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Executive Summary

The Northeast states are considering adoptingianay consistent low sulfur
standard for heating oil to reduce air pollutioonfrthis source. This White Paper
evaluates the benefits, costs and implementatguesassociated with reducing sulfur in
#2 distillate heating oil from its current average?,000 to 3,000 parts per million (ppm)
to 500 ppm. The states’ long-term goal is to btimg sulfur content of heating oil into
line with the future highway and nonroad ultra-lswifur diesel fuel requirement of 15
ppm.

Heating oil burners emit particulate matter (PMides of nitrogen (N¢), sulfur
dioxide (SQ), mercury (Hg), carbon dioxide (Goand other pollutants. Collectively,
these pollutants have direct health impacts, doumei to the formation of ozone and fine
particulate matter, cause regional haze, contritaugesid deposition and nitrification of
water bodies, add to the global mercury pool amdrdmute to the build up of greenhouse
gasses in the atmosphere. The combustion of lgeaitirs a significant source of SO
emissions in the region — second only to elecioiwer plants. The burning of heating oil
also produces approximately 10 percent of totaj €@issions in the Northeast.

As shown in Table ES-1, reducing the sulfur contdriteating oil from 2,500
ppm to 500 ppm lowers S@missions by 75 percent, PM emissions by 80 pé&rbkd
emissions by 10 percent, and £€nissions by 1 to 2 percent. Other benefits dastaut
with lowering the sulfur content of heating oil inde heating system efficiency
improvements, the opportunity to develop and maakietnced high efficiency boiler
and furnace technologies, and harmonizing with peam and Canadian fuel standards.

Table ES-1. Emission Benefits of Low Sulfur Heatig Oil and Biodiesel Blends
(% reduction compared to 2,500 ppm sulfur fuel)

. : Reduction with 500 ppm

Pollutant Regldlcftllj(:r:_lvgggnSOgi?pm Sulfur Heating
9 Oil/Biodiesel Blend (80/20)

S0O2 75 % 84 %
PM 80 % >80 %
NOx 10 % 20 %
Hg n/a 20 %
CO2 1% -2% 17-18 %

! Additional PM reductions are expected with biodiesel tdebdt no known test data
exists to substantiate this assumption.

2 value based on the assumption that biodiesel contain®rmrg. No known test data
exist to substantiate this assumption

These benefits can be achieved at an overall sswngeating oil marketers and
consumers. The incremental cost of low sulfur (Bp) heating oil compared to the
higher sulfur product varies over time, but histally has averaged about 1.5 cents per
gallon. Lower sulfur heating oil is cleaner buignaind emits less particulate matter
which reduces the rate of fouling of heating equeptrand can permit longer time



intervals between vacuum cleanings, if existingiserpractices are converted from
annual to “as needed” cleaning. The potentialrggs/for oil heated homes due to
reduced maintenance costs is on the order of hdadremillion of dollars a year on a
national basis. The cleaning cost savings gereeateising lower sulfur fuel oil is two
to three times higher than the added fuel costdaséhistoric price differences between
heating oil and highway diesel.

Biofuels, including soy-based biodiesel, contaigliggble amounts of sulfur and
nitrogen and can be blended with low sulfur heatithgo further reduce air emissions,
improve the environmental attractiveness of honagihg oil and extend supplies with
renewable domestic feedstocks. Low sulfur (500 peating oil blended with a 20
percent soy-based biodiesel can reduceg&flssions by 84 percent, PM emissions by
greater than 80 percent, N®missions by 20 percent, mercury emissions bye20emt
and carbon dioxide emissions by approximately I6qre compared to 2,500 ppm sulfur
heating oil.

The region’s heating oil comes from Gulf Coastiefs, Northeast refiners, and
foreign sources. Imports provide about a 20 pgrcedemand on an annual average
basis, but can rise significantly during periodpeék usage. The continued availability
of adequate home heating oil through domestic ssuaad imports is an important
consideration as states assess implementatiorsiasgeciated with a low sulfur oil
heating oil initiative. This White Paper discusaesriety of steps that should be taken
to ensure that a low sulfur heating oil progranth@ Northeast would not adversely
affect supply and cost during periods of peak demdPotential solutions include: (1)
increasing stocks of lower sulfur fuel oil; (2) reasing imports from countries with
lower sulfur standards; (3) permitting seasonatayiag of sulfur levels; (4) blending of
lower sulfur diesel with higher sulfur imports; aft) introducing greater amounts of
domestic biofuels into the market.

The analysis summarized in this White Paper suppbe Northeast states’
conclusion that significant reductions in S@0, and PM emissions can be achieved
by mandating lower sulfur heating oil. Importantlyese reductions can achieved with
an expected cost savings to the consumer. Adtmgublic health and environmental
benefits associated with lower sulfur fuel incresatbe favorable cost-benefit ratio of a
regional 500 pm sulfur heating fuel program.

Vi
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1. INTRODUCTION AND BACKGROUND

1.1. Introduction

The combustion of heating oil containing sulfurdésvon the order of 2,500 parts
per million (ppm) contributes to ambient concentras of fine particles found in the
Northeast. These particles have adverse healteraricbonmental impacts. The
Northeastern U.S. is one of the world’s largestkats for heating oil. In the eight state
NESCAUM region (CT, ME, MA, NH, HJ, NY, Rl and VTapproximately 4 billion
gallons of heating oil are burned annually in resiihl furnaces and approximately 1
billion gallons are burned in commercial furnaceeating oil represents 54 percent of
total demand for #2 distillate oil in the Northeasimpared to 38 percent for highway
diesel.

Due to the high level of sulfur currently foundheating oil, its combustion is a
significant source of sulfur dioxide ($Cemissions in the region — second only to
electric power plants. Regionally, the burnindiiwfh sulfur heating oil generates
approximately 100,000 tons of $@nnually — an amount equivalent to the emissions
from two average sized coal-burning power pla@4.heating is also a source of
particulate matter (PM), oxides of nitrogen (y@nd carbon monoxide (CO). While
data are limited and uncertain, residential heatiitly fuel oil is estimated to produce
almost 25 percent of mercury emissions in the wNEngland states. The burning of
heating oil also produces approximately 10 peroétatal CQ emissions in the region
and is estimated to represent as much as 17 pat€@annecticut’'s CQinventory.

To address this concern, the Northeast statesoasedering adopting regionally
consistent standards to cap the sulfur conteneatfihg oil at 500 parts per million, by no
later than 2010. The states’ long-term goal iknbdt the sulfur content of heating oil to
levels consistent with future ultra-low sulfur diéstandards for highway and nonroad
fuels (15 ppm). However, more research and dewatop is needed to prevent the
undesired impacts on home heating equipment that been experienced in Europe with
ultra-low sulfur fuel including damage to oil burraar tubes in blue flame oil burners.

This analysis is intended to help states betteerstdnd the benefits and costs
associated with the proposed regional low sulfating oil initiative. While this
analysis is preliminary in nature, it provides steggulators with additional information
as they consider appropriate next steps.

