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Executive Summary
New Yorkers breathe in a lot of pollution. Most people know smog from cars and buses is a major
culprit, but a significant amount of dangerous air pollution may be coming from the buildings we
live and work in. In some cases, the fumes can contribute to pollution‐related deaths.
In the basements of many big residential, commercial, and institutional buildings—several
thousand apartment complexes, schools, shopping centers, and the like in Manhattan, Brooklyn,
Queens, and the Bronx—boilers are burning a dirty fuel to heat their units. This type of oil, referred
to as “residual” because it is essentially the leftovers from the petroleum distillation process,
releases soot and toxic chemicals into the air which, over time, can lead to cardiovascular disease,
asthma, and even premature death.
This Report analyses the health, environmental, and economic benefits of switching away from this
dirty fuel to cleaner alternatives, such as natural gas. Citywide, residential, commercial, and
institutional boilers that burn residual oil contribute as much as 29% of all locally‐generated,
wintertime soot. Converting those sites to natural gas could decrease their contribution to soot
concentrations by a minimum of 60%—decreasing how much soot New Yorkers breathe in.
The results of conversion would be hundreds of avoided mortalities, billions of dollars worth of
measurable health benefits, and substantial additional health, environmental, and welfare effects.
Residual oil exposes New Yorkers to a dangerous level of risk; this Report hopes to encourage and
inform attempts to eliminate the unseen costs of using dirty oil in New York City boilers.
Lives Saved and Measurable Health Benefits
Because the small particles in soot can travel deep into lungs and even slip directly into the
bloodstream, soot is at least partially responsible for many negative health outcomes. The
increased health risks experienced by individuals exposed to elevated soot concentrations are
comparable to those expected for a non‐smoker who lives with a smoker.
This analysis estimates that full conversion from residual oil to natural gas could help New York
City avoid a minimum of 73 to 188 mortalities each year. In addition, a switchover would prevent
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thousands of lost work days, significantly reduce the incidence of chronic bronchitis and non‐fatal
heart attacks, and lower the rate of childhood acute bronchitis by about 115 cases per year.
The faster these pollutants are reduced, the more lives are saved. For example, over a twenty‐year
period, if full conversion takes all twenty years, a minimum of nearly 600 mortalities will be
avoided. For each year earlier that full conversion is implemented, a minimum of 10 additional
mortalities will be avoided over that same twenty‐year period. However, actual avoided mortalities
could reach as high as 1,540 over twenty years, with 28 additional avoided mortalities for every
year quicker that full conversion is achieved.
By way of comparison, total homicides in New York City have averaged about 540 per year over the
last several years.1 New York City had about 300 motor vehicle‐related deaths in 2007,2 and an
average of 105 U.S. soldiers have died in Afghanistan each year since the conflict began in 2001.3
For the purposes of comparing the benefits of phasing out residual oil to potential costs, the health
benefits can be given a monetary value, applying $6.9 million as a widely‐accepted value for a
statistical life. Using that and other conservative estimates, phasing residual oil out over a twenty‐
year period will generate about $5.3 billion worth of health benefits. For every year earlier that full
conversion occurs, about $111 million in additional cumulative health benefits can be expected.
Particle Composition and Additional Health Benefits
Every source of soot emits a slightly different mix of chemicals and particles. Residual oil has
notably high concentrations of nickel, a toxic heavy metal. Scientists believe high nickel levels may
be even more linked to premature mortality than other types of soot pollution.
All the health benefits measured above stem from what amounts to a 1.5% reduction in New York
City’s total soot concentrations, ignoring any effects of nickel. By contrast, phasing out residual oil
could reduce New York City’s nickel concentrations by roughly 27%. Unfortunately, the precise
health benefits of reducing nickel exposure cannot be quantified. But based on current scientific
understanding, reducing nickel should result in extremely significant health benefits on top of those
already calculated purely from reducing soot concentrations.
Additionally, residual oil emits more coarse particles, more sulfur dioxide, and more nitric oxides
than other fuel alternatives. Reductions in these pollutants may also lead to improvements in
public health, even though these potential effects are not quantified here.
Greenhouse Gases and Environmental Benefits
Residual oil also emits more carbon dioxide and elemental carbon than other fuel alternatives, both
of which are potent greenhouse gases. Cutting greenhouse gas emissions will mitigate the speed
and severity of global warming. Though no precise benefit can be quantified, switching a single
large apartment building from residual oil to natural gas could cut nearly 300 metric tons of carbon
dioxide each year. Citywide, the climate benefits of switching to cleaner fuels could easily total into
the hundreds of millions dollars annually.
Switching boilers over to cleaner fuel types will also help increase national energy security, protect
the natural and built environments from soot, and achieve cost‐savings for energy consumers.
Methodology and Conservative Estimates
This analysis uses an innovative approach to calculate how much soot in New York City’s ambient
air can be traced back to the burning of residual oil in certain buildings. This methodology is made
possible by two special characteristics of residual oil: (1) its emissions are high in nickel, and (2) its
use varies widely from winter to summer. By comparing heating season and non‐heating season

