increased volumes of taminated on a high-interface system, the operator
transmix. might be required to deny that product to the diesel

o pool, even though it met all the specifications for 500
Pipeline operators will establish interface minimization ppm material. Chances of localized diesel fuel supply

strategies on a case-by-case basis. Trunk line operators imbalances are increased, and with them, the possibility
will seek to ship ULSD in as large a batch as possible. that a system could g "frozen" by nonconforming
Delivery pipeline operators will do the same, but with product
more difficulty, because delivery pipelines ship smaller
volumes and face more operating permutations related Given the uncertainties surrounding the transport of
to time and location requirements. Operators of fungible ULSD, the 20-percent downgrade rule will be particu-
pipeline systems will have an advantage in protecting larly difficult when the first batches of ULSD are trans-
the integrity of ULSD in transit and minimizing the ported. There may be multiple contaminated batches
expense of downgrading. It is worthwhile to note that before operating norms are established and equipment
the use of large batches requires more careful inventory is calibrated.

81 U.S. Environmental Protection Agency, "Control of Air Pollution from New Motor Vehicles: Heavy-Duty Engine and Vehicle Stan-
rds and Highway Diesel Fuel Sulfur Control Requirements: Final Rule," Federal Register, 40 CFR Part 80.527 (anuary 18, 2001).
82 U.S. 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, 40CFR, Preamble (January 18,20(1 ), p. 281.
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Residual Sulfur in a Pipeline . At or near a product's deliven/i poinl pipelines perform
oversight testing covering a limited number of key

In comments on the proposed ULSD Rule, pipelineproduct parameters (but not sulfur content).
operators raised a concern over whether residual sulfur
from high-sulfur material could contaminate subse- * Most pipelines test ranltdomn pipelin( batches using a full
quent pipeline material beyond the interface. The con- battery of tests.

cern was based on limited experience. Recently, in lightcern was based on limited experience. Recently,. in light All tests except in-line testing, the second testing regime
of the prospect of transporting ULSD, Buckeye Pipe Line outlined above, are performed on a bath basis All u t
conducted a test of possible sulfur contamination from i a a

the fourth testing regime outlined above are performed
one product batch to another. In the test on one segment

,.~~~ '* ~~ .. ~ -s , ,on each batch of products. Pipeline operators are
of its pipeline system, Buckeye made a careful measure- Pip e o s

equipped at their own pumping and delivery stations to
ment of sulfur content in batches of highway diesel fuel i i i

perform oversight testing on an expedient, on-site basis.
tollowing a batch of high-sulfur diesel fuel. Buckeyefollowing a bah of hr d l fuel. Buckeye Other batch testing is typically performed at an off-site
found that the sulfur content of the second batch of high- laboratory Some operators use test laboratories owned
wav diesel fuel increased. 8 3 However, the EPA stated:

and operated internally and some use third-party labo-
"We believe there is no reason to surmise that contami-y ad s e ue tir

ratonries. The large laboratories, whether operated bv a
nation from surface accumulation will represent a sig-. l l, w o

s r 4 T i pipeline operator or by a third party, will be able to meet
nificant concern under our sulfur program."s This issue any testing requirements. However, the designated test
cannot be resolved without further testing. Until it is, it te g . ,

method presents uncertainties even to the most sophisti-will remain an uncertainty about the impact of the ULSD method presents uncertainties even to the most sophist-
~Rule ~cated laboratories, as discussed more fully below. ULSDRule.

regulations on testing apply directly only to refiners and
importers, leaving additional leeway for parties down-

Product Testing stream to choose a test method. Thus, the concerns with

Product testing is another area of considerable concern respect to test method apply even more strongly to refin-
for those involved in the transport of highway diesel ers and importers than to pipelines and other down-
fuel, for two reasons: (1) The designated test method was stream parties.
developed for testing sulfur in aromatics and has not yet T i td tting m d will b A

The designated testing method will be ASTM 6428-99,~5

been adapted or evaluated by industry as a test for sul- he wi.ely-use ASTM o4 3-99 hich has been
'r~~~ ,,, _ -, 'not the widely-used ASTM 5453-99, which has been

fur in diesel fuel. (2) There is no readily available and
approved bv the State of California and has been dem-

appropriate test for sulfur that will permit the preciseed e ae i -
interface cuts between batches that will be required in onstrated to be reliable in testing very low sulfur con-
interface cuts between batches that will be required in tent. The designated method, ASTM 628-99 as-- . .. . . . . *tent. The designated method, ASTM 6428-99, was
handling ULSD. The first of these issues is important for fr es i

,,, ., -developed for testing sulfur in aromatics. There is no
all plavers in ULSD markets, and the second is specific to e i a e

the - .i,,pipelines that 'ill transport ULSDcurrently available test methodology to apply the test to
the oil pipelines that will transport ULSD . -sulfur in diesel fuel. Because the diesel methodology has

Currently, oil pipeline operators test the petroleum not vet been developed for the designated method, it has
products thev transport in a variety of ways, for a vari- not et been tested bv multiple laboratories. By industry

convention, new test methods are subjected to "roundetv of parameters. Each product has its own relevant test convention, new test methods are subjected to "round
parameters, and grades of a particular product are robin" testing under the oversight of the American Soci-
tested to confirm their defining characteristics within a ety of Testing and Materials (ASTM), in which multiple
product group. In many pipelines, product batches are laboratories apply the test method to multiple batches to

tested four times at various stages of their entry to or develop an objective evaluation of the method's reliabil-
transit through the pipeline: ity and accuracy. The correlation of the round robin's

results becomes the industry standard and is used to
· Rigorous testing is performed before products enter a calibrate other test methods against the designated

pipeline to assure that relevant specifications are method. The correlation is critical to the choice of test
within the normal range. method and equipment for downstream players.

* Many pipelines monitor materials at strategic pipeline While ASTM 5453-99 has been designated as an alterna-
localionls en route for contamination. tive test method, its results must be correlated with the

M'Operators at Explorer Pipeline, which fornerlv carried crude oil and refined products as batches m1 the same pipeline. alo observed
that refined products iollowing high sulfur crude oii in the pipeline experienced a material increase in siulur content (TiTe phvcal i chara -.
teristics of crude oil are distinct from refined products. and its sulfur content can be considerably higher than the suilrtr tcon1ciie i entinel
-eltroleuin products shipped in a pipeline.)

''4 L.S E l ironmental Protection Agency. Rcuilant/p Inrmpct Aiut luvi- He'il-Duiti/ E'ii t n di l Vie, 'hlil' i tu, .t.ir.•- ti, ,t trh -.?h:I , P] s ' a F',-'
idlfulr Rtituirrnr'iuil. EPA420-R-00-02o (Wasniington. DC. December 2()(). Chapter I\'. 1 IV-49

L nS. Env rolnmental Protection Agencl . "Control of Air Pollhitiol Itroin New Motor \'licles ilea\ v-Duit Fiinmcr aid \ tahli., 1l a-
dards and Highway Diesel Fuel Sullur Control Requirelments Final Rule.' r',i,'ral RI R ]iirr. 40CFR Part gt : i' h , i)l2) alliilar 1 I. '1o1), I
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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 The sulfur content of existing highway diesel fuel is
allowed, 86 but whether this is the appropriate level, often well under the 500 ppm specification. It is not
given the designated method's performance, also cannot uncommon for highway diesel to contain only 200 ppm
be determined until the method is adapted for use with sulfur. Thus, the statistical reproducibility of sulfur test-
diesel fuel and correlated in the round robin. ing can comfortably be more than 20 to 50 ppm, and is

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

Note: Taken from an oil pipeline control center's SCADA (Supervisory Control and Data Acquisition) system, this screen illustrates gasoline con-
tamination (indicated by the drop in 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 a late cut leaving gasoline/kerosene mix in the tank line
that became evident when the pipeline began to draw product from the tank). The time scale across the screen is in hours. There is no similar monitor
hg available for ULSD.

f6US. 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 Part 80.580(a)(4) January 18, 2001).
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leave room for test reproducibility and unavoidable pipeline locations. Such locations are typically station
contamination. entry points or other locations where batches need to be

"cut" and separately directed to subsequent pipeline
Currently, most oil pipeline operators use X-ray fluores- segments in a system or to storage tanks for segregation
cent sulfur analyzers such as those manufactured by (Figure 3). The cut, as noted previously, does not depend
Oxford Instruments, Asoma Instruments, or Horiba, on sulfur content.
Ltd., for oversight sulfur content testing of highway die-
se! fuel. These analyzers, however, will be unable to Most oil pipeline operators will probably want or need
monitor ULSD. Some oil pipelines use Antek Instru- to perform in-line monitoring of sulfur content, because
ments, administering ASTM 5453-99 in a laboratory to degradation of ULSD will easily and, possibly, fre-
monitor sulfur content on a batch basis. However, this quently occur. The entry, for example, of only 35 barrels
equipment and test will help with the interface cut only of'heating oil (3,000 ppm) into a 10,000-barrel batch of
in some situations, because its application for in-line ULSD will contaminate the batch.8 7 A 10-inch diameter
testing presents a number of challenges (see below). pipeline flowing at 4 miles per hour (a representative

rate for a delivering carrier) is flowing at some 34 barrels
Some oil pipelines use in-line testing equipment to per minute. Other carriers may be flowing faster, and on
detect contamination close to and downstream from larger diameter pipelines, are moving more. product.
potential source locations where foreign or off- Hence, flow rates can exceed 300 barrels per minute. The
specification material might be inadvertently intro- 35-barrel contamination, then, is quick to occur. A nor-
duced into pure material (Figure 2). Early detection of mal cut, illustrated above, might take some minutes.
contamination gives operators flexibility in correcting
problems before they become intractable. However, In-line testing for sulfur will represent a difficult chal-
there is no in-line test for sulfur content. lenge for the oil pipeline industry and for test instru-

ment manufacturers. Current in-line instruments such
Product testing is different from instrumented detection as flash point or dye/haze analyzers cost 540,000 each to
of specific gravity, which is used to identify and track acquire, but there is no similar instrument available-to
product batches in a pipeline system. Batch tracking meet ULSD test requirements. Current instruments for
and identification are accomplished by in-line monitor- testing sulfur do not have adequate sensitivity, accu-
ing of the pipeline stream's specific gravity at strategic racy, or speed.

Figure 3. Monitoring Pipeline Batch Change
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With respect to speed of analysis alone there is a signifi- refiners and importers to phase in ULSD, at the expense
cant performance deficiency with current in-line analy- of pipelines and other downstream distributors. The
sis techniques. Current machines require 5 to 10 minutes phase-in provision assumes that some operators carry
to complete one analysis of a passing product stream. an additional grade of diesel/distillate fuel oil during
Five minutes is far too long to permit a pipeline operator the transition years, providing concomitant facilities for
to make a correctional response if off-specification mate- segregating the product. As noted earlier, the East Coast
rial is detected in a batch of ULSD. One suggested solu- is the only region where operators consistently carry
tion would move the testing equipment to an upstream both diesel, at 500 ppm, and heating oil, at 3,000 to 5,000
(earlier) location. The pipeline could construct a test ppm. Many pipelines carry only 500 ppm product, serv-
loop, fed by samples from the main line. Samples regu- ing both highway and non-road needs with the same
larly extracted from the product stream could flow fungible grade (dye is added at the destination termi-
through the loop to the test equipment housed in a shed, nal). Most also carry jet fuel. The ULSD phase-in will
and readouts of the results could be returned to control- push them to carry an additional grade of distillate fuel
lers to identify the interface as the product approaches. 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
Operators point to a number of difficulties with such an fuel.
upstream testing mechanism. According to industry
experts, many refiners test the sulfur content of outgoing Tank size and utilization have been optimized at most
product using ASTM 5453-99 with such a test loop, and terminals to carry the existing product slate. Pipeline
at least one major pipeline system uses ASTM 5453-99 executives are universal and adamant in their opinion
with an upstream test loop, so it is clearly an effective that sufficient storage tanks and other pipeline assets are
alternative for some applications. Refineries may have not available in most pipeline systems to segregate a
more success using the ASTM 5453-99 with a test loop, third grade of distillate. Many small terminals are
because product flow is slower in refinery piping than in unable to add tanks because of space and permitting
oil pipelines, and the speed of the product flow dictates concerns, and even at larger terminals such constraints
the placement of the test loop. For example, such a loop may be a factor. Permits can take years to obtain. For ter-
would have to be positioned far enough upstream to minals that are able add tanks, new tanks cost $1 million
allow the sample flow to reach the test equipment, per- or more each, an expenditure that is necessary only to
form the test, and return the readout in time to make the carry a discrete product for a limited period of time. Ii
batch cut. If the loop transit and testing took 5 minutes, addition, because of the limited volumes involved, the
for instance, and the product flowed through the pipe- tanks may be used inefficiently during the ULSD transi-
line at 8 miles per hour, the equipment would have to be tion period.
positioned about two-thirds of a mile upstream of the
valve. This distance would commonly be outside of a The EPA estimated that there are 853 terminals, exclud-
station property, on the right-of-way. ing tanks at refineries, that carry highway diesel. The

EPA assumed that, of these 853 terminals, 40 percent
Although positioning certain equipment upstream is a would build a new tank to distribute both 15 ppm and
relatively common pipeline practice, restrictions on the 500 ppm diesel fuel during the transition period. At a
use of or availability of space on the right-of-way would cost of $1 million per new tank, the additional cost of
be among the factors that could be obstacles to position- new terminal tankage was estimated to be approxi-
ing anything as substantial as a free-standing shed on mately $340 million. 8 8

the pipeline right-of-way. Power and communications
availability on the right-of-way could also be impedi- Beyond the terminal level, the EPA estimated there are
ments. The expense of the equipment is an additional 9,200 "bulk plants" that carry highway diesel fuel,
deterrent to placing equipment in an unstaffed remote excluding tanks at refineries. Again, the EPA assumed
location. Finally, an oil pipeline with many delivery that 40 percent of these bulk plants would build a new

points-a delivering carrier might have 100, for exam- tank to accommodate both 500 ppm and 15 ppm diesel
pie-would find it prohibitively expensive to install fuel. The EPA assumed a cost of $125,000 for each of
such equipment at each delivery location. these smaller tanks, giving a total cost of new tankage at

the bulk plant level of $460 million. 89

Special Issues Related to the Phase-InSpecial Issues Related to te Finally, at the truck stop level, the EPA assumed there
The temporary compliance option as well as the provi- are 4,800 truck stops operating in the United States, of
sions related to small refiners provide flexibility for which 50 percent would sell both 500 ppm and 15 ppm

88U.S. Environmental Protection Agency. Regulatory Impact Analysis: Heavy-Duty Engine and Vehicle Standards and Highiwy Diesel Fuel
.ulfur Requirements, EPA420-R-00-026 (Washington, DC, December 2000), Chapter V, p. V-134.

89U.S. Environmental Protection Agency, Regulatory Impact Analysis: Heavy-Duty Engine and Vehicle Standards and Highwia Diesel Fuel
Sulfur Requirements, EPA420-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 covering the transportation of diesel fuel. If no other
of handling a second grade of diesel fuel bv the National application or action were taken by an oil pipeline corn-
Association of Truck Stop Operators of its members. pany, the existing tariff rates covering diesel fuel would
Based on this survey, the EPA estimated an average cost apply to ULSD when that material is distributed to mar-
of 5100,000 per truck stop to handle the two diesel kets. As noted in other sections of this report, however,
grades, giving a total of 5240 million. A Petroleum Mar- oil pipelines will incur large, incremental capital and
keters Association of America estimate gave costs of operating costs in distributing the new diesel fuel.
550,000 per truck stop.9 ''The total costs of new tanks and
equipment to handle both 500 ppm and 15 ppm diesel For most regulated oil pipelines, the FERC uses an eco-
fuel were estimated by the EPA at $1.05 billion.9 1 nomic index as the basis for approving tariff rate

increases. The index provides that tariff rates may
The EPA estimated the total cost per gallon of highway increase without challenge by a * ercentage amount no
diesel of additional storage tanks at 0.7 cents. This 0.7 more than the Producer Price IncrEase f. r Finished
cents per gallon additional cost was for the 2006 to 2010 Goods, less 1 percent over an apper ved base rate. If an
phase-in period. The EPA assumed that the additional oil pipeline carrier is operating under the FERC's index
storage tanks would be fully amortized during the method and applies its existing tariff rate to ULSD. there
phase-in period, and that service stations supplying will be no basis for the carrier to recover its extraordi-
light-duty vehicles with diesel fuel, centrally fueled fleet nary incremental costs in the approved rate.
facilities, and card locks (unattended filling stations)
would not install additional storage tanks to handle both Some oil pipeline companies operate under alternative
500 ppm diesel and ULSD. Therefore, no cost was esti- programs with the FERC. The second most prominent
mated for additional storage tanks during the phase-in method is to administer some or all of a carrier's tariff
at service stations, centrally fueled fleet facilities, or card rates under a market-based svstem.9 3 Under this
locks.92 method, if various markets served bv an oil pipeline are

first found by the FERC to be workable competitive, the
Where an operator cannot add a tank, it may choose to FERC then stipulates the basis by which the pipeline car-
drop a grade of product. (Such a strategy is not a clear rier mayraise rates more flexibly, without application of
winner, however, because a dropped grade of gasoline, the index. Many oil pipeline operators believe that mar-
for instance, requires the shipment and storage of ket conditions under which .thev operate are far more
greater volumes of another grade of gasolineto compen- competitive than their status as regulated utilities sug-
sate.) A carrier might be able to drop a grade of distillate gests. If they are correct (and the FERC's own findings of
fuel oil, but not without requiring an additional, corn- workable competition in many oil transportation mar-
pensating volume of low-sulfur product or ULSD to kets suggests that they are), pipelines will be competi-
meet the market need, exacerbating the draw on refiner tivelv constrained from simply passing through their
capabilities. higher ULSD costs to shippers.

The question of whether pipeline companies will be able A carrier might file a new tariff rate expressly covering
to recover the increased costs associated either with ULSD. If that rate is greater than the previous rate (or the
moving ULSD or moving ULSD plus another temporary remaining tariff rate for other grades of diesel fuel): the
grade is a matter of conjecture. The only process for FERC or a shipper might protest the new rate, acommon
recover' will be tariff rates, and the path to structuring occurrence. In such an event, it is possible that the ne\w
rates to allow that recovery is uncharted. tariff rate would not be permitted to take effect or that it

would be accepted subject to refund if it were later

Overview of Tariff Rate Issues found to be excessive. Furthermore, such administrative
proceedings to adjudicate tariff rates before the FERC

The majority of transportation for refined petroleum are costly and time-consuming.
products by volume or by barrel-miles is provided by
common-carrier oil pipelines operating in interstate As an alternative to attempting to recover incremental
service, under rates regulated by the Federal Energy costs through increasing an existing approved rate or fil-
Regulatory Commission (FERC). Most oil pipeline carri- ing new tariff rates, carriers could try to impose special
ers have approved tariff rates on file with the FERC charges to recover incremental capital or operating costs

J'lohn Huber. Petroleumn Marketers Association of America. "Letter to U.S. EPA. Re: AMS-FRL-670.:-2." Submnitted to the pubhc docket
on August 11. 2000

"' lohr Huber. Petroleumn Marketers Association oi America, "Letter to U.S. EPA. Re: AMV-FRL-670.-2 Submitted to the public d-cket
n August 11, 2000.

9- U.S. Environmental Protection Agency. Re'.,iiitton Imprirt A ahltlilsi: H'eavi,-Duti/ Eisfur aiid i " Vich'l . fil d,iaJrii .l.t1 Hlh;n,'ll, Di,, , I'/ i' l

_itlfur Rei'qlrtmnllr' EPA420-R-)-00-26 (Washingtol, DC. December 2000). Chapter V. p \-1.33

"'COther rate admlnlstrationl met'hods are available from the Commission, but they are even less irequenltli used
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by filing such charges as a part of the "rates and regula- costs, including operating and testing costs. The 1.2
tions" that normally cover the qualitative aspects of a cents per gallon additional distribution cost is slightl,
tariff rate. Under this method, tariff regulations might higher than the EPA's estimate of 1.1 cents per gallon.
support cost recovery in various forms, including a After June 1, 2010, the additional distribution cost asso-
mandatory provision for the shipper to provide pipeline ciated with ULSD was 0.4 cents per gallon, including 0.2
buffer material, a volume loss allowance, facility cents per gallon for the downgrade revenue loss.94

charges, or access charges. While the imposition of such
special charges outside of the transportation tariff rate is EIA conducted a sensitivity analysis of higher distnbu-
possible, it is unlikely that material charges could be t io n costs in the 10%/ Downgrade case. In the Regulation
imposed without eliciting a shipper or FERC challenge, case, EIA followed the EPA assumption that ULSD
making this, too, an uncertain avenue for recovery of the product downgrade would be 4.4 percent of ULSD sup-
unique costs. plied. In the 10% Downgrade case, EIA assumed that

10% of ULSD would be downgraded from the highway
Because of the difficulties presented by fitting ULSD into diesel market. From June 2006 through June 2010, EIA
tariff rates, innovative approaches may be required. For assumed an additional distribution costs of 1.6 cents per
instance, a pipeline carrier or an oil pipeline industry gallon of highway diesel supplied. Of the 1.6 cents per
association might file an advance request with the FERC gallon, 0.7 cents per gallon was for additional storage
for a declaratory order either recognizing the validity of tanks to handle two on-highway diesel grades during
special charges or specifying the basis under which spe- the phase-in, 0.7 cents per gallon was for the revenue
cial charges would be applied to ULSD shipments. The loss from downgrading ULSD, and 0.2 cents per gallon
purpose of seeking a declaratory order would be to clear was for other distribution costs. After the end of the
a path for cost recovery before new capital or higher phase-in, in June 2010, the additional distribution cost
operating costs were actually incurred. Such an was 0.9 cents per gallon: 0.7 cents per gallon for down-
approach, with its earlier recognition of the issue, would grade revenue loss and 0.2 cents per gallon for other dis-
allow the multi-year process to proceed well in advance tribution costs (see Chapter 6 for more detail). 9'
of the collection of the new tariff rate.

The foregoing discussion suggests that higher capital Summary
and operating costs attributable to distributing ULSD
will be difficult to recover, and that carriers Vill need to TheNation's refined petroleum product pipeline system
take proactive steps with the FERC and shippers in is not monolithic. Pipelines are distinguished by region.
order to do so. There is no assurance that such steps will type of service, mode of operation, size, how much inter-
be successful, nor is there economic assurance that any face material they produce, and how they dispose of it.
such recovery will even be possible. Therefore, resis- In preparing this report, a variety of pipeline companies
tance among pipeline operators to incurring those costs were consulted, representing a cross-section of size,
should be expected. capacity, location, markets, corporate structures, and

operating modes.

It is likely that the pipeline industry can distribute ULSD
Distribution Costs in the EIA Model successfully, but major challenges arising from the

unique specifications of a new product prevent a clear
In its Regulation case analysis, EIA closely followed the assertion that pipeline distribution of the material will
EPA's assumptions about distribution costs, with the be successful. In successfully distributing ULSD, oil
exception that EIA calculated the downgrade revenue pipelines will have to surmount numerous challenges:
loss within its NEMS model, using the prices of highway
and non-road diesel generated from the model. From * Coping with a product phase-in
June 2006 through June 2010, EIA assumed an increased

' ,, . 1 i * ~ ~·Demonstrating that untested pipeline batching tech-distribution cost markup of 1.2 cents per gallon on the niques
price of highway diesel: 0.7 cents per gallon reflected the
additional capital costs associated with handling two * Determining for the first time that sulfur content
grades of highway diesel fuel during the phase-in from other refined products does not "trailback" in
period, 0.3 cents per gallon was the downgrade revenue pipelines and will not avoidably contaminate the
loss, and 0.2 cents per gallon reflected other distribution new fuel

94U.S. Environmental Protection Agency. Regulatory Impact Analysis: Heavy-Duty Engine and Vehicle Standards and Highway Diesel Fuel
julfur Requirements, EPA420-R-0O-026 (Washington, DC, December 2000), Chapter V, p. V-1 21.

95U.S. Environmental Protection Agency, Regulatory Impact Analysis: Heavy-Dutv Engine and Vehicle Standards and Highway Diesel Fuel
Sulfur Requirements, EPA420-R-00-026 (Washington, DC, December 2000), Chapter V, p. V-121.
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* Installing product quality testing equipment (which It appears that the overall proposition of transporting
does not yet exist) ULSD is feasible. More problems can be expected to

arise in handling ULSD among delivering pipeline carri-
* Recovering operating costs that are not transpar- ers than among trunk carriers. In particular, those deliv-

ently recoverable under FERC regulations or market ering carriers that cannot support fungible operations,
conditions are already short of working tankage, have complex

routing and schedules, or have small markets at their*Collecting, transporting, reprocessing, and selling
up to twice the volume of existing pipeline transmx end points will have the greatest difficulty in transport-

up to twice the volume of existing pipeline transmixSD

* Reconfiguring an undetermined number of existing The market impact of a contaminated batch will be
stations with new piping, tanks, manifolds, or valves stronger, however. With such a tight specification, there

Installing new loading facilities at dist n is little opportunity for blending lower sulfur material* Installing new loading facilities at distribution
terminalln n ldn fcii ats.dsrb into an off-specification batch or tank. With the regula-

terminals.
tion applied as a cap with no averaging aspect, an
off-specification tank in a terminal with only two tanksProtecting the integrity of 15 ppm product will be more o t i a t w owill quickly lead to a localized shortage of highway die-

difficult than protecting the product integrity of the cur-
sel, especially in areas where the market is thin and the

rent 500 ppm product. The sulfur concentration of the especi n aras
neighboring product will more easily lead to contamina- nfrastructure sparse.
tion of the ULSD. Not only is the specification lower, Finally, there are uncertainties about transporting ULSD
with less room for error, but also the "potency" of the that cannot be resolved without hands-on experience
sulfur in the nearby product is higher. with this unique product.
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5. Short-Term Impacts on ULSD Supply

Background late, relatively poor refining margins have not allowed
refiners to recoup the full cost of environmental stan-

This chapter addresses the transition to ultra-low sulfur dards."9 8 Overly aggressive expansion to produce
diesel fuel (ULSD) when the ULSD Rule takes effect in ULSD could result in similar oversupply of product and
2006. Whether there will be adequate supply was one of reduced margins, and some refiners mav therefore wait
the key questions raised by the House Committee on Sci- to see whether adequate margins develop.
ence in its request for analysis. The Charles Rivers Asso-
ciates/Baker and O'Brien (CRA/BOB) study done for Another uncertainty is possible regulation of non-road
the American Petroleum Institute (API) estimated a diesel fuel. In addition, some States are proposing their
shortfall of 320,000 barrels per day when the regulation own regulations for highway diesel fuel, which may add
is introduced in 2006. The issue of future supply of high- to the EPA requirements. Some refiners may wait to see
way diesel fuel "received considerable attention during whether additional requirements are established for
the comment period" on the Notice of Proposed Rule- highway or non-road diesel before investing to upgrade
making (NPRM) published by the U.S. Environmental their refineries to produce ULSD.
Protection Agency (EPA).9 6 The EPA noted that "numer-
ouscommenters to the proposed rule indicated that they The EPA has taken steps to monitor the ULSD suppl
believed that the 15 ppm sulfur cap would cause short- situation. Its Final Rulemaking requires refiners and
ages in highway diesel fuel supply" but that "a number importers to submit a variety of information to ensure a
of commenters also thought otherwise (i.e., that future smooth transition, and to evaluate compliance once the
supplies would be adequate)." 97 program begins. Refiners and importers expecting to

produce highway diesel in 2006 are required to register
While it is possible that some refiners mav decide to shut with the EPA by December 31, 2001. Annual pre-
down altogether because of this regulation, others might compliance reports are required from 2003 through
just abandon the highway diesel market. Few refineries 2005, containing estimates of ULSD and 500 ppm sulfur
can operate without producing gasoline because gaso- fuel that will be produced at each refiner! and projec-
line is a high-margin, high-volume product that pro- tions of the numbers of credits that will be generated or
vides significant revenue to refiners. On the other hand, needed bv each refinery A time line for compliance is
it may be possible for some refineries to operate without also required, as well as other information.
producing ULSD. Some refineries could sell higher sul-
fur distillate products into the non-road, rail, ship, or The EPA will produce an annual report summarizing
heating oil markets. Some refiners could also decide to information from the precompliance reports without
export distillate products if they are in the right location. disclosing individual company plans. This information

will give refiners a better indication of the potential mar-
Because there are other markets for distillate products, ket for credits and the availabilitv of credits in each
some refiners ma! opt to delay upgrading their facilities region. The EPA will also require annual reports after
to produce ULSD. Refiners' recent experiences with the program takes effect, in order to monitor production
investing to meet new fuel standards have not been of ULSD and 500 ppm sulfur diesel fuel. 9 In addition, an
encouraging. As the EPA pointed out in the Regulatory independent advisory panel will be set up to look at
Impact Analysis for this regulation, both the 500 ppm issues of diesel supplies and related technologies, and to
diesel fuel and reformulated gasoline standards resulted report to the EPA annually on the progress being made
in overinvestment and oversupply of the fuels, and "of by industry to comply with the ULSD Rule.""'

'"'L.S. Environmental Protection Agency. Re'lulatiornt Impact Aialusis: Heam!:-Dutty E!gime and Vehilfir Stniiarlrdl alnd Hl !.J;ti'tl, Di.r<'i Ftii!
i;,itiir Reiqulrernirts. EPA420-R-00-026 (Washington. DC. December 2000). Chapter IV, p. IV-33

'' L.S. Environmental Protection Agency. Re'ilituton Impact Anliahisi: Hea'it-Dlt!u Enginle and V cl ,clr i :ttIr,itr ,andi Hi.glli'a;, Dii',N! Fr 'i
.'ilfhr Rei'qrtiirrnunt. EPA420-R-00-026 (Washington. DC, December 2000). Chapter IV . p. '-33,.

"L S. Environmental Protection Agency. RefR'ltloaltn Impact Alahlsi.: Hiuazvt-Dittl EL, l Ii'n' iiiit V I'll' ' t.itri,ird - iin,/ HlIlr;\.i,; Dl cl f/I 'l
Siillur Rri'iiirtln'nlt. . EPA420-R-O)-026 (Washingtol, DC. December 2000). Chapter I\'. p IV-34

"LU.S Environnental Protection Agency. "Control of Air Pollution from New Mototr Vehicles Htea\v -Duit Engine amn \ ehicle Sill-
dards and Highway Diesel Fuel Sulitfr Control Requirements: Final Rule." Pre-publicatioii Final Riileinakmn, (Decemher 21, 20lL), pI'
15S -160.

"'tbie-s'l Fir-l .Nii'; ( arch . 2001),. p. 3
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Cost Analysis diesel production levels. Then they consider both reduc-
tions and increases from current production to find the

To assess the supply situation during the transition to most economical level of production for individual
ULSD in 2006, estimates of ULSD costs and supply were refineries. In the second step the cost and volume infor-
developed based on refinery-specific analysis of invest- mation for individual refineries is used to construct cost
ment requirements. The relative costs can provide curves for the U.S. refining industry using a variety of
insights into whether refiners will make the investments scenario assumptions about how refiners may respond
to produce ULSD and give an indication of possible sup- with refinery investment in preparation for summer
ply. Four scenarios describing investment behavior 2006, when ULSD requirements for highway diesel
under different assumptions were developed to provide begin. The third step consists of adjusting the cost curves
a range of possible responses to the ULSD Rule. to reflect changes in refinery capacity from 1999 to 2006.