This White Paper includes six sections. Sectipnolides background
information on the oil heat market, the environmaéand public health impacts
associated with emissions from this source, andrargary of the proposed Northeast
low sulfur heating oil initiative. Section 2 sumnzas the emission reduction potential
of lowering the sulfur content of heating oil andiates the potential benefits of adding
biodiesel to heating oil. Section 3 summarizeditidings of the cost-benefit analysis
undertaken for low sulfur heating oil. Sectionigcdsses other benefits of this proposed
initiative. Section 5 provides a brief overviewsafpply and distribution issues for the
Northeast heating oil market. Section 6 presemglasions.
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1.2. Background

Lowering the sulfur content in heating oil will sifjcantly reduce the threats to
public health and sensitive ecosystems posed bye8ssions in the Northeast.
Emissions of N@Q which contribute to a number of public health andironmental
problems in the Northeast, will also decrease Veiver sulfur heating oil. The use of
cleaner fuel has the potential to improve furndteiency by reducing fouling rates of
boiler and furnace heat exchangers and other coemp®n Further, the availability of
low sulfur heating oil will enable the introductioh highly efficient condensing furnace
technology. Both outcomes will lower emissionsC@d, and other pollutants from this
source sector by reducing fuel use.

The region’s heating oil comes from Gulf Coastiefs, Northeast refiners, and
foreign sources. Imports provide about a 20 pgrcedemand on an annual average
basis, but can rise significantly during periodpeék usage. The ability to bring in
offshore product is important to heating oil aviilidy and price stability. European
supplies range from 13 percent on an annual aveca®® percent during January and
February, with Russia supplying as much as 18 pérfehe region’s total demand
during peak periods, based on recent reports.

Oil heat industry representatives have expressedern that offshore suppliers
will not have sufficient low sulfur product availalfor the North American market in the
near to mid-term which will undermine the delicatgply balance that now exists.
Industry representatives suggest that it will takeoader international shift toward low
sulfur heating oil to drive offshore refiners to@st in de-sulfurization technology for
this portion of the product stream. Europe, a miagarket for heating oil, will require
low sulfur (1000 ppm) product beginning in 2008 &whada is committed to a similar
requirement. To minimize supply concerns, the heaist states are considering an
annual averaging compliance program that wouldaahagher sulfur product into the
market during peak demand periods, if necessanythé&r, as discussed in this paper, the
blending of biodiesel into heating oil providesaatditional stream of clean and
renewable domestic feedstock to increase the supliel for space heating. However,
biofuels supplies are currently rather limited.

1.3. Public Health and Environmental Impacts

The Northeast states are faced with developing stghlementation plans (SIPs)
to demonstrate compliance with the new 8-hour oamtkfine particulate matter national
ambient air quality standards. The states mustsalbmit plans that include strategies
for protecting visibility in national parks and wérness areas. After three decades of
controlling air pollution, the challenges of achiey sufficient additional emission
reductions to attain these new standards are siiadta

Heating oil burners emit significant levels of g®IO,, PM, and mercury. These
burners also emit CQa greenhouse gas that contributes to global weaymi
Collectively, these pollutants have direct heattipacts, contribute to the formation of
ozone and fine particulate matter, cause regioazé hcontribute to acid deposition and
nitrification of water bodies, add to the globalmey pool and contribute to the buildup
of greenhouse gases in the atmosphere.
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1.3.1.Particulate Matter

Both solid particles and condensable liquid drapéete generated from most
combustion sources including heating oil burnéviast of the particulate matter emitted
by combustion sources is classified as fine PM wdiimeters less than 2.5 microns
(PMz5). Primary particulates include unburned carbooasenaterials (soot) that are
directly emitted into the air. Secondary partitesa such as sulfates, are formed after
sulfur dioxide is emitted into the air from comhaatsources burning sulfur-containing
fuels. Particulate matter less than 10 microrsza (PMy) is linked to a number of
adverse health outcomes including asthma, broscl#irdiac arrhythmia, and heart
attacks (reference 9). Sulfates are also the pyicause of regional haze and acid
deposition in the Northeast.

Direct PM emissions from residential and small caroral oil burners in the
form of soot have decreased by approximately 96guetrover the past three decades (as
will be discussed later in this section). Sulfdtest condense in the outdoor air after
being emitted by oil heating equipment are nowgtreglominate form of PM associated
with emissions from heating oil burners. Redudimg sulfur content of the fuel can
lower sulfate emissions.

1.3.2.0xides of Nitrogen

NOx is emitted during all types of fuel combustionitrdgen dioxide (N@) and
the secondary oxidants that are formed in the gihwe contribute to numerous adverse
health outcomes. N auses respiratory distress, respiratory infecaoi irreversible
lung damage. These are exacerbated by the segamddants that are produced
including ozone and fine particulate matter. Idiidn these oxidants contribute to the
formation of acid rain and regional haze.

Efficiency advances in residential oil heat equipbtieave included the
introduction of flame retention oil burners thabguce higher flame temperatures and
enhanced heat transfer rates. These improvemawtshelped decrease PM emissions,
however, the resultant elevated flame temperatoesibute to increased rates of nitric
oxide production by oil burners (thermal O On the positive side, the higher emission
rates are offset by the improved efficiency andioed fuel use. New oil burners are
currently under development in the U.S. that lonigiogen oxide emissions
substantially. The use of lower sulfur home heptit also lowers the emissions of
nitrogen oxide by reducing the nitrogen contertheffuel that contributes to total NO
emissions.

1.3.3.Sulfur Dioxide

SO is a criteria air pollutant produced in signifitguantities by residential and
commercial oil heat burners. Elevated levels of BQhe atmosphere can cause
wheezing, breathing difficulty, and shortness @dth. Through its important role in fine
particulate matter formation, $@lso contributes to cardiovascular disease, r@&spyr
illness, and impaired lung function especiallyndividuals with pulmonary diseases
including asthma. Sulfur dioxide also contributescid rain and related crop and
vegetation damage. Sulfates are the primary cafusgional haze in the Eastern U.S.
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Burning home heating oil with lower sulfur conteintectly reduces S£emissions and
its negative impact on health and the environment.

1.3.4.Mercury

Mercury is a potent neurotoxin, particularly danmagio the fetus and young
child. Greater than 84,000 newborns in the Noghaee at risk for irreversible
neurological deficits from exposure to mercury. dfging data also suggest a link
between mercury exposure and increased risk ofraewardiovascular effects. The
Northeast is implementing a Mercury Action Plant thas reduced total in-region
emissions by greater than 55 percent over thefpasyears. Much of this reduction has
come from emission controls put on municipal wastebustors and medical waste
incinerators. With emissions from these majoriatetry sources better controlled, the
combustion of fuel oil in residential and commekbiarners is now considered a major
source of mercury emissions in the region.

1.4. Proposed Northeast Low Sulfur Heating Oil Initiative

The Northeast states are considering adopting st@msilow sulfur heating oll
requirements as part of the larger plan to addhessegion’s air pollution problems. The
decision to pursue a consistent regional strategyeamised on the Northeast’'s common
airshed and the regional nature of the heatingugply network. In order to achieve
reductions in S@emissions from home oil burners, a regional lolfusunitiative is
proposed for the states in the Northeast whernes ailpredominant energy source. This
initiative is summarized in BRAFT Memorandum of Understanding for Regional Fuel
Sulfur Content Standards for Distillate Number 2 Heating Oil dated February 4, 2005
(reference 7). The memorandum proposes a reductithee sulfur content of distillate
fuel oil used for space heating from the typicalge of 2000 to 3000 part per million
(ppm) down to 500 ppm, as now required for highwesgel fuel. The sulfur content of
highway diesel will be lowered to 15 ppm beginnin@006.