vi

nickel concentrations, in conjunction with other factors, we can determine what the air would be
like if residual oil were phased out.
By relying directly on monitoring data available for nickel, this methodology entails much less
uncertainty than a model‐based approach. Furthermore, the generally conservative assumptions
and methodologies employed will likely result in an overall underestimation of the actual impacts
of residual oil use. In other words, all results reported here are conservative.
Cost Comparison and Conclusion
While this Report does not quantify the costs of phasing out residual oil, a qualitative comparison of
costs and benefits is instructive. Likely capital costs of switching boilers will be one‐time expenses
that may at least partially overlap with inevitable replacement and maintenance costs for boilers.
The annual operating costs are speculative, but most predictions suggest switching from residual
oil to natural gas could be a cheaper option for consumers. Moreover, consumers may enjoy some
additional efficiency gains and cost‐savings from conversion.
By contrast, the quantitative and qualitative benefits of phasing out residual oil are annual, real, and
significant, including potentially hundreds of avoided mortalities and billions of dollars in better
health outcomes for New Yorkers. And while the speed of conversion might increase costs,
policymakers should consider whether those costs are justified by the increased benefits of quicker
conversion: as many as 28 additional mortalities avoided and $111 million in additional benefits
for every year earlier that full conversion is achieved. Hopefully, both New York’s citizens and its
politicians will keep these findings in mind when making decisions about phasing out residual oil,
whether those decisions are voluntary or regulatory in nature.
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Introduction
New York City’s Battle Against Soot

Of the many air pollutants that plague urban environments like New York City, fine particulate
matter is among the most common and most visible: indeed, its more popular label—“soot”—is
practically synonymous with pollution itself, and the title quickly conjures up images of
smokestacks spewing filth and blackening the skies. Unfortunately, the specific sources, health
effects, and costs imposed on New York City by particulate matter remain much more hidden.
This Report uncovers the portion of ambient particulate matter pollution that can be traced back to
the residential and commercial boilers in New York City that burn the dirtiest type of heating fuel,
called “residual oil.” Next, the Report identifies the myriad health effects and other negative
consequences owing to the combustion of residual oil. Finally, this Report calculates the monetary
benefits of phasing out residual oil and converting to cleaner fuel types.
The continued use of residual oil exposes New Yorkers to a dangerous and costly level of risk.
Through its analysis, this Report hopes to encourage and inform attempts to eliminate the unseen
costs of using dirty oil in New York City boilers.
What Is Particulate Matter?
The air we breathe is filled with fine particles, called particulate matter or “PM.” PM is a complex
and diverse mixture of extremely tiny particles and liquids suspended in the air.4 The smallest of
these particles, those with diameters of less than 2.5 micrometers (about 1/30 the diameter of a
human hair), are called fine particulate matter, or PM2.5.5 The heterogeneous nature of fine
particulate matter is explained by the variety of independent sources, both local and non‐local, that
contribute to ambient air pollution: smokestacks, fires, and vehicle tailpipes all emit the various
acids and chemicals that make up PM2.5.6
These fine particles are small enough that they can travel deep into human lungs, reaching the
bronchial and alveolar regions; they can even slip directly into the bloodstream.7 The small size of
the particles allows them to hang in the air and be transported to areas far from where they were
generated.8 In fact, most models estimate that the majority of PM2.5 in New York City’s atmosphere
at any given time was emitted by out‐of‐state sources, such as Midwestern power plants.9
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The health risks from the long‐term inhalation and deposition of PM2.5 are severe: impaired
respiratory function, altered cardiovascular function, and premature death.10 The increased health
risks experienced by individuals exposed to elevated PM2.5 concentrations are comparable to those
expected for a non‐smoker who lives with a smoker.11
Currently, over 60 million people, or approximately one in five Americans, live in areas with
elevated levels of fine particulate matter—including New York City.12 The federal government sets
limits for maximum allowable daily and annual concentrations for PM2.5, 13 but New York City lags
behind much of the country in controlling soot, and the City has never attained the federal limits.14
Starting in 2007 with an effort called PlaNYC, New York City began work on a new approach to
combat fine particulate matter and other persistent environmental threats. The City is painfully
aware that many principal sources of particulate matter are non‐local and so beyond its reach.