Using refinery-specific data collected by the Energy Appendix D describes in detail the refinery-by-refinery
Information Administration (EIA), the ULSD product analysis and development of the cost model used as the
costs are estimated for each refinery based on its size, the basis for developing the cost curves. Table 6 provides
sulfur content of the feeds, the fraction of cracked stocks samples of the ULSD cost model results for cases repre-
in the feed, the boiling range of the feed, and the fraction senting various refinery configurations and situations.
of highway diesel produced. Cost curves were then The case descriptions in the table indicate whether the
developed in a three-step process. In the first step the refinery in that particular case falls within the higher or
cost of producing ULSD for each refinery was estimated lower part of the range in terms of hydrotreater unit
for several strategies of ULSD production, based on capacity, sulfur content of the hydrotreater feed, and the
refinery operation data for 1999. The strategies start by fraction of cracked stock in the feed. The costs in this
maintaining ULSD production at current highway analysis assume a 5.2-percent after-tax return on

Table 6. Sample Results from the ULSD Cost Model
Refinery Characteristics and Costs Case A | CaseB | Case C CaseD | Case E Case G | Case H I Case I Case J Case K Case L

Hydrotreater Capacity Range
a

........ H H H H H L L H H HF

Feed Sulfur Content Range
a
......... H H L L H H H A M M M

Percent Cracked Stock Range' ...... H H H H L H H H M M M

Revamp or New Unit ............... N R N R R N R N N R R

Current Highway Diesel Production
(Thousand Barrels per Day).......... 50.0 50.0 50.0 50.0 50 0 10.0 10.0 0.0 324 32.4 32.4

Hydrotreater Feeds
(Thousand Barrels per Day)

Straight-Run Distilate............ 34.0 34.0 34.0 34.0 50.0 6.8 6.8 33 0 25.3 253 18.4

Light Cycle Oil................... 8.0 8.0 8.0 .8.0 0.0 1.6 1.6 4.0 2.1 2.1 00

Coker Distillate ..... . ........... 8.0 8.0 8.0 8.0 0.0 1.6 1.6 23.0 5.1 5.1 2.3

Total ............ ........... 50.0 50.0 50.0 50.0 50.0 10.0 10.0 60.0 32.4 32 4 207

Hydrogen Consumption
(Standard Cubic Feet per Barrel) ...... 550 550 402 402 248 550 550 590 395 395 305

Feed Sulfur Content
(Parts per Million)

StraightRun Distillate............... 9.000 9.000 1.100 1.100 9.000 9.000 9.000 6.000 6.000 6.000 6.000

Light Cycle Oil .................. 25.000 25.000 3.800 3.800 0 25,000 25.000 15.000 13.000 13.000 13.00C

Coker Distillate ................... 22.000 22.000 5.700 5.700 0 22.000 22.000. 14.000 14.000 14.000 14.000

ULSD Cost Components
(1999 Dollars per Barrel)

Hydrotreater

Capacity Changes ............... 0.73 0.55 0.70 0:55 0.36 1.21 0.74 0.72 0.81 055 0 49

Other ......................... 0.83 0.74 0.75 0.68 0.54 0.96 0.79 087 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

Sulfur and Other................... 0.27 0.06 0.07 0.06 0.06 0.41 0.10 0.19 0.19 0.07 0 08

Total Cost (1999 Dollars per Barrel) ... 2.54 2.08 2.27 2.05 1.12 3.49 2.56 2.97 2.37 1.88 1.31

Total Cost (1999 Cents per Gallon).... 6.0 5.0 5.4 4.9 2.7 8.3 6.1 7.1 5.6 4.5 3.1

aH = refinery in the higher range: M = refinery in the middle range: L = refinery in the lower range.
°N = new unit: R = revamped unit.
Note: Only refineries in Petroleum Administration tor Defense Districts (PADDs) I-IV are included in the short-term analysis
Source:. Energy Information Administration. Officeof Integrated Analysis and Forecasting
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investment, which is estimated to be equivalent to the investment and operating costs they would incur. Case I
7-percent before-tax return on investment assumed in illustrates a non-road diesel producer converting to the
the EPA's analysis. production of highway diesel The refinery runs a

moderately high-sulfur crude oil and has substantial
The cases in Table 6 were designed to represent the types volumes of cracked distillates from the fluid catalytic
of individual refinery situations that lie behind the cost cracker (FCC) and coker units. Because of quality
curve results. Cases A and B represent refiners produc- requirements for non-road diesel products cracked
ing highway diesel fuel as a high fraction of their distil- stocks still make up 45 percent of the feed to the
late pool. These refineries run a higher sulfur crude oil, hvdrotreater for highway diesel production The large
do not have hydrocracking facilities, and have relatively percent of cracked stocks means a moderately high
large-scale highway diesel production. Thirty-two per- per-barrel investment and operating cost for the
cent of the highway diesel they produce comes from hydrotreater. Additionally, the per-barrel cost for
cracked stock, which is about the average for Petroleum hydrogen is quite high. Most of the refineries with
Administration for Defense District II (PADD II) (see high-volume distillate production and no highway die-
Appendix D, Table D1). The cost of producing highway sel production had costs of highway diesel production
diesel at current production levels in the refineries of in the higher portion of the cost range.
Cases A and B is 6.0 cents per gallon if a new hvdro-
treater is required and 5.0 cents per gallon if the current Cases J, K, and L provide an illustration of refineries
hvdrotreater can be revamped. The cost of the incremen- achieving improved economics by reducing the volume
tal hydrogen to produce ULSD represents 28 percent of of ULSD diesel below current highway production lev-
the added cost for Case A and 35 percent for Case B. els. As shown in Table 6, the cost of added hydrogen is

generally a large component of the cost of producing
Cases C and D have the same volumes as A and B butase C an D have tse voles as A and B t ULSD. The cost for hydrogen grows as the fraction of
usealowersulfurcrudeoil. The cost of the added hydro- cracked stocks increases, eventually requiring the con-
gen is similar to the result for Cases A and B, because this struction of new hdrogen production capacit. H -struction of new hydrogen production capacity. How-
analvsis is estimating the cost to produce ULSD with 7-analsis is estimating the cost to produce ULSD with 7 ever, if there is only a modest percent of cracked stock in
ppm sulfur rather than the current 500 ppm. Total costs, the hdroreaer feed and he refiner reduces he inpu
however, are just 0.1 cents per gallon lower for a to the hdrotreater, then the incremental hydrogen
revamped unit (Case D compared to Case&B) and 0.6 requirement for ULSD production can be provided h!
cents per gallon lower for a new unit (Case C compared existing refiner production sources.existing refinery production sources.
to Case A).

Case E shows a refinery producing ULSD only from Cases I and K show the costs for a new and revamped
straight-run distillate derived from a high-sulfur crude. hydrotreater for a refinery running a medium-sulur
The cost of production from a hydrotreater that has been crude and with 2 percent cracked stock in the highw

I . . . .,, diesel production pool. Case L shows that if the inputrevamped is only 2.7 cents per gallon. This is slightly ese ction ase L shows that if the nput
level is reduced from 32,400 barrels per dav to 20.700more than half the cost of Case B, which has to handle 3 level s reduced from 3200 barrels per da to 2700

percent cracked stocks. barrels per day when the unit is revamped, then the cost
of ULSD production is reduced from 4.5 cents per gallon

Cases G and H represent the same mix of hydrotreater to 3.1 cents per gallon. Given the costs for Cases K and L.
feed as in Cases A and B, but the total feedstock volume the preferred option for the refiner would be Case K if
is only 10.000 barrels per day, compared to 50,000 bar- the price differential between highway and non-road
rels per day in Cases A and B. This is the type of situation diesel exceeds 6.9 cents per gallon and Case L if the dif-
represented by comparing ULSD production in PADD ferential is less than 6.9 cents per gallon."'"
IV with that in PADD II and PADD III. For a new
hvdrotreater unit, the ULSD cost would be 8.3 cents per These sample cases highlight several situations that can
gallon (2.3 cents per gallon higher than in Case A). If the cause refineries to have potentially high ULSD produc-
unit can be revamped, the cost is 6.1 cents per gallon (1.1 tion costs and discourage them from investing to pro-
cents per gallon higher than in Case B). duce ULSD. Small refineries with less than 10.000 barrels

per day of highway diesel production will have very
Some refineries currently produce high volumes of dis- high relative costs unless they can revamp an existing
tillate product but no highway diesel. These refineries unit. The fraction of cracked stocks in the ULSD hydro-
might consider entering the highway diesel market treater feed is extremely important. The need for hvdro-
when the ULSD Rule takes effect if they anticipate that gen increases with the fraction of cracked stocks and
the price differential between ULSD and their other may require new hydrogen production capability It a
distillate products can more than offset the added refinery's other distillate products are primarily

It1 1
Calculated by taking the difference in tiotl cost (1.88 x 32 -I - 1.31 x 20.7) divided byh the cltanIg in vol.,ml. ('2 - 20 .- , c \[res set I1

cents per gallon.
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non-road diesel fuels with cetane requirements that the likelihood that they would be at a significant corn-
limit the volume of cracked stocks, then it is often impos- petitive cost disadvantage relative to other marke
sible for the refinery to reduce the cracked stocks going competitors.
into highway diesel. Thus, refineries with moderate
cracked stocks and a smaller scale will have high ULSD While most U.S. refiners look upon gasoline as an essen-
cost, and refineries with high cracked stocks and a mod- ti al product, they could operate in the refinery business
erate to large scale may also have ULSD costs that they without producing any highway diesel. Thus, it is possi-
view as uncompetitive. 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

Analysis of ULSD in which some refiners with higher costs would decrease

Production Decisions production and be replaced b, .,.ore c-".t-competitive
refiners.

Economic Considerations~~Economic Considerations ^The set of more cost-competitive refiners falls into two
Scenarios are analyzed to estimate the volumes of ULSD categories-those increasing production of highway
that refiners might produce at the beginning of the diesel from current levels and those currently producing
ULSD requirement in the summer of 2006. Each scenario little or no highway diesel. Will refiners in the second
defines a set of strategic principles that might character- group jump into the market because they recognize that
ize the economic rationale behind investment decisions they would have a competitive position, or will they
that may be commonly made by refiners in this situa- wait to see how the supply and margin picture unfolds
tion. Refiners have a choice as to how much ULSD they before making a large-dollar commitment? Later
produce. Some refiners may decide to produce no high- entrants into the market could also be the beneficiaries
way diesel when the ULSD Rule comes into effect. While of improved technologies that reduce the cost of
most refiners who are currently producers of highway compliance.
diesel will likely continue to produce it, they could
increase or decrease production from current levels. Refiners who estimate that their costs to produce ULSD
Because there is uncertainty associated with refiners' are on the high end of the range will be far less likely to
behavior, four supply scenarios were constructed, any invest to produce ULSD. No one wants to be the mar
one of which may turn out to be closest to the actual ginal supplier after making a large investment, espe-
behavior of the refining industry in this situation. cially when the product is a secondary fuel product. The

question is what differential cost will be perceived to be
In making the ULSD decision a refiner will look at the too high-is it 1 or 2 cents per gallon above what the
available options, analyze the costs to produce various refiner perceives is the average cost in the market? How
levels of ULSD, and determine the impact on other dis- does the refiner assess the possible competitive threats
tillate products. Then the refiner will try to estimate his of a large-volume refiner who has previously not been a
relative competitive position for producing ULSD. The highway diesel producer but may now enter the market
competitive assessment considers the cost of ULSD pro- with better economics to produce highway diesel and
duction for other refiners and looks at the mid-term reduce market prices? Refiners will likely try to retain
competition for market share, including an analysis of highway market share, even if their relative competitive
current market share, regional market competition, the cost is modestly above the average cost in the region,
impact of new entrants that may have a significant cost rather than shifting into new markets. Refining compa-
advantage, synergies with other refineries within the nies with multiple refineries will view strategies in the
same company, and potential changes in the price differ- context of their total system and could rebalance pro-
ential between ULSD and non-road fuels on a mid-term duction on a system basis.
oasis.

One of the key decisions in preparing to produce ULSD
In a number of past instances when refiners have been is whether to build a new hydrotreater or revamp an
required to meet new product specifications, they have existing unit. This analysis assumes that revamps are
not only made facility changes that would enable them more likely if a refinery installed new distillate
to meet the demand for the product with new specifica- hydrotreating units in the 1990s, or if the proportion of
tions, but have done so in such numbers and volumes cracked stocks in the refinery's hydrotreater feed is
that their ability to supply the market has exceeded mar- small. New units are assumed at refineries where cur-
ket demand. In the case of ULSD, refiners have more rent hydrotreating capacity is less than highway diesel
hoice in deciding to participate in the highway market production. As shown in Table 7, the estimates indicate
; alternatively to produce products only for non-road that 46 percent of the refineries in PADDs I-IV, account-

distillate markets. This choice becomes a particular issue ing for 63 percent of highway diesel production capac-
for refiners facing an expensive investment decision and ity, A ould 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 New . Total Revamp Revamp | New Total Revamp

PADD I............... 4 7 11 36 139 77 216 64

PADD II.............. .14 13 27 52 442 158 599 74
PADD III.............. 22 23 45 49 603 423 1.026 5S
PADD IV .......... . 5 10 15 33 46 72 117 39
Total ................ 45 53 98 46 1.229 729 1.957 63

PADD = Petroleum Administration for Delense District.
Note: Although 98 refineries are considered in this analysis. 87 are-current producers of low-sulfur diesel. Not all of these refineries are expected to

produce ULSD economically.
Source: Energy Information Administration. Office of Integrated Analysis and Forecasting.

lowest proportion of revamps because of the larger economics are only slightly poorer at higher vol-
amount of cracked stocks that refineries in that region umes. Those whose current production is focused
must process. PADD II has the highest percentage of primarily on non-road markets are assumed to stay.
revamps because of the extensive upgrading that took with those markets.

place in the early 1990s and the moderate levels of
cracked stocks in the feed. The EPA assumed that 80 per- * Scenario 3-Moderate New Market Entry. While
cent of ULSD production capacity would be revamped refineries that are currently producing little or no
units. highway diesel may be hesitant to jump into the

ULSD market, this scenario assumes that a select few

Supply Scenarios will decide to take the risk. This is based on the belief
that a limited number of refineries think thev can

The first of the four supply scenarios was developed gain market share without depressing the price dif-
based on the rationale that there is a high probability feenil eteen ULSD and non-road diese to theferential between ULSD and non-road diesel to the
that refiners will produce at least a moderate level o extent of ruining margins and return on inestment.
ULSD. In the other three scenarios there is decreasing These refiners are assumed to have faorable cost
probability that the additional volumes would be pro- structures for ULSD production (probabl in the
duced. The description of the specific scenarios follows:lower thrd

Scenario 1-Competitive Investment. The first sce- ri - ri .. . ~ ~, , ' ~. , ... ~ *~ Scenario 4-Assertive Investment. The fourth sce-
nario includes only those refiners who are likely to

nano assumes that a larger number of refiners will
prepare to produce ULSD in 2006. Thev currentlyprepare to produce ULSD in 20. The cur y compete to increase their shares of the ULSD market.
hold market share and are estimated to be able to

hold market share and are estimad to be ae to In this scenario, refiners believe that most of their
produce ULSD at a competitive cost. Refiners with competitors are over cautious and tha the can

competitors are overly cautious, and that they canhighway diesel as a relatively low fraction of their
succeed by taking a contrary strategy (which in real-

distillate production are assumed to abandon thefiners thn a).
itv is adopted by farmore refiners than anticipated).

market unless their cost per unit of production is
competitive at current highway diesel production
levels. Some refiners are assumed to reduce highway Imports

diesel production below current levels when thev
diesel production below% current levels when they - Historically, imports have been a small part of low-
have a more competitive ULSD production at a sulfur diesel supply. The only significant volumes of
reduced production rate.reduced production rat. low-sulfur diesel fuel have been imported into PADD I.

* Scenario 2-Cautious Expansion by Competitive which totaled 123,000 barrels per day in 1999 then
Producers. In this scenario, refiners base ULSD pro- declined slightly in 2000. to 106,000 barrels per day
duction decisions on the assumption that the price (Figure 4). Imports made up 5 percent of low-sulfur die-
differential between ULSD and non-road distillate sel product supplied for the United States as a whole in
products will remain wide. Current producers with 2000'and 14 percent of product supplied in PADD I. The
competitive cost structures for ULSD production PADD I imports come from three main sources-
and high fractions of highway diesel production Canada. the Virgin Islands. and Venezuela Low-sultur
(greater than 70 percent of total distillate produc- diesel imports from the Virgin Islands reached 62,000
tion) are assumed to maintain current production barrels per day in 1996 and have fallen to 47.000 barrels
levels and may even push production of ULSD per dav in 2000. Imports from Canada, which have been
toward 100 percent of distillate production if only fairly constant for the past few vears, totaled 35.0(0 bar-
minor increases in per unit production costs occur at rels per day in 2000. Imports from Venezuela \rew
increased volume. Other refiners are also assumed to sharply in 1998 and 1999, to 22.000 barrels per day in
increase their fraction of highway p-oduction if the 1999. before falling to 8,000 barrel- per day in 2(00
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Figure 4. Imports of Low-Sulfur Diesel Fuel into PADD 1, 1993-2000
Thousand Barrels per Day
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Source: Energy Information Administration. Form EIA-814. "Monthly Imports Report."

Other courntries are also planning. to lower.the sulfur amounts of ULSD could be imported from other sources.
content of diesel fuel. Canada has announced plans to In the early part of the transition to ULSD, imports
require a 15 ppm sulfur diesel fuel in mid-2006, mirror- beyond historical levels probably are less likely and
ing the U.S. regulation. 10 2 A 50 ppm ULSD becomes quantities less than historical levels probably are more
mandatory across Europe in 2005. The European Corn- likely.105

mission is also discussing a gradual phase-in to 10 ppm
sulfur, starting with a 10-percent supply requirement in Demand Issues
January 20071(10 3

The number of vehicles that actually need ULSD when
Given these changes, Canadian refiners currently the regulation takes effect in 2006 will be small. The EPA
exporting to the United States may make the investment has mandated that 80 percent of the refinery output of
to produce ULSD for the U.S. market. The East Coast has less than 500 ppm diesel fuel be ULSD in order to pro-
been the main market for a large refinery in the Virgin vide retail availability for the trucks that need ULSD. As
Islands that is jointly owned by Amerada Hess and a result, the supply of ULSD will be much larger than the
PdVSA, Venezuela's national oil company. Both of the demand provided by vehicles that need ULSD. The con-
plant's owners see the United States as a strategic mar- cer is whether enough fuel will be available to supply
ket. Venezuela is planning to upgrade its domestic refin- all highway diesel vehicles.
eries, but because it is also interested in expanding its
presence in Latin American markets,'1 4 it is not clear Current production of low-sulfur diesel fuel is greater
whether it would supply ULSD to the U.S. market. than what is required by the market. Highway diesel

fuel consumption accounted for 86 percent of transpor-
Refineries worldwide will be investing to produce lower tation distillate demand in 1999. Yet low-sulfur diesel
sulfur diesel fuel. Even a refinery designed to produce product supplied (a surrogate for demand) has nearly
diesel with 50 ppm sulfur could produce some amounts equaled transportation distillate demand in recent years
at less than 15 ppm. Thus, it is conceivable that limited (Figure 5). Consequently, the amount of low-sulfur

(12 Public Works and Government Services Canada, Canada Gazette, Vol. 135, No. 7 (February 17,2001), p. 454.
103Desel Fuel News (March 5,2001), p. 11
104 Oil Daily (February 27,2001), p. 2.
1t 5EIA's Office of Oil and Gas is planning to issue a report in 2001 on the availability of product imports.
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Figure 5. Low-Sulfur Diesel Consumption and Product Supplied, 1993-1999
Thousand Barrels per Day
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diesel fuel currently being consumed in the market is diesel fuel by purchasing credits, and some small refin-
more than 15 percent higher than that required for high- ers could continue to produce 500 ppm sulfur fuel until
way vehicles. There are several reasons for this. The 2010 (see box on page 45).
logistics of the distribution system dictate in some areas
that only one type of fuel can be distributed. Because the For the above reasons, the amount of ULSD actually
price differential between low-sulfur diesel and other needed to balance demand in 2006 is highly uncertain. A
distillate products has been only 2 to 3 cents per gallon range of demand estimates has been developed to
or less in recent years, the incentive to maintain separate account for some of the uncertainty. In the mid-term
product infrastructure has not been great. An important analysis for this study, transportation distillate demand
question is the extent to which the demand for ULSD inPADDsI-IVl'6in the 2/3 Revampcase (seeChapter 6)
will remain above that required for highway vehicles amounts to about 2.7 million barrels per day. At the U.S.
after the ULSD regulation takes effect in 2006. A larger level, transportation distillate demand is projected to be
price differential between ULSD and higher sulfur dis- 3.0 million barrels per day in 2006, increasing by 3.2 per-
tillate products mav provide some incentive to avoid cent per year from the 1999 level of 2.4 million barrels
consuming ULSD in markets where it is not required, per day. This compares to an average rate of increase of
but in some areas it may continue to be impractical to 3.5 percent per year from 1982 to 1999. Transportation
distribute more than one product. distillate demand rose sharply from 1982 to 1989 ard

again from 1991 to 1999, at annual average growth rates
It is also unclear how much 500 ppm sulfur diesel fuel of 4.7 and 4.0 percent, respectively, but fell in 1990 and
will be in the'market after the regulation takes effect. 1991, at the time of the Iraqi invasion of Kuwait.
Refiners will be investing for the long term and not just
to produce 80 percent ULSD in the transition period, and The probable downgrading of some ULSD to 500 ppm
manv refiners (if thev invest to produce ULSD at all) sulfur diesel in the distribution system was not taken
may be producing 100 percent ULSD in the transition into account in this part of the analysis. The requirement
period. Some refiners could continue to supply 500 ppm to produce 80 percent ULSD is at the refiner' gate. and

"' PA DD V was not included in this analvsis because supply concerns are less ot an issle il the trlalsiton perdio nd ail1t reqr ri-ln.t.nei I .r
CARB diesel Inakes the PADD V market different irom PADDs 1-V.
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supplies that are downgraded to a higher sulfur level in likely to continue. At their recent historical level of
the distribution system can still be sold as highway die- 80,000 barrels per day, imports would reduce domestic
sel during the transition period. demand for ULSD to 1.95 million barrels per day

(Demand B, which matches the demand projection in the
Cost Curves and Demand Estimates mid-term analysis described in Chapter 6). Demand C in
for 2006 Figure 6 is based on the same assumptions as Demand B

and, in addition, assumes that ULSD will be used only
Figure 6 shows the combined cost curves for PADDs I-IV for highway consumption (86 percent of transportation
for each of the scenarios, together with four estimates of distillate demand), resulting in a demand estimate of 1.7
demand.' 07 The EPA estimates that, under the small million barrels per day. Demand D assumes a higher
refiner option, up to 5 percent of the market could delay estimate for imports-116,000 barrels per day-which
making the transition to ULSD until 20101.'8 In addition, was the level for PADDs !-V in 2000.
the temporary compliance option mandates that ULSD
production must constitute 80 percent of low-sulfur The cost curves in Figure 6 show the estimated volumes
diesel production. Assuming the full extent of the small of ULSD that could be produced at increasing cost lev-
refiner, temporary compliance, and credit trading provi- els. The curves show the wide range of costs to produce
sions of the Rule, ULSD demand is estimated at just over ULSD across the population of U.S. refiners that might
2.0 million barrels per day (Demand A). As indicated choose to become ULSD producers. There are some
above, imports from the Virgin Islands and Canada are refiners at the upper range of the cost curves that would

Figure 6. ULSD Cost Curve Scenarios with 2006 Demand Estimates
Marginal Cost of Production (1999 Dollars per Gallon ULSD)
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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 DSU71NV.D043001A.

107 A 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).

'°8U.S. Environmental Protection Agency, Regulatory Impact Analysis: Heavy-Duty Engine and Vehicle Standards and Highway Diesel Fuel
Sulfur Requirements, EPA420-R-00-026 (Washington, DC, December 2000), Chapter V, p. V-134.
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have much higher costs and could have concerns that and D) and would meet the highway demand estimates
margins in the marketplace would not be high enough to even if no ULSD imports were available. In Scenario 3
provide a satisfactory rate of return. (Moderate New Market Entry), production just reaches

the mid-term analysis demand estimate that includes
The cost curves in Figure 6 were developed using capital imports (Demand B). In Scenario 4 (Assertive Invest-
cost and return on investment assumptions consistent ment), ULSD production surpasses the mid-term analy-
with those used in the EPA's analysis. Those assump- sis demand estimate that does not include imports.
tions were used in order to provide a comparison with None of the supply curves, however, provides enough
the EPA's analysis results and should not be viewed as supply to reach the demand estimate that does not
the assumptions that E1A considers the most likely. include the temporary compliance option (see Table 8
However, concerns about the adequacy of ULSD supply below). Some refiners may be able to produce ULSD
are based on the possible reluctance of higher cost pro- with a cost of about 25 cents per :dion; however, at the
ducers to invest to produce ULSD in 2006. Because of the volumes needed to meet demand, costs a-e f ;it.-ated at
uncertainty of these assumptions, two additional sets of 5.4 to 6.8 cents per gallon. 10 9 ULSD prices could show an
supply scenarios are provided, using higher capital cost even higher differential if supply falls short of demand.
assumptions and a higher required return on invest-
ment, as discussed later in this chapter. The four factors that have the strongest influenceon the

cost of producing ULSD are the production volume
Total ULSD production on the Scenario 1 (Competitive of 500 ppm diesel, the fraction of cracked stocks in
Investment) and Scenario 2 (Cautious Expansion) cost the feedstock, the scale of the hydrotreater unit,
curves extends beyond the lower demand estimates (C 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 the potential sources of 500 ppm highway diesel production
sources: either from refiners who produce both 500 ppm and in 2006 in Scenario 2 differ across the various PADDs. P." )D
15 ppm highway diesel or from refiners who are now pro- I has 5 refineries and PADD II has 5 refineries that ire
ducing highway diesel but who choose not to make invest- assumed not to invest to produce ULSD. Nine of these ten
ments to produce ULSD and purchase credits to sell 500 ppm' refineries currently produce less than 10,000 barrels per day
diesel. Few refineries are assumed to fall into the first group. of highway diesel, and the other is under 20,000 barrels ner
Possible candidates would be refiners with large current pro- day.

-duction of highway diesel who have multiple distillate
hvdrotreating units and decide to revamp or replace a large The profile of the PADD III refiners is quite different from
unit to produce ULSD and maintain a second unit to produce those in the other PADDs. While PADD III has some small
500 ppm highway diesel. This would also mean that the refineries in this group, several moderately large refineries
refiner would anticipate selling the 500 ppm diesel as are also included, which accounts for the fact that PADD III
non-road diesel in 2011, because building one large represents 56 percent of the total volume of PADD I-IV pro-
hvdrotreater in 2006 would be more economical than build- duction that is estimated not to convert from low-sulfur die-
ing a second hydrotreater for ULSD in 2010. If the decision is sel to ULSD in 2006. Most of these refineries are on the high
made to invest to produce ULSD, a refiner is likely to invest end of the cost range and would have to build new units
to produce the full volume of highway diesel as ULSD. Some and/or deal with relatively high fractions of cracked stocks
product that fails to meet the ULSD specifications could be to produce ULSD.
downgraded to 500 ppm diesel fuel and sold as highway die-
sel during the transition period, but few refiners are assumed Six refineries in PADD IV are estimated to have relatively

to produce both 15 ppm and 500 ppm diesel. high costs of ULSD production and are assumed not to invest
to produce ULSD. The PADD IV refiners are relatively small.

Production of 500 ppm highway diesel can clearly come from Most have some cracked stocks in the highway diesel .feed
refiners who are now producing low-sulfur highway diesel stream and would need to build new units. The refiners not
and decide not to convert their refinery facilities in 2006. In producing ULSD would need to obtain waivers or purchase
Scenario 2, the number of non-producers of ULSD in PADDs credits to continue to sell 500 ppm diesel fuel into the high-
I-IV totals 21. The characteristics of the 21 refineries that are way market.

1'9These 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 distribution, estimated at 1.1 cents per gallon in the mid-term analysis. Costs were not adjusted to take sulfur
credit trading into account, because of the uncertainty about whether trading would occur and the value of the credits. I credit tradng
occurred, costs could be reduced.
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Twenty-nine refineries in Scenario 1 are in the cost range highest as far as the proportion of cracked stocks in the
below 4 cents per gallon, and all are refineries for which tfeestock going to the hydrotreater. Sixty-four percent
it is assumed that the existing unit could be revamped. of the refineries in PADD IV that are assumed to pro-
Most of these refineries have little or no cracked stocks in duce ULSD in Scenario 4 have estimated costs greater
the hydrotreater feed to produce ULSD. For the few that than 5 cents per gallon compared to 31 percent in PADD
do have cracked stocks, a revamped unit at a reduced III, 22 percent in PADD II, and 17 percent in PADD I.
throughput was found to obtain better economics of
ULSD production and put them in the cost range under Scenario 1 has the lowest production volume of the four
4 cents per gallon. Twenty-five refineries are in the cost scenarios but the highest probability that production
range from 4 to 5 cents per gallon. Thirteen are assumed volumes of ULSD will at least reach these estimates in
to construct new units, and most of these refineries have 2Ci4 Of the 87 refineries in PADDs I-IV that currently
a low percentage of cracked stocks in the hydrotreater produce highway diesel, only 66 are estimated to pro-
feed. A couple of units in this cost range are assumed to duce ULSD in Scenario 1. Of the 21 refineries that are
reduce throughput from current highway diesel pro- estimated to terminate ULSD production in Scenario 1,
duction levels. Above 5 cents per gallon, a couple of the cost of ULSD production ranges from 6 to 13 cents
refineries with a high percentage of cracked stocks are per gallon."1l Two-thirds of these refineries currently
assumed to revamp existing units. The rest, which have produce less than 10,000 barrels per day of highway die-
moderate levels of cracked stocks, are assumed to build sel. PADD IV refineries are disproportionately n the
new units. The refineries above 5 cents per gallon also higher cost range.
include a number of smaller refineries with ULSD pro-
duction under 10,000 barrels per day. Scenario 2 assumes that the number of refineries that

will produce ULSD is the same as in Scenario 1, but that
Regionally, PADD IV has the highest estimated costs for these refineries will increase production if their competi-
ULSD production. The refineries in PADD IV are tive position is not greatly affected. Comparing Scenario
smaller on average, have more cracked stocks to process, 3 to Scenario 2, ULSD production is estimated to
and have the lowest proportion of revamps. In PADD I, increase at nine refineries, and one refinery that cur-
a large heating oil market p. vides an outlet for some of rently produces only non-road distillate product is
the more difficult streams to hydrotreat so it tends to assumed to enter the ULSD market. All of these factors
show lower costs for producing ULSD. PADD II refiner- raise the estimated production level in Scenario 3 by
;es are also toward the lower end.of the cost curve. They 129,000 barrels per day over that in Scenario 2.
tend to be more moderate in size (which gives better
economies of scale), have moderate levels of cracked The probability of reaching the total volume production
stocks, and had extensive revamps in the early 1990s to of Scenario 4 is the lowest. In this scenario, refineries
put them in a better position to upgrade to produce with higher costs of production are assumed to enter the
ULSD. PADD III has a mixture of small and large refin- ULSD market in 2006. The added production volumes in
eries with a variety of configurations and as a result Scenario 4 come from three types of situations. First,
shows a wide range of lower and higher cost ULSD pro- some refineries are assumed to expand production
ducers. Some of the refineries in PADD III are among the beyond the Scenario 3 level if unit costs are only slightly

Table 8. Supply and Demand Estimates in the Reference Case, 2006
(Thousand Barrels per Day)

Demand Scenario 1 Scenario 2 Scenario Scenario 4
Total Supply .......................................................... 1.763 1.823 1.952 2.143
Number of Refineries Producing ULSD ................... .................. 66 66 67 74
Differences Between Supply and Demand
Small Refiner Option ........................................ 2.533 -770 -709 -580 -389
Small Refiner and Temporary Compliance Options (Demand A)...... 2,026 -264 -203 -74 117
Small Refiner and Temporary Compliance Options with Imports
(Demand B) ................... ................... ... 1.946 -184 -123 6 197
Highway Use Only. Small Refiner and Temporary Compliance Options
with Imports (Demand C) .................................... 1.662 100 161 290 481
Highway Use Only. Small Refiner and Temporary Compliance Options
with Higher Imports (Demand D) ................... ........... 1.626 136 197 326 517
Sources: Cost curve scenarios: Appendix D. Demand estimates: National Energy Modeling Sytem. run DSU71NV.D043C01A.