Homeowners and fuel oil service companies will hiefrmm reduced fouling of
boiler and furnace heat transfer surfaces that jpeextended intervals between vacuum
cleanings. This has the potential to substantlailyer annual service costs for oil
heating equipment. Nationwide, this translatgsdi@ntial cleaning cost savings on the
order of $200 million to $300 million a year; withuch of this benefit accruing in the
Northeast. As discussed in more detail in Se@iaihe added cost for the cleaner fuel is
expected to be more than offset by the savingstmegdrom reduced maintenance and
improved burner efficiency. The oil heat industfgo benefits when the environmental
impact of heating oil is reduced since it makes groduct more competitive with natural
gas as clean energy source for space heating.

As shown in Table 1-1 (reference 7), current suldguuirements for home heating
oil vary widely from state to state in the NorthieaBhe proposed limit on the sulfur
content of distillate oil used for commercial aegidential heating would establish a
uniform standard across all states in the regid®@tparts per million.
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Table 1-1: State Sulfur Limits for Heating Oil

Sulfur Limit Sulfur Limit
State -
In percent In parts per million
Connecticut 0.3 3000
Maine 0.3t0 0.5 3000 to 5000
Massachusetts 0.3 3000
New Hampshire 0.4 4000
New Jersey 0.21t00.3 2000 to 3000
New York Upstate 1.0to 1.5 10,000 to 15,000
New York Downstate 0.21t0 0.37 2000 to 3700
Rhode Island 0.5 5000
Vermont 2.0 20,000

1.5. Current Fuel Sulfur Content of Heating Oil

According to sampling conducted over the past tewades, the average sulfur
content of heating oil varies from year to yeae(B&gure 1-1). These data are reported
in Heating Qils, 2003 published by Northrop Grumman Mission Systemsefezice 8).
Historically, the sulfur content of home heatingwas in the range of 0.25 percent or
2500 ppm. After lower sulfur diesel (500 ppm) watsoduced for highway use, the
average sulfur content of home heating oil decikase

Figure 1-1: #2 Fuel Oil Sulfur Content Percentage
(REF: NGMS - 231)
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From 1987 to 1993, the average sulfur content afihg oil remained at
approximately 0.25 percent. Between 1993 and 19@9percentage of sulfur decreased
steadily within the 1200 to 2000 ppm range. Ferghriod 1999 to 2002, the average
sulfur content has increased, returning to histesels. From 2002 to 2003 the average
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sulfur content was 0.22 percent. These resultbased on relatively small sample sizes,
however, and the actual average sulfur contentl ofsed in homes in the Northeast has
not been accurately determined.

1.6. Fuel Sulfur Requirements in Other Countries

Lower sulfur heating oil is gaining acceptance adbthe world including in
Canada and Europe. The sulfur content of disilkatin EU countries will be limited to
0.1 percent or 1000 ppm by January 1, 2008, basé&rective 1999/32/ EC (reference
19). The average sulfur content of light heatingnoCanada from 1995 to 2001 was
between 2000 ppm and 2700 ppm, with an averagéX@ fpm in 2001 (reference 19),
which is similar to sulfur levels in the U.S. TkEnister of Environment in Canada has
indicated an intention to reduce sulfur levelsualfoil to improve public health and the
environment with the goal of matching the sulfuyugement set by the European Union
(EV) for 2008.

A presentation by the Institute for WirtschaftlicBelheizung, dated September
17, 2003, listed the current fuel sulfur standdod€urope in percent: Austria 0.005 to
0.1; Belgium 0.2 or less; France 0.2 or less; Gagnfa005 to 0.2; Great Britain 0.2 or
less; Italy 0.2 or less; Sweden 0.1 or less; Swand 0.2 or less (reference 20). This
presentation also showed a decreasing trend iarszohtent with Switzerland moving
toward 50 ppm to 500 ppm sulfur, and Scandinavenp@any, Austria and Belgium
moving toward 50 ppm sulfur fuel limits.

Switzerland has an allowable limit for sulfur camtef 0.2 percent, but taxes fuel
oil higher than 0.1 percent. Reportedly, mosheffuel sold had sulfur content of 0.1
percent or lower. There are low sulfur fuels vitB3 to 0.05 percent sulfur on the
market in Europe and its use is reported to reptageto 20 percent of the fuel sold in
Germany.

1.7. Past Advances in Oil Heat Emissions Performance

Important advances have occurred over the past tteeades that have helped to
reduce air emissions from residential oil heatiggipment through the efforts of oil heat
marketers and equipment manufacturers. Thesed@adlaluntary energy conservation
initiatives that have lowered fuel use and techgpladvances that have substantially
lowered the emission rate for particulate mattemfioil burners.

Prior to 1973 and the first substantial oil prinereases, oil heated homes
typically consumed 1400 gallons of fuel annualBfforts by the oil heat research
program at Brookhaven National Laboratory and thbeat equipment manufacturers
resulted in the development of more efficient equept that contributed to a decrease in
oil consumption by the average house to less tB@mgallons a year. The plot that
follows, based on data published by the Energyrinédion Administration (U.S.
Department of Energy), shows a 40 percent reduatiémel use from the mid 1970s to
the present time. Between 1977 and 1992 residemraual fuel oil use decreased from
1,994 to 865 trillion BTU. The number of oil hediteomes fell by about 25 percent, and
energy efficiency improvement is credited with loimg fuel use by approximately 40
percent (references 1,2). The annual residerdiawmption of distillate fuel olil
averaged 861 trillion BTU from 1995 through 1999.
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Figure 1-2: U.S. Annual Residential Fuel Oil Use

REF: USDOE/EIA—0214(92)
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In addition to energy conservation programs, tisgéohical reduction in fuel oil
use has been spurred by the development and msavdfigher efficiency oil heating
equipment. The flame retention oil burner, whictreases fuel efficiency by about 15
percent, was developed through industry-spons@search and development efforts and
began to dominate the market in the late 1970ergate 3). The efficiency of new oil-
powered boilers and furnaces also increased sulahafrom the late-1970s to the
present with average annual fuel utilization eéfiwies rising from less than 70 percent
(estimated) to more than 85 percent.

The increases in oil burner, boiler, and furnadieiehcies directly contributed to
the 40 percent reduction in average annual fuedwmption. Annual emissions of air
pollutants including PM, SQNGy, and CQ have also decreased by 40 percent as a
direct result of the reduction in annual fuel cangtion in homes. In fact, calculations
indicate that from 1977 to 1992, greenhouse gases 6il heat were lowered by 470
million tons (reference 1).

Particulate matter emissions from oil burners Hasen lowered by more than 95
percent over the past three decades as a resbl development and deployment of the
flame retention oil burner. In addition to incrig@sefficiency and lowering fuel use, the
rate of PM emissions is much lower with the flamgention design. The plot that
follows shows the reduction in the rate of PM emmoiss by oil burners over the past 30
years (reference 4).
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Figure 1-3: Reductions in Oil Burner PM Emissions
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The rate of filterable particulate emissions deseeaby a factor of 20 from the
1960s to the 1990s as oil burner design evolvedwleair mixing improved as a result
of increased air supply pressure. Enhanced fuehixing produces more complete
combustion and lowers PM (smoke and soot) emissidhgese substantial reductions in
PM emissions from residential oil burners were geiped by the U.S. Environmental
Protection Agency in the mid 1990s when the stahdarissions factor for oil burners
was lowered by a factor of seven to 0.003 pound@\bfper million BTU of fuel burned
during cyclic operation (references 4, 5). Propadjusted oil burners now produce
particulate mater emissions that are similar tom@igas burners.