110The highest estimated costs by region are 9 cents per gallon for PADD I, 13 cents per gallon for PADD II, 7 cents per gallon for PADD
111, and 12 cents per gallon for PADD IV.
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higher. Second, five of the refineries entering the market the higher sulfur product after 2010. Those producing
were viewed in Scenario 3 as having too high a cost. The 100 percent ULSD will generate credits which can then
third and largest portion of additional volume comes be sold to those who decide to delay investing to pro-
from two refineries that currently are not producers of duce ULSD. Credit trading programs have been success-
highway diesel. All of the additional volume in Scenario ful in the utility industry, but how well credit trading
4 comes from refiners with costs of ULSD production will work in a less-regulated industry remains unclear.
higher than 5 cents per gallon. Refiners may be less than enthusiastic about selling

credits to their competitors that would allow them to sell
Table 8 shows the differences between the demand and product produced at a loer cost n the same market as
supply estimates. The largest shortfall, which occurs ULSD, possibl at a price similar to the price of ULSD.''
between Scenario 1 (assuming the most cautious invest- Refiners who wait to invest can also take advantage of
ment strategy) and the highest demand estimate, is esti- improvements in technology that could help them com-
mated at 770,000 barrels per day. The widest surplus, pete more effectively with those who invested early.
517,000 barrels per day, is under Scenario 4 (the most Credits could increase sharply in value if markets were
aggressive investment strategy) and the lowest demand ti but they would have less alue if supplies weretight, but they would have less value if supplies were
estimate that also accounts for import availability, ample
Assuming the mid-term analysis demand estimate,
which is similar to the AE02001 projection, Scenarios 3
and 4 project sufficient supply. To provide a further range of demand estimates, Tables

9 and 10 show the projections for high and low macro-
Some analysts contend that demand could exceed the economic growth cases along with the supply estimates
estimates in this analysis that assume the temporary from thecost curves. Transportation distillate demand is
compliance option of 80 percent ULSD production. Most projected to increase by 4.0 percent per year from 1999 to
refiners that invest to produce ULSD will plan to pro- 2006 in the high macroeconomic growth case and by 2.7
duce 100 percent ULSD unless they have a market for 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)
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Two additional sets of the four supply scenarios are pro- the reduced volumes, estimated production levels in
vided that vary the hydrotreater capital cost assump- Scenario 3 fall short of the demand level projected in the
tions and the return on investment assumption. The mid-term analysis (Demand B) in both the higher capital
capital costs assumed in the initial set of four scenarios cost and higher required return on investment sensitivi-
in this chapter are similar to those used in the EPA anal- ties (Tables 11 and 12).
ysis (see Chapter 7 for a comparison of capital cost
assumptions). Because of the uncertainty associated Balancing Demand and Supply in 2006
with the cost of installing distillate hydrotreating capa-
ble of producing diesel fuel containing less than 10 ppm These supply curves, along with the demand estimates
sulfur, a second set of scenarios was developed assum- for 2006, indicate the possibility of a tight diesel market
ing capital costs for the hydrotreater units that are about when the ULSD Rule is implemented. Supply scenarios
40 percent higher than the initial set (Figure 7). The that assume more cautious investment indicate inade-
higher capital costs in this scenario reduce the projected quate supply compared with the demand levels pro-
production of ULSD by 25,000 to 55,000 barrels per day jected in the Annual Energy Outlook 2001. Only more
and increase the cost estimates from 0.4 cents per gallon aggressive investment scenarios or lower demand
to 1.0 cents per gallon. cenarios show adequate supply to meet estimated

demand. This analysis compares supply and demand at
A third set of supply scenarios was developed assuming an aggregate level. Maintaining a balance of supply and
a 10-percent required return on investment (Figure 8), demand across regions and throughout the distribution
rather than 5.2 percent assumed in the initial set of sce- system would be more difficult.
narios. The higher assumed rate results in a reduction in
production of 40,000 to 66,000 barrels per day across the Improvements in supply could result if more refiners
four scenarios. The cost estimates increase by 0.8 to 1.2 undertook investments to produce ULSD, if capacity
cents per gallon from the first set of scenarios. Because of 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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Sources: Cost curve scenarios: Appendix D. Demand estimates: National Energy Modeling Sytem, run DSU71NV.DO43001A.
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this analysis, and/or if more imports were available. On Such responses would require higher costs, however,
the demand side, slower growth in the highway diesel because lower cost options would be exercised first.
market than these demand estimates and/or curtailing
of ULSD consumption for non-road uses would also Sharply higher prices would also curtail demand for die-
improve the situation. sel fuel- Truckers would reduce consumption to the

extent possible and try to pass higher fuel costs to cus-
If supplies fall short of demand, sharp price increases tomers, who would then look for alternative means to
could occur to balance supply and demand. That type of transport goods.
situation could result in a number of responses, some of
which could begin to occur as soon as the price differen- In 2006, the quantity of fuel actually needed for vehicles
tial between ULSD and other products started to requiring ULSD will be much less than the required 80
widen-possibly even before it became clear that a mar- percent of diesel production. If it becomes apparent that
ket supply problem existed. Refiners would attempt to the supply is inadequate, or that markets are becoming
maximize ULSD production. Some additional produc- tight, additional low-sulfur diesel supplies could
tion may be possible by, for example, shifting some become available if the required proportion of ULSD
non-road distillate or jet fuel streams into ULSD. This production were reduced. Allowing more 500 ppm die-
would be limited, however, because only the lower sul- sel into the highway market could alleviate some of the
fur streams could be used and additional hydrotreating stress on the market. If the requirement were 70 percent
may be necessary. Imports of jet fuel or other products instead of 80 percent, for example, the demand estimates
could then replace the lost production of those fuels. shown in Table 8 would be reduced bv217,000 to 253,000
Additional imports of ULSD could be forthcoming if barrels per day, enough to eliminate the shortfalls indi-
there were large price differentials between markets. cated except for Demand A in Scenario 1 and the highest

Figure 8. ULSD 10% Return on Investment Sensitivity Case Cost Curve Scenarios with 2006 Demand
Estimates
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Table 11. Supply and Demand Estimates in the Higher Capital Cost Sensitivity Case, 2006
(Thousand Barrels per Day)

Demand Scenario 1 Scenario 2 Scenario 3 Scenario 4

Total Supply ....................................................... 1.721 1.782 1,897 2,118

Number of Refineries Producing ULSD ...................................... 61 61 61 72

Differences Between Supply and Demand

Small Refiner Option ........................................ 2,533 -812 -751 -636 -415

Small Refiner and Temporary Compliance Options ................ 2.026 -305 -244 -130 92

Small Refiner and Temporary Compliance Options with Imports...... 1,946 -225 -164 -50 172

Highway Use Only. Small Refiner and Temporary Compliance Options
with Imports ......................................... :. 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 Modeling Sytem, run DSU71NV.D043001A.

Table 12. Supply and Demand Estimates in the 10% Return on Investment Sensitivity Case, 2006
(Thousand Barrels per Day)

I Demand Scenario 1 Scenario 2 Scenario 3 Scenario 4
Total Supply ................. ....... .... .................... 1.702 1,760 1,912 2.078

Number of Refineries Producing ULSD ................... .................. 61 61 63 71

Differences Between Supply and Demand

Small Refiner Option. ................................... 2.533 -831 -773 -621 -455

Small Refiner and Temporary Compliance Options ................ 2.026 -325 -266 -114 51

Small Refiner and Temporary Compliance Options with Imports...... 1.946 -245 -186 -34 131

Highway Use Only, Small Refiner and Temporary Compliance Options
with Imports ................... 1.................... 1.662 39 97 249 415

Highway Use Only. Small Refiner and Temporary Compliance Options
with Higher Imports .............. ........................... 1626 75 133 285 451

Sources: Cost curve scenarios: Appendix D. Demand estimate;: National Energy Modeling Sytem, run DSU71NV.D043001A.

demand estimate across all scenarios. However, a lower refinery-specific analysis of investment requirements.
requirement for ULSD production would reduce retail Supply is estimated for four scenarios of investment
availability for the vehicles that require ULSD. Other behavior, and a range of demand is projected for corn-
responses providing greater flexibility, increasing par- parison with the supply curves. In addition, two other
ticipation, and encouraging technological improve- sets of supply sensitivities are provided, assuming
ments would also help to alleviate supply concerns. 12 higher capital costs and higher required return on

investment.
Given the variety of responses, it is difficult to know the
magnitude or duration of a possible tight market situa- Supply scenarios that assume more cautious investment
tion. Supply shifts and demand responses would indicate inadequate supply compared with the demand
require time before the effect would be felt. It would take levels projected in the Annual Energy Outlook 2001. Only
time for additional imports to enter the market, and more aggressive investment scenarios or lower demand
importers would have to believe that prices would cenarios show adequate supply to meet estimated
remain high enough for long enough to make it worth- demand. The two sets of supply sensitivities show even
while to divert supplies from other markets. 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 cqnsid-

Summary erable uncertainty exists in both the supply and demand
estimates, this analysis indicates that even though the

Whether there will be adequate supply is one of the key market could see supply meet demand at a cost increase
questions raised by the House Committee on Science in for production between 5.4 and 7.6 cents per gallon,
its request for analysis. To assess the supply situation there are a number of scenarios in which inadequate
during the transition to ULSD in 2006, cost curves and supply of ULSD could result.
estimates of ULSD supply are developed based on

112Short-term responses are possible, such as the regulatory response that took place when the 500 ppm diesel fuel requirements came
into effect on October 1, 1993. As a result of localized outages and price spikes, the EPA sent a letter to marketers and major consumers of
diesel fuel granting "enforcement discretion" in cases of extreme diffi:ulty in obtaining supplies, extending through October 22, 1993.
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6. Mid-Term Analysis of ULSD Regulations

Assumptions The requirement for 80 percent ULSD is not phased in
and begins on June 1, 2006. Therefore, the full market

The National Energy Modeling System (NEMS) was impact of the requirement can be expected to occur at
used to perform petroleum market analysis of the that time. Because NEMS is an .-;nual average model,
impact of new requirements for ultra-low-sulfur diesel the full economic impact of the 80/20 r:,ie c: -. , t be seer,
fuel (ULSD) from 2007 through 2015. The Petroleum until 2007. In the same manner, Fr.iectiois for 2011 rep-
Market Module (PMM) of NEMS were modified to pro- resent the first full year of 100 percent ULSD compliance.
duce a ULSD Regulation case. Analysis of the Regula- The results for 2010 reflect a partial year at the 80 percent
tion case focuses on changes relative to a reference case requirement and a partial year at the 100 percent
using the oil price and macroeconomic assumptions of requirement. For the purpose of assessing the market
the Annual Energy Outlook 2001 (AE02001) reference impacts of the new ULSD requirements, 2007 will be dis-
case but including some adjustments to provide a more cussed as the first full year of the 80/20 requirement, and
accurate reflection of the diesel fuel market. The differ- 2011 will be discussed as the 100 percent requirement.
ences between the reference case for this,study and the
AE02001 reference case are discussed in Appendix B. The House Committee on Science requested that, if prac-

tical, the EIA analysis use the same assumptions as those
The projected investment costs and average marginal used by the U.S. Environmental Protection Agencv
prices resulting from the NEMS analysis represent the (EPA) in its Regulatory Impact Analysis (RIA). The
investment and price levels necessary to meet all assumptions are compared in Table 13. The Regulation
demand requirements under the new ULSD Rule. As case for this study is based on the following
discussed in Chapter 5, some refiners may choose to assumptions:
drop out of the highway d'iesel market or'even close
down instead of investing for compliance with the Rule. * Highway diesel at the refinery gate will contain a
ULSD supply could be inadequate in the short term if maximum of 7 parts per million (ppm) sulfur.
enough refineries chose to forgo investment. The NEMS Although sulfur content is limited to 15 ppm at the
analysis does not capture this uncertainty of supply, pump, there is a general consensus that refineries
because NEMS is a long-run equilibrium model. Bydefi- will need to produce diesel somewhat below 10 ppm
nition, the NEMS analysis projects the level of domestic in order to allow for contamination during the distri-
production and imports necessary to meet all demand bution process. The EPA assumed in its RIA that
requirements. As a result, the NEMS analysis reflects refineries would produce highway diesel at 7 ppm.
more aggressive investment behavior than that por-
traved for individual refiners in theshort-term analysis. The capital costs for the distillate hvdrotreaters

reflected in NEMS are 51,331 per barrel per day for a
The NEMS analysis reflects the "80/20" rule, which notional 25,000 barrel per day unit that processes
requires the production of 80 percent ULSD and 20 per- low-sulfur feed streams with incidental dearomati-
cent 500 ppm highway diesel between June 2006 and zation, and 51,849 per barrel per day for a second.
June 2010. and a 100 percent requirement for ULSD after 10,000 barrel per day unit that processes higher sul-
June 2010. Because each model region acts as a single fur feed streams with greater. aromatics improve-
unit, the provision of the ULSD Rule allowing small ment. A range of capital costs from a number of other
refiners, which account for about 5 percent of current studies is provided in Chapter 7. Because of differ-
highway diesel production, to delav investment until ences in methodology, the sets of capital costs are not
June 2010 is not modeled explicitly. However, the pro- directly comparable. For instance, the EPA esti-
duction requirements are adjusted downward bv 4 per- mated the capital cost for a new distillate hydro-
cent to reflect an assumption that most small refiners treater to range from 51.240 per barrel per day to
will choose to delav investment.1 13 S1.680 per barrel per day, but those estimates

1'In Its Reguilatorv Imrpact Analvs.. the L.S. EnvironmentalProlection Agencv included illestment b snill reineries 1 cost tl
mates ior iuill coinplharie bit not ito the transition period See L.S Environmnental Protection Agemn'\. Rc'gulltrl/ Inirlt .-\i.i,;/<l-
H ,il,-D ta!lu llgub l iil Vliiihc l- h, iariird. mi , i, Hl \'l;te! DiciES/ Fu ,l Ilftur KRei-iircinliii . EPA420-R-(X)-2,h ( astlmigtlon .DC. Deceinher 2t)kt)
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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 $1240-$1,680 per barrel per daya $1,331-$1,849 per barrel per dayt $1.655-$2.493 per barrel per dayb
Hydrotreaters

Percent of Production from 80 percent 80 percent 66.7 percent
Revamped Equipment

Total Percentage of 4.4 percent total 4.4 percent total 10 percent total
Downgraded ULSD

Revenue Loss Associated with 0.2 to 0.3 cents per gallon for all 0.2 to 0.3 cents per gallon ULSD 0.7 cents per gallon ULSD based
Downgrade highway diesel based on model results 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 gallon None

Loss of Energy Content 0 percent 0.5 percent 1.8 percent

Yield Loss 1.3 percent yield loss (weight) at a Variable model result (about 1.5 Variable model result (about 1.5
cost of 0.1 to 0.2 cents per gallon percent by volume) percent by volume)

Loss of Fuel Efficiency None None 4 percent loss starting in 2010.
phased out by 2015

Change in Non-Road Diesel None None None
Standards

Change in Other Highway None None None
Diesel Properties

Import Availability Not studied Same as reference No imports

Return on Investment 7% before tax 5.2% after tax 10% after tax
(estimated 5.2% after tax)

'The low end of the range is for straight-run distillate; the high end is for light cycle oil
OThe low end of the range is for units processing low-sulfur feed with incidental dearomatization; the high end is for higher sulfur feeds with greater

aromatics improvement.
Sources: U.S. Environmental Protection Agency. Regulatory Impact Analysis: Heavy-Duty Engine and Vehicle Standards and Highway Diesel

Fuel Sulfur Requirements. EPA420-R-00-026 (Washington, DC. December 2000). and Energy Information Administration. Office of Integrated Anal-
ysis and Forecasting.

are associated with units processing 100 percent will double with the new Rule. This downgrade
straight-run distillate and 100 percent light cycle oil, assumption is associated with considerable uncer-
respectively. 1"4 tainty, because EPA's estimate of current down-

grade was not based on a scientific survey. The
* Revamping (retrofitting) existing units to produce EPA's estimation methodology was based on a sur-

ULSD will be undertaken by refineries representing vey by the Association of Oil Pipelines, in which six
80 percent of highway diesel production; the remain- respondents provided estimates of the current diesel
ing refineries will build new units. Other analyses fuel downgrade, ranging from 0.2 percent to 10.2
have assumed 60 percent revamps and 40 percent percent.
new builds, but the assumption of 80 percent
revamps and 20 percent new units was used in the * The costs associated with ULSD distribution are

EPA's RIA. The capital cost of a revamp is assumed based in part on EPA assumptions and in part on
to be 50 percent of the cost of new equipment, which NEMS results. This analysis uses the EPA's capital
is consistent with the EPA analysis. cost estimate of 0.7 cents per gallon for additional

storage tanks to handle ULSD during the transition
* The total amount of ULSD downgraded to a lower period. The capital expenditures are assumed to be

value product because of sulfur contamination in the fully amortized during the transition period. The
distribution system is assumed to be 4.4 percent, an ULSD Rule is assumed to increase the operating
increase of 2.2 percent from the reference case. This costs for distribution by 0.2 cents per gallon over the
assumption is based on the EPA's assessment that entire period. In addition, the EPA estimated a reve-
2.2 percent of diesel fuel is currently downgraded nue loss of 0.2 to 0.3 cents per gallon for all highway
and its assumption that the amount of downgrade diesel as a result of product downgrades. For this

114U.S Environmental Protection Agency. Regulatory Impact Analysis: Heavy-Duty Engilne and Vehicle Stalndards and Highway Diesel Fuel
Sulfur Reauirements, EPA420-R-00-026 (Washington, DC, December 2000), Table V.C-9.
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analvsis, the revenue loss estimate is based on NEMS * Imports of diesel meeting the new ULSD standard
model results, at 0.3 cents per gallon of ULSD during are assumed to be available to U.S. markets, but the
the transition period and 0.2 cents per gallon after level of imports relative to the level of product sup-
2010. plied by refineries in the United States is a model

result. Refineries in Canada, Northern Europe, and
* A cost of 0.2 cents per gallon is assumed for the addi- the Caribbean Basin (including Venezueia) are

tion of lubricity additives, consistent with estimates assumed to make upgrades to produce diesel fuel
by the EPA and with industry analyses. Lubricity meeting the 15 ppm sulfur cap for 2006. Canada is
additives are needed to compensate for the reduc- moving forward with plans to harmonize with diesel
tion of aromatics and high-molecular-weight hydro- regulations in the United States. European refiners
carbons stripped away by the severe hydrotreating will reduce diesel sulfur to 50 ppm for a new Euro-
used in the desulfurization process. pean standard in 2005. Some isolated European pro-

* The energy content of ULSD is assumed todeclineby duction of diesel meeting the ULSD standard is
0.5 percent, because undercutting and severe assumed, due to tax incentives for 10 ppm diesel in
desulfurization will result in a lighter stream compo- some markets. I " In order to divert ULSD from Euro-
sition than that for 500 ppm diesel. The EPA's analy- pean markets, prices in the United States wouTd have
sis made no explicit adjustment to the energy content to exceed the tax incentives plus shipping costs. In
of diesel fuel but estimated a cost associated with a 2000 less than 5 percent of U.S. imports of highway
1.3-percent (by weight) loss of yield. In the NEMS diesel came from Europe.
analysis, the yield loss is a variable model result In accordance with the PAs RIA, the before-tax
(generally around 1.5 percent by volume). The rate of return on investment is assumed to be 7 per-
National Petrochemical and Refining Association cent. Between 1977 and 1999 the combined before-
(NPRA) quoted a range of I to 4 percent energy loss tax return on investment for refiners and marketers
in comments to the rulemaking docket. NPRA also aeraged 7 percent, hich is equialent to a 5-averaged 7 percent, which is equivalent to a .:2-
estimated a vield loss of 1 to D percent. 117-estimated a ield loss of I to 5 percent. percent after-tax rate. 17 Because NEMS operates on

* In accordance with the EPA's RIA, changes to engine an after-tax basis, the 5.2-percent rate is used in the
after-treatment devices are assumed to result in no model. Most of the studies compared in Chapter 7
loss of fuel efficiency. Discussions with some engine assumed a 10-percent after-tax return on investment.
and emission control technology manufacturers
indicated considerable uncertainty about this The Committee indicated that this analysis was to be as
assumption. consistent as possible with the assumptions underlying

the EPA's RIA, and that sensitivity analysis should be
* No change in the sulfur level of non-road diesel is provided for assumptions that diverge significantly

assumed. The EPA analysis of ULSD reflects no from those in other studies or from expectations of
change in non-road standards, although the EPA is industry experts."' In addition to the Regulation case,
in the process of promulgating "Tier 3" non-road this report provides sensitivity analyses for five assump-
engine emission limits around 2005 or 2006, which tions associated with a greater uncertainty, for a Severe
are expected to be linked to sulfur reduction for case that.combines the assumptions of the five individ-
non-ro~cd diesel fuel.)' The level of sulfur reduction ual sensitivities, for a No Imports case, and for a 10".,
required for Tier 3 vehicles is highly uncertain Return on Investment case:
because of the diversity of the non-road market.

* In the Higher Capital Cost case, the capital cost of the
* No changes to other highway diesel specifications, first notional hydrotreater is 24 percent higher than

such as aromatics or cetane, are assumed. Some in the Regulation case, and the capital cost of the sec-
refiners anticipate changes to these parameters in the ond notional unit is 33 percent higher. 1
future because of their relationship to emissions of
particulate matter (PM). The State of California In the 2/3 Revamp case. two-thirds of upgrades at
already limits aromatics to 10 percent by volume, refineries are assumed to be accomplished by retro-
which is reflected in this analysis. Proposals for simi- fitting existing equipment and one-third by con-
lar requirements in other States are not included. struction of new units. With the exception of the

1 'L S. Environmental Protection Agency. Rcduicii,\ Air Pollhitio fronm .\on-roald £nEii.ii. EPA420-F-OI00-t4S (\. ashlnliton. DC. \ox einter
2I') . p 3

!"Gerinmanii and the United Kingdom have proposed tax incentives for sales o' It) ppin diesel

' Based on financial information from Form EIA-28 (Financial Reporting Svsten)

'!EIA did not assess the validity of theseasilmptions
19Thecapital costs used in this case are based on recent work by EnSvs. with rev isions based on corresp[onide(,'l \wih X\r Vlaril 1 .l loti.

April 123. 2X)1
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EPA, all other cost analyses for ULSD have used an ULSD is more certain. Thus far, only Canada has
assumption of 60 percent revamps and 40 percent announced its intent to align with the final U.S. leve'
new units. The two-thirds revamp assumption was and timing for reducing sulfur in highway diesel
developed from EIA's individual refinery analysis fuel. 22 Environment Canada expects to launch a
(see Chapter 5 and Appendix D). public consultation process in the next few months

to facilitate the rulemaking, which is similar to the
In the 10% Downgrade case, a total of 10 percent of to filite te rule aking ic is s a toU.S. ULSD Rule while taking into account issues
the 15 ppm diesel is assumed to be downgraded to a u e t e Canadian market. 1unique to the Canadian market.) 23
lower value product because of contamination with
higher sulfur products in the distribution system. · The 10% Return on Investment case uses the after-tax
Before 2010 the contaminated product is assumed to rate of return assumed by most other studies (10 per-
be downgraded to 500 ppm highway diesel and does cent), which is higher than the 5.2-percent after-tax
not result in additional production of 15 ppm high- rate used in the Regulation and other sensitivities,
way diesel. After 2010, when all highway diesel must consistent with the EPA's assumption.
meet the 15 ppm sulfur standard, refineries must
produce an extra 7.8 percent of highway diesel above Although the assumption of non-road diesel sulfur con-
the reference case level, which will be sold as tent is also highly uncertain, a sensitivity analysis would
non-road diesel or heating oil. The EPA assumption have required significant changes to the model structure
of 4.4 percent total downgrade after the ULSD Rule and was not within the scope of this study. Sensitivity
takes effect in June 2006 (2.2 percent higher than in analysis of other diesel properties was also beyond the
the reference case) is on the low end of downgrade scope of the study.
estimates, which range up to 17.5 percent by Turner
Mason. Results

- In the 4% Efficiency Loss case, manufacturers are
assumed to meet the emissions requirements by Discussions of all results are framed in terms of changes
installing after-treatment technology on new vehi- from the reference case. In the Regulation case and in all
cles beginning in 2010, resulting in a 4-percent loss of the sensitivity cases, projections for 2007 reflect the first
fuel efficiency. The loss in new vehicle efficiency is full year of the program at 80 percent ULSD and 20 per-
assumed to be fully phased out by 2015 as,a result of cent 500 ppm highway diesel, and 2011 reflects the first
technological improvements. 120' full year of 100 percent ULSD. During the years requir-

ing 80 percent ULSD, the reference case and sensitivity
* In the 1.8% Energy Loss case, a greater loss of energy cases project that the greatest price increase will occur in

- content is assumed than in the Regulation case, 2007, because all investment for compliance with the
which assumed a 0.5-percent loss. The loss of energy "80/20" provision of the ULSD Rule must be met by that
content is associated with more severe undercutting time. Similarly, a second peak in marginal prices is pro-
and desulfurization due to heavier crude oil jected in 2011, because all investment for full compliance
inputs.1 2 ' with the Rule must be in place by that time. Year-to-year

* The Severe case combines the assumptions of the variations in marginal prices can reflect differences in
four sensitivity cases above. This scenario is more in levels of demand for diesel and other products, oil price
line with the assumptions used by alternative stud- projections, the economics of domestic production ver-
ies related to ULSD than with the EPA's RIA. sus imports, and other factors.

* The No Imports case assumes that no foreign In the reference case, demand for transportation distil-
imports of ULSD will be available. This assumption late (highway diesel) is projected to increase by 2.5 per-
is not included in the Severe case because it is consid- cent per year from 1999 to 2015. In the Regulation case,
ered to be relatively unlikely. The greatest uncer- highway diesel demand is projected to grow at a slightly
tainty for import availability is likely to occur in the higher rate of 2.6 percent per year for the same period,
early years of the program because foreign refiners largely due to the 2.2 percent additional (4.4 percent
may delay investment until the market outlook for total) downgrades of highway diesel in the distribution

120This assumption is based on interviews with engine and technology manufacturers. Although this case reflects a scenario in which
losses in efficiency from emission contol are not overcome by new technology, the considerable time available for research and development
may provide government and industry ample time to resolve the fuel efficiency loss issues associated with advanced emission control tech-
nologies.

121The National Petrochemical and Refining Association provided data indicating that energy loss may be greater than assumed by the
'A. Letter from Terrence S. Higgins to James M. Kendell, February 8, 2001.

122 Public Works and Government Services Canada, Canada Gazette, Vol. 135, No. 7 (February 17,2001), p. 454.
123 Maureen Monaghan, Natural Resources Canada, "Canadian Sulfur Standards for Gasoline and Diesel Sulfur," presentation to the

U.S. Department of Energy (March 12,2001).
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system. In other words, the additional downgrades Table 14. Variation from Reference Case
must be offset by more ULSD production after 2010. The Projections of Cumulative Capital
effect of downgrades is more pronounced in the 10%'. Expenditures for Hydrogen and Distillate
Downgrade case and the Severe case, where highway Hydrotreating Units in EIA Sensitivity
diesel demand is projected to increase by 2.9 percent and Cases, 2007, 2010, and 2015
3.1 percent per year, respectively, from 1999 to 2015. (Billion 1999 Dollars)

Analysis Case 2007 2010 2015

Regulation Case Regulation............. 4.2 6.3 6.8

In the Regulation case, cumulative investment in distil- Higher Capital Cost.. 5 4 7.8 8.8

late hydrotreating and hydrogen units is projected to be 23 Revamp ....... 4.6 6.9 7.6
54.2 billion higher than projected in the reference case in 10% Downgrade........ 4.2 6.7 .3
2007 and 56.3 billion higher in 2011, when upgrades for 4% Etficiency Loss ...... 4.2 6.3 6.9
meeting full compliance with the ULSD Rule will be 1.8'o Energy Loss..... 4.2 6.3 6.9
complete (Table 14). In the early part of the transition Severe ................ 5.9 9.3 10.5
period, upgrades for making ULSD may be constrained No Imors ..... 4 4 6.5 7.
by specialized workforce and manufacturing limitations Source: National Energy Modeling System runs DSUREF D043001=
and access to capital, all of which will be in competition CSU7PPM.DO43001A. DSU7HC.DG43001A DSU71iNV.D043001A
with projects for meeting the requirements for low- CSU7GGO.DO4o001A DSU7TRN.D043001A DSU7 eTU DO43

CSU7ALL.DO50101A. and CSUI71MPO.D043001A
sulfur gasoline (see Chapter3). Theprojected 52.1 billion
in investment between 2007 and 2011 reflects expendi-

products, because it changes the mix of total refinery
tures for meeting expectations of growing demand for

production. The ULSD Rule is projected to result in
highway diesel, in addition to full compliance with the prodtio he le s r ted to ret

Rule. After .2011, incrementa upgradestomeetfslightly lower yields of higher sulfur distillate used forRule. After 2011, incremental upgrades to meet future
non-road and heating purposes, because its productiondistillate demand are projected to continue, resulting in non-road and heating purposes because ts production
is replaced by ULSD that is produced bv refineries but is

another $0.5 billion of investment in desulfurization is replaced by ULSD that is produced by refineries b is
equipment ~by 2015. -downgraded to higher sulfur products in the distribu-equipment bv 2015. equ-* ipment'~ *tion system. The availability of the downgraded ULSD

The Regulation case results in an increase in the mar- reduces the projected prices for high-sulfur distillate by
ginal annual pump price for ULSD of 6.5 to 7.2 cents per about 1 cent per gallon relative to the reference case. The
gallon between 2007 and 2011 (Table 15). The peak dif- analvsis revealed no clear trends for other distillate
terential is projected to occur in 2011, when all refiners products as a result of the ULSD Rule.
must produce 100 percent ULSD. The projected differen-
tial declines after 2011. reaching 5.1 cents per gallon in Higher Capital Cost Case
2015. About 0.7 cents ot this decline is the result of no Because of limited experience in producing diesel con-
longer needing to include EPA's estimate of additional taining less than 10 ppm sulfur, the capital costs for
capital investments for distribution and storage of a sec- hydrotreaters able to mass produce ULSD are uncertain.
ond highway diesel fuel during the transition period. A The Higher Capital Cost case results in refinery invest-
drop in capital expenses for distribution systems occurs ment for hydrogen and distillate hvdrotreating units
after 2010 as a reflection of the EPA's assumption that totaling 55.4'billion in 2007, which is S1.2 billion above
these investments will be fully amortized during the the Regulation case level. By 2011 the Higher Capital
transition period. The remainder of the drop in the Cost case is projected to require S7.8 billion of invest-
post-2011 differential occurs because refineries are ment, S1.5 billion more than in the Regulation case. The
expected to have completed the upgrades necessary for higher investment costs translate to a higher projected
full compliance, and to be making incremental improve- price path for ULSD. Relative to the reference case, price
ments that will make ULSD production less challenging. differentials are projected to range from 7.5 to 7.8 cents
A similar decline in the price differential also occurs in per gallon between 2007 to 2010, peaking at 8.1 cents per
all the sensitivity cases. -gallon in 2011, the first full year of full compliance. These

prices are 0.8 cents per gallon higher on average than
Through 2010, the Regulation case projections for high- those in the Regulation case.
way diesel consumption exceed the reference case levels
by up to 10.000 barrels per da.y, which can be attributed 2/3 Revamp Case
to the assumption of 0.5 percent loss in energy content.
In 2011, the differential in consumption increases to The 2/3 Revamp case results in a higher projected price
83.000 barrels per day, due mostly to the downgrade of path for ULSD. with price differentials ranging trom 6 9
2.2 percent of ULSD to lower value non-road markets. to 7.6 cents per gallon higher than in the reference case

from 2007 to 2011. Prices are generally higher than in the
In a refinery, the impact of a change in the makeup or Regulation case, with the differential between the two
production level of a product can filter through to other cases at its widest in 2u)11 at 0.4 cents per gallon. The 2,'3
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Revamp case reflects greater reliance on new equipment additional ULSD production after 2010. This means that
than in the Regulation case, resulting in an additional refiners must produce 212,000 barrels per day mor
$600 million of investment for full compliance in 2011. ULSD after 2010 than in the Regulation case, which

translates to an additional $500 million of investment by

10% Downgrade Case 2015.
The 10%/ Downgrade case reflects a net downgrade Aside from the impacts on ULSD on demand and refin-
increase of 7.8 percent over the reference case and 5.6 ery investment, the 10% Downgrade case has implica-
percent over the Regulation case. Total highway diesel tions for the economics of pipelines and marketers,
consumption increases by up to 10,000 barrels per day in because they incur a revenue loss when a portion of the
the transition period in both the 10% Downgrade case ULSD going into the system comes out of the system as a
and the Regulation case. After 2010, the 10% Downgrade lower value product. Table 16 shows the costs associated
case results in an additional 289,000 barrels per day of with ULSD distribution in the Regulation and 10%
highway diesel consumption, compared with an addi- Downgrade cases. The capital costs, which are assumed
tional 83,000 barrels per day in the Regulation case. The to be the same in both cases, reflect additional infrastruc-
greatest impact from downgrade in either the 10% ture required for carrying a second highway diesel
Downgrade or Regulation case on refiners and consum- product during the transition period. The estimate for
ers occurs after 2011,because until that time the contai- capital expenditures was taken from the EPA's RIA and
inated product can be downgraded to 500 ppm highway is fully amortized over the transition period. The addi-
diesel with no net increase in highway diesel produc- tional annual diesel fuel distribution costs in the Regula-
tion. Because all highway diesel supplied must meet the tion case differ slightly from the EPA estimates (see
15 ppm sulfur cap in June 2010, ULSD exceeding 15 ppm Table 26 in Chapter 7), because different revenue losses
sulfur at some point in the distribution system must be associated with product downgrade are assumed.
downgraded to non-road markets and must be offset by

Table 15. Variations from Reference Case Projections in the Regulation and Sensitivity Analysis Cases,
2007-2015

Analysis§~~ Case 2"~ 2-015 l2007-2010 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)a
Regulation ........... 7.0 6.7 6.5 6.8 7.2 5.1 6.8 5.4
Higher Capital Cost ..... 7.8 7.6 7.5 7.6 8.1 5.8 7.6 6.2

2/3 Revamp ........... 7.3 6.9 6.9 7.1 7.6 5.4 7.1 5.7
10%o Downgrade ........ 7.4 7.1 6.8 7.2 9.1 5.7 7.2 6.4

4°% Efficiency Loss ...... 7.0 6.7 6.5 6.9 7.3 5.3 6.8 5.7

1.8% Energy Loss ...... 7.3 7.0 6.6 6.9 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

No Imports ............ 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

2/3 Revamp ........... 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 47 127 131 42 128

Severe ............... 41 . 40 39 57 355 374 44 366
No Imports ............ 10 9 7 7 81 83 8 81

Total Imports of Highway Diesel Fuel (Thousand Barrels per Day)
Regulation ............ -36 -1 -1 0 0 0 -10 0
Higher Capital Cost ..... -36 -1 -1 0 0 0 -10 0
2/3 Revamp ........... -36 -1 -1 0 0 0 -10 0
10% Downgrade ........ -36 -1 -1 0 0 0 -10 0
4% Efficiency Loss...... -36 -1 -1 0 0 0 -10 0
1.8% Energy Loss ...... -36 -1 -1 0 0 0 -10 0
Severe ............... -36 -1 -1 0 0 0 -10 0
No Imports ............ -120 -125 -125 -125 -125 -125 -124 -125
aEnd-use prices include marginal refinery gate prices, distribution costs. and Federal and State taxes but exclude county and local taxes.
Source: National Energy Modeling System, runs DSUREF.D0430(1lB. DSU7PPM.D043001A. DSU7HC.D043001A, DSU71NV.D043001A.

DSU7DG10.D043001A. DSU7TRN.D043001A, DSU7BTU.D043001A. DSU7ALL.D050101A, and DSU71MPO.D043001A.
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4% Efficiency Loss Case a 0.5-percent loss per barrel. This case results in an aver-
age increase in ULSD consumption of 42,000 barrels per

The 4% Efficiency Loss case reflects an expectation, by dag between 2007 and 2010. Due to the 00 percentday between 2007 and 2010. Due to the 100 percent
some engine and emission technology manufacturers, LSD requirement, the impact of the lower energy con-
that emission requirements for new heavv-dutv vehicles greatest after 2010 when it widens to 128,000 bar-
in 2010 will be met by installing after-treatment technol- rels per da Relative to the Regulation case, the 1 8%
ogy, which could result in a 4-percent loss of fuel effi- Energy Loss case results in an average of 33,000 barrels
ciency. Technological improvements are assumed to per da of additional demand through 2010 and 4,000
fully offset the loss in fuel efficiency of new vehicles by barrels per da after full compliance. This additional
2015.124 The combined impact of the ULSD requirement demand does not change refinerv investent patterns
and less efficient new vehicles results in 19,000 barrels relae to te Regulation car .i ecau: it can be pro-

relative to the Regulation ca-.. oecau':e it can be pro-
per day of additional highway diesel consumption in vided through higher utilization raes..
2010 and 107,000 barrels per day in 2011 through 2015.
The introduction of less fuel-efficient vehicles accounts The price differentials from the reference case average
for 11,000 barrels per day of the additional demand in 7.0 cents per gallon between 2007 and 2010 and 5.5 cents
2010 and 24,000 barrels per day of demand after 2010. per gallon between 2011 and 2015. In anticipation of
Refiners are projected to invest an additional $100 mil- higher demand, refineries are expected to build slightly
lion dollars through 2015 relative to the Regulation case more capacity in the transition period than they would
to provide for the slightly higher diesel demand. in the Regulation case. Because of the slightly different

investment pattern, prices in the 1.8% Energy Loss case
The additional demand for highway diesel results in are 0.2 cents per gallon higher than in the Regulation
prices that are 5.7 cents per gallon above reference case case on average through 2010 and comparable to Regu-
prices on average between 2011 and 2015. This differen- lation case prices after 2010.
tial is 0.3 cents higher than when no fuel efficiency loss is
assumed. Owners of vehicles purchased between 2010 Severe Case
and 2015 would see the greatest impact under this case,

In the Severe case, the ULSD requirement in combina-because diesel vehicles of that vintage would consume
tion with the five sensitivity assumptions results in an

relatively more diesel fuel.1 rae moe average of 44,000 barrels per day of additional highway
~1 ~.8%~ Energy Loss Case ~diesel consumption between 2007 and 2010 and an aver-

1.8%0 Energy Loss Case age of 366,000 barrels per day of additional demand
-Due to changes in refinery processing, ULSD is expected between 2011 and 2015. The ULSD regulation by itself
to have slightly less energy content than 500 ppm diesel. accounts for about 9,000 barrels per day of the additional
The 1.8"., Energy Loss case reflects a greater loss of consumption through 2010 and about 83.000 barrels
energy content than the Regulation case, which assumes per day after 2010. The combined effect of the five

Table 16. Variations from Reference Case Projections of Fuel Distribution Costs in the Regulation and
10%o Downgrade Cases
I999 Cents per Gallon)

Analysis Case . Average Annual Cost. j Average Annual Cost
and Cost Component ; June 2006 -June 2010 ; After June 1. 2010

Regulation

^-z: -... ................. 1.2a 0.4 a

:-'3: _- :.s; . ..................... C.2 C..'_-t3 ..x'CS . . C.2

?;.-. ?a--s -'.C'enue LOSS ....... .... C.3 .

10° Downgrade

:- .............. 1.6 0.9

C.2
,r.;_;.... ......... C.? '

-"=;- :'"~ -,7:sLs ..... ........ . C 2

-;.,.3-'.'-'.1: - --. , ,ue .............. C.7

-- .a':!:cnal annua' dies-el tlu- csric.ullon :s;s:. in ih- Regulalorn cas dihtte?' SlZnl:- It"m !ro : E - 5'ma: s ' s - -a : -:'- -

;.-.a.s-.:f-r'err e.'enuoe ,sses ass5oc;atea m:l h l r3OucI oov.ncrar,' ar- assume-.
-:':- -s Capital Costs and Operating Costs: U.S Environmenla! DroleC-lon Aoencv. nreo;iadtr:; ,r::,.: :-i- a-..s . .. _ z...,, f- .

;. .V'.-- .;-"'.J'S t3nC -r.'I: .: ,esel Fiu.! Sul.ui Reqi.renerrs. EA;2--R-CGC?70 'i .sn^u-:::-. C. - .. . ..:- . :
..;. .: eI.c_ s. f2 r..s h.2X. 7rm r'!a.v.p. l Opier3t'ng Ccss include oDerat!nS; x:.:. :-.i rtx j r'- - :._ :--": i- -',- --: -;.-:e- Downgrade

Revenue Loss: En-rg.. Irtlrmalion Adninislralion. Ohice of inlegralea Analvsis anc nCre.as!'%- G3-; r 2-',--'-:.Z ?2:-3s :..-__- .S ?'? _ .

' -rs -': . _3' ai es-i

T'-Thii assuinptiot I s based oa iIntervlew-' waith elngine rnid technolog! rnalnlliacltrcer
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assumptions raises demand beyond that in the Regula- Regional Variations in Refining Costs
tion case by about 35,000 barrels per day through 2010
and by about 283,000 barrels per day after 2010. The Differences between regional refinery gate prices in tht
higher downgrade assumption accounts for about analysis cases relative to those in the reference case
212,000 barrels of the additional demand after 2010. The reflect variations i the marginal costs of producing
Severe case results in a projected increase in refinery ULSD between regions (Table 18) The cost curveanaly-

sis described in Chapter 5 indicates that PADD IV,investments for hydrogen and distillate hydrotreating sis described in Chapter 5 indicates that PADD IV
totaling $9.3 billion in 2011, $3.0 billion more than in the which contains relatively small refineries, can be
Regulation case. Higher demand in the Severe case expected to be the highest cost region; however, these
results in marginal prices 1.7 to 3.5 cents per gallon costs are obscured by the aggregate model representa-
above those in the Regulation case tion in NEMS. The Petroleum Market Module provides

refining costs for three separate regions: PADD I (the

No Imports Case East Coast), PADDs II-IV aggregated (mid-U.S.), and
PADD V (the West Coast). In the transition years of the

In 1999,87 percent of all imports of highway diesel went Regulation case, regional refining costs (excluding dis-
to PADD I (the East Coast), which is less self-sufficient tribution costs) range from an average of 4.8 cents per
than other regions in terms of refinery production. The gallon in PADD V to 5.3 cents per gallon in the other
East Coast is expected to continue to be the major market regions, with an average U.S. cost of 5.2 cents per gallon.
for imported highway diesel; however, a slight reduc-
tion in imports is projected under the ULSD Rule, The relative patterns of regional costs during the transi-
because it is more economical for domestic refiners to tion period are similar in all the sensitivity cases, with
provide the last barrel supplied. The No Imports case PADD I as the highest cost region of the three NEMS
assumes that imports of highway diesel fuel are zero regions, PADD V as the lowest cost region, and PADDs
and, therefore, 120,000 to 125,000 barrels per day lower II-IV (and the U.S. average) falling in between The rela-
than projected in the reference case. The lack of imports tively high ULSD production cost in PADD IV is masked
means that domestic refineries must produce that much in the mid-term analysis, because PADD IV is aggre-
more ULSD. During the transition years, prices in the No gated both with PADD II and with the largest and lowest
Imports case are only slightly lower than in the Severe cost refining region, PADD III Average marginal refin-
case, indicating the sensitivity of the market to imports. ing costs generally are expected to fall by about 0.5 to 0.E
The requirement for more production results in mar- cents per gallon after 2011, as refineries make incremen-
ginal prices 1.1 to 1.6 cents per gallon higher than in the tal improvements to meet incremental increases in
Regulation case. The higher prices in the No Imports demand more efficiently.
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, Conclusion
refineries are projected to meet the additional ULSD
requirement by investing an additional $200 million in The ULSD Rule is projected to require total refinery
desulfurization equipment through 2015, and by reduc- investments ranging from $6.3 billion in the Regulation
ing jet fuel production and importing more jet fuel. More case to $9.3 billion in the Severe case, resulting in high-
ULSD is also shipped from PADDs II-IV to PADD I to way diesel fuel price increases that range from 6.5 to 10.7
compensate for the lack of imports.

10% Return On Investment Case Table 17. Variations from Alternative Reference
Case Projections in the 10% Return on

This case assumes that refiners will realize a higher rate Investment Case, 2007-2015
of return than is assumed in the Regulation case and in Difference Between End-Use Prices
all the other sensitivity cases for this analysis, which of ULSD and 500 ppm Diesel
assume a 5.2-percent after-tax return on investment. Yea r (1999 Cents per Gallon)
Because the 10% Return on Investment case must be 2007 ............. 7.9
compared with an alternative reference case that uses a 2008 ........ 7.5
consistent rate of return, the projected price differentials 2009 ............. 7.6
are presented separately from those for the cases that are 2010............... 7.7
compared with the reference case (with a 5.2-percent 2011............... 80
after-tax rate (Table 17). The resulting price differentials 2015..... ....... 57

'nge from 7.5 to 8.0 cents per gallon between 2007 and 2007-2010 Average.... 7.7
)J 1 and are 0.9 cents per gallon higher on average than 2011-2015 Average.... 6-0

when the 5.2-percent after-tax rate is assumed The dif- aEnd-use prices include marginal refinery gate prices, distribution
ferent return on investment affects the payback of costs, and Federal and State taxes but exclude county and local taxes.

ferent return on investment affects the payback of Source: NEMS runs DSUREF10.D043001A and DSU7PPM10.
investment but does not affect the level of investment. D043001A.
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cents per gallon between 2007 and 2011. Because this associated with a requirement for additional ULSD sup-
analysis is based on results from a long-run equilibrium plies of 272,000 barrels per day above demand levels in
model, it does not capture the uncertainty of supply dis- the Regulation case, of which 206,000 barrels per day
cussed in Chapter 5. The NEMS analysis reflects more results from the 10-percent downgrade assumption.
aggressive investment than is portrayed for individual
refiners in the short-term analysis. In the Regulation Because NEMS is a long-run equilibrium modei, it can-
case, which uses many of the EPA's assumptions, prices not address short-term supply issues; however, the No
are projected to increase by 6.5 to 7.2 cents per gallon Imports case does provide some implications for short-
between 2007 and 2011. The widest price differen- term supply. When no availability of ULSD grade
tial-10.7 cents per gallon in 2011-is projected in the imports is assumed, the marginal price of ULSD is pro-
Severe case, which is based on assumptions more consis- jected to exceed prices reflecting access to imports by
tent with industry views. This peak price differential is about 1.2 to 1.6 cents per gallon between 2007 and 201 1.

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 Gallon)

Analysis Case and 2007-2010 2011-2015 Analysis Case and 2007-2010 2011-2015
Producing Region Average Average Producing Region Average Average

Regulation 4%o Efficiency Loss ...

U.S. Average ........ 5.2 47 U.S. Average ........ 5.2

PADD . ...... ..... 5.3 4.8 PAD I ............ 5.3 5.3

PADDs I:-IV ......... 5.3 4.8 PADDs II-IV ......... 5.3 .

PADD V ........... 4.8 4.3 PADD V ......... ... 4.8 .

Higher Capital Cost 1.89o Energy Loss ....

U.S. verage .4 5.2 U.S. Average ........ . 4.

- ... .. ... . 6. 5.5 PADD I ............
c

ANS~ :, . ..... , 5.3 PADDs -IV ......

_ : *- _ , _54 49 -I PADD V ... .. . .2

2.'3 Revam Severe ..............
..- Av'er-e -5.- 4.9 U.S. Average ... .. 7

.- .,.- .......... 5.C 5.0 PADC i............ 7

P'^: ;-' .. ..... 6.0 SE.0 PADDs li-iV ........ 4

'=-;__ . ·.. . 5. 4.5 i PADDC ........ 5 5..
10°c Downgrade No Imports ..........

·- : - "-=...- =. 55.2 .2 U.S. Average . .. 6 :

~-:-- 5.3 5 4 PA 5 lI . . --....

; . 5..3 5.3 i PACDs I1-' . ..... 3 s '.!V.-
-";~-- '. 3. . a·.3 . . .. J_ 7 -S7. _0jC PADsi -V . ........ .. :-

'." E.' :.;Ss ,.-...Sj C C 'E.. C..'u'D00..'.-. .,"-' ' ."-.._' r..:--: :- '.-'-:_
--. --- 2 ..- _ .-'. - _' 5U.D00A,3 4 3CC O. A. DS-ALLPD0O510 A. and DSUS71MPC.D0430C.- A
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7. Comparison of Studies
on ULSD Production and Distribution

This chapter compares the methodology and results of operate as a single firm, or estimated from analysis of
the Energy Information Administration's (EIA's) analy- individual refineries. In general, marginal cost estimates
sis with those from a number of other studies related to that represent the cost of the last barrel of required sup-
ultra-low-sulfur diesel fuel (ULSD) supply and costs. ply can be seen as estimates of market prices. Much of
Refinery costs and investments are compared with other the variation in investment and cost estimates reflects
estimates from studies by the U.S. Environmental Pro- different assumptions about the cost of technologies;
tection Agency (EPA), Mathpro, the National Petroleum return on investment; the extent to which refiners will
Council (NPC), Charles River and Associates and Baker modify existing equipment or build entirely new
and O'Brien (CRA/BOB), EnSys Energy & Systems, Inc. hydrotreaters; the cost and quantity of additional hydro-
(EnSys), and Argonne National Laboratory (ANL). gen required; the extent to which some refineries ma!
EIA's estimates of distribution costs are compared with reduce highway diesel production; and the amount of
estimates from the EPA, ANL, and Turner, Mason and highway diesel downgraded due to fuel contamination
Company (TMC). A review of an analysis of alternative during distribution.
markets for diesel fuel components by Muse, Stancil and
Company (MSC) is also provided. All cost estimates in In EIA's refinery-by-refinery analysis (cost curves), the
this chapter have been converted to 1999 dollars. increased cost of producing ULSD in 2006 is estimated-to

be between 5.4 and 6.8 cents per gallon. Using the
National Energy Modeling System (NEMS) Petroleum

Analyses of Refining Costs Market Modul-? (PMM), the increased cost of producing
.-ULSD is estimated to be between 4.7 and 7.3 cents per

The refining cost studies reviewed here represent a gallon from 2007 to 2010 and between 6.5 and 9.2 cents
range of methodologies and assumptions. An under- per gallon in 2011.125 The estimated additional produc-
standing of some kev terms is important to differentiat- tion costs are associated with expected increases in aver-
ing between the methodologies of the various studies. age marginal price increases at the pump ranging from
The studies were based on two general types of method- 6.5 to 8.8 cents per gallon in the transition period and 7.2
ologies: a linear programming (LP) approach used by to 10.7 cents per gallon in 2011. In the Regulation case,
Mathpro, NPC, EnSvs, DOE, and EIA; and a refin- which uses many of the EPA's assumptions, prices are
erv-bv-refinerv approach used bv CRA, EPA, and EIA. projected to increase by 6.5 to 7.2 cents per gallon
Within either approach, the studies used different meth- between 2007 and 2011. The widest price differential-
odologies and made different assumptions that make 10.7 cents per gallon in 2011-is projected in the Severe
them difficult to compare. For instance, two different case, which is based on assumptions more consistent
types of LP refinery models were used. The Mathpro with industry views.
analysis used an LP model of a "notional refinery" that
represented an average refinery in a given region. In For consistency with the EPA's analysis. EIA estimates
contrast, EnSvs and EIA used refinery LP models that are based on a. 7-percent before-tax return on invest-
represented an aggregate refinery, or all the refineries in ment, which is estimated to equate to a 5.2-percent
a region acting as one (Tables 19 and 20). after-tax rate of return.; 2" When a 10-percent after-tax

rate of return, which was used in all the other analyses. is
Costs estimated by the different studies are not easy to assumed; the refinerv-bv-refinerv costs are about 0:8 to
compare, because differences in estimation methodolo- 1.2 cents per gallon higher than in the Regulation case.
gies make them conceptually different. Both "average" and the NEMS costs are about 0.8 to 1.1 cents per gallon
and "marginal" costs can be based on LP models that higher than in the Regulation case.

IFln the NEMS PMM prolections. the L.S price i' the average of the marginal prices, 11l t thrfe nrmodel reilo'n:
12 1According to ilrntncial iniormaltion from Form EIA-28 (Financia- l Reportirr Sy. 1el) rein erTr a Inid inmirkel 'r ,.\ it'r.rl d a -{¢rc-t:i

belore-tax return on in:-esiment between 1977 and 19'l9
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Table 19. Methodologies Used To Estimate ULSD Refining Costs
Author Client Date Methodology

Mathpro Engine Manufacturers Association October 1999: updated August 2000 LP, notional refinery
Original study: PADDs I-IIl average
cost (aggregated)
Updated study: average cost U.S.
excluding California

EPA December 2000 Refinery-by refinery analysis.
average cost alfer credit trading

NPC U.S. Department of Energy June 2000 Adjusted Mathpro's LP results from
original study. average cost

CRA/BOB American Petroleum Institute August 2000 Constructed cost curves using
industry interviews. refinery-by-
refinery analysis, marginal cost of
PADDs I-IlI aggregated. PADD IV.
PADD V. and U.S.

EnSys U.S. Department of Energy August 2000 LP. aggregate PADD III refinery,
average cost by each quartile oL
production, marginal costs provided
for one scenario

ANL U.S. Department of Energy November 2000 Estimated weighted average costs
based on EnSys costs

EIA U-S. House of Representatives. April 2001 (1) LP; aggregate regional refineries.
Committee on Science PADDs I, II-IV 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 De-
sel Fuel Sulfur Requirements. EPA420-R-00-026 (Washington. DC. December 2000). Chapter V. web site www.epa.gov/otaq/regslhd2007/trm/
ria-v.pdf. Mathpro: Mathpro, Inc., Refniing Economics of Diesel Fuel Sulfur Standards: Supplemental Analysis of 15ppm Sulfur Cap (Bethesda. MD.
August 2000), Exhibit 8. Case 1. 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 Potential Impacts of
Proposed Environmental Regulations on U.S. Refinery Supply of Diesel Fuel, CRA No. D02316-00 (August 2000). EnSys: EnSys Energy & Sys-
tems, Inc. Modeling Impacts of Reformulated Diesel Fuel (Flemington. NJ, August 2000). ANL: M.K. Singh, Analysis of the Cost of a Phase-in of l
ppm Sulfur Cap on Diesel Fuel. Revised (Argonne. IL: Center for Transportation Research. Argonne National Laboratory. November 2000). EIA:
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 Results Refinery Year Period Results Cost Prices Prices Analysis

Mathpro ..... X X X X
EPA ............... X 2006.2010 X X X

N C .. ... ........ X X X

CRAiBOB . . X X X X Short-run X

EnSys ........... X X X

ANL ..... ... ........... 2006-201 X X

EIA NEMS ........... X 2007-2015 X X Long-run X

EtA Pefinery by Refinery. X X X X .X

auses Mathpro results
bUses EnSys results
CPhase-in of 8 percent ULSD to 100 percent.
Sources: EPA: US. 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/otaq/regs/hd2007trrrmria-v.pdt. Malhpro: Mathpro. Inc.
Refining Economics of Diesel Fuel Sulfur Standards: SupplementalAnalysis of 15ppm Sulfur ap (Bethesda. MD. August 2000). Exhibil 8, Case 11. NPC: National Petro-
leum Council. U.S. Petroleum Refining: Assunng the Adequacy andAffordabilityof Cleaner Fuels (June 2000). Chapter 3. CRAIBOB: Charles River Associates. Inc. and
Baker and O'Brien. Inc.. An assessment o the Potential Impacts of Proposed Environmental Regulations on U.S Refinery Supply of Diesel Fuel. CRA No 002316-00
(August 2000). EnSys: EnSys Energy & Systems. Inc. Modeling Impacts ol Reformulated Diesel Fuel (Flemington. NJ. August 2000). ANL: M.K. Singh. Analysis of The
~ost of a Phase-in of 15 ppm Sulfur Cap on Diesel Fuel, Revised (Argonne. IL: Center for Transportation Research. Argonne National Laboratory. November 2000) EIA

:finery by Refinery: Energy Information Administration. Office of Integrated Analysis and Forecasting (Chapter 5 of this report). EIA NEMS: National Energy Modelino
/stem. runs DSUREF.D043001B. DSU7PPM:D043001A. DSU7HC.D043001A. DSU71NV.D043001A, DSU7DG10.D043001A, DSU7TRN.D043001A DSU7BTU.

0043001A. DSU7ALL.D050101A. DSU71MPO.D043001A. DSUREF10.D043001A. and DSU7PPM10.DO43001A.
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EPA Analysis In addition to increased refining costs, the EPA esti-
mated that the addition of lubricity additives would cost

The EPA analysis was conducted in support of the final approximatel cents per gallon and dstruion
rulemaking published in December 2000.127 The EPA costs were estimated to add another .1 cents per gallon
analysis used a refining cost spreadsheet that included during the temporar compliance period and 0. cents
refinery-specific estimates for meeting the new highway per gallon after full compliance 13 The analysis behind
diesel standards and aggregated them to estimate fuel the distribution cost estimates is discussed below
cost increases at the Petroleum Administration for
Defense District (PADD) and national levels. The costs Increased refining costs were expected to result from
of meeting the final ULSD Rule were analyzed without capital investment of $3.9 billion to meet the 2006
including possible reductions in non-road diesel sulfur. requirements and another S1.4 billion to reach full com-
The EPA estimated that the ULSD Rule would increase pliance in 2010. for a total investment of 55.3 billion. 131

average national production and distribution costs by The EPA estimated that the average refinery would
5.4 cents per gallon of 15 ppm disel (4.5 cents per gallon spend $43 million dollars in capital expenditures and an
for all highway diesel) during the temporary compli- additional $7 million per year in operating costs.
ance period (2006 to 2010).12 The total cost after full
compliance in June 2010 was estimated at 5.0 cents per The EPA assumed that, in order to meet the 15 ppm
gallon (Table 21). highway diesel requirement, refiners would need to

produce 7 ppm diesel fuel on average. It was assumed
The largest component of the costs estimated by the EPA that 80 percent of diesel refining capacity would meet
was increased refining costs (4.1 cents per gallon for 15 the new standards by modifications to existing
ppm diesel and 3.3 cents per gallon for all highway die- hydrotreaters and the other 20 percent by building new
sel between 2006 and 2010;4.3 cents per gallon afterJune hydrotreaters. The analvsis included cost estimates
1, 2010). The cost estimate for the compliance period was under two scenarios. The first scenario assumed that all
adjusted downward to reflect credit trading, assuming refiners currently producing highway diesel fuel would
that low-cost refineries trade with high-cost refineries at continue to do so. The second scenario assumed that
the cost of production. Cost estimates for PADD IV were some refiners would increase their production of high-
30 to 40 percent higher than costs in other PADDs. The way diesel while making up for lost production from
refining costs discussed above were based on a 7-percent refiners that would drop out of the market. The EPA did
before-tax return on investment, but the EPA also pro- not provide analysis assuming a net loss of production,
vided costs based on a 6-percent and 10-percent after-tax but indicated that, with the inclusion of the 80/20 and
rate of return. The cost estimates for a 6-percent after-tax small refiner provisions, no supply problems were antic-
rate of return were 0.1 cents per gallon higher than the ipated. The EPA also performed an analysis of engineer-
full compliance cost calculated with the 7-percent ing and construction requirements and concluded that
before-tax rate, and the estimates for a 10-percent after- these factors should not be a problem due to the tempo-
tax rate were 0.4 cents per gallon higher.129 rary compliance provisions (see Chapter 3 for more

discussion).

Table 21. EPA Estimates of Increased Costs To Meet the 15 ppm Highway Diesel Standard
.1999 Cents per Gallon)

Additional
Additional Lubricity Distribution

Period i Refining Additive Distribution a Tanks Total Increase

==a~.-:.'r ET:E-_~"'_' 4.! C.2: 54
:4.3 0.-2 :' . 5.

r.: r:lCu:;.i al3a -:oral 3 islt':r,: !icr. ta' Ks.

S-.::-. - . v l'orvrnmeia' -EOilor Agency. Reaula:,.':-!-.Dac; Analvses-.Heauv nc' . :-:'- -l S.i-::- " : -:.'r.-:. _ -... i _

S"..' .- r_-."'ieri. EPAJ2C-^-OC-Cr_'2 ',Wasningion. DC. Decemer 2000C. p. V- ;3.