While the oil heat industry has compiled an impiressecord of energy
conservation and lowered air emissions over thegg&ral decades, the high sulfur
content of the fuel used for space heating contitogepresent a significant source of
SO,.. These emissions can be lowered dramaticallyutiivahe introduction of lower
sulfur heating oil as will be discussed in the reedtion.

Given the nature of this source (i.e., millionsrafividual units), there are fewer
options for reducing air pollution from residentzadd commercial heating units than
large industrial source. Since traditional reqagimeasures, such as the addition of
emission control technology to existing faciliti@se not practical for this sector, the use
of cleaner fuel represents the best near-term pdviocontrolling emissions from oil
burners.
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2. EMISSION REDUCTION POTENTIALS OF LOW
SULFUR HEATING OIL AND BIOFUELS

This section summarizes the emission reductionnpi@leassociated with the use
of lower sulfur home heating oil for SONG,, PM and CQ. Additionally, the potential
environmental benefits that could be achieved kyding biofuels into low sulfur
heating oil are discussed.

2.1. Low Sulfur (500 ppm) Home Heating Oil

As described earlier, the introduction of lowerfguheating oil can reduce
emissions of several key air pollutants. Tableshdws typical emission rates for
residential oil burners using fuel with sulfur cents of 500 and 2500 parts per million,
based on emission factors published by the U.Sir&mwental Protection Agency
(references 1,5).

Table 2-1: Air Emission Rates for Home QOil Burners

Emission Rate
Pollutant In IbsIMMBTU
PM Total 0.012
PM Condensable 0.0094
PM Filterable 0.0030
CO 0.036
TOC / VOC (non methane) 0.0051
NOx 0.13
SOx 0.05% 0.05
SOx 0.25% 0.26

Reference:Oil Burner Emissions: AP-42 Sept 98 (Jan 2004)

2.1.1.Sulfur Dioxide Emissions

The SQ emission rate for home heating oil with 0.25 pat¢2500 ppm) sulfur
is 0.26 pounds per Million BTU of fuel burned. bgioil containing 0.05 percent sulfur
(500 ppm) lowers the sulfur oxide emissions to 0&6nds per million BTU. Figure 1-1
indicates that typical sulfur contents of distéldtiel oil are currently in the 0.22 percent
range. The graph in Figure 2-1 shows the chan@remissions as the sulfur content
of heating oil changes (reference 10). ,8@issions from home oil burners are directly
related to the sulfur content of the fuel. Redgdime sulfur content of heating oil from
an average of 0.20 percent to 0.05 percent lovirersate of sulfur oxide emissions by 75
percent. If the fuel sulfur content is lowered8typercent, the sulfur dioxide emissions
decrease by 80 percent.



Low Sulfur Heating Oil: An Overview of Benefits, Costs and Implementation | ssues Page 2-2

Figure 2-1: Relationship of Fuel Sulfur Content toSO, Emissions
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2.1.2.Nitrogen Oxide Reductions:

Figure 2-2 shows measured reductions in M@issions associated with using
lower sulfur heating oil for several oil burner eg(reference 11). The chart shows the
measured reduction in nitrogen oxide emissionshiae oil burner designs and three fuel
sulfur contents. “FR-Std” refers to a standardtaretention oil burner, “FR-Hi Perf” is
a new high performance flame retention oil buraed “LowEmis” refers to a new
generation of low NQoil burners. The three test fuels were: stanélzetoil
(nominally 2100 ppm S), low sulfur fuel at 250 pfin$), and an ultra low sulfur fuel oil
(ULS) at 91 ppm. For each burner type, as thedullir content decreased, the NO
emission rate also dropped. The standard flaneatien oil burner produced 10 percent
lower NOx emissions when the 500 ppm sulfur fue$ wsed in place of normal sulfur
(2000 ppm) fuel. These tests clearly demonstreteNQ, emissions from residential
heating systems decrease when low sulfur heating burned. Further, these test data
point to the additional NOreductions that could be realized by reducingihgagulfur
below 500 ppm.

For a standard flame retention oil burner, the nmostmon burner type now used
in homes, the lower sulfur heating reduced,@issions by about 12 percent.
However, the test fuel contained 250 ppm of suborthe expected NQeduction for a
500 ppm fuel would be slightly less. The expectatiiction in nitrogen oxide emissions
from conventional flame retention oil burners ighe range of 10 percent when
conventional heating oil (>2000 ppm sulfur) is ee@d with 500 ppm sulfur oil. These
reductions can be achieved by changing only thiepiwperties, without any burner
modifications.
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Figure 2-2: Nitrogen Oxide Emission Reductions wit Lower Sulfur Heating Oil
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2.1.3.Particulate Matter (PM) Reductions:

Figure 2-3 relates PM emissions (filterable anddemsable) from home oil
burners to fuel sulfur content (reference 10). Xtsxis shows the fuel sulfur content of
heating oil in parts per million and the y-axis waisdhe total loading in milligrams per
cubic meter of exhaust for both RMnd PM . There is a linear relationship between
total PM loading and fuel sulfur content: as thiws content of fuel decreases, the PM
loading decreases proportionally. These data @téithat lowering the sulfur content of
the fuel from 2500 ppm to 500 ppm reduces totaldPhissions by a factor of five, and
lowering the sulfur content from 2000 ppm to 500npeduces PM emissions by a factor
of four. PM emissions from oil burners using lowfsr heating oil approach the
particulate emissions of natural gas burners warehwidely recognized as one of the
cleanest combustion sources.

Figure 2-3: Effect of fuel sulfur on PMy s and PM;o emissions
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2.2. Low Sulfur (500 ppm) Heating Oil Blended with Biofwels

Low sulfur heating oil can be blended with biofugldurther reduce air
emissions, improve the environmental attractiveioé$®me heating oil and extend
supplies with domestic feedstocks. Biofuels, idalg soy-based biodiesel, contain
negligible amounts of sulfur and nitrogen and aathier lower S@and NQ emissions
from oilheat burners. In addition, smoke and ssoissions from biofuel blends are less
than for petroleum-based distillate oil. Biodiesehot known to contain mercury.
Greenhouse gas emissions are also lowered asdtistdeks for biofuels are re-grown
and sequester carbon from the air.

Lower sulfur heating oil blended with biofuels repents a premium fuel with
excellent combustion characteristics and loweemiission rates than conventional
petroleum-based distillate heating oil. In faotylIsulfur (500 ppm) heating oil combined
with a 20 percent soy-based biodiesel has compaehlironmental characteristics to
natural gas (reference 12).

2.2.1.Sulfur Dioxide Reductions

Tests of sulfur dioxide emissions with a blend 0fpfgrcent heating oil containing
500 ppm sulfur and 20 percent soy-based biodieset wonducted for the Massachusetts
Oilheat Council at the New England Fuel Institut€003 (reference 13). Because the
sulfur content of biofuels is near zero, addingp2€cent biodiesel lowers the fuel sulfur
content of the final blend. The measured reduahid®Q, emissions was 84 percent
compared to the normal sulfur distillate fuel usadthese tests. Compared to a 2000
ppm base fuel, an 80 percent reduction in 8Qissions is expected for a blend of 80
percent low sulfur (500 ppm) distillate fuel and&&rcent biofuel. This is greater than
the 75 percent reduction expected when 500 pprarsiuiél oil replaces 2000 ppm sulfur
fuel.

2.2.2.Nitrogen Oxide Reductions:

Nitrogen Oxide emissions are significantly lower floe 20 percent biofuel blend
in 500 ppm fuel oil compared to the reductions eetd with lower sulfur fuel alone. In
fact, typical measured N@eductions for the biofuel blend were double thiose¢he 500
ppm sulfur heating oil. In one case, for a borléh an atypically high combustion
chamber temperature, the Nf@vels did not decrease for the biofuel/low suljlend.
The figure below shows the results of a typical. tes
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Figure 2-4: Nitric Oxide Emissions for Low Sulfur/ Biofuel Blend
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Figure 2-4 shows measured flue gas emissions atNbikide (NO) as the burner
excess air is varied and the flue gas oxygen coimereases. These data are corrected to
3 percent excess air. The biofuel/low sulfur ¢éral emits much less NO than
conventional higher sulfur home heating oil. Thesdiminary tests suggest that about
one-half of the reduction is produced by the loswdfur fuel oil and the other half is
produced by the biofuel. The lower sulfur fuelald biofuel blends can substantially
reduce NQ@ emissions without requiring burner or boiler maiifions.

2.2.3.Particulate Matter Reductions:

Lower sulfur content in heating oil reduces PM esiaiss and biofuels can lower
these emissions even further. Combustion testtsestitowed that biofuel blends lower
smoke emissions. In one test program, a burnerldjsted for zero smoke using the
blend of biofuel and low sulfur oil. When the cemiional (higher sulfur) home heating
oil was used at the some burner air setting, thekertevel increased from zero to a
number 3 on the Bacharach (ASTM 2156) scale. Wh#se tests cannot measure actual
PM loading, it is clear that the biofuel blend lowemoke and soot emissions.

2.2.4.Mercury Reductions

While there is a paucity of data, it is expecteat tidding biodiesel to heating oil
will reduce Hg emissions by an amount equivalenh&blend percentage. Soy-based
biofuel is not known to contain mercury and therefwill dilute the mercury
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concentration of the final fuel when blended wi#trpleum-based heating oil.
Additional testing is needed to more accuratelyngiiathe emission coming from
residential and commercial oil heating and to yettie relationship between the addition
of biodiesel and changes in mercury emissions ttercombustion of the blended fuel.
Further, the relationship between the sulfur andcorg content of distillate is not well
understood. The Northeast states will begin antiggirogram in 2006 to measure both
the sulfur and mercury content of heating oil aightvay diesel in an effort to better
guantify mercury content and the potential relattop between sulfur and mercury
concentrations in distillate.

2.2.5.Greenhouse Gas Emission Reductions:

An additional benefit of biodiesel blends is tHa biofuel component is re-
grown which removes carbon dioxide from the atmesph While some energy is
required to re-grow and process the soy-baseddsetjiresearch indicates a net
reduction in greenhouse gases of 80 percent febasgd biofuels. This means that a 20
percent soy biodiesel blend will lower carbon daexemissions by approximately 16
percent.

The chart in Figure 2-5 shows the net global wagmmpact potentials for a
range of fuels including fuel oil with varying perttages of soy biodiesel. Values are in
pounds per million BTU of fuel burned, and are lobge emission factors published by
the U.S. Environmental Protection Agency (referebice

“Biod 100%” is heating oil consisting of 100 pertsny-based biodiesel fuel.
The next three values shown are biodiesel fuel ggercent, 35 percent, and 20 percent
respectively. “NG 1.4% Leak” is for natural gasluding a gas leakage rate during
transmission and distribution of 1.4 percent obtighput, and an average methane-to-
CO, global warming ratio of 30. “NG 2% Leak” is foatural gas including a gas
leakage rate of 2.0 percent of throughput. “Bi0#6l is heating oil consisting of 10
percent biodiesel fuel. “NG 2.6% Leak” is for nalugas including a gas leakage rate of
2.6 percent. “Number 2 oil” shows emissions fanskard distillate heating oil used in
homes. Coal emissions are higher because of giiethcarbon-to-hydrogen ratio.
Electric energy has the highest greenhouse gasiemisbased on U.S. Department of
Energy Publications showing total @@missions and total energy generated.
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Figure 2-5: Global Warming Potentials of Various Eergy Sources
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The lowest global warming potentials for all fuale the biodiesel-heating oll
blends. The 100 percent biodiesel blend (B10O)lpees the lowest global warming
potential. The B20 blend is lower than all othenrges including natural gas. For the 10
percent biodiesel in petroleum-based heatinglodl total global warming potential is
lower than for natural gas within the range of extpd gas leakage rates.

One important factor in comparing the climate intpaxf natural gas and heating
oil is methane leakage that occurs during natuaaltgpnsmission and distribution given
the higher global warming potential of methane cared to carbon dioxide. Because
biofuel are renewables, when blended with homeimgail, they reduce the global
warming potential below that of natural gas.
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3. COST-BENEFIT ANALYSES OF LOW SULFUR HOME
HEATING OIL

Lower sulfur heating oil is cleaner burning and @ness particulate matter which
reduces the rate of fouling of heating equipment gegrmits longer time intervals
between vacuum cleanings. The potential costsigavor oil heated homes due to
reduced maintenance is on the order of hundredsllién of dollars a year, most of
which accrues in the Northeast and Mid-Atlanti¢destavhere oil is a dominant fuel for
space heating. The added cost for the lower shitlris expected to be less than the
savings produced by cleaner operation.

Figure 3-1 shows the impact of various fuel oifgutontents on the rate of
fouling depositions inside a residential cast iboiler based on research conducted by
Brookhaven National Laboratory. These photos tlesdrow that more boiler fouling
occurs as the sulfur content of the fuel increa3ds reduced rate of deposits with lower
sulfur fuel oil lowers cleaning costs.

Figure 3-1: Boiler Fouling for Varying Fuel Oil Sulfur Contents

Mo 2 heating fuel, 0.04% Sulfurby weaght Mo . 2 heating fuel, 0.18% Sulfur by weight

Mo 2 heating fuel, 0.34% Sulfurby weight Mo 2 heating fuel, 1 DB% Sulfur by weight

The lower sulfur fuel produces minimal boiler dei@as shown in the upper left
photograph for the 0.04 percent sulfur fuel (refee210).
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3.1. Reduced Maintenance Costs

Figure 3-2 summarizes the results of a compreherigid study of the impacts
of low sulfur fuel oil (0.05 percent) funded by tNew York State Energy Research and
Development Authority (NYSERDA). See Referencdddetails of this multi-year
study. Boiler deposits were collected and analyaetiouses burning normal sulfur and
low sulfur heating oil. The results showed a digant reduction in boiler deposits for
the low sulfur houses, consistent with the labagatests conducted by Brookhaven
National Laboratory and in Canada on boiler depmsitates.

Figure 3-2: Measured Boiler Deposits — Normal antlow Sulfur Fuel Oil
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Boiler deposits were reduced by a factor of twddwering the fuel sulfur
content from 0.14 percent to 0.05 percent for tsks in the study. Larger reductions
in boiler depositions are produced when the indidfur content is higher. These
reduced deposits translate into much lower costggouum cleaning by extending the
service interval. When the existing heating olfitsucontent is 2000 to 2500 ppm and
500 ppm sulfur fuel is substituted, the servicenwl can be extended by a factor of
three or more (e.g., cleaning at three year intemaaher than annually). This produces
substantial savings in service costs for oil-heai@ties.