127L .S Environmental Protection Agency, "Control of Air Pollution from Neew Motor Vehicles: Heav% -Dutv Engine and \ehicle Stan-
dards and Highway Diesel Fuel Sulfur Control Requirements: Final Rule." Federal Rer'istrr. 40CFR Parts h9. 80. and S, ( lanmary 18. 2001 I

i2"Total cost per gallon of 1 ppm diesel is the sum of 4.1 cents per gallon ret ining cost and 1.1 cent per gallon distribulMon colt

-'129C.S. Environmental Protection Agency. RRegulatorr? Impact AAniasisr: HaruluI-Dutiu Enuinril ai l'i'i cII taldic hlrr lrld irn Hhlr;cIa, DiI'cl Fi!,

Suilfir Rrequirernemt. EPA420-R-00-026 (Washington. DC. December 2000). Chapter \'. p V-l0t.

;3' Distribution costs include the capital cost of additional storage tanks. additional operating costs. yield los-es. prldtoU diov ngrade-.
rid testing costs

11 S L .S. Environ mental Protection Agency. Rteiulatorv Impact Ai
l ll iaiiS: Ho'li;lo-Diti n'lill .l, Vi h 'I, t' li1, litrli a,/,1 t'hI','irr/ [)h,<, l F\i,-'

Ž.ulfhr Requilrrennls. EPA420-R-00-026 (Washington. DC. December 2000). Chapter \, p V'-10.1. iet. silte i epa o .roz\ i otq. reris 'hdi207l

frm/ria-v.pdf
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Mathpro Analysis * No Retrofitting-Inflexible, which requires only new
:.* 1 '·· ~~~~-,:· ; · ~ ~unit investment

In its original study for the Engine Manufacturers Asso-
ciation, Mathpro provided 5 sets of scenarios for 10 dif- * No Retrofitting-Flexible, which requires only new
ferent combinations of heavy-duty, non-road, and unit investment but allows some flexibility in
light-duty diesel fuel standards. The scenarios were hydrocracking and jet fuel production
developed using a linear programming (LP) representa- · Retrofitting-De-rate/Parallel, which allows modifi-
tion of a notional refinery in PADDs I through I.132 The cation of the existing desulfurization unit and build-
study was completed in October 1999 and reflected a ing a parallel unit
range of uncertainty with regard to the eventual sulfur
standard. The target sulfur level for highway diesel in * Retrofitting-Series, which allows expansion of the
the scenarios ranged from 150 ppm to 2 ppm. The sce- existing desulfurization unit b' debottlenecking and
narios also reflected varying assumptions about the ulti- adds a new unit in series
mate sulfur level of non-road diesel, and about * Economies of Scale, which is similar to Retro-
investment in upgrade (revamp) projects versus new fitting-Series but allows further economies of scale
(grassroots) projects. The scenarios resulted in an aver- through inter-refinery processing arrangements.
age increase in refining costs ranging from 2.5 to 9.0
cents per gallon for the 150 ppm and 2 ppm sulfur levels, The estimated increase in national average refining costs
respectively. The associated investment costs ranged (excluding California) ranged between 4.0 and 7.6 cents
between $0.8 billion and $3.9 billion for PADDs I per gallon and was associated with total investment
through III. costs between $1.8 billion and $3.3 billion (1999 dollars)

over all of the non-road sulfur assumptions. Costs
In August 2000, Mathpro updated its analysis using the ranged from 4.5 to 7.1 cents per gallon and investments
15 ppm sulfur standard indicated in the June 2000 from $3.0 to $6.0 billion for the scenarios assuming cur-
Notice of Proposed Rulemaking, assuming that the rent sulfur levels for non-road diesel (Table 22). The
requirement would be met by producing diesel fuel with analysis assumed a 10-percent after-tax rate of return on
a pool average of 8 ppm or less.'3 3 The updated analysis investment. The scenarios with non-road diesel at 3,500
provided estimates given three different assumptions ppm were most similar to the EIA, EPA, and DOE analv-
about non-road diesel: about no d d : . ses, and the scenario with non-road diesel at 350 ppm

* Non-road diesel at current levels (3,500 ppm). This was more consistent with the CRA/BOB analysis. When
assumption most closely resembles the EIA and EPA non-road diesel was held at 3,500 ppm, the average cost
cost analyses. of producing highway diesel increased by 7.1 cents per

gallon in the No Retrofitting-Flexible case and by 4.5
· Non-road diesel reduced to 350 ppm cents per gallon in the Economies of Scale case.

* Non-road diesel reduced to 15 ppm.
Although the investment costs estimated by Mathpro

For each of the non-road sulfur assumptions, the were at least $195 million dollars higher when the sulfur
updated analysis provided five scenarios based on dif- limit for non-road diesel was assumed to decline to
ferent investment and operating approaches by 350 ppm, the average costs were between 0.2 and 1.2
refineries: 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. Costa
(1999 Cents per Gallon) ............ 6.8 7.1 6.7 4.6 4.5

Investment
(Million 1999 Dollars) ............ 5.950 5.900 5.370 3.330 3.040

aExcludes Califomia.
Note: Costs have been converted to 1999 dollars from the 2000 dollars reported by Mathpro.
Source: Mathpro. Inc.. Refining Economics of Diesel Fuel Sulfur Standards: SupplementalAnalysis of 15ppm Sulfur Cap (Bethesda. MD, August

2000), Exhibit 8.

1 3 2 Mathpro, Inc., Refining Economics of Diesel Fuel Sulfur Standards: Supplemental Analysis of 15ppm Sulfur Cap (Bethesda, MD, August
2000).

133M3thpro, Inc., Refining Economics of Diesel Fuel Sulfur Standards: Supplemental Analysis of l5ppm Sulfur Cap (Bethesda, MD, August
2000).
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3,500 ppm non-road diesel. The lower average costs (See Chapter 3 of this report for more detail on engineer-
were the result of spreading the investments over a ing and construction.)
larger volume of product. The scenarios with non-road
diesel sulfur capped at 15 ppm required the most invest- CRA/BOB Analysis
ment and led to the highest costs. Relative to the 3.500 In a study for the American Petroleum Institute,
ppm non-road scenarios, the 15 ppm non-road scenarios CRA/BOB developed refinery-specific cost estimates
required at least $1 billion more investment and resulted for every U.S. refinery, using the Prism refinery
in average costs between 0.1 and 0.8 cents per gallon model.13 The estimates and a survev of refiners iten-
higher. tions were used to construct a marginal cost curve that

was used in an equilibrium supply and demand analy-
NPC Analysis sis. The initial supply and demand assumptions were

from EIA's Annual Enery/ Outlook 2i)00. The supplyIn its report, U.S. Petroleum Refining: Assuring the Ade-lok 2 . Te
li\i~~~~~~ t 11 11 iiM *curve was shifted according to the marginal cost analy-quacy and Affordability of Cleaner Fuels, the NPC included

estimates of meeting a 30 ppm sulfur standard 34 The sis, and the demand curve was shifted based on an elas-estimates of meeting a 30 ppm sulfur standard.-!3 The
ticity assumption. In contrast to all but the EIA offline

estimates were based on the 30 ppm scenarios included s, a. st of
in Mathpro's original report for the Engine Manufac- analysis, the CRA/BB study provided an anals of a
turers Association in October 1999. The NPC combined short-term supply and cost outlook.
the cost estimates from the "no retrofitting-iriflexibility" The analysis projected a reduction in highway diesel
and the "retrofitting-series" cases assuming that at 30 production of 320,000 barrels per day, resulting in a sup-
ppm, most refiners would retrofit. The NPC also made ply shortfall. The EPA has estimated that 75 percent of
adjustments to the Mathpro estimates to reflect altena- the shortfall estimated by CRA/BOB resulted from the
tive assumptions of refinery economics. NPC adjusted underlying assumption that an additional 10 percent of
the vendor-supplied estimates used in the Mathpro the highway diesel produced would be downgraded
model upward by a factor of 1.2 for investments and a because of product degradation from distribution and
factorof 1.15 for hydrogen consumption and other oper- storage.'3 6 In contrast, EIA and the EPA assumed an
ating expenses. The vendor data were adjusted to additional 2.2 percent of downgraded product, and
account for a perceived tendency of vendors to quote TMC estimated that a total of 17.5 percent of ULSD
overly optimistic cost and performance information. would be downgraded.'3 7 The estimated increase in
The NPC analysis estimated industry investment costs average refining cost was 6.7 cents per gallon to produce
at S4.1 billion at a cost of 5.9 cents per gallon (1999 dol- ULSD from 500 ppm diesel. The estimated increase in
tars) and assumed 50 percent revamped and 50 percent the marginal price of ULSD needed to balance suppiy
new units. The study indicated that a sulfur standard and demand was between 14.7 and 48.9 cents per gallon.
below 30 ppm would require greater reliance on new depending on the availability of imports
units, as opposed to retrofits, resulting in considerably
higher investments. The CRA/BOB analysis assumed that, in order to meet

the 15 ppm standard, refiners would produce highway
The NPC analysis included a discussion of limitations diesel at an average of 7 ppm.] 3" The analysis also
on engineering and construction resources and, in con- assumed that non-road diesel would be reduced to 350
trast with the EPA analysis, concluded that the overlap ppm and jet fuel and heating oil sulfur would remain at
with gasoline sulfur projects would result in delays in 1999 levels. The cost estimates reflected an assumption
meeting the diesel standards. The study suggested that that 40 percent of ULSD would be produced from new
highway diesel supply shortfalls might occur if the stan- desulfurization units and 60 percent from revamped
dard were required before 2007 and that even more time units, and that the return on investment would be 10
would be required to meet a standard below 30 ppm. percent.

'- National Petroleumn Council. U.S. Petroleum Refiniig: Assuring thl Adequacy and Affordabilht! of Cle'awr Fulcl (lime 20001. Chapter 3
Investment and cost estimates have been converted to 1999 dollars from 1998 dollars reported by NPC

3 5'Charles River Associates, Inc. and Baker and O'Brien. Inc.. An iasessnmenl (f tfl Polelltte l Iandl']ts of Propo.'dl i E rn:'rolenwiti \lRe(/,l|tI'w-
on U.S Rcfi uern Supply of Diwsel Fuel. CRA No. D02316-00 (August 2000).

13'".S Environmental Protection Agency. RX Relator, Imparcl Analvsis: HeaVzl-Duht Eiiin, aI. lr lhU'i' .laaii1,rl; aIdr, Hilr;'iau Dn,'l F ul,
;Sulfur Reiquirrrenilts, EPA420-R-00-026 (Washington. DC. December 2000). Chapter \. web site -ww epa.go\ iotlaq/ reg' hd20107
irn /ria-v.'pdf

i Turiner. Mason & Company. C-ls/Imnparrt of Distrlbtltim. Potuiitall Ullra Ltlw >ulfiur Dw-i'l (Dallas. TX. Febriurv 2(00( . RI:-sI,, -.'lC.'
Iw l1l tAugust 2000J

13'Telephone con ersation with Ray Or, of Baker and O'Brlen. lanuary 25. 2001.
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EnSys Analysis 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

EnSys provided a set of cost estimates to the U.S. Depart- gallon for the full phase-in, and 107 cents per gallon foi
ment of Energy's Office of Policy, using an LP model an all-at-once approach. The highway diesel volumes
that represents PADD III refiners in the aggregate. 139 produced did not reflect additional production for
The estimates reflected a 10-percent return on invest- downgraded product.
ment. Unlike the previously discussed studies, EnSys
did not make an assumption of how many refiners ANL Analysis
would revamp units and how many would build new
desulfurization units, but instead provided cost esti- ANL provided an analysis of total incremental refining
mates for a refinery using revamps and cost estimates and distribution costs for seven different phase-in sce-
for a refinery building new units. The scenarios were narios to the U.S. Department of Energy (DOE) in
also based on two sets of technologies: a conservative August 2000 and updated the estimates in November
technology set and an optimistic technology set. In order 2000 based on EPA comments.141 The most recent ANL
to model a phase-in of the highway diesel standard, a estimates were based on average incremental produc-
series of cases were run assuming different percentages tion cost estimates from the EnSys 10 ppm production
of highway diesel required to meet the new standard. scenarios and distribution cost estimates for 15 ppan die-

sel extrapolated from TMC estimates for 5 ppm and 50
EnSys developed the scenarios discussed above for the e e p ed m eime ppm d
production of highway diesel at various sulfur levels,
ranging from 8 ppm to 30 ppm. The results of the 10 ppm The ANL analysis used average per-gallon production
scenarios are the focus of this discussion, because they cost estimates taken as the weighted average of the
were highlighted in the EnSys report and were provided incremental cost for each quartile of highway diesel pro-
in a more uniform manner. In general, the scenarios with duction, provided by EnSys. The scenarios had three
diesel sulfur at 8 ppm were about 0.5 cent above the 10 parameters: the type of technology, the mix of new units
ppm estimates. The average incremental cost estimates versus modified units, and the percent of diesel produc-
for producing 10 ppm diesel ranged from 4.4 to 6.0 cents tion required to be 10 ppm. EnSys estimated costs for
per gallon for the first 50 percent of highway diesel pro- production under two different investment scenarios:
duced at 10 ppm, 6.0 to 7.9 cents for the next 25 percent, all revamped equipment and all new units For each
and 7.6 to 10.1 cents per gallon for the final 25 percent investment scenario, EnSys provided cost estimates for
of production. The lower estimate assumed that the both a base technology and an optimistic technology
product was produced by 100 percent revamped units; assumption.
the higher estimate assumed 100 percent new units.

The cases assumed that 25, 50, 75, and 100 percent of The ANL analyss also provided cost estimates for 60
highway diesel would be required to meet the 10 ppm /40 no both base
standard, while non-road diesel was capped at 360 ppm. and optimistic technology assumptions, by blending the
The 360 ppm assumption was negated by the fact that EnSys "all revamp" and "all new" scenarios. 4 1 The
the cases were compared with a reference case that also average estimated cost (undiscounted) of producing the

assumed 360 ppm non-road diesel. Sensitivities of first 25 percent ranged from 4.2 to 6.0 cents per gallon;assumed 360 ppm non-road diesel Sensitivities of
reaching 360 ppm for non-road diesel were performed the first 50 percent, 4.0 to 6.0 cents per gallon; the first 75

with other assumptions varied. Cases that assumed 100 percent, 4.2 to 6.6 cents per gallon; for 100 percent after
percent highway diesel at 10 ppm and non-road and phase-in, 4.7 to 7.5 cents per gallon; and for 100 percent

heating oil at 360 ppm resulted in average costs that all-at-once, 6.0 to 8.1 cents per gallon.'4 2 Marginal costs
were between 1.6 cents per gallon and 2.1 cents per gal- were provided by an additional scenario resulting in a
Ion higher than in the cases assuming non-road diesel marginal cost of 6.6 cents per gallon for the first 25 per-
and heating oil at current sulfur levels. cent of production, 9.2 cents per gallon for a full

phase-in, and 10.7 cents per gallon if the production is
The EnSys analysis also included marginal cost esti- required all at once. ANL developed phase-in cost series
mates for producing 10 ppm diesel with base technology for the seven scenarios by interpolating between the cost
and no revamp (all new units). The marginal cost of pro- estimates for the different levels of production men-
duction was 6.6 cents per gallon for the first 25 percent of tioned above.

139 EnSys Energy & Systems, Inc. Modeling Impacts of Reformulated Diesel Fuel (Flemington, NJ, August 2000).
140M.K. Singh, Analysis of the Cost of a Phase-im of 15 ppm Sulfur Cap on Diesel Fuel, Revised (Argonne, IL: Center for Transportation

research, Argonne National Laboratory, November 2000).
141 M.K. Singh, Analysis of the Cost of a Phase-in of 15 ppm Sulfur Cap on Diesel Fuel, Revised (Argonne, IL: Center for Transportation

.-search, Argonne National Laboratory, November 2000), Appendix A.
42 M.K. Singh, Analysis of the Cost of a Phase-in of 15 ppm Sulfur Cap on Diesel Fuel, Revised (Argonne, IL: Center for Transportation

Research, Argonne National Laboratory, November 2000), Table 1.
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Each of the phase-in cost series provided by ANL Summary of Investment Estimates
was associated with a set of distribution costs, which
varied slightly in the seven scenarios. The distribution EPA estimated that, in order to meet the requirements of
cost analysis for 15 ppm highway diesel fuel was extrap- the ULSD Rule, the industry would invest a total of 55.3
olated from TMC (early) estimates for distributing billion. In comparison, DOE (by ANL) estimated
5 ppm and 50 ppm diesel.' 43 The costs included capital between $8.1 and 513.2 billion of investment for ULSD,
investment for the distribution and refueling system and Mathpro estimated a range of 53.0 to 56.0 billion. CRA
for product downgrade. Distribution costs were pro- estimated S7.7 billion, and NPC estimated 54.1 billion to
vided for various levels of phase-in between 5 and 100 meet a 30 ppm standard and substantially higher but
percent of the highway diesel market. The level of undefined amount to provide 15 ppm diesel (Tables 23
phase-in most consistent with the 80 percent required by and 24). Because production of diesel in the appropriate
the ULSD Rule for the initial years of the program was a sulfur range has been very limited, analysis of costs of
supply of 83 percent of highway diesel, which was asso- the ULSD Rule depend heavily on vendor estimates and
ciated with undiscounted distribution costs between 1.5 several critical assumptions, including refinery configu-
and 2.2 cents per gallon. The costs associated with 100 ration, size, and crude oil inputs; the ratio of retrofitted
percent of highway diesel at 15 ppm ranged between 1.2 units to new units; and the relative cost of retrofits ver-
and 2.1 cents per gallon.' 4 4 sus new units.

The ANL analysis concluded that, depending on the The studies discussed above used different methodolo-
case and the stage of phase-in, the total incremental costs gies, economic approaches, levels of regional and
of a phase-in would range from 6.1 to 11.2 cents per gal- annual detail, and assumptions (see Table 20). Many
Ion, compared to a range of 7.1 to 12.7 cents per gallon were completed before the Final Rule was issued and do
for an all-at-once strategy. Estimates of total (un- not reflect the provisions for small refineries or the
discounted) costs to consumers for the various phase-in 80/20 rule. In addition, the studies were based on
scenarios ranged from $15.2 to $25.4 billion (510.1 to different assumptions about investment behavior and
517.3 billion net present value). Higher expenditures costs and the level of diesel demand. The capital invest-
were estimated for an all-at-once strategy, with expected ment estimates are difficult to compare not only because
costs totaling S30.4 to 552.8 billion (522.3 to $38.6 billion of their different methodologies and assumptions but
net present value). The relatively lower distribution also because their investment estimates reflect slightly
costs under a phase-in approach were translated into an different things. For instance, the EPA estimated the
estimated savings of S14.2 to S27.4 billion. capital cost for a new distillate hydrotreater to range

Table 23. Comparison of ULSD Production Cost Estimates: Individual Refinery Representation
I Cost Change Refinery Caoitai

Sulfur Percentage of (1999 Cents per ! Investmen;
Level Highway Diesel Gallon of (Bilihor 1999

Study (ppm) That Is ULSD .ULSD) Cost Basis Doilarsi
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from $1,240 per barrel per day to $1,680 per barrel per unit processing entirely coker distillate. The capital costs
day, whereas those in EIA's refinery-by-refinery analy- for individual refineries in the EPA analysis vary acros
sis ranged from $1,043 to $1,807, and in EIA's NEMS this range, depending on the assumptions about propor
Regulation case they were $1,331 to $1,849 per barrel per tions of straight-run distillate, coker distillate, and light
day (Table 25). cycle oil processed at each refinery and the size of the

hydrotreater unit. The capital cost range for EIA's refin-
The sets of capital costs used in the EIA and EPA analy- ery-by-refinery analysis also varies for the quality of the
ses are not directly comparable. The lower-bound of feedstock and size of each unit. EIA's short-term analy-
EPA's capital costs represents a 25,000 barrel per day sis reflects actual data about the quality of crude oil and
hydrotreater processing 100 percent straight-run feed streams at individual refineries. In contrast, EIA's
feedstock, and the upper-bound reflects the same unit mid-term NEMS analysis does not use refinery-specific
processing 100 percent light cycle oil. The EPA's upper information about feed steams but aggragates feed and
and lower bound costs encompass a third estimate for a crude quality information at a regional level.

Table 24. Comparison of ULSD Production Cost Estimates: LP Model or Based on LP Results
Refinery Capital

Sulfur Percent of Cost Change Investment
Level Highway Diesel (1999 Cents per (Billion 1999

Study (ppm) That Is ULSD Gallon of ULSD) Cost Basis Dollars)

Mathpro (August 2000) 8 100 4.5-7.1 a Average U.S. 3.0-6.a

NPC (June 2000) 30 100 5.9 Average PADDs I-1ll 4.1

EnSys (August 2000), 10o 50 4.4-6.0C Average PADD III
first 50 percent of production at 10 ppm

EnSys (August 2000). 10b 75 6.0-7.9C Average incremental
next 25 percent of production at 10 ppm cost of next 25%

PADD III

EnSys (August 2000). 10b 100 7.6-10.1c Average incremental
final 25 percent of production at 10 ppm cost of final 25%

PADD III

EnSys (August 2000)t 1 0 b ' 25-100 6.6-10.7d Marginal PADD III
25% to 100%/

ANL (November 2000). 10 50 4.0-6.0 d Average PADD III
up to 50% of production at 10 ppm _____ _

ANL (November 2000). 10 75 4.2-6.6C Average PADD III
75% ol production at 10 ppm

ANL (November 2000). 10 100 4.7-7.5c Average PADD III 8.1-13.2 (August
100% of production at 10 ppm 2000 estimated)

ANL (November 2000). 10 100 6.0-8.1c Average PADD III
100% of production at 10 ppm.
all-at-once

ANL (November 2000). 10 25-100 6.6-9.2 Marginal PADD III
25% to 100%_

EIA (NEMS, 2007-2010) ; 7 761 4.7-7.39 Marginal, 4.2-5.9
U.S. average through 2007

EIA (NEMS. 2011) 7 100 6.5-9.29 Marginal, 6.3-9.3
U.S. average through 2011

aNon-road 3500 ppm.
bReflects assumption of 360 ppm non-road diesel but the cost impact is negated because it is compared with a reference case with non-road diesel

at the same sulfur level.
CThe higher end of the cost range reflects base technology while the lower end reflects more optimistic technology.
dMarginal costs at 25 percent and 100 percent 10 ppm production with base technology and all new units.
eU.S. Deparimenl.of Energy, "Comments of the Department of Energy on the Environmental Protection Agency's May 16, 2000 Notice of Pro-

posed Rulemaking on Heavy-Duty Engine and Vehicle Emission Standards and Highway Diesel Fuel Sultur Control" (Washington.. DC. September
2000), Enclosure 1.

Small refiners accounting for 5 percent of production are eligible for the small refinery provision, but only 4 percent of production is assumed to be
delayed.

gAverage refinery gate price for individual years.
Sources: Mathpro: Mathpro, Inc., Refining Economics of Diesel Fuel Sulfur Standards: Supplemental Analysis of 15ppm Sulfur Cap (Bethesda.

'D: August 2000). NPC: National Petroleum Council. U.S. Petroleum Refning: Assuring the Adequacy and Affordability of Cleaner Fuels (June
00). EnSys: EnSys Energy & Systems, Inc. Modeling Impacts of ReformulatedDiesel Fuel(Flemington. NJ. August 2000). ANL: M.K. Singh, Anal-

.is of the Cost of a Phase-in of 15ppm 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.
DSU71NV.D043001A, DSU7DG10.D043001A. DSU7TRN.D043001A, DSU7BTU.D043001A. DSU7ALL.D050101A. DSU71MPO.D043001A.
DSUREF1.0.D043001A, and DSU7PPM10.D043001A.
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The lower end cost in EIA's NEMS analysis reflects a to a little more than 4 cents per gallon of highway diesel
notional unit that processes low-sulfur feed with inci- on average.
dental dearomatization, while the higher end cost
reflects a different notional unit that processes higher The NPC analysis did not estimate costs for producing
sulfur feed with greater aromatics improvement. EIA diesel with less than 10 ppm sulfur but indicated that
also provided sensitivity analysis using higher capital even a 30 ppm sulfur standard would require reactor
cost assumptions for both the refinery-by-refinery and pressures in the range of 1,100 to 1,200 psi, which is well
NEMS analyses. The Higher Capital Cost sensitivity above the vendor estimates used by the EPA. 14 " The
case for EIA's refinery-by-refinery analysis is based on NPC characterized vendor estimates as inherently
capital costs that are about 40 percent higher than those over-optimistic;'4 7 however, several new technologies
in the initial analysis. Both sets of capital costs were are under development that ma! reduce costs (see
developed by the National Energy Technology Labora- Chapter 3).
tory, in conjunction with Mr. John Hackworth, energy
consultant. The capital costs used in the NEMS Higher The ANL estimates blended the EnSys 100 percent new
Capital Cost case were provided by recent work from and 100 percent revamp refinery analysis, based on the
EnSys and are 24 percent higher for the first noona assumption that 60 percent of ULSD would be produced
unit and 33 percent higher for the second notional unit, from revamped units that cost an average of S40 million
relative to the Regulation case. per unit, and the other 40 percent would come from new

units at an average cost of S80 million per unit. Instead
The EPA analysis was based on estimates from two tech- of making an assumption about the split between
nology vendors, providing costs based on retrofits and revamped and new units, Mathpro developed scenarios
new units. 415 EPA assumed that 80 percent of ULSD will for different types of choices. Assuming no change in the
be produced from diesel hvdrotreaters that are non-road diesel standards, Mathpro estimated that the
revamped at a cost of S40 million each. These estimates total investment cost would range from $6.0 billion if
reflected an assumption that new units would cost twice refineries required all new units with minimum operat-
as much as revamps. The net result was an estimated ing flexibility to S3.0 billion if all refineries were retrofit-
average cost of S50 million per refinery, which equates ted and economies of scale from trading were realized.

Table 25. Comparison of Key Hydrotreator Investment Assumptions for Various Refinery Models
Capital Cost I Percent of ULSO

of New Hydrotreater Revamp Cost as' I Production from
(1999 Dollars per a Percentage of Unit Size Revamped Units

Model Barrel per Day ISBL) New Unit Cost (Barrels per Day) Versus New Units

Refinery-by-Refinery Models
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N.- r:- E-er-. Tre-r.,cic. Laooraicry. Ir conlunction w:ln Mr. John HackworIn. energy consuzian;. EnSys: -'S.-s -o-:r. 6 S.s;-- "
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t 4 5EPA corroborated the vendors cost estimates in discussions with twoother vendors E-mail Iroin Lester Vvhbornr . L.S Enl\ rolilnte,-
tl Protection Agencv. March 30. 2001.

"4n'M.K Singh. Aliahrsl of tlu Ci Cist if a ?Ii.'-Il of' n5 prrt, Sulrflr Cip mt Di,'-i'l Fi(cl Revised Argonne. IL Center- or Trlansportatln
Research. Argomne National Laborator). November 2000), p. 132.

147\ational Petroleum Council, U.S Pltrdinlm Rrtiii Ali' A.i;suriio. thi Ads l 'iu,, /1rlfrril-illAfttz i'Cimi'r ri ,l-a (1in 2t)Ih. 1 -
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The E1A NEMS analysis produced estimates for the from downgraded product. The EPA estimated that dis-
refinery capital investment required to comply with the tribution costs would increase by 1.1 cents per gallor
ULSD Rule for 2007 and 2010. The cumulative refinery during the temporary compliance period, with 0.4 cents
capital investment estimated through 2007 ranged of the cost associated with the distribution and energy
between $4.2 billion and $5.9 billion. The NEMS analysis loss of the ULSD relative to 500 ppm diesel and 0.7 cents
produced an estimate of refinery capital investment associated with capital expenses for handling two
between $6.3 billion and $9.3 billion through 2011. 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

Distribution Cost Analyses downgrade and other operating costs would increase
distribution costs by 0.5 cents per gallon.

EPA, ANL, and TMC have published estimates of distri-
bution costs given different assumptions about the EIA's NEMS analysis assumed one EPA'.- est" :ned cap-
phase-in requirements for highway diesel. In general, ital costs of 0.7 cents per gallon anr,: portions of EPA's
the cost estimates for distributing a smaller percentage other distribution costs, including operating, transmix,
of 15 ppm fuel were higher than estimates assuming that and testing costs, which totaled 0.2 cents per gallon. EIA
100 percent of the highway diesel market would be at 15 estimated the cost associated with the revenue loss of the
ppm, because a phase-in approach requires the distribu- downgraded product at 0.3 cents per gallon through
tion system to handle an extra product (Table 26). 2010 and 0.2 cents per gallon after 2010 (see Chapter 6).

The EIA revenue loss estimates were based on model
Distribution cost estimates from the EPA, ANL, and results. A higher revenue loss estimate of 0.7 cents per
TMC analyses included the capital incurred in the distri- gallon for all years was associated with EIA's 10%
bution and refueling system, as well as costs resulting Downgrade sensitivity case, because more of the U.SD

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

TMC 5 7 at 5% 0.215 10.0%
4.1 at 20% 1.05 12.0%

1.5 at 100%/ 1.08 19.5%o

TMC 15 6.9 at 5% 0.215 9.5°o
4.1 at 20%o 1.05 1 .0%

7____________- 1~~1.4 at 100% 1.08 17.5$%

TMC 50 Costs 15% to 35%° less than 8.0%°
5 ppm costs 10.0%.