The reduced boiler and furnace fouling rates adddyw using lower sulfur fuel
oil translate directly into lower vacuum-cleaningsts for fuel oil companies and
homeowners. The chart that follows summarizes e&epesavings for a range of hourly
service rates and for varying initial fuel oil aulfpercentages (reference 10).
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Figure 3-3: Vacuum Cost Savings per 1000 Houses
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For example, at a median hourly service cost of ¥and an initial fuel sulfur
content of 0.25 percent (2500 ppm), the expectddatéon in vacuum cleaning costs is
$29,000 a year per 1000 houses. If the hourlyieerates are higher, the annual savings
are also higher. The service rates shown herfoaidustrative purposes, actual costs
may be higher than the maximum values or lower tharminimum values shown on the
graph.

The potential vacuum-cleaning cost savings forutfe,, for a starting fuel sulfur
content of 0.20 percent, ranges from approxim&&20 million a year to $390 million a
year for service costs of $50 to $100 per hourergfore, if all oil heated homes
switched to 500 ppm sulfur heating oil, more thad@million a year could be saved,
which would significantly lower the overall operadi costs of fuel oil marketers
(reference 10). Given the dominant share of ttf& BDeating oil market represented by
the Northeast states, a large percentage of thegbed national benefits would accrue in
the region.
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3.2. Added Cost for Lower Sulfur Heating Oil and Historic Fuel Prices

The incremental cost of low sulfur (500 ppm) hormeating oil compared to the
higher sulfur product varies over time. Fuel gitps reported in thé/eekly Petroleum
Satus Report published by the U.S. Department of Energy (refeeelb) were used to
compare New York Harbor spot market prices of #atimg oil and # 2 diesel (low
sulfur). From January 2003 through March 2004 pitee of the low sulfur diesel
ranged from $ 0.0022 per gallon to $ 0.0378 pdogdiigher than the price of the higher
sulfur heating oil. The average price incrementfie lower sulfur product was 1.6 cents
per gallon for the 15 month period examined.

Data collected by the Oilheat Manufacturers Asgamiawhich tracks fuel oil
and natural gas prices, shows that the retail pfitceosme heating oil has cycled up and
down over the past twenty years (reference 16jurkei3-4 shows dollar per gallon
equivalent prices for heating oil and natural getsMeen 1982 and 2004.

Figure 3-4: Home Heating Oil and Nat Gas Prices
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Residential oil prices have increased and decreagedthis period. From 1984
to 1988 oil prices fell about 27 percent, and timeneased from 1984 to 1991 by about
the same amount. This represents a cyclical chahg®re than 25 percent. From 2001
to 2002 average oil prices increased by more tligpebcent, and then decreased for the
next two years.

The added cost of low sulfur heating oil is on dihder of 1.6 cents per gallon;
representing approximately 1 percent of the aveadigerice. The incremental cost of
low sulfur heating oil is much smaller than histatioil price fluctuations. Therefore,
the added cost for lower sulfur heating oil is eotpd to have a minimal overall
economic impact on home heating oil consumers.
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3.3. Net Cost Savings with Lower Sulfur Fuel Oll

The chart in Figure 3-5 presents the net cost gawf lower sulfur heating oil
including the effect of added fuel costs (refereb@e The net savings are shown for a
range of added fuel costs and for various hounlyise rates. For an added cost of low
sulfur home heating oil of 1.5 cents per gallord &or an hourly service rate of $78 per
hour, the net cost savings by reduced vacuum cigantervals is $18,000 or about $18
per customer. This chart can be used to estirhatadt savings associated with the use
of lower sulfur home heating oil for a range oflfaed maintenance costs.

Figure 3-5: Net Cost savings per 1,000 Houses Ugihow Sulfur Oil
For: 0.25%S (initial) and 865 Gal per Year
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The cleaning cost savings generated by using lewléur fuel oil are greater than
the added cost of the fuel. The NYSERDA studydatis that the expected savings in
vacuum cleaning costs is approximately two to thimes higher than the added fuel cost
for service rates of $75 to $100 per hour. Otkductions in service costs, in addition to
the vacuum cleaning cost savings, were also obdelweng NYSERDA's multi-year
field demonstration of low sulfur home heating(oédference 10). This further improves
the benefit to cost ratio for lower sulfur fuel.oil
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3.4. Environmental and Health Benefits

In addition to the cost savings that would accrueit heat marketers and
consumers due to reduced maintenance, substankibt pealth and environmental
benefits would be realized through the introductbtow sulfur heating oil. According
to the NYSERDA study referenced earlier, the padééneéductions in S@emissions by
using 500 ppm sulfur oil to replace 2000 ppm suluepproximately 60,000 tons per
year nationwide. These emission reductions ocamguily in the Northeast where a
majority of the home heating oil is consumed. BwNYork State alone, the projected
SO, reductions associated with the shift to low sulfame heating oil is about 13,000
tons per year (reference 10).

In summary, this section suggests that lower stlfel oil and lower
sulfur/biofuel blends can provide important pultigalth and environmental benefits in a
very cost-effective manner. In fact, the costisgsidue to reduced need for heating
system cleaning and maintenance alone more thaatdffe incremental cost of the
lower sulfur fuel. When the public health and eommental benefits are added to the
equation, a 500 ppm sulfur heating oil programesents one of the most cost-effective
air pollution control strategies available to thertieast states. The next section
discusses other benefits associated with the inttozh of lower sulfur heating oil.
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4. OTHER BENEFITS OF LOW SULFUR HEATING OIL

Additional benefits derived from the use of heatilgvith lower sulfur content
include efficiency improvements, the opportunitydivelop and market advanced boiler
and furnace technologies, and harmonizing with peam and Canadian fuel standards.

4.1. Improved Efficiency

Lower sulfur fuel oil produces less fouling of theat transfer surfaces inside
boilers and furnaces as discussed earlier. Thps m@prove the long-term efficiency of
the boiler or furnace by maintaining high heat $fanrates from the hot flame gases to
the boiler water or furnace warm air. Researctdooted by Brookhaven National
Laboratory indicates that the drop in heating expaipt efficiency is on the order of one
or two percent each year, with higher decreaseenme cases. After the heating unit is
cleaned, the thermal efficiency returns to the @idbvels. Therefore, using lower sulfur
home heating oil can improve the efficiency oftaating equipment on the order of one
to two percent.

The added benefits of improved efficiency are twlokf First, heating costs are
reduced, as less fuel is required to supply theired heating demand. Second, the
emissions of all pollutants are reduced, as lesisisuconsumed by more efficient boilers
and furnaces. On an individual basis this is allsmaement. However, when applied
to the more than 10 million home heating systenthenU.S., the reductions in fuel use
and air emissions are meaningful.

4.2. Opportunity to Utilize Advanced Equipment

Part of the energy loss from heating equipment thé form of water vapor in the
exhaust gases. Each pound of water vapor rema@BBUs, which represents about
6.5 percent of the energy content of the fuel Bilookhaven National Laboratory
conducted research in the 1980’s on developingdensing” furnaces and boilers that
operate at very low exhaust temperatures that peome of the water vapor heat loss to
be recovered. One problem with heating oil is thatfuel sulfur content increases the
acidity of the condensed water vapor. This reguineasures to protect the heat transfer
surfaces from acid attack and damage. Recen#y\#tional Oilheat Research Alliance
funded the development of oil-powered condensiragihg equipment and the
availability of lower sulfur heating oil will suppbexpanded use of this new technology.

The use of lower (500 ppm) and eventually ultra sawfur (15 ppm) heating oil
offers the opportunity to improve boiler and fureatesigns to include flue gas
condensation and increase efficiencies into thetmigoper 90 percent range. This is
comparable to the highest efficiencies now avaddf@m natural gas-powered
equipment.

Historically, condensing oil furnaces have beerilale. However, design and
maintenance problems associated with the use behigulfur heating oil limited
widespread use of condensing oil equipment. Tladahility of lower sulfur oil can
lower equipment and service costs and permit exghnde of higher efficiency warm air
oil furnaces and hot water boilers. This is anantgnt option for oil heat consumers as
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both oil and natural gas prices continue to ridegher efficiency equipment can help
assure that oil heat remains an economically viapten for residential consumers to
maintain a mix of fuels needed for energy diversitye use of this higher efficiency
equipment will reduce the emissions of all air ptahts, including C¢@) as less fuel is
needed to produce the same heat output. Markedami@for condensing furnaces is
likely to increase as prices for heating oil rise.

4.3. Harmonizing with Worldwide Standards

Clearly, the trend in Europe, Canada and elsewikdgoavard lower sulfur heating
oil. Home heating oil sulfur contents are beingdoed to 0.1 percent or 1000 ppm in the
near-term with a target of 500 ppm to 50 ppm in yn&aaropean countries and other
nations around the world as reviewed earlier. W& can keep pace with these changes
and encourage fuel refiners and suppliers towaxdet sulfur products by joining with
other nations in requiring lower sulfur oil. Jaigiforces with other major fuel users
around the world will help to move sulfur standat@$ower levels so that the many
benefits of the lower sulfur product that are sumpeal in this report can be realized as
soon as possible. Reducing the number of prodrarisported and stored around the
world by harmonizing sulfur limits is the most exgeus way to achieve the goal of
lower sulfur fuel olil.
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5. OVERVIEW OF SUPPLY AND DISTRIBUTION OF
HEATING OIL IN THE NORTHEAST

The continued availability of adequate suppliebexdting oil from domestic
sources and imports is an important considerati@assessing the costs and benefits of
establishing low sulfur standards. This secti@spnts a brief overview of some key
issues and potential strategies that will enaldeude of lower sulfur home heating oil in
the U.S. in the near-term without significant sypgisruptions or price spikes.

In April 2005, total petroleum use in the U.S. 28s4 million barrels per day
(MMBPD) of which 13.2 MMBPD was from imports (reérce 21). Imports accounted
for approximately 65 percent or almost two-third$he total petroleum products in the
U.S. supplied for domestic uses. In contrastpreentage of distillate fuel imported
into the U.S. is much smaller. Table 5-1 is basedata related to distillate fuel oil
supply from reference 21.

Table 5-1: US Distillate Fuel Oil Supply (Thousandarrels per Day)

Refiner
Year Output | Imports % Imports
2002 3,592 267 7.4
2003 3,707 333 9.0
2004 3,819 320 8.4
2005 3,627 384 10.5 (Jan to April 2005%)

Distillate fuel use in the U.S. is less than 20cpat of total petroleum use. The
percentage of distillate fuel oil imported to Ufm 2002 to 2005 ranged from 7.4 to
10.5 percent. This does not include exports dflidite fuel oil that ranged from 87 to
112 thousand barrels per day, or changes in stotks.percentage of imported fuel is
considerably higher in the Northeast where the ntgjof the nation’s heating oil is
consumed, especially during periods of peak demand.

Nationally, residential distillate fuel oil consutigm is only a small percentage of
total U.S. distillate use, ranging from 10.7 to4lfiercent of the total from 1999 to 2003
(reference 22). Residential consumption repredesssthan two percent of total U.S.
petroleum use. Highway diesel fuel consumptidiivis times higher than that of
residential distillate, ranging from 55.5 to 58 gt of total U.S. distillate demand for
the same time period. However, the situation eNlortheast is dramatically different
where heating oil represents 54 percent of totadatel for #2 distillate oil, compared to
38 percent for highway diesel.

Distillate fuel oil is brought into the Northeasbifn a combination of sources that
include a pipeline that runs from the Gulf Stateslew Jersey, refineries in New Jersey
and Pennsylvania, imported fuel from Canada byksuand from other countries by
tanker. Distillate imports come from three mainses: Canada, the Virgin Islands, and
Venezuela with a combine volume of 196 thousandelsmper day for the peak year from
2000 to 2003. These three countries provide awathirds of total distillate imports to
the Northeast on an annual average basis (refeg3)ce
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An important consideration regarding a requirenfientower sulfur heating oil is
the availability of lower sulfur distillate fuel jports during times of peak fuel
consumption, in January and February when the out@gonperature is the coldest. A
presentation by Allegro Energy Consulting on Aug2t2004 (reference 23) compared
the annual percentage of imported distillate fuleflrogh sulfur) in the Northeast to the
percentage of total demand met by domestic refin€able 5-2 summarizes this
information.

Table 5-2: Source of Annual Distillate Fuel Oll
Supplies on the East Coast (%)

East Coast | Golf Coast
Year Refineries Receipts Imports
2000 39% 36% 24%
2001 33% 38% 29%
2002 37% 37% 26%
2003 34% 37% 29%

The annual percentage of high sulfur distillatermiorts used for heating ranged
from 24 to 29 percent from 2000 to 2003. Thisighkr than the national average for all
distillate fuel oil that ranged from 7.4 to 10.5gent. The percentage of imports to the
East Coast during the first quarter of the yeaf3020 2003 when the peak demand
occurs are shown in Table 5-3 (Reference 23).

Table 5-3: Peak Distillate Fuel Oil Imports (%)

To East
Year Coast
2000 30%
2001 41%
2002 24%
2003 39%

These data indicate a significant year-to-yeartdiaton in wintertime demand
met by imports. In 2002, imports accounted fop2dcent of peak quarter demand,
which is similar to the average annual East Coalstes. By contrast, 41 percent of peak
demand was met by imports in 2001. The peak voloihm@ported distillate fuel oil to
the East Coast, approximately 400 thousand BPDyroad during the first quarter of
2001. Itis important to note that distillate &®evere not available to meet the peak
demand in 2001, as it was in subsequent yearshvdaiased imports to increase.
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The Allegro presentation indicates that about thiods of distillate imports to the
Northeast during the peak year come from CanadaVitgin Islands, and Venezuela
that supply 74, 71, and 51 thousand BPD of digtilfael, respectively. The next largest
suppliers of imported fuel have been: Europe aiBRD; Russia at 28 TBPD; Africa at
14 TBPD; and Asia, South America, Caribbean, Midetest, and Mexico for a total of
27 TBPD. Concern has been expressed regardiraptlity of offshore marketers to
supply lower sulfur distillates fuel as needed &etrpeak demand in the near-term.
Russia and Africa are two historic suppliers thratraot expected to lower sulfur content
of their distillate fuels in the near-term. Howeuegether, they supplied only about 14
percent of imports during the peak year examinédeems likely that other suppliers
will be able to make up the difference. Howevenrjmy episodic cold spells, the demand
for imports can be significantly higher than thestfiquarter averages discussed above.

Based on the concern expressed by industry repgegseas about potential near-
term adverse supply impacts associated with a ldfursheating oil requirement, the
Northeast states are assessing potential strategiessuring needed supplies during
peak heating demand periods. These include:n¢t¢asing pre-season stocks of lower
sulfur fuel oil; (2) increasing imports from coules with lower sulfur standards; (3)
permitting seasonal averaging of sulfur levels;ulénding of lower sulfur distillate with
higher sulfur imports; and (5) introducing greaerounts of domestic biofuels into the
market over time.