13.5%

ANL 15 6.2 at 5% 50% ol terminals Same as TMC 5 ppm
1.6-2.2 at 74%-100% reconfigure split between and 50 ppm
1.2-2.1 all-at-once new tankage at S1 million
Costs are undiscounted and per terminal and modified
include refueling costs tankage at S100.000 per

terminal

EPA (temporary compliance) 15 2006-2010 1.1 0.5 4.4%
EPA (full compliance) 15 Post-2010 0.5 0.3 4.4 %/
CRA/BOB 15 10.0% above current

EIA Regulation Case 15 2007-2010 1.2 4.4%
(temporary compliance)

EIA Regulation Case 15 Post- 2010 0.4 4.4%
(100% ULSD)

EIA 10% Downgrade Case 15 2007-2010 1.6 10%
(temporary compliance)

EIA 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/otaq/regs/
hd2007/frn/ria-v.pdf. CRA/BOB: Charles River Associates, Inc., and Baker and O'Brien, Inc., An assessment of the Potential Impacts of Proposed
'nvironmental Regulations on U.S. Refinery Supply of Diesel Fuel, CRA No. D02316-00 (August 2000). ANL: M.K. Singh, Analysis of the Cos! of a
`ase-in of 15 ppm Sulfur Cap on Diesel Fuel. Revised (Argonne. IL: Center for Transportation Research, Argonne National Laboratory. November

L000). TMC: Turner, Mason & Company, Costs/Impacts of Distributing Potential Ultra Low Sulfur Diesel (Dallas, TX. February 2000). EIA: National
Energy Modeling System. runs DSUREF.D043001B. DSU7PPM.D043001A, DSU7HC.D043001A, DSU71NV.D043001A. DSU7DG10.D043001A.
DSU7TRN.D043001A, DSU7BTU.D043001A, DSU7ALL.D050101A. DSU71MPO.D043001A. DSUREF10.DOz3001A, and DSU7PPM10.
D043001A.
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produced was projected to be downgraded to a lower approximately 40 percent of U.S. highway diesel ship-
value product. ping capacity), and 11 terminal operators (representing

25 percent of U.S. petroleum product storage capacity).
The ANL estimates, which were extrapolated from pre- A wide range of responses was noted in the responses of
vious TMC estimates for delivering 5 ppm and 50 ppm pipeline operators. In the survey, some terminal opera-
diesel, 148 ranged from 6.2 cents to 1.2 cents per gallon for tors indicated that they would not handle ULSD Termi-
delivery of 5 percent and 100 percent, respectively.'4 9 In nal operators generally anticipated a higher rate of
August 2000, TMC provided supplemental estimates downgrade than did pipeline operators. Terminal oper-
reflecting downgrade costs associated with distributing ators indicated that, to handle ULSD. dedicated trans-
15 ppm diesel fuel.15 ' Presumably, the capital costs port trucks or compartments in transport trucks would
would remain the same as for the 5 ppm case in the pre- be required to avoid sulfur contamination.' 52

vious TMC analysis. When the original TMC 5 ppm esti-
mates are adjusted to reflect 15 ppm diesel, the total The TMC analysis projected 17.5 percent downgrade
distribution cost estimates are 6.9 cents per gallon to when 100 percent of the highway diesel market was
supply 5 percent of the market; 4.1 cents per gallon to assumed to require the 15 ppm diesel, and slightly lower
supply 20 percent of the market; and 1.4 cents per gallon levels of downgrade were expected when smaller seg-
to supply the entire highway diesel market. 151 ments of the market were required. Although the ANL

analysis did not provide the downgrade assumptions
The extent to which product contamination will occur in used, it was based on the TMC assumptions for don-
the distribution system (and how much product must be grade of 5 ppm and 50 ppm diesel and tracked closel
downgraded as a result) is very uncertain. The analyses with the TMC assumptions Different downgrade
included strikingly different estimates of how much assumptions resulted in different cost estimates associ-
of the 15 ppm product would be downgraded in the dis- ated with downgrade. The EPA estimated a total down-
tribution svstem. ElA's NEMS analysis assumed 4.4 per- grade cost of 0.2 cents per gallon for all highway d iesel in
cent downgrade tor consistency with the EPA the initial years and 0.3 cents per gallon after full imple-
assumptions but also provided a sensitivity case assum- mentation. 153 In contrast, the ANL analysis (based on
ing 10 percent downgrade. Downgrade estimates the TMC assumptions of higher downgrade volumes)
ranged from 4.4 percent of production (EPA) to 17.5 per- estimated a total downgrade cost of about 1 cent per gal-
cent (TMC). Part of the uncertainty sterms from not Ion when more than half of the market was required to
knowing the present level of downgrade occurring in meet the 15 ppm standard
the distribution system, because there is no current
reporting requirement. The EPA assumed a doubling of The TMC, EPA, and ANL analyses also used different
product downgrade from current downgrade levels, sets of assumptions about capital investment require-
which were estimated at 2.2 percent. The methodology ments. During the initial years of the program, when the
used by the EPA to estimate current downgrade levels distribution system must handle two highway diesel
was highly speculative and was not based on a scientific fuels, the EPA estimated tankage costs at refineries. ter-
survey. The EPA's estimation methodology was loosely minals. pipelines, and bulk plants at 50.81 billion In
based on a surveev of the Association of Oil Pipelines, in addition, investments at truck stops to handle the extra
which six respondents provided estimates of the current product were estimated at S0.24 billion. These costs were
diesel fuel downgrade ranging from 0.2 percent to 10.2 amortized over total highway diesel volumes (both 500
percent (see Chapter 4). In the same survey some ppm and 15 ppm) during the initial 4 years at 7 percent
respondents expressed an expectation that the down- per year, resulting in a cost of 0.7 cents per gallon EIA
grade amount might be expected to double under the used EPA'scapital cost estimate of0.7cents per gallon in
ULSD Rule. all NEMS analysis scenarios.

The TMC analysis was based on a survey of 14 refin- The ANL analysis assumed that, given a phase-in. 50
ers (representing 38 percent of U.S. petroleum percent of terminals would add tanks or reconfigure Of
refining capacity), 3 pipeline operators (representing those terminals that were modified, it was assumed that

'14'Turner, Maason & Company. Costs/Ilpaccts of DIstribltinx, Potential Ultra Lou' Sulhir Diesel (Dallas, TX, February 2000)
i4'M.K. Singh. Anaihlsl- of tli Costl f a Plhase-iu of 15 ppm Siulhr Cap on Diesel Furl, Revised (Argonnle. IL: Center tor Transportation

research, Argoinne National Laboratory. November 2000). Appendix C.
1'"'Turner. Mason & Company. Costs/lmpacts f oDistributlig Potential Ultra Lowi Sulhfr Diesc-/ (Dallas, T\. Februar\ 20001. R.:'.'l S,"'i.'-

nitr I (Augus 2000).

"' Total d stribution and retail cost estimates ior 5 ppin from Costs/lmpacurtsf o£Ditrihlutri Pi i'iitial Ull ra L:;ic Ž.lti'.r D Ie, 1 , etre adt .lrec
based on update ot downgrade costs for 15 ppm diesel provided in the Rer.,id .irpple'nirn

'-T:.lepholie conversation with Bob Ctiimingham of Turmer Mason. March 21. 2001
153L'.S Elnvironmenltal Protection Agency. Re.hililoril Impart Anualisis: Hrat;, -Diltl Eit ti i 11aid I'lich'lrc - it, ,llr, l. .1,i Hil',:l, , D', ,,.' [ i,,,i

qi ll r Rcqtiierrient'i. EPA420-R-00-O2 t (Washington, DC. December 200)i. Cha:tier V. p \ -124.
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half would add tankage at $1 million per terminal and The analysis used historical industry-level distillate
the other half would reconfigure at a cost of $100,000 per demands for each PADD from EIA's Fuel Oil and Kero
terminal. Bulk terminals were not assumed to make con- sene Sales as a starting point. 156 These industry leve.
versions for a second highway diesel fuel, because they demands were projected out to 2007, using national
were assumed to enter into exchange agreements with annual growth rates from the Annual Energy Outlook
marketers during a phase-in period, rather than invest- 2000.'57 PADD-level supply balances for distillate fuel
ing in tankage. In addition, all truck stops were assumed were projected for 2007, starting with historical data
to be modified to provide two fuels during the phase-in, from the Petroleum Supply Annual 199915 8 and applying
at a cost of $75,000 per truck stop. growth rates from the Annual Energy Outlook 2000.

Import and export levels were held constant in PADDs 11
The original TMC report provided investment estimates and IV. In PADD V, inter-PADD transfers were held to
for distributing 5 ppm fuel to supply, 5,20, and 100 per- historical levels and imports and exports were used as a
cent of the highway diesel market. Investments at termi- balancing item. The study concluded that there was little
nals and pipelines were estimated at $295 million when potential to divert highway diesel to non-road distillate
supplying 20 percent of the highway market and $325supplying 20 percent of the highway arket and $325 markets, and that the potential for severe market dislo-
million for 100 percent of the market. Retail investments cations and/or price depression in the non-road markets
were estimated at $755 million for both 20 percent and was greatest in PADD IV and least in PADD .
100 percent of supply. Unlike the other two analyses,
which reflected the cost of conversion to truck stops The price consequences of diverting product from the
only, TMC assumed that some gasoline stations would highway diesel market to non-road markets were
invest to carry a second diesel fuel.154 assessed using estimated price relationships for these

products derived from historical price data from various
industry pricing agencies (e.g., Platts), combined with

Downgrade Analysis relevant transportation costs.l 59 The price implications
of downgrading 5 percent, 10 percent, and 15 percent of

The MSC study, Altenrative Markets for Highway Diesel the current highway diesel supply were estimated for
Fuel Components, conducted at the request of the EPA, each PADD (Table 27). The price impact of diverting 5
provided an analysis of the potential for diverting percent of the highway diesel supply to other uses
sub-specification highway diesel to non-road or foreign ranged from -3.0 cents per gallon in PADD I to -6.0 cents
markets. 155 The study compared 2007 projections for per gallon in PADD IV. The range widened to -3.5 to
supply and demand of distillate products to assess the -20.0 cents per gallon in PADDs I and IV, respectively,
outlook for non-road distillate market growth and used for 10 percent of diverted product and to -3.5 to -22.0
relative relationships of highway diesel to non-road dis- cents per gallon for 15 percent of diverted product. The
til!ate prices to estimate the economic consequences of study concluded that except in PADD IV, a 5-percent
diverting to other products. 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 I.

Table 27. Projected Relative Price Decrease by PADD and Percentage of Diverted Diesel
(1999 Cents per Gallon)

Diversion Level |
(Percent) _ PADD I PADD II PADD III PADD IV PADD V

5............... 3.0 2.5 4.0 6.0 5.0

10 .............. 3:5 14.0 4.5 20.0 5.0

15 .............. 3.5 16.0 4.5 22.0 6.0

Source: Muse. Stancil & Co., Alternative Markets for Highway Diesel Fuel Components (September 2000). p. 4.

54Turner, Mason & Company, Costs/Impacts 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 Oiland Kerosene Sales, DOE/EIA-0535 (Washington, DC, 1995-1998).
157 Energy Information Administration, Annual Energy Outlook 2000, DOE/EIA-0383(2000) (Washinton, DC, December 1999).
I 8 Energy Information Administration, Petroleum Supply Annual 1999, Volume 1. DOE/EIA-0340(99/1 ) (Washington, DC, June 2000).

159 Muse, Stancil & Co., Alternative Marketsfor I lighway Diesel Fuel Components (September 2000), pp. 19-32.
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Appendix B

Differences From the AE02G01 Reference Case

The reference case for this study was established to pro- is downgraded in the distribution system. The EPA esti-
vide a baseline scenario representing the nominal fore- mates that currently about 2.2 percent of highway diesel
cast for petroleum refining and marketing without the is downgraded. Second, some highway-grade diesel has
new requirement for ultra-low-sulfur diesel fuel been used for non-road or other uses, because the price
(ULSD). The reference case reflects the mid-term refer- differential between low-sulfur and high-sulfur diesel
ence case forecast published by the Energy Information has not been large enough to make separate distribution
Administration (EIA) in its Annual Energy Outlook 2001 infrastructures economical. As a result, it has been noted
(AEO2001).16' Both the reference case for this study and that some customers purchase low-sulfur diesel for
the AE02001 reference case were prepared using EIA's non-road uses. In California, the State requires the same
National Energy Modeling System (NEMS). 161 Both low sulfur standard for both highway and non-road die-
cases reflect the "Tier 2" Motor Vehicle Emission Stan- sel (except for railroad and maritime uses).
dards and Gasoline Sulfur Control Requirements final- Import Curves

Import Supply Curvesized by the U.S. Environmental Protection Agency
(EPA) in February 2000. Both cases also incorporate bans The NEMS Petroleum Market Module (PMM) uses
or reductions for the gasoline additive methyl tertiary import supply curves developed from an international
butvl ether (MTBE) in the States where such legislation refinery model external to NEMS to represent the sup-
has been passed. They do not include a waiver of the ply of available imports. In preparation for this study,
Federal oxygen requirement for reformulated gasoline. new sets of crude and product import supply curves

were estimated, adding supply curves for ULSD. The
Updates in databases and assumptions that were incor- new import curves were used in the reference case for
porated into NEMS after the publication of AE02001, this study, but ULSD imports were not allowed.
however, resulted in minor differences in the reference
case forecasts. Differences between the two forecasts rel- Refining Technolog! Database
evant to the ULSD study are discussed in this appendix. The PMM represents petroleum refining and marketing.

Re„turn on Investment The refining portion is a linear programming represen-Return on Investment
tation incorporating a detailed refining technology data-

The AE02001 forecast assumed a 15-percent hurdle rate base that includes process options, product blending to
in the decision to invest and a 15-percent return on specification, and investment costs. This database is
investment.(ROI) over the 15-year life of a refinery pro- updated annually to produce the AEO forecasts. There
cessing unit. To be consistent with the EPA analysis, the have been some minor changes since AE02001. mostly
reference case for this study used a 10-percent hurdle associated with product blending. Although four new
rate and a 5.2-percent ROI over a 15-year financial life- distillate desulfurization units were added as part of the
span. The revised rates do not have a significant impact refining technology database update, those four units
on the marginal costs for producing current 500 ppm were not allowed in the reference case. Therefore, the
highway diesel fuel in the reference case forecast. updates had minimal impact on the reference case for

D)ieel Fuel Consumption this study as compared with the AE02001 reference
case.

The AE02001 reference case assumed that 85 percent of
the demand for diesel fuel in the transportation sector NENMS Operation Mode
was for highway use. More recently, however, EIA has For the AE02001 reference case, all modules of the
determined that refinery production of highway diesel NEMS were executed to solve for supply and demand
approximates the total demand for diesel fuel in the balance in the U.. domestic energ market through
transportation sector. Therefore, the reference case for 2020. For this study only the relevant modules were
this study assumes that the production of 500 ppm high- executed, including the International Energ Module.
way diesel fuel is equal to the total demand in the trans- Transportation Demand Module, Industria Demand
portation sector. Module, and the Petroleum Market Module. This mode
Two major factors account for the revised assumption. of NEMS operation greatly reduced the model run time
First, some of the highway diesel produced at refineries without significantly affecting the results.

tI"Energy Information Administration. Annual Energy Outlook 2001. DOE/EIA-0383(2001) (W'ashington. DC, December 2000). web site
www.eia.doe.gov/olaf/aeo/. See also web sites www.eia.doe.gov/olaf/assumption/pdf/0554(2001).pdf and ww\w ela.do go ;oia.'
supplement/index.html.

'61 Model documentation reports for NEMS and its modules as well as a summary report. NEAI. A,! Otr;'irc., are a ailab e at weh site
www.eia.doe.gov/bookshelf/docs.html
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Pipeline Regions and Operations

U.S. Regions for Distribution of Petroleum The GulfCoast (PADD III) is the Nation's main oil supply
and Their Key Pipelines region. It is the largest refining area, with facility design

and sophistication unrivaled in the world. It is a major
The supply and demand characteristics for refined crude oil producing area, with output greater than all
petroleum products across the United States vary across but two members of the Organization of Petroleum
regions (Petroleum Administration for Defense Dis- Exporting Countries. It also has a low regional demand
tricts, or PADDs). The reasons are historical, demo- for finished petroleum products. Thus, its shipments of
graphic, geological, and topographical. products to other regions are a central facet of supply

The East Coast (PADD I), the most heavily populated east of the Rocky Mountains. The Gulf Coast is the origin
PADD, has the highest petroleum consumption. It has of trunk carriers such as Explorer, TEPPCO (to the Mid-
virtually no indigenous crude oil production and only west), Colonial, and Plantation (to the Southeast andvirtually no indigenous crude oil production and only
limited refining capacity. The Northeast is unique in -is East Coast). These pipelines also deliver to points withinlimited refining capacity. The Northeast is unique in its

PADD III.dependence on heating oil: 70 percent of all sin-
gle-family homes in the Northeast are heated with oil. The Rocky Mountain States (PADD IV) are thinly popu-
Hence, the Northeast has the largest market for the lated, with a low volume of oil shipped across long
transportation of high-sulfur distillate, as opposed to transport distances. Its consumption of diesel fuel for
low-sulfur diesel oil. The region covers its deficit in transportation on a per capita basis is about 60 percent
refined product supply with shipments from the Gulf greater than the average in the lower 48 States, but its
Coast by pipeline and with imports of refined products consumption per square mile is less than 30 percent of
by tanker. Colonial Pipeline (Gulf Coast to the New York the lower 48 average. The region's highway consump-
area) and Plantation Pipe Line (Gulf Coast to the Wash- tion of diesel-a proxy for the low-sulfur diesel
ington, DC, area) are trunk lines that transport a Wide required-is about 60 percent of its total distillate mar-
product slate to the area, including distillate fuel oils. ket, but low-sulfur diesel accounts for more than 80 per-
Delivering lines, such as Buckeye Pipe Line Company, cent of the total distillate supplied in the region. The
distribute products within the New York Harbor and market is so thin that many companies have opted to
from the New York Harbor area to Pennsylvania and market (and hence require transport and storage for)
upstate New York. Buckeye also serves Connecticut and only low-sulfur diesel fuel instead of both low- and
Massachusetts from an origin in New Haven. high-sulfur fuel. The pipelines serving the region dis-
ExxonMobil and Sun also operate delivering product tribute products from refineries in the Denver area and
pipelines in the region. from refineries in Billings, MT; and Casper. WY, as well

as product received from terminals in PADD II. Pipe-
The Midulest (PADD II) is less heavily populated than lines such as Yellowstone and Cenex distribute across
PADD and hasagreaterbalanceofsupplyand demand the Northern Tier States. Chevron moves products out
for both crude oil and refined products. It receives pipe- of Salt Lake Citv through Idaho and to western Wash-
line supplies of distillate fuel oil from both the Gulf pipelines go into and out o the
Coast and the East Coast. The main trunk carriers of Denver area (Phillips from PADD III Chase from PADDDenver area (Phillips from PADD III; Chase from PADDrefined petroleum products in the Midwest are TE Prod- I a C c, W , iciII; and Conoco, WYCO, Sinclair, and others within the
uct Pipeline and Explorer Pipeline. The role of deliver- Rockies)
ing carriers in the Midwest is a key to product
distribution. The region's refining hubs depend on pipe- The West Coast (PADD V) is a singular oil market. sepa-
lines to deliver their output. As logistics hubs, as well as rated from the rest of the country. From the earliest days.
refining hubs, areas such as Chicago ship product out- the Rockies prevented the easy transfer of oil in and out
put from refineries and also re-ship product received of the region. More recently. Califoria's adoption of
from refineries on the Gulf Coast or in Oklahoma. Pipe- uniquely stringent oil product specifications has exacer-
lines serving the Chicago hub include Williams, bated the region's supply isolation. The region is popu-
Equilon, and Phillips (in addition to Explorer and TE lous as a whole because California is populous:
Products), Citgo, Marathon Ashland, Buckeye, and Wol- consumption is high, but not on a per capita basis. In
verine. Other refining centers or single refineries also California, the Kinder Morgan pipeline system (for-
depend on pipeline transport of their products. Kaneb merly Santa Fe Pacific Pipeline) is the most important. It
and Conoco are two of the pipelines serving the western redistributes product from area refineries and. in south-
part of PADD II. the plains States, where distances are ern California. receives product from its system in
long and consumption volumes low. Arizona. The system in Arizona. in turn, connects with
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PADD III and receives supplies from El Paso, TX. The Both trunk line and delivering pipeline carners are nec-
Calnev Pipeline connects southern California with Las essary for meeting the Nation's demand for refined
Vegas, NV. There are also pipelines transporting prod- petroleum products, and each type of pipeline carrier is
uct in western Washington and Oregon from refineries economically sound in performing its type of service.
in the northwest corer of Washington (Kinder Morgan Many pipeline companies provide both types of service.
and Olympic). As noted previously, Chevron supplies It is clear, however, that trunk and delivering pipeline
the eastern part of those States via pipeline from Salt carriers encounter different operating environments
Lake City, and Yellowstone delivers across Montana and different economics. Trunk lines tend to have lower
and Idaho into eastern Washington as well. costs and revenues per barrel mile than delivering carr;-

ers. Trunk line carriers also tend to be more capital inten-
The East Coast is the only region where all pipelines con- sive than delivering carriers. Costs and revenues per
sistently carry both diesel fuel (currently 500 ppm) and unit of throughput are higher for delivering carriers
high-sulfur distillate fuel oil (heating oil). In other than for trunk lines, and delivering carriers tend to be
regions, some demand for non-road fuel is met by more labor intensive than trunk carriers. Delivering car-
500 ppm product. This is important to the demands of a riers also tend to operate physically smaller pipelines
phase-in. and to use more and smaller storage tanks than do trunk

carriers.

Key Pipeline Operations
The fundamental difference between trunk line and

Oil pipelines operate under a range of corporate struc- delivering pipeline carriers is scale. For pipelines closer
tures and face a range of operational and financial chal- to ultimate demand locations, the magnitude of opera-
lenges. Some are independent and face capital markets tions tends to be smaller and the number of operating
on their own. Others are subsidiaries of integrated oil tasks performed tends to be larger. The trunk carriers
companies. Oil pipelines also serve their markets in dif- that serve as the central arteries have flexibility to redi-
ferent ways, and their divergent operations patterns dic- rect product, for instance. As the system reaches its fur-
tate that the impact of the rule will vary across pipelines thest capillaries, the inflexibilities imposed by the
and thus across regions. The options for minimizing smaller scale become more apparent. The chances for
contamination may be different for a trunk line than for "operating lockouts" increase. A lockout might occur if a
a delivering pipeline carrier, or for a pipeline in batch terminal does not have room to accept a scheduled ship-
service versus one in fungible service. In addition, the ment and there are no other terminals at hand to accept
opportunities for offsetting a supply interruption the product. The pipeline is thus stalled until the prod-
caused by a quality problem are fewer for the delivering uct can be delivered.
carrier in batch service. The sequencing of product flow
is central to maintaining product integrity and, possibly, Batch and Fungible Pipeline Service
reducing system flexibility by requiring changes in Petroleum products pipelines also differ by whether
batch sizes or product scheduling.batch sizes or product scheduling. they operate on a batch or fungible basis. In batch opera-

Trunk Line and Delivering Pipeline Carriers tions, a specific volume-of refined petroleum products is
accepted for shipment. The identity of the material

Refined petroleum products pipelines in the United shipped is maintained throughout the transportation
States fall into two fundamental service categories. process, and the same material that was accepted for

'Trunk lines serve high-volume, long-haul transporta- shipment at the origin is delivered at the destination. In
tion requirements; delivering pipelines transport fungible operations, the carrier does not deliver the
smaller volumes over shorter distances to final market same batch of material that is presented at the origin
areas. Trunk pipelines provide transportation between location for shipment. Rather, the pipeline carrier deliv-
major source points, such as the Gulf Coast, and major ers material that has the same product specifications but
consumption locations, such as the East Coast. An exam- is not the original material.
pie of a trunk pipeline is Colonial Pipeline Company,
which operates from Houston to New York City. A pipeline carrier operates in a batch or fungible mode
Delivering pipelines provide transportation from source based on its circumstances. Unless there is a more corn-
points to multiple, but relatively nearby, market areas. pelling reason, a pipeline operator's selection of its
An example of a delivering pipeline is Buckeye Pipe mode of service is based on maximizing operating and
Line Company, which operates in the middle Atlantic economic efficiency. In general, fungible product opera-
and upper Midwest regions of the country from various tion is the more efficient mode of operation. Fungible
source points, such as New York and Chicago, to mar- operation tends to minimize the generation of interface
kets such as Pittsburgh and Detroit. While the average material (see below). Another efficiency of fungible
haul length on Colonial Pipeline is over 1,000 miles, the operation is that it permits split-stream operations In a
average haul length on Bucke' e is 125 miles. split-stream operation, material originating at Point A
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and destined for Points B and C can be delivered at both same petroleum products in the same pipeline. For
distant points simultaneously; part of the stream can example, it is common for a single refined products
continue on to Point C while delivery is still underway at pipeline to transport various grades of motor gasoline,
Point B. In a batch mode, a delivery operation to Point B diesel fuel, and aircraft turbine fuel in the same physical
means that all pipeline movements beyond Point B cease pipeline. (For the most part, oil pipelines do not trans-
while the delivery to Point B is completed. port both crude oil and refined petroleum products in

the same pipeline.)
Fungible operations also support more efficient utiliza-
tion of storage tanks. In fungible operations, large stor- To carry multiple products or grades in the same pipe-
age tanks are used to accumulate or deliver multiple line, different petroleum products or grades are held in
consignments of identical refined products. In batch separate storage facilities at the origin of a pipeline and
operations, only one consignment of material is typi- are delivered into separate storage facilities at the desti-
callv held in each tank. Accordingly, storage tanks used nation. The different types or grades of petroleum prod-
in batch pipeline operations tend to be smaller (and, pos- ucts are transported sequentially through the pipeline.
sibly, more numerous) and are not utilized as inten- While traversing the pipeline, a given refined product
sively as storage tanks used in fungible service. occupies the pipeline as a single batch of material'At the

end of a given batch, another batch of material, a differ-
Among the pipeline characteristics that determine ent petroleum product, follows. A 25,000-barrel batch of
whether a refined petroleum products pipeline operates products occupies nearly 50 miles of a 10-inch-diameter
in a batch or fungible mode, customer requirements for pipeline.
segregation are an important factor. (Many pipelines
operating on a fungible product basis can make provi- Generally, product batches are butted directly against
sion to accept a distinct batch from a shipper. In doing so each other, without any means or devices to separate
the carrier might impose a higher minimum volume them. At the interface of two batches in a pipeline, some.
requirement or charge a higher tariff rate to cover the but relatively little, mixing occurs. The actual volume of
higher operating cost of providing the special service.) mixed material generated depends on a number of phvs-
Nonetheless, many pipelines or pipeline segments serve ical parameters, including pipeline diameter, distance.
areas where the structure of the market does not support topography, and type of material. As a guide to under-

' the "one size fits all" character of fungible service. standing the volume of interface generated, it would be
typical for 150 barrels of mixed material to be generated

Another important factor in determining a pipeline's in a 10-inch pipeline over a shipment distance of 100
type .of service offering is the possible availability of miles. The hydraulic flow in a pipeline is also a crucial
multiple pipelines in the same service corridor. If exist- determinant of the amount of mixing that occurs "Tur-
ing practice and customer service arrangements initially bulent fow," as occurs in most pipelines, minimizes the
mandate batch pipeline service, it is difficult for a generation of interface, while operations that require the
refined petroleum products pipeline carrier to change to flow to stop and start will generate the most interface
fungible service subsequently. On the other hand, if a material.
pipeline carrier serves a transportation corridor using
multiple pipelines, it has more flexibility to adopt fungi- Nlonthlv Batch Scheduling
ble sen'ice. ~bl~e sen~rv~ice.^~ ^As a part of their strategy to minimize the generation of

interface material, pipeline operators sequence batches
Thus, while an oil pipeline is likely to prefer fungible int e ateia, pieiie ertors seuence
service, batch service is often the only feasible choice. on the bass the total number of oune

shipped and the number and capacity of storage tanksLike the difference between trunk and delivering carri- and the number and f storage tanks
ers, the difference between fungible and batch service is available at the origin, destination, and intermediate
one of scale for many operating parameters. An oil pipe- breakout locations. Most often, pipeline operators use a
line in batch service has considerably less flexibility to recurring monthly schedule of "cycles." shipping ll the
offset operating "hiccups" (such as product contamina- available petroleum products of the same tvpe in
tiori at a shipper's terminal tank) than does an oil pipe- sequence. For example, only gasoline grades would be
line operating in fungible service. 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-

Seauencing Product Flow tion of the cycles might vary from 6 to 10 days, depend-
Refined products pipelines carry more than 60 percent ing on the volume of each material to be shipped during
of all petroleum products transported in the United a particular month. Operators accommodate increased
States. 1'"2 Products pipelines are routinely capable of seasonal demand and stock builds, for instance, by
transporting various types of products or grades of the adjusting the cycle schedule The schedule is published

162 Based on ton-miles. See Association of Oil Pipe Lines. Shdfts n Petroleum Traiiportafwli- 1999 (2001 >
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far in advance, however, leaving little opportunity for Making the Cut: The Mechanics of the Interface
last-minute flexibility.

Each petroleum product-in fact, each batch of prod-
Batch sizes are determined by the availability of storage ucts-has a distinct and identifiable specific gravity.
tankage (not only to pipeline operator directly, but also Different products have widely different specific
to originating shippers and receiving terminal opera- gravities. Different grades or batches of the same
tors), the batch sizes consigned by shippers, shippers' product have slight but measurable differences in
time requirements, and whether the pipeline is operated specific gravity.
on a batch or fungible basis.

Pipeline operators monitor the specific gravity of a
Interfaces and Transmix pipeline stream as it approaches a station or terminal.

The composition of the mixed (or interface) material A change from one specific gravity to another indi-
reflects the two materials from which it is derived. While cates the end of the leading batch and the beginning
it does not conform to any standard petroleum product of the following batch. Based on this signal of the
specification or composition, it is not lost or wasted. For interface location, the pipeline operator "swings"
interface material resulting from adjacent batches of dif- batches from one pipeline to another or from main-
ferent grades of the same product, such as mid-grade line transit into segregated tanks. The shift in specific
and regular gasoline, the mixture is typically blended gravity may be too gross an indicator, however, when
into the lower grade. This "downgrading" reduces the dealing with ULSD. By the time the shift in specific
volume of the higher quality product and increases the gravity is discernible, the ULSD may have been con-
volume of the lower quality product. taminated by the sulfur in its neighboring product.

The interface between two different products-gasoline pipeline operation are filled and drained up to four or
and a distillate, for instance-produces a hybrid called more times per month. Operators usually are able to
"transmix." Transmix cannot be blended back into place the same type of petroleum fuel in a given tank on
either of its components, as gasoline's flash point will each drain and fill cycle, and the tank is not purged and
contaminate the distillate, and distillate's higher boiling cleaned between the routine drain and fill cycles. When
point will contaminate the gasoline. Transmix, there- a tank is filled and drained with a given material, small
fore, is segregated and then reprocessed in a full-scale to substantial quantities of the former material remain in
refinery or a purpose-built facility. When it has been sep- the tank. To the extent that the previous material was
arated again into its component products (gasoline and different from new material being placed in the tank,
distillate, for instance), the distinct products are reintro- contamination can occur. Generally, such contamination
duced into the appropriate segregated transportation is inconsequential because the new material is substan-
and storage system. (If an operator utilizes two physical tially the same as the old material or its volume is small.
pipelines in the same corridor, it may minimize the gen-
eration of transmix by carrying only gasoline in one line In addition to tanks at the origin and destination termi-
and only distillates in the other. The problem of down- nals, "working" or "breakout" tanks are used in the nor-
grade within a family of products, however, still exists.) mal course of pipeline operation. Over a pipeline route,

there may be various needs to interrupt the flow of pipe-
As shown in Figure Cl, a refined products pipeline typi- line material in transit, including branching of the pipe-
cally "wraps" the current highway diesel (at 500 ppm) line, change in size or capacity, mainline pumping
with kerosene and/or jet fuel (2,000 ppm or so), and operations, change from fungible to batch operation,
non-road diesel (up to 5,000 ppm). The chance that the and others. In each case, breakout tanks provide the flex-
500 ppm material will be forced off-specification by sul- ibility to temporarily stop or buffer different flow rates
fur contamination is low. The product tendered is of pipeline segments.
around 300 ppm, leaving leeway for any minor contami-
nation from the neighboring product. The maintenance of material in continuous pipeline

transit without need for diversion into breakout tankage
Typically, refined oil products are transported from a is known as "tightlining." A pipeline operator's ability
source location, such as a refinery or bulk terminal, to a to tightline material will prove to be a slight advantage
distribution terminal near a market area. Large above- in protecting the integrity of ULSD. Overall, however,
ground storage tanks at an origin location accumulate tightlining is not an easy option to engage if facilities and
and hold a given petroleum product pending its entry operating requirements do not already permit it.
into the pipeline for transport. Petroleum products are
also stored temporarily in aboveground storage tanks at I addition to the minor creation of interface materia
destination terminals. that occurs in pipeline transit, creation of interface mate-

rial also occurs in the local piping facilities (station pip-
Storage tanks usually are dedicated to holding a single ing) that direct petroleum products from and to
petroleum product or grade. Most storage tanks used in respective origin and destination storage tanks and in
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Figure C1. Typical Product Sequence and Interfaces in a Refined Products Pipeline

Transmix Interface Transmix
(reprocessed) (downgraded in direction of arrow) (reprocessed)

A - - A

Reg. Kerosene/ !On-Hwy Diesel:Off-Hwy Diesel:On-Hwy Diesel: Kerosene/ l
Gaso.' Jet Fuel i(Now 500 ppm)j (High S) :(Now 500 ppm); Jet Fuel '

Distillate Cycle Gasoline Cycle
Source: Energy iniormnalon Administration. Office o i;nlegraled Analysis and Forecasling.

the tanks themselves. Essentially, station piping repre- In fact, the interface generation in station piping and
sents the connection between a main pipeline segment breakout tanks may be even more important than dur-
and its requisite operating tanks. The concept is simple ing pipeline transit. The volume of interface material
in theory, but in practice the configuration of station pip- thus generated is due to the physical attributes of the
ing is not. Station piping layouts become more complex system. It has fewer variables but approaches being a
as the tanks at a pipeline terminal facility become more fixed value on a barrel-per-batch, not a percentage.
numerous. basis. For instance, one pipeline operator mav create

25,000 barrels of high-sulfur/low-sulfur distillate inter-
Configurations of station piping necessary to accommo- face per batch whether the batch is 250,000 barrels-or
date a given number of tanks and to provide flexibility in 1,000,000 barrels. In addition, a given batch of product
routing multiple products in and out of those tanks pro- might be transported in multiple pipelines between its
vide many possibilities for the creation of pipeline inter- origin and its final destination and even within the same
face material. Each pipeline facility is different, not only system might require a stop in breakout tanks, as noted
among pipeline companies but within pipeline compa- above. Each segment of the journey generates additional
nies. There is no wav to predict how easy or hard it will interface.
be to minimize possible sulfur contamination of ULSD
'in station piping, except to examine the risks on a
case-by-case basis.
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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. Estimating Components of the Distillate
Environmental Protection Agency (EPA) for ultra-low- Blend Pool
sulfur diesel fuel (ULSD) the U.S. refining industry faces
two major challenges: to meet the more stringent specifi- The initial step of the analysis was to analyze the poten-
cations for diesel product, and to keep up with demand tial economics of producing ULSD for each refinery.
by producing more diesel product from feedstocks of Using input and output data submitted to the Energy
lower quality. Some refineries in the United States and. Information Administration (EIA) by refiners, the cur-
Europe currently have the capability to produce some rent components of the distillate blend pool were esti-
diesel product containing less than 10 ppm sulfur, and mated and allocated to the current production of
there is no question that diesel fuel with less than 10 highway diesel, non-road diesel, and heating oil.
ppm sulfur can be produced with current technology. Volumes and sulfur content of straight-run distillate,

fluid catalytic cracker (FCC) light cycle oil (LCO), coker
U.S. refiners have demonstrated that meeting the EPA distillate, and hydrocracker distillate were estimated on
target specification of 500 ppm sulfur (1993 reduction the basis of the gravity and sulfur content of crude feeds,
from 5.000 ppm to 500 ppm) was easier than anticipated. input volumes to the FCC, coker, and hydrocracker
The primary methods used were upgrading existing units, and the fraction of the FCC feed that is
hydrotreater units by adding extra reactor volume and hydrotreated.
building new units. In contrast, the proposed change
from 500 to 15 ppm represents a new and far more chal- The estimates for volumes of full-range straight-run dis-
lenging task for the industry, because the remaining sul- tillate, LCO from the FCC, and coker distillate were
fur (less than 500 ppm) is likely to be contained in adjusted according to reported refinery data. Because
compounds that are difficult to desulfurize, such as kerosene and jet fuel are made from the straight-run dis-
4,6-dimethvldibenzothiophene (often described as tillate and hydrocracked material, those distillate pool
stericallv hindered sulfurcontaining molecules). Fur- components were reduced accordingly. If a hydro-
thermore, to meet growing demand for diesel fuel, some cracker was available at a refinery, volumes of LCO and
refineries will have to increase capacity, which may coker distillate were allocated to the hydrocracker by
involve treating lower quality feedstocks (cracked distil- comparing available distillate boiling range components
lates) that require more severe and costly process to distillate product volumes. A final adjustment was
conditions. made, based on the relative production of gasoline and

distillate products.
The implications of producing ULSD are complex, not
onlh from a unit-specific standpoint but also from a The initial estimate ofstraight-run distillate volume for a
refinery standpoint. Each refinery has unique circum- given refinery was based on a typical cut point range for
stances, such as existing hvdrodesulfurization units, a crude oil with the gravity of the crude oil charged to
source of crude, diesel blend components, and hydrogen that refinery. If the available distillate pool volumes
availability. Producing ULSD is a significant decision for exceeded the distillate product produced, the volume of
most refiners, and the incremental cost per barrel could the, straight-run distillate component was reduced.
vary dramatically across the range of individual refin- based on the typical variation in distillation cut points.
ers. In addition, it is uncertain whether further restric- (The light end of the kerosene boiling range material
tions on diesel quality will be imposed in the future. may be included in the reformer feed for gasoline pro-
Some refiners may decide to discontinue producing duction, and the heavy end (high end) of the boiling
highway diesel and produce only non-road diesel and range may be included in the FCC feedstock. Either or
heating oil as distillate products. Such decisions, cou- both of these adjustments will reduce the straight-run
pled with increasing demand for diesel fuel, could distillate volume.) The adjustments resulted in esti-
heighten the potential for a diesel shortage in 2006. mated distillate pool volumes approximately equal to

the reported volumes of distillate production. The distil-
This appendix provides details of the methods used to late pool components were then allocated to the produc-
estimate the short-term cost per gallon to manufacture tion of highway diesel, non-road diesel, and heating oil.
ULSD meeting the EPA sulfur specifications for 2006
and examines the variations in cost for different U.S.
refineries. The analysis 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.
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Allocating Blend Pool Components to combination of high aromatics and higher sulfur that

Distillate Products make them difficult materials to convert to ULSD, for
most refiners it is not possible to shift more of these

Specifications for the various diesel and heating oil cracked stocks to non-road diesel because of the
products determine how refiners allocate the distillate non-road cetane requirement. A few refiners in PADDs I
component to the products. In 1997, the American Petro- and III could potentially allocate more cracked stocks to
leum Institute (API) and National Petrochemical and heating oil, but as the relative volumes in Table D1 indi-
Refining Association published a survey of blend pat- cate, this would help only a small number of refiners.
terns used by U.S. refiners in 1996 for gasoline and distil-
late products. 163 The compositions of the distillate The EPA analysis of the feasibility of producing
products for Petroleum Administration for Defense Dis- ULSD' 6 4 discussed the difficulty of desulfurizing
tricts (PADDs) I-IV reported in the API/NPRA survey cracked stocks compared to straight-run distillate to
for 1996 are summarized in Table Dl. meet ULSD standards. Commentary indicated that, if

hydrocracking capacity were available, some cracked
According to the API/NPRA survey, the fraction of stock could be sent to the hydrocracker. In estimating
cracked stocks (LCO and coker distillate) is about the distillate pool components as described above, the
one-third of the total for both highway and non-road volume balances indicated that in many refineries with
diesel fuels. PADD II has the highest percentage of hydrocrackers, the LCO was likely being consumed as
cracked stock components: 34.7 percent for highway hydrocracker feed. The EPA also suggested that,
diesel and 27.3 percent for non-road diesel. Only PADDs because non-road diesel fuel has an average cetane num-
I and III have significant production of heating oil, and ber of 44.4, more cracked stock could be allocated to
the cracked stock content is 44.7 percent in PADD I and non-road diesel and still achieve the 40 minimum
40.9 percent in PADD III. While highway diesel has a standard.
lower sulfur limit than non-road diesel, both have the
same minimum cetane number requirement of 40, In analyzing each specific refinery, EIA found that refin-
which limits the fraction of cracked stock that can be eries fall into three groups with respect to cracked
included in either product. Cracked stocks are stocks. One group has a relatively small fraction of
poor-quality diesel blend components, because of their cracked stocks (such as those with hydrocrackers) and
high aromatics content and low cetane numbers (Table hence produces highway and non-road diesel fuels with
D2). relatively high cetane. For a second group, cetane con-

straints offer little chance for allocating more cracked
A refiner cannot consider options for producing ULSD stocks to non-road diesel. The third group, using heavy
without considering the impact on other diesel and heat- crude oil feeds to produce large volumes of cracked
ing oil products. Thus, while cracked stocks have a stocks from FCC units and cokers, must treat distillate

Table D1. API/NPRA Survey of Distillate Product Compositions, 1996
Product Components (Percent by Volume)

Straight-Run Cracked Light Cracked Coker Hydrocracked Total Volume
Region Product Distillate Cycle Oil Distillate Distillate (Million Barrels)

PADD I ........ Highway Diesel 67.7 16.5 0.0 15.8 12.1

Heating Oil 54.2 44.7 0.0 1.1 10.4

PADD II........ Highway Diesel 62.7 28.8 5.9 2.6 59.9

Heating Oil 66.9 11.6 21.5 0.0 2.1

Non-Road Diesel 72.7 27.3 0.0 0.0 19.2

PADO Il ....... Highway Diesel 66.0 18.8 10.7 4.5 104.5

Heating Oil 57.8 29.6 11 3 1.3 6.5

Non-Road Diesel 56.9 . 12.8 3.2 27.1 28.9

PADD IV ....... Highway Diesel 71.0 22.6 4.2 2.2 11.0

Non-Road Diesel 80.9' 19.1 0.0 0.0 2.1

Note: The survey included reports from 9 PADD I refineries. 25 PADD II refineries. 42 PADD Ill refineries. and 12 PADD IV refineries and
accounted tor 80 percent of the volume that EIA reported was produced in that period.

Source: Final Report: 1996 American Petroleum Institute/National Petrochemical and Refining Association Survey of Refining Operations and
Product Quality (July 1997).

163Final Report: 1996 American Petroleum Institute/National Petrochemical and Refining Association Survey ofRefining Operations and Produc,
Quality (uly 1997).

(4U.S. Environmental Protection Agency, Regulatory Impact Analysis: Heavy-Duty Engine and Vehicle Standards and Highway Diesel Fuel
Sulfir 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 Then, additional options for reducing or expanding the
order to produce acceptable products. refinery's ULSD production were estimated.

In the longer term, increased movement of cracked dis- Several factors may cause a refiner to maintain, contract,
tillates between refineries could occur, with more under- or expand highway diesel production when the ULSD
cutting of cracked stock to remove the high-aromatic, regulation takes effect in 2006. Maintaining current pro-
high-sulfur material at the high end of the boiling range. duction of highway diesel has the appeal of keeping the
Such industry optimization avenues would take time to refinery production in balance with current distillate
establish, however, because they are based on compo- markets sales for the company. Either increasing or
nent price differentials that may grow over time to pro- decreasing the highway diesel production will mean
vide incentives for such activities. During the transition finding markets for more highway diesel, more heating
period starting in 2006, based on past experience, it is oil, or more non-road diesel products. Reducing ULSD
assumed that most refiners would base their strategies production may result in a lower per barrel incremental
on analyses of specific refinery situations. Possible cost for ULSD production.
exceptions are multiple refineries within a single com-
pany system having logistical connections that permit ULSD production requires added hydrogen usage in the
practical and economical movement of refinery streams. distillate hydrotreater, thereby increasing hydrogen

consumption per unit of distillate feed. Some refiners
Identifying Refinery Options for Producing may choose to reduce feed input in order to continue to
ULSD operate within existing hydrogen supply constraints

and avoid building new hydrogen production capacity.
The objective of this step of the analysis was to generate Reducing hydrotreater throughput may also enhance
estimates of the incremental cost for each refinery to pro- the practicality of revamping a current hydrotreater to
duce ULSD. The incremental cost will vary for each avoid building a new unit. The 1996 API/NPRA survey
refinery, depending on the volume of ULSD produced; showed that at the 500 ppm sulfur limit level, about'15
the type of blend components from which it is produced; percent of untreated material was placed in highway
the sulfur, aromatics, and boiling range content of those diesel in PADDs I-IV. Producing ULSD will require that
blend components; whether the refinery can revamp an all the diesel product must be hydrotreated. This means
existing hydrotreater or must build a new one; and the that some refiners who seek to revamp will be working
cost for catalyst, hydrogen, and other requirements to with a unit that has less capacity than indicated by cur-
produce the ULSD. Moreover, each refinery must decide rent highway production. Some additional capacity mav
'how much ULSD it will produce in 2006. Because the be made available by increasing the utilization rates of
volume of ULSD produced will affect the incremental existing units that are currently operating at lower utili-
cost of production, the incremental cost of ULSD pro- zation rates.
duction for each refinery was first estimated at current
production levels, assuming both the revamp of a cur- If a refiner has to build a new hydrotreater, expansion of
rent hydrotreating unit and the addition of a new unit. highway diesel production is an obvious consideration.

Table D2. Cetane Number of Light Cycle Oil From Some World Crude Oils
Celane Number

! :1 Sulfur Content Light Cycle Oil Lignt Cycle Oil
Gravity , (Percent by Straight-Run at 60 Percent at 80 Percent

rude O Source (Degrees API) Weight) Diesel Conversion Conversion

A : i a 32 ? . -F :
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Expansion can provide economies of scale for a new unit * Operating costs include utilities, maintenance, cata-
and may mean lower costs per unit; however, if new lyst and chemicals makeup and natural gas used for
hydrogen production capacity is required, the cost per hydrogen generation. A small credit is taken for the
unit may be higher. There is also the risk of having to sale of the sulfur byproduct.
find additional markets for the added highway diesel
production. , Revamped ULSD Unit

* Sulfur removal from the existing refinery diesel
The EPA analysis' 65 and a study by Charles River Asso- pool, utilizing existing hydrodesulfurization unit
ciates, Inc., and Baker and O'Brien, Inc. (CRA/BOB)16 6 with a new second-stage reactor and interstage HS
have attempted to determine which refineries could be removal.
revamped; however, it is highly uncertain which refiner-
ies have hydrotreaters that could be revamped and * Incremental hydrogen consumption for revamp
maintain current production volumes. The present based on decreasing the sulfur level from 500 ppm to
study also makes such an estimate, using a rationale 7 ppm.
similar to that used in the CRA/BOB analysis. The pro- o Cost estimates include capital for new hydroteating
cess construction literature for the past decade was reactor, heater, heat exchanger, H2S absorber, and
reviewed for distillate hydrotreater projects, and it was expansion of utilities. Existing refinery sulfur and
assumed that revamps would be more likely for refiner- hydrogen plants are assumed to have sufficient
ies that carried out major distillate projects in the 1990s, excess capacity to handle increased throughputs
especially those that installed new units. It was also Depending on the feedstock, the model decides
assumed that revamps would be practical for refineries whether of not to construct a new hydrogen plant.
using a small percentage of cracked stock to produce
ULSD. In addition, it was assumed that new unitswould * Operating costs include incremental utilities, main-
be built at refineries with current hydrotreater capacity tenance, catalyst and chemical makeup, and natural
less than their highway diesel production (although gas used for hydrogen generation. No credit is taken
revamps would also be feasible at reduced production for the sale of the additional sulfur byproduct.
levels).

leve). Model Description

Estimating Costs for Individual Refineries The ULSD model considers hydrotreating three differ-
, ~.~~~~ ~ ~~ ... ,, , , . ~ ent types of refinery feeds: straight-run distillate fromA semi-empirical model was developed to size and cost e rir ri

the atmospheric column, LCO from the FCC, and coker
new and revamped distillate hydrotreating plants for from the . .

production of ULSD. Sulfur removal was predicted gas oil from the coker. The model is in a spreadsheet for-production of ULSD. Sulfur removal was predicted mat and contains Visual Basic coded functions for somemat and contains Visual Basic coded functions for some
using a kinetic model tuned to match the limited litera- com x cacations. I si o ctions

complex calculations. It consists of seven main sections:ture data available on deep distillate desulfurization. ( conomic actos, ( efine Input ata, an
(1) Economic Factors, (2) Refinery Input Data, (3) Man-Correlations were used in the model to relate hydrogen ual Variab, (4) Hy reer Knet, (5) Hydo-

* .. ,. ,~~ ..,~ . " ual Variables, (4) Hydrotreater Kinetics, (5) Hydro-
consumption, utility usage, etc., to the three major con- treater Plant (6) Hydrogen Plant, and (7) Sulfur Plant.
stituents of the distillate pool: straight-run distillate, The model consists of seven Microsoft Excel work-. , , ., , , ., The model consists of seven Microsoft Excel® work-
light cycle oil, and coker gas oil.

sheets: a raw data worksheet that contains refinery-

Model Assumptions specific information used by the other worksheets, five
refinery scenario worksheets that contain the detailed

New ULSD Unit step-by-step calculations for the revamp and new unit

* Sulfur removal from the existing refinery distillate cost projections, and a summary worksheet.
pool, utilizing a dual-reactor hydrodesulfurization
unit with interstage H2S removal.Model Optio

* Hydrogen consumption includes hydrogen required The costs to produce ULSD for five investment options
to desulfurize the distillate pool to 7 ppm and to sat- are estimated from the compiled data for each refinery.
urate aromatics and olefins in the distillate. Costs vary for each refinery, depending on the volume

of ULSD produced, the blend components from which it
* Cost estimates include capital for a new hydro- is produced, the sulfur, aromatics, and boiling range of

treating plant, sulfur plant, and expansion of utili- the blend components, whether the refinery can revamp
ties. Depending on the feedstock, the model decides an existing hydrotreater or must build a new one,
whether or not to construct a new hydrogen plant. and the cost of the catalyst, hydrogen, etc. required to

165 U.S. Environmental Protection Agency, Regulatory Impact Analysis: Heavy-Duty Eligine and Vehicle Standards and Highway Diesel Fuel
Sulfur Requirements, EPA420-R-00-026 (Washington, DC, December 2000).

166Charles 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)..
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produce ULSD. The volume of ULSD a refiner decides to maximum production rate with existing equipment, and
produce will affect the cost. For each refinery, the cost both new hydrotreater and hydrogen plants would be
for ULSD production is estimated at current production needed.
levels, both assuming the addition of a new
hydrotreating unit and assuming the revamping of an Worksheet Environment
existing hydrotreating unit (options 1 and 2 below). Economic Factors: The capital charge factor is assumed
Three additional options are considered (reductions to be 12.0 percent (corresponding to a 5.2-percent after-
from current highway diesel production assuming new tax rate of return on investment), contingency 20.0 per-
and revamped hydrotreater units and increases from cent, on-site maintenance 4.0 percent, off-site mainte-
current production assuming new units) to find the most nance 2.0 percent, taxes and insurance 1.5 percent
economical production levels for individual refineries. (included in the capital charge factor), and miscella-

Option (Baseline New Hy: Ts " - neous 0.6 percent, all as a percentage of capital invest-Option 1 (Baseline New Hydrotreater): This "busi- .
ment. Sensitivity cases using a 17.2-percent capital

ness-as-usual" option is modeled using the current.. , ' . . . 6 . , charge were also analyzed.
refinery production capacities for highway and
non-road diesel. The model estimates the cost to pro- Refinery Input Data: The cost model requires two input
duce highway and non-road diesel at the proposed sul- data sets for each scenario. The first set of input data is
fur limits (7 ppm and 5,000 ppm, respectively) while the baseline data, consisting of the current refinery die-
maintaining the same hydrotreater throughput. A new sel capacities from which all scenarios are developed.
hydrotreater plant is estimated. The baseline data consist of the API gravity, highway
O to- . (Bsein. R a pe Hydrtreaer): This and non-road diesel blend component flow rates, and

Option 2 (Baseline Revamped Hydrotreater): ThisOption (Baseine Rev d H: Ts sulfur content of each stream to the hvdrotreater. The
option is identical to Option 1 except that the existing i i

plant is assumed to be r evaped. The _ second set of input data contains the blend component
hydrotreater plant is assumed to be revamped. The flow rates for the optional expanded or reducedrevamp option considers the cost of installing an addi- o

hydrotreater.tional hydrotreater reactor (not an entire plant) and
interstage amine scrubber. The additional reactor is Manual Variables: Some variables are not available in
sized to decrease the existing diesel sulfur content from the original refinery-by-refinery specific database and
300 ppm to 7 ppm. require some engineering judgment and estimation.

Options 3 ad 4 ( d U D Nw ad R m Whether or not the FCC feed is hydrotreated affects theOptions 3 and 4 (Reduced ULSD New and Revamp hydrogen consumption for desulfurizing the LCO
Hydrotreater): These options consider the cost impacts stream. Pretreatment of the FCC feed results in products
of decreasing highway diesel production and increasingof decreasing highway diesel production d cr g (LCO in this case) with higher API gravities (lower sul-
non-road diesel production. Because ULSD production

,non-road diesel production. Because ULSD productin fur and aromatic content), which will in turn require less
will require more hydrogen consumption (especially for

hydrogen to remove the remaining sulfur during
refineries with lower quality feedstocks), reducing

eins wriuthio l q ity te' r edi hydrotreating. The geographic location factor is utilized
ULSD production may permit the refinery to operate in the cost estimates for each refinery process; the loca-

within existing hydrogen capacity and avoid the neces- tion basis used in the model is the US. Midest. The
sitv of building a costly new hydrogen plant. Further-

more, reducing hvdrotreater throughput may also pressure input (in pounds per square inch absolute [psi])more, reducing hvdrotreater throughput may alsoenhance ° -'. the~. - affects both the kinetic and hvdrotreater portions of the
enhance the practicality of revamping the current

hvdr t practicality of revamp. .o ing the current model. It is assumed that the maximum pressure for the
hvdrotreater and avoiding the need to invest in a new

~unit. revamp options is 650 psi, and the averagelength-ot-run
pressure for the new hydrotreater options is 900 psi. The

Option 5: Increased ULSD New Hydrotreater This estimated-process temperature has a direct impact on
option considers expanding highway diesel production the kinetic performance.
while decreasing non-road diesel. production; thus

wile e no diero tand cth Hydrotreater Kinetics: The kinetic model used in thisincreasing throughput to the hydrotreater and creating study has the general formstudy has the general form:
the need for a new hydrotreater. A particular refiner
might consider this option for several reasons: (1) the -d/dt = kS"PH/(I + K-S ).
refinery has a high volume of cracked stocks, and a new
hvdrotreater plant is needed anyway; (2) a new unit may An Arrhenius form is used for the temperature depend-
provide economies of scale and lower per-unit produc- ence of k. For the Langmuir-Henshelwood factor, it is
tion cost; (3) there may be a perceived opportunity to assumed that sulfur species in the feed and HIS are
expand highway diesel production as demand increases equally strongly absorbed on catalyst sites. The con-
and "challenged" refineries discontinue diesel produc- stants in the equation were fit using the best available
tion. A corresponding revamp case was not considered, data from the literature. The best fit was obtained with n
because it was assumed that current refineries ere at equal to 1.5. The equation was integrated to give space
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velocity as a function of feed properties and operating In the view of many refiners with whom discussions
conditions: The value of k used reflects the higher sever- were held, an estimate of $1,600 per barrel per stream
ity required to process cracked feedstocks. When two day is believed to be a more representative ISBL invest-
reactors are used in series with interstage H2S removal, ment cost to produce ULSD. Therefore, the model was
the intermediate sulfur level is adjusted to give approxi- rerun using a basis of $1,600 per barrel per stream day
mately equal space velocities in the two reactors. When for a unit with 30,000 barrels per stream day capacity.
utilized for the revamp situations, the intermediate sul- Figure D2 shows the relation of vendor-supplied data to
fur level (500 ppm) is manually placed in the kinetic the model results for both ISBL baseline costs ($1,200 per
model, and only the second space velocity is used for barrel per stream day and $1,600 per barrel per stream
hydrotreater cost estimating. day).

Hydrotreater Plant: The total on-site capital cost esti- Therevamped hydrotreater o- : cap-: :.. portion of the
mate for a new hydrotreater plant (see Chapter 3) con- model util izes only the space velocity calcu . il-r for the
sists of three parts: a two-reactor system (in series) with second reactor used to lower the d'-,e pool sulfur con-
interstage H2S stripping, hydrogen makeup compres- tent from 500 ppm (manually specified) to 7 ppm. The
sors, and remaining on-site capital equipment. The cost revamped hydrotreater capital cost includes only an
of the reactor system and makeup compressors are a additional reactor, heater, and separator and assumes
function of the percent of cracked stocks present in the that the existing inside battery limit equipment will
hydrotreater feed pool, whereas the cost of the remain- remain unchanged.
ing on-site equipment is a function of capacity. The co- The on-site capital costs for the new and revamped
bined flow rates, space velocities calculated from the hydrotreater plants include the initial catalyst charge.
kinetic model, and pressure are used to size each reactor, The off-site capital cost for a new plant is assumed to be

.with the off-restrictions that the reactor length-to-dia new plant is assumed to bewith the restrictions that the reactor length-to-diameter
45 percent of the on-site capital cost, and the off-site cap-ratio must be greater than or equal to 5, and the diameter italcost for revamped plant is assumed to be 30 percent

must be less than or equal to 15 feet. The cost of each of the on-site capital cost.
reactor is a function of the wall thickness and reactor
weight. Next, the hydrogen makeup compressor costs Hydrotreater Catalyst: Catalyst cost (in dollars per bar-
are calculated based on the hydrogen consumption. The rel) is a function of space velocities and is calculated
remaining on-site capital for a new plant (inside battery assuming a 2-year life, with CoMo in the first reactor and
limit [ISBLJ equipment) is estimated by using vendor NiMo in the second reactor. CoMo is more reactive in
data supplied in a recent NPC study as a basis (30,000 removing sulfur from the less challenging sulfur-
barrels per stream day, $1,200 per barrel per stream containing molecules. Below 500 ppm, however, the sul-
day). Figure D1 shows the predicted ISBL costs for each fur present is more likely to be contained in sterically
refinery studied, using a basis of $1,200 per barrel per hindered molecules and is more difficult to remove
stream day, and a best-fit curve through the data. Differ- using a CoMo catalyst (Figure D3). In contrast, NiMo has
ences in capital costs at a given capacity level are the higher activity on more challenging sulfur-containing
result of variations in the fractions of the different types molecules. Published data have shown that the costs of
of feeds (e.g., straight run versus cracked stocks) and the both catalysts are approximately $10 per pound, includ-
sulfur level of the feed to the hydrotreater. ing royalty.

Figure D1. Cost Curve for Ultra-Low-Sulfur Diesel Figure D2. Cost Curve for Ultra-Low-Sulfur Diesel
($1,200 Baseline ISBL Costs) ($1,200 and $1,600 Baseline ISBL Costs)

5.000 -7.000

>. 4 500
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E 4.000 0 Cnlenon Critenon
g 3.500 . 5.000 *MAK o MAK
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-. 3.000

1200 * -3,000
15200 0 a2.0
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o 530I 500 1.000oo
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Source:.National Energy technology Laboratory. Source: National Energy technology Laboratory
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Figure D3. Impact of Sulfur Species on Reaction incremental H: consumption value is greater than 25
Rate _ _ _ _ _ _ percent of the baseline H. capacity, then the model cal-
EASY DIFFICULT MOST DIFFICULT culates the H, costs based on a new plant.

3 s .\' ~^-Simple nonlinear correlations based onthe flow rate and
go A sulfur concentration of each cut, including the non-road

^ fi-;4R^Lo streams to the hydrotreater, were developed using data
£Iz.\s/x~~~~~~~ S-compiled from multiple sources. The H2 consumption
2 ,tr^^>~~~~~~~~~, ,^correlations are as follows:

_ _______________________ _
s ____ 5Straight-run highway baseline:

SCF H2 = SR Flowrate ' (((120 * SRSulPercent)
Source: Energv Iniormalion Adminisirallon. OCtice o' :ni-sraed + 40) + 50)

Analysis ano Forecasting.

Straight-run highway required:
Hydrotreater Utilities: The main utilities for the hydro-
treater plant included in the model are power, steam, SCF H2 = SR Flowrate * (((120 * SRSulPercent) + 40)
cooling water, and fuel. All utility requirements were + 50 + 50)
estimated from published correlations or actual data.
The revamp option utility requirements are the incre- Straight-run non-road baseline and required:
mental utilities to remove the remaining sulfur present SCF H = SR NonHighway Flowrate ((120
in the diesel. The incremental additional power was esti- * SRSulPercent) + 40)
mated to be 40 percent of the existing power usage due
to additional hydrogen consumption and potentially LCO highway baseline:
higher system pressure drops.

SCF H2 = LCO Flowrate (((150 * LCOSulPercent)
Hydrotreater Yields and Energy Content: The volume + 40) + 150)
and weight percent yields of ULSD produced by the dis-
tillate hvdrotreater can vary considerably, depending on LCO and coker distillate highway required:
the fraction of cracked stocks in the feed and the level of
-aromatics saturation. An average yield and energy con- SCF H2 = LCO Flowrate (((150 LCOSulPercent)
tent were estimated for this study, based on the Cnte- + 40) + 150 + 650)
rion data in a June 2000 study by the National Petroleum LCO and coker distillate non-road baseline and..,1.7- .,,,,,' * . ., LCO and coker distillate non-road baseline and
Council.'7" The yield 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 SCF H, = LCO NonHighway Flowrate
2 numbers, which means that the volume yield was 99.2 ((150' LCOSulPercent) + 40).
percent. There was also a small increase in the Btu con-
tent of the product on a weight basis (98.2 percent of the After the total baseline, required, and incremental
feed energy content in 98.0 weight percent of the feed). hydrogen capacities are calculated, the model then
The energy content declines on a volume basis, because decides whether to build a new hydrogen plant. If the
the heat content of the product is 0.989 times the heat existing H, plants capacity is determined to be sufficient
content of the feed on a volume basis. (no build), onlv the variable cost associated with the

required capacity is calculated. If a new H. plant is nec-
Hydrogen Plant The same hydrogen consumption essary, the on-site capital cost is estimated (scaled) using
and hydrogen plant cost estimation methodologies are published data (60 million standard cubic feet per day
used for both the new and revamp cases. The goal of the plant at 550 million). The off-site capital cost is assumed
hydrogen plant portion of the model is to determine to be 40 percent of the on-site capital cost. The total
the hydrogen consumption and associated costs to hydrogen cost per barrel of distillate treated includes the
reduce the current sulfur level (500 ppm) down to 7 cost of the natural gas feed to the hydrogen plant.
ppm, whether it is a new or revamp situation (see Table
6 in Chapter 6). The incremental H2 is calculated as the Sulfur Plant The new sulfur plant estimates are based
difference between the baseline H2 consumption (for on the amount of sulfur removed from the diesel pool
highway diesel at 500 ppm sulfur and non-road diesel at and are a function of whether the FCC feed wias
5,000 ppm) and the predicted required H2 consumption pre-treated, the flow rate and percent sulfur of each
(highway diesel at 7 ppm, non-road at 5,000 ppm). If the stream, and the API gravity of the crude. The estimate

16 7 ;ational Petroleum Council. U.S. Petroleum Rrtfiutin: Assunrir tlw AtdequacV aUd Atford.abihi tr o(Cl eaicr furhl (IIune 2000)
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includes an interstage H2S absorber for the new unit 500 ppm sulfur removed from the diesel stream. The sul-
case. The on-site capital, off-site capital, and fixed and fur section of the revamp worksheet calculates the cost
variable operating costs are calculated by scaling off of an additional absorber, which is a function of the
published data. The only difference in the total sulfur overall flow rate to the hydrotreater and the hydrogen
cost on a per barrel basis is the credit from the sale of the recirculation rate. In the sample cases, the sulfur costs
sulfur at $27.50 per long ton. The revamp case assumes ranged from $0.08 to $0.55 per barrel.
that the existing sulfur plant can handle the additional
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Appendix E

Model Results

This appendix provides mid-term projections for (in 1999 dollars). The lower 2010 oil price projections
end-use prices and total supplies of ultra-low-sulfur from AE02001 thus account for a difference of 6.8 cents
diesel fuel (ULSD), based on the Energy Information per gallon in the projected end-use prices for ULSD.
Administration's (EIA's) National Energy Modeling
System (NEMS) Petroleum Market Module (PMM). In addition, the end-use diesel prices include a nominal
Historical data for 1999 prices and supplies of highway Federal tax of $0.24 per gallon in 1999, which decreases
diesel (500 ppm sulfur) are also provided for compari- in value (in real terms) in the forecast years. The differ-
son (Tables El and E2). ential in Federal taxes between 1999 and 2010 is about 4

cents per gallon. The PMM reference case projects an
The projected end-use (pump) prices are lower than the end-use price of $1.238 per gallon in 2010. After upward
current prevailing prices for highway diesel fuel for sev- adjustment to account for the differentials in world
eral reasons. The end-user prices include crude oil costs, crude oil price and Federal taxes (a total of 10.8 cents),
processing costs, taxes, and marketing costs. 16 8 There- the end-use price would be S1.346 per gallon at the cur-
fore, variations in the costs and taxes affect the projected rent world crude oil price level.
end-user prices. The reference case, the Regulation case,
and all sensitivity cases were based on mid-term projec- The U.S. prices of most petroleum fuel products fluctu-
tions for world crude oil prices used in Annual Energy ate between seasons and in response to world crude oil
Outlook 2001 (AE02001). After the steep increase in prices. The higher-than-normal diesel prices in 2000 and
world crude oil prices in 1999 and 2000, EIA projected in the early part of 2001 reflect the low distillate inven-
that crude oil prices would decline initially (through tory and high world crude oil prices. Since Februarv
2003), then slowly increase through 2020.169 EIA's 2001, the average price of U.S. highway diesel has been
Weekly Petroleum Status Report for March 23, 2001, esti- dropping steadily, to a level around $1.40 per gallon.
mated the February 2001 price at $24.60 per barrel According to the Weekly Petroleum Status Report for
(SO.577 per gallon) in 1999 dollars for U.S. imported March 23,2001, the average U.S. price of highway diesel
crude oil. In comparison, NEMS projects a world crude was $1.338 per gallon (in 1999 dollars), comparable to

7oil price of $21.37 per barrel ($0.509 per gallon) in 2010 the price projection of $1.346 per gallon from the PMM.