The Irving presentation (reference 24) indicates tturing peak heating demand,
in the 2001 to 2004 period, heating oil stocks @dlpupply the needed fuel. Fuel stocks
supplied approximately 200 thousand BPD for thragetperiod. This limited the amount
of imports during periods of peak demand betwedl220hd 2004. The exception was in
2001, when adequate distillate stocks were notablal and the peak demand for
imports increased to about 400 thousand BPD. Tdwerebuilding adequate stocks of
distillate fuel at the start of the heating seaisam important mechanism for lowering
reliance on imports.

Some sources of imported distillate oil may noabge to supply the lower sulfur
fuel oil in the near-term, but other sources aggeeted to have low sulfur product
available. For example, European countries aingahe way with 0.1percent sulfur
oil required in 2008. Canada plans to meet thadttet, and other nations are also
expected to meet the lower sulfur mandates. Snmakases in imports from some of the
larger suppliers who will produce reduced sulfuelftan compensate for the countries
that lag in sulfur reduction.

Seasonal averaging would diminish supply consséigtallowing providers to
bring in “non-specification” fuel during periods péak demand as long as the higher
sulfur gallons are offset by lower sulfur fuel ovlee course of the heating season. The
objective is to have an average seasonal or yaslydelivery that meets the new sulfur
limit. This provision permits flexibility when fuesupplies are tight and fuel marketers
must rely more on imports to meet the heating deinan

Fuel blending is another approach for meeting Idwel sulfur standards. The
ultra-low sulfur (ULS) or 15 ppm standard for higigwse is approaching and diesel fuel
with very low sulfur content will be widely availkgh If this lower sulfur product is



Low Sulfur Heating Oil: An Overview of Benefits, Costs and Implementation | ssues Page 5-4

added to a higher sulfur stock, the average satiatent drops rapidly. For example, a
blend of 80 percent fuel with 500 ppm sulfur ando2@cent 15 ppm fuel produces an

average sulfur content of 403 ppm. This fuel bieganethod can be used to comply

with lower sulfur standards for heating oil. ltnsportant to remember that in the U.S.,
diesel production and fuel use is approximatelg fimes higher than home heating oll
use. Therefore, if all home heating oil was blehdéh 20 percent ULS diesel, it would
require only about 4 percent of the diesel supjptyreality, much less than 4 percent of
the ULS diesel supply would be needed, given theratompliance methods available.

The supply of imported fuel oil is strongly depentlen the fuel price
differential. Historically, the volume of net imgis increases as the price of heating oil
increases on spot markets. After October 198%daging oil spot market price
increased by 5 to 10 cents per gallon and the welahimports doubled from less than
250 to 500 thousand BPD. A similar increase inartgpoccurred after October 2002.
Even increases of 5 cents per gallon have histyripeoduced substantial increases in
the rate of distillate fuel imports. Higher fuel prices for the lower sulfur product must
be minimized so that the balance between oil, ahggas and other energy sources is not
disrupted. The strong relationship between didélimport rates and changes in fuel
prices suggests that imports could help offset teany fuel shortages during times of
peak demand.

Many environmental, public health, and equipmentise cost benefits are
produced by using lower sulfur home heating oihe Tise of lower sulfur distillate
heating oil is gaining acceptance, with Europe,adanand other nations leading the way,
much as the U.S. led the way for lower sulfur diésel. An immediate question is how
much can the sulfur limits be lowered without dibing normal fuel supplies around the
world. The good news is that distillate heatingrothe U.S. represents a much smaller
fraction of the barrel than diesel fuel use whagéus content has already been reduced
to 500 ppm and is slated to go to 15 ppm beginmrP06. The challenge is to develop
a plan for implementing lower sulfur heating odrstlards that will minimize supply
problems in the Northeast especially during timiggeak heating demand in January and
February.
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6. CONCLUSIONS

The Northeast states are in the process of devejdpng-term strategies to meet
national ambient air quality standards and vidipijoals and regional targets for
mercury and greenhouse gas reductions. As p#negilanning effort, a wide range of
pollution control strategies are being evaluatRésidential and commercial space
heating with fuel oil has been identified as anam@nt source of emissions. Given the
relative lack of regulation of this sector, the Iempentation of lower sulfur fuel standards
appears to represent a cost-effective emissiorctieduoption.

The emissions from residential and commercial edting contribute to ozone
and particulate matter formation, mercury depositiad the build up of greenhouse
gasses in the atmosphere. Given the impracticafligpplying source-by-source
emission control technology, the best option fau@ng emissions from fuel oil heaters
is the introduction of cleaner-burning fuel.

SO, emission reductions of 75 percent can be achibyddwering the sulfur
content of heating oil from current levels to 5@hp A ten percent reduction in NO
emissions from this source sector can also be aethieThe benefits of this approach are
realized immediately upon introduction of the clelafuel and therefore can help states
meet specific near to mid-term emission reductargets.

The Northeast states are also evaluating the nodritlending biofuels with lower
sulfur heating oil to improve the emission charastes and open up the market for
domestically produced clean-burning renewable fuBlending twenty percent biodiesel
with 80 percent 500 ppm sulfur #2 distillate furtheevers SQ and PM emissions
compared to 500 ppm sulfur heating oil and doutlledNQ, benefits. The addition of
twenty percent soy-based biodiesel also lowersnip@gse gas emissions by almost
twenty percent and through dilution, reduces averagrcury concentrations in the
emission stream.

The significant emission reductions associated thghintroduction of lower
sulfur heating oil standards can be achieved ios&-effective manner. The incremental
cost of 500 ppm highway diesel fuel has averagg&atdnts per gallon more than heating
oil over the past decade. Further, the use of i@wdur heating oil reduces the fouling
of heating oil equipment and consequently extenaimit@nance intervals. Assuming that
maintenance is needed only every third year, rdttar annually, the cleaning cost
savings are projected to be two to three timestgreéiaan the added fuel cost. With the
recent increase in fuel oil cost, the 1.5 centgadion increment is a smaller percentage
of total heating oil cost.

The volatile nature of heating supply and demarmrdgmts unique challenges to
the fuel oil industry. The success of a low suffiel oil program is predicated on
meeting these challenges. The Northeast statexssaessing a variety of business
strategies and regulatory approaches that coulsée to minimize any potential adverse
supply and price impacts that could result froregiaonal 500 ppm sulfur standard for
heating oil. Suppliers can increase pre-seas@nwes and look to increase imports from
offshore refiners producing low sulfur product.eBtling domestically produced
biodiesel into heating oil offers opportunity taluvee imports, stabilize supplies and
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minimize supply-related price spikes. Air qualiggulators are also considering
permitting seasonal averaging of sulfur contentciwhvould allow higher sulfur imports

to be brought to the Northeast market during permidoeak demand. Over the course of
the year, the higher sulfur fuel would have to fisat by heating oil with a sulfur content
below the standard.

The analysis summarized in this White Paper suppbé Northeast states
conclusion that significant reductions in $Q0,, PM and CQ emissions can be
achieved by mandating lower sulfur heating oil.partantly, these reductions can
achieved at an overall savings to the consumedinydthe public health and
environmental benefits of a lower sulfur fuel fugtlsubstantiate the favorable cost-
benefit ratio of a regional 500 ppm sulfur heatingl program.
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