'hEnergy information Administration. Annual Enerrgy Outlook 2(I)), DOE/EIA-0383(2001) (Washington, DC. December 20001. Figure
112

I'YEnergy Information Administration, Annual Enrrg- Outlook 2(X)7, DOE/EIA-0383(2001) (Washington, DC. December 2t)0). Figure
88.
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Table El. 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 F1999 2007 2008 2009 2010 2011 2015 Average Average

End-Use Prices of Highway Diesel (1999 Cents per Gallon)a

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 Capital Cost (ULSD) .. NA 129.4 129.9 130.5 131.2 132.2 130.1 ,130.3 130.5

213 Revamp (ULSD) ........ NA 128.9 1292 129.9 130.7 131.7 129.7 129.7 130.0

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 130.4 130.7 131.4 132.2 134.8 131.1 131.2 131.7

No Imports (ULSD)......... NA 130.2 130.4 130.8 131.6 132.9 130.5 130.8 131.1

Total Highway Diesel Supplied (Million Barrels per Day)

Reference

Total (500 ppm) .......... 2.43 3.09 3.15 3.21 3.27 3.32 3.55 3.18 3.43

Regulation

500 ppm ................ 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 .................. 2.43 3.10 3.16 3.22 3.28 3.40 3.63 3.19 3.51

Higher Capital Cost

500 ppm ................ 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 .................. 2.43 3.10 3.16 3.22 3.28 3.40 3.63 3.19 3.51

2/3 Revamp

500 ppm ................ 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 ............. .. 243 3.10 3.16 3.22 3.28 3.40 3.63 3.19 3.51

10% Downgrade

500 ppm ................ 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 3.61 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

4% Efficiency Loss

500 ppm ................ 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 3.03 3.42 3.65 2.59 3.53

Total .................. 2.43 3.10 3.16 3 22 3.29 3.42 3.65 3.19 3.53

1.8% Energy Loss
500 ppm .............. 2.43 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 3.06 3.45 3.68 2.62 3.55

Total .................. 2.43 3.13 3.19 3.25 3.32 3.45 3.68 3.22 3.55

Severe

500 ppm ................ 2.43 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 .................. 2.43 3.13 3.19 3.25 3.33 3.67 3.92 3.22 3.79
No Imports

500 ppm ................ 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 .................. 2.43 3.10 3.16 3.22 3.28 3.40 3.63 3.19 3.51
"Highway diesel prices (both 500 ppm and ULSD) include Federal and State taxes but exclude county and local taxes.
NA = not available.
Sources: 1999: Energy Information Administration. Petroleum 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. DSU71NV.D043001A.
DSU7DG10.D043001A. DSU7TRN.D043001A. DSU7BTU.D043001A. DSU7ALL.D050101A, and DSU71MPO.D043001A.
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Table E2. End-Use Prices and Total Supplies of Highway Diesel. 1999 and 2007-2015.
Assuming 10-Percent Return on Investment

2007-2013 201 -2015
Analysis Case 1999 2007 2008 2009 201C 2011 20'5 Average Average

End-Use Prices of Highway Diesel i!999 Cents per Galionla
-ee'ence *Wrl.' r- : Re!ui? on
:.S;--sme!: =.' Dom,. '4 --a 2Z 'tSPneF 50C- Di m. .......... 114.0 i2,. ''2.-....2. '__~. "'-:-*i 2 .-, ':-

Requlad: vor 'v - e!jr on
:n,*esm;er: : . ..... .. 129-. '3C.' 3C.- : . 3- ; .' -

Total Highway Diesel Supplied (Million Barrels per Day;

Reference with 10.° Return on
Investment

Total (500 ppm) ............. 2.43 3.10 3.16 3.22 3.27 3.33 3.56 3.19 3.44

Regulation with 10°o Return on
Investment

_c00 rm ....... ... . 2.43 0. 0.70 0 .7 3 0.25 C..3 O.O C -.60 :.C'

'LS . ........ 0.00 2.4 46 2.5 3.- : 4' 3 6- 2.6- ~. -

Total .................. 2.43 3.11 3.17 3.23 3.28 3.41 3.64 3.20 3.52

:'l ]nv;3- . 3esei Dr-:es5 :bornr 500 pim aAc ULSDi inc:uae Federa: and Slrae raxes J' exciuoe -:cu;' ana :o-.a' axe-.
iA'= :-0 : .3a. aoil

S(c'-:S. 1999: Er'nrgv ;nlorma!on Aamlnlisralion. Petroleurr SUDDIV Annua; '*oc Vc;. .c DO iA. -03-O'" .Wasnin-ln.. .JC j.Ln- 'iC'

Prolections: ailona!- d Ener- . Moae-l!i Svsiem. runs DSiREF
:
G. O043001A and: _S' 7I t' - '.3.; -. c
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Stanley Calvert 04/06/2001 10:43 AM

To: MaryBeth ZimnmeeanlaEE/DOE@DOE
cc:

S, 'i ct: Wd Success Inputs

Stan Calvert
X68021

----- PForwaded by Starney CalvtrtEErJOE or 04/012001 10:39 AM

PhH Dougherty 0V'062001 10:04 AM

To: Stanley ClaIVEE/DOEDDOE
cc:

Subject:

Maybeth:

9310
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I hope this information helps,
PJD
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Stanley Calvert 04/06/2001 11:11 AM

To: MaryBeth Zimmerman1EEIDOE@DOE
cc: Phil Dougherty/EE/DOE®DOE

Subject Re: Wind Success Inputs s.

Stan

MaryBeth Zimmerman

MaryBeth Zimmennan 04/062001 10:59 AM

To: Stanley Calvert/EE/DOE@DOE
cc: Phil DoughertyIEE/DO)EDOE

Subject: Re: Wind Success Inputs 3

Thanks. I worked with your last bullet and added the final reference on growth in production

from ElA's Renewable Energy Annual 2000 (March 2001):

Stanley Calvert 04/06/2001 10:43 AM

Stanley Calvert 04/06/2001 10:43 AM

To: MaryBeth Zimrnemrn/EE/DOE@DOE
cc:

Subject: Wind R-'ress Inputs

Stan Catvert
X68021
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MayBth 2mmerrm n 02r232001 03:15 PM

To: David Rodger/EE/DOE@DOE
cc: Buddy GrIand/EE/DOE@DOE. John Sulivan/EE/DOE@DOE

Subject: Re: Incoing etters regarding NEP

David Rodgers 02123/2001 01:49 PM

DAvd Rodger 02/232001 01:49 PM

To: MaryBeth 2immnnearEE/DOE@DOE, DaTren BchenlEE/DOE©DOE
cc:

Subject: Incomg lette regarding NEP

Dear Folks.

Thanks. david
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David Rodgers 02/23/2001 01:49 PM

To: MaryBeth rinmenan/EE/DOE@DOE, Daretl BeschenEE/DOE@DOE
cc:

Subject Incoming m reegardl NEP

Dear Folks,

Thanks, david
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From: Bill Babiuch/NRELDC/NRELEX@NRELExchange on 02/21/2001 10:45 AM

To: Darrell.Bchenee .doe.gov@SMTPNRELExchange
cc: MaryBeth ZmrnemnaniEE/DOE§DOE

Subject RE: need print out for Buddy

Darrell,

-Bill

D
FYU^YO

A-0'lOg Mesage-_
From: Dane.llBacheem.doe.gov [SMTP:Darrml.Besdwxee.doe.ow J
Sent: Wednesdy, Febuay 21. 2001 .29 AM
To: Babiuch. BS
Subject: RE: ned prt out for Buddy

yes please make a one or two pager with the chart and the data.....constant
dollars..
you can send t to me email and i wal print it here....we are busting ass on
the WH NEP .....d.
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Sarah Klmhen
06/06/2001 03:27 PM

To: MaryBeth Zimrnerman/EE/DOE@DOE, Gloria Eliot/EE/DOE@DOE, Patrick Booher/EE/DOE@DOE. Tina
KaarsbergEE/DOE®DOE

cc: Sam BaMdwiVEE/DOE§DOE. Nancy JeffeylEE/DOEE DOE, Debbie Stroud/EE/DOE@DOE, Annette
WesVEE/DOE@DOE

Subject Congressional Q&As from Senate Energy and Natura. Resources Committee Hearing. May 24, 2001

Thank you.
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,- - Ganll McKinley
05/25/2001 06:38 PM

To: Randy SteerEE/DEDOE
cc: MaryBeth ZfmrnemnanEE/DOE@DOE. Darre BeschenEErDOE@DOE, Buddy Gariand/EEIDOEDOE,

Sam BaldwnhEE/DOE@OOE, John SulEE/nOEDOE@DOE. Mark Ginsberg/EE/OEOOE. Jerry
Don/EE/DOEOE. Gregoy Reeny/EE/DOEDOE. Thomas HeaveylEE/DOE@DOE

Subject Re: Ten-Year Funding Increase for Weatherzatin

From: Randy Steer on 05/25/2001 12:40 PM

From: Randy Steer on 05/25/2001 12:40 PM

To: MaryBeth ZrnmermnaVEE/DOEODOE
cc: Gail McKineyyEE/DOEOOE, Darre BeschdnEE/DOE@DOE. Buddy Gartand/EE/DOEDOE. Sam

Baldwfn/EE/DOE@OOE. John Sulivan/EEADOEGDOE

Subject: Re: Ten-Year Funding Incease for Weatherizaton

Randy.
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Williams, Ronald L /

From: Ball. Crystal A - KN-DC [caball@bpa.gov]
Sent Monday. March 26, 2001 9:56 AM
To: Anderson, Margot Carrier, Paul
Cc: 'Seifert, Roger - KN-DC; 'Stier, Jeffrey K - KN-DC'
Subject: RE: BPA DSI information

Crystal

-- Orig:nal Message
Fiom: Ar derson, Margot (mailto:Margot.Anderson@hq.doe.gov]
St n': Fio ay, March 23, 2001 5:54 PM
Tc 'Stier, Jeffrey K - KN-DC'; 'Ball. Crystal A - KN-DC'; Carrier, Paul
Cc: 'Seifelr, Roger- KN-DC'
Suoject: RE: BPA DSI information

Thank you. >Any help you could give on economic impacts would be most helpful.

-Orig!nal Message-
From: Stier, Jeffrey K - KN-DC [mailto:jkstier@bpa.gov]
Sent: Friday. March 23, 2001 3:59 PM
To: Anderson. Margot; 'Ball. Crystal A - KN-DC'; Carrier, Paul
Cc: 'Seifert, Roger- KN-DC'
Subject: RE: BPA DSI information

-Original Message-
From: Anderson, Margot [mailto:MargotAnderson@hq.doe.gov]
Sent: Friday. March 23, 2001 12:46 PM
To: 'Ball, Crystal A - KN-DC'; Carrier. Paul
Cc: 'Stier. Jeffrey K - KN-DC'; 'Seifert. Roger- KN-DC'
Subject: RE: BPA DSI information

Crystal,

9320
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Margot

-Original Message
From: Ball, Crystal A - KN-DC [mallto:caball@bpa.gov]
Sent: Friday, March 23, 2001 12:35 PM
To: Anderson, Margot; Carrier, Paul
Cc Stier, Jeffrey K - KN-DC; Seifert. Roger - KN-DC
Subject: RE: BPA DSI information
Importance: High

> cDSI paul info.'oc>> <<McCook pr final.doc>>

2
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Williams, RonaldL

From: MaryBeth Zimmennan
Sent: Monday, March 26, 2001 10:01 AM
To: Anderson, Margot
Cc: Parks, William; Kaarsberg, Tina; York, Michael; Garland, Buddy; BP

Sulliva/nOU=SMTPIO=NRELEX@NRELExchange@DOE%HQ-NOTES; Haspel, Abe;
Jeffery, Nancy

Subject: Re: Chapter 8 (Increased production of U.S. Energy Resources).

DI'C4
ch 8 march 24.doc d

On first quick perusal here:

Thanks for the review copy. I wil; forward any comments received by others on this distribution list.

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, William Breed@HQMAIL.
Michael Whatley@HQMAIL. Douglas Carter®HQMAIL. Jay Braitsch@HQMAIL, Elena Melchert@HQMAIL.
TREVOR COOKHQMAIL, '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 8 (Increased production of U.S. Energy Resources).

Chapter 8 (Increased production of U.S. Energy Resources).

Task Force Charlie: This can go out to other Agencies for review. Includes comments
from meeting on 2/E1.

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 helpf

EIA - please take a fact-check look.

9322
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<akmeler@lbl.gov> on 05/24/2001 02:23:20 PM

Please respond to akmeier@lbl.gov@ntemet@HOMAIL

To: MaryBeth Zmmennn/EE/DOE@DOECHOMAIL
cc:

Subject: Re: my elecbcdty chart

- alan

MaryBeth Zimnermanr wrote:

9323
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> - alan

> Alan Meier
Berkeley Lab (LBNL). Building 90-2000

> Berkeley, California 94720 UBA· Tel. +1 (510) 486-4740 Fax +1 (510) 486-4673> e-mail: AKMeie rLBL.gov
> http: //ww.lbl. gov/-akmeier
· t a_,_,,__._

Alan Meier
Berkeley Lab (LBNL), Building 90-2000.
Berkeley, California 94720 USA
Tel. +1 (510) 486-4740 Pax +1 (510! 486-4673e-mail: AKMeier@LBL.gov
http://www.lbl.gov/-akaeier

9324
DOEO 15-2667



John.Sullivan@ee.doe.gov on 05/23/2001 08:54:44 AM

To: MaryBeth ZimmeTmarVEE/DOE@DOE. San BaldwinMEEC O DOE@E. Buddy
GartandcEEDOECDOE. Brian Connor/EE/DOECDOE. Randy SteeraEE/DOE@DOE,
Steven Le/EEDOE@DOE. MSHAPIRO43@cs.com

cc: Abe HaspeEE/DOEQDOE
Subject Re: Program Reviews Discusion Paper

MaryBeth.Zi.nermnanee.doe.gov oa 05/22/2001 02:51:12 PM

To: Brian Connor/EE/DOEDOE
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cc: John Sullivan/BE/DOEWDOE, sam.baldvinehq.doe.gov,
Buddy Oarland/EE/DOEODOE, Steven Lee/KE/DOEBDOE,
Randy Steer/EE/DOZBDOE, mshapiro43cgs.con

Subject: Re: Program Reviews Discussion Paper
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BRIAN CONNOR
05/22/2001 11:54 AN

To: john.sullivanoee.doe.gov e DOB, sm.baldwinehq.doe.gov * DOE,
buddy.garlandoee.doe.gov, Steven Lee/IZ/DO SDOl, Hary9eth
Zinmerman/ZZ/DOZEDOB, Randy Bteer/Ex/DEDBmO. mshapiro43CB.cco

cC:

Subject: Program Reviews Discussion.Paper

FSee attached file: NKP Program Reviev Discussion Paper.wpd)

I D - NEP Program Review Discussion Paper.wpd
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"Macauley, Molly" <Macauley@rff.org> on 0512212001 04:25:00 PM

To: MaryBeth Zimmerran/EE/DOE@DOE
cc: 'Toman, Mike' <Toman@rff.org>
Subject RE: Follow-up to this morning

|The 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. -

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

From: MaryBeth. Zimmerman@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; Tina.Kaarsberg@ee.doe.gov;

Eldon. BoesNRELExchange'ee. doe. gov;
Bill. BabiuchNRELExchange@ee. doe. gov;

Larry.GoldsteinNRELExchange@ee.doe.gov; Jerry.Dion@ee.doe.gov;

Kenneth. Friedman@ee.doe.gov; Peggy. Podolak@ee.doe.gov;
Ellyn.Krevitz@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 soon regarding Planning
office

analysis needs. I would also like to get copies of the quarterly reports
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

QB1T7



,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 present.

.tilo



O-. " . John Sulivan
0427/2001 08:38 AM

To: Randy SteerlEE/DOE@DOE, MaryBeth Zimmennan/EE/DOE@DOE. Sam Baldwin/EE/DOE@DOE.
Buddy GarlandEE/DOE@OE, #EE-DAS, #EE-ADAS

cc: Abe HaspeVEEDOE®DOE

Subject Re: Additional Mateials for S-1: Fuel CelHydrogen Economy

Forwared by John Sllivan/EE/DOE on 04/7/2001 08:30 AM -
! . -

.-'" ' . Wllam Paris
04/27/2001 08:13AM

To: Randy SteerfEE/DOE@DOE
cc: John SLIlivaEE/DOE@DOE. Robert Dixon, Buddy Garland

Subject: Re: Additional Materials for S-1: Fuel Cell/Hydrogen Economy 3

thanks
Bill
From: Randy Steer on 04/26/2001 0320 PM

From: Randy Steer on 04/26/2001 03:20 PM

To: James Daley/EE/DOE@DOE, Richard Budzich/EEDOE@DOE. Nancy Jeffery/EE/DOE@DOE. Robert
Dixon/EE/DOE@DOE. William Prks/EE/DOE@DOE. Sigmund Gronich/EE/DOE@DOE

cc:

9339
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Subject: Re: Addtional Materials for S-1: Fuel CelHydrogen Economy >

Randy.

~_____ ______ _9340
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Abe.Haspel@ee.doe.gov on 051182001 07:23:05 AM

To: MaryBeth ZJmnenrmnEE/DOEDOE
oc:
Subject Next CERA brefng at DOE

llarybeth:.

Ml,:al el OrmeiereHQMAIL on 05/17/2001 04:16:57 PM

To:
CC:

Subject: Next CRA briefing at DO;

Folks, 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 Porrestal Bldg. Regards, Mike 0

111 -CERA7mex.DOC
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Williams, Ronald L

From: Kelliher, Joseph
Sent: Monday. March 26, 2001 10:48 AM
To: Anderson, Margot
Subject: questions

Importance: High

,

A few auestions to help winnow down our list even more -

_ __'___ _ 9342
DOE015-2685



r_: "~. e Tom Kimbis
F.-_2..- 02/15/2001 03:56 PM

To: Joel Rubin/EE/DOE@DOE
cc:

Subject: Re: graphics please D

here's the first graph

Household Gvt Asstance Ga s P
JOEL

JOEL
RUBIN

02/15/2001 12:49 PM

To: Tom Kimbis/EE/DOE@DOE
cc:

Subject: graphics please

NEPAChap 2 Outline.doc

__ ____ _9343
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MaryBeth ZImmenman 02/16/2001 06:40 PM

To: czrnb;
cc:

Subject: NEP. draft 1

Forwatded by MaryBet ZmnmermanlEE/DOE on 02/16/2001 06:39 PM
Tc bMargot Anderson@HQMAIL on 02/1612001 05:48;00 PM

To: Abe HaspeVEE/DOEDOE@HQMP UL. Joa'l SiGvaen/EE/DOE@DOE@HQMAIL. MaryBeth
Zlmmemern/EE/D0OEOE@HQMIUl., Robwrt KripowiczHQMAIL Robet Porte@HQMAIL. WILLIAM
MAGWOODHOQMAIL, David Pur hTryfiHQMAIL, James HART@HOMAIL. Paula Scalngl@HQMAIL,
Michads WhatsoyHQMAlL LARRY MTr OIHQMAIL, jster@bpa.gov{intemetHQMATL,
cbalGbpe.govemnteHQMAIL

cc: Joseph Ketiher@HQMAL

Subject NEP, drft I

Here are sections 1.2, 4, and 5.

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 Anderson (PO)
Paula Scalingi (SO)
Joe Kelliher (OSEC)

.Joe Stier or Crystal Ball (BPA)

9347
DOE015-2690



What did r amis?

Margot

9348
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B B E D
section 1 draft 1 section 2 draft Section 4 draft Section 5 draft
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Williams, Ronald L

From: MaryBeth Zimmerman
Sent: Monday, March 26, 2001 10:57 AM
To: Anderson. Margot
SubJect: 1 small change in efficiency graphic

revised ref rigetor.ppt

9350
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Martin, Adrienne /,.

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. I tried to merge them into one document but
got totally fouled up with the MS Word draft feature, which I don't understand. Some cites were missed In obscure
sections (e.g., hydro, oil power), but they dont look controverial to me.

C.tat. Ce Cnec F2 cillion Chec -E FE Ctatrton Ct - C
CH 5.do. CH 5.doc... CH S.doc..

9352
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Martin, Adrienne

From: Tom Kimbis
Sent Monday. May 07, 2001 5:29 PM
To: Anderson, Margot
Cc: Zimmerman. MaryBeth
Subject: chapter 6

CfttlotlCnAPTER

.mth.snI.. Citations are done on Chapter 6. See attached.

. Mike York and Tom

9373
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Martin, Adrienne AN

From: KYDES. ANDY
Sent: Tuesday, May 08, 2001 11:42 AM
To: Anderson, Margot
Subject: FW: citations update

CITATi-2.DOC 0413X.DOC CITATI-I.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.

I didn't have Bill Breeds(SP?) email. Please forward to him.

We have alot of the information responded to alraedy. I will merge Chapter

together and simply forward the rest. I'll attach our reviews so far for 2.
4.
5. Chapter one to follow shortly.

Andy

---- Original Message--
From: Margot Anderson at HO-EXCH at X400PO
Sent: Monday. May 07. 0061 10:37 AM
To: Kydes. Andy; TREVOR COOK at HQ-EXCH at X400PO; William
Breed_at HO-EXCH at X400PO; JfayTraitschat HQ-EXCH at X400PO; Douglas
Carteral HQ-EXCH at X400PO; MaryBeth Zimmrerman_at_HQ-NOTES at X400PO
Subject: citations update

Can I get an update on how things are going and do we need to bring more
folks in on this?

9402
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White, Eric

From: Ellis, 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.Kelliherahq.doe.gov]
Sent: Thursday, April 19, 2001 8:45 AM
To: 'MPeacockcOMB.EOP.gov'; 'mweatherlycomb.eop.gov';
'Bruce.Daviecdo.treas.govtinternet'; 'Dina.Ellisedo.treas.gov'
Subject: energy tax proposals
Importance: High

9462
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Kelliher, Joseph -. c, G ' ,--6

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 a page.

Trevor.

ONE PAGER ON
REPROCESSING.doc

--Original Message-
From: Kdliher, Joseph
Sent: Monday, May 21, 2001 3:15 PH
To: Magwood, William; Cnoo; Trevor
Subject: hearing prep: repXoessing

9876
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2001-010085 4/12/01 3:40
April , 2001

The Honorable Spencer Abraham
Secretay
U.S. Depatment of Eergy
1000 Independenc Avemae S.W.
Wuhington, D.C. 20515

Dear Secretary Abrahm,

During your intervw lst Sudy oa This Week, you cofisned that cutring mdin for
energy efficiency and rencwable enegy prolpra by u mch ua 30 p rc ra being coosidred.
I ssurne that this is happening , at et in pua in a Enrgy Tak Force beaded by Vice
President Cheney. My conrn, based on you r urh remar, is that you and this tak force re
not receiving the infor ntioa aeceury to mke well-infrmed decisions, We're going to look
at these programs which have beea widely scomed and critized of ot having returned very
good investment for the txparys..." I tow of prop m x ples tht dsrve scorn and
criticism however; I lso klow of progrn that have demon ted great present ad potential
future value. My conr i that the only group being baud i a group tht hs onay corn and
criticism.

Your goal is appropiute (U.S. COrmber of Commre, National Energy Summi ), ... to
make sure that America's energy need of the next 20 yn arc met that we ucceed in
confroting that challenge.' You so aidicaed the need for a diverne eaey supply policy, "h
will be founded on the underuading tht divnity of supply maus eurity of apply ... ud
that * broad mix of supply option - from coa to windmill, nuclear to aural gu - will help
protect consumers gainst price ipils and supply disrtptionu.' Tbu timefrme is also
appropnate for further development of diverse eaergy upplies I have direa experience with
photovolaic progrms that have ben highly succesful. Pbotovoltic power generation h
unique benefils including supplying clean power a the point of use durig times of peak
demand. Photovoluic power generio is in its infancy relative to all oth energy option.
Even so, photovoltaic technology has demoarmmed as s-o for proct eergy genratio and,
more importantly, demosted development sucna indicating thai photovotti technology
will conrinue to meet DOE near-t and long-term (20 year) goals.

I request your support in all possible ways to insur wll-informed decisions regading our
energy future. The photovoltaic optio is one of multiple renewable energy tehnologies that
deerve to be considered in the broad mix of eargy supply options.

Beas regrds,

Dale E. Tarrant
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Wllilams, Ronald L

SFrom Breed, Williamnt: Thursday, March 08, 2001 5:32 PMTo: Anderson, MargotSubject: NEP ideas

M:

Bill

template for policy
idecs.doc

9880
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Williams, Ronald L . R -

From: Kelliher, Joseph
Sent: Saturday, March 10, 2001 1:13 PM
To: Anderson, Margot
Subject: S. 72

9881
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Williams, Ronald L/

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 -

9895
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Williams, Ronald L 2 - 5

From: Kelliher. Joseph
Sent: Saturday, March 10, 2001 5:50 PM
To: Fygi. Eric; Haspel, Abe; Anderson, Margot
Subject: Appliance Standards

9896
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Williams, Ronald L

From: Kelliher, Joseph
Sent: Sunday, March 11,2001 11:48 AM
To: Haspel, Abe; Conti, John; Zimmerman, MaryBeth
Cc: Anderson, Margot
Subject: California questions

Importance: High

I want to revisit a few matters we discussed a month ago, but did not wrap up:

Please call if you have questions.

9897
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Martin, Adrienne "._

From: Kelliher, Joseph
Sent: Thursday, April 12, 2001 8:37 PM
To: Anderson, Margot; Kripowicz, Robert; Haspel, Abe; Magwood, William
Cc: Kolevar, Kevin
Subject: energy tax proposals

Importance: High

I
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Williams, Ronald L

From: MaryBeth Zimmerman
Sent: Friday. March 09. 2001 7:43 AM
To: Anderson, Margot
Subject: EERE NEP summaries

EERE Summry
Submission.doc attached. one-pagers will follow as finalized

9936
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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 one-pager, or more of a short para or 2 description?

...of course we have ideas...

Bill

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

--- Original Messge-
From: nerson, Marot
Sent: Friday, April 13, 2001 8:31 AM
To: Coti, John; Breed, WUli
Subject: FW: energy tax proposals
Importance: High

Bill and John,

--Original Message-
From: Keliher, Jseph
Sent: Thursday, April 12, 2001 8:37 PM
To: Anderson, Margot; Kripowia Robert Haspel, Abe; Magwood, William (_ *
Cc Kolevar, Kevin
Subject energy tax proposals
Importance: High
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Williams, Ronald L

From: Kelliher, Joseph
Sent: Monday, March 12,2001 1:29 PM
To: Anderson. Margot
Subject: prices

Importance: High

9943
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Williams, Ronald L

From: Scalingi, Paula
Sent: Friday, March 09, 2001 11:54 AM
To: Anderson, Margot
Subject RE: NEP goals

Margot.

Hi. I'm back

-Original dAessag,--
From: A ndersor, Margot
Sent: Friday, M;'rch 09, 2001 11:43 AM
To: Rogers. Cecellia
Cc: Sc3lingi. P;iula
Subject: RE: NEP goals

Cecellia.

Margot

--- <grial Message-
Fom: Roges, Ceellla
Sent: Thursday, March 08, 2001 5:24 PM
To: Anderson, Margot
Cc Scalingi, Paula; Kdeiher, 3seph
Sub)ect RE: NBE goas
Importance: High

Margot.
Here are Paula's notes:

9944
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She will be back in the office tomorrw. )
Ceil

-Original Message
From: Anderson, Margot
Sent: Tuesday, March 06, 2001 4:24 PM
To: Scalingi, Paula
Subject: NEP goals

Paul,

Margot

9945
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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: Keliher, Joseph
Subject RE: NEP Policy Options

We provide our options on Wednesday (3/14). Vr will need to whittle down the proposals to date. Did you get my
eralier e-mail with the list of options?

-- riginal Message-
From: Kelliher, 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? I can't remember. This week?

-- Original Message-
From: Anderson, Margot
Sent: Monday, March 12, 2001 8:43 AM
To: Haspel, Abe; Zimmerman, MaryBeth; Lodcwood, Andrea; Breed, Wllam; KYDES, ANDY; Whatey, Mildc ; Carter, Dougas;

Braitsch, Jay; Melcert, Flena; Cook, lrevor; kstier@bpa.gov; O'Donovao, Kevtn; Kolevr, Kevin; Scalingi, Paula
Cc Kelliher, Joseph
Subject: NEP Policy Optons

AJl,

<< File: Short titles.doc >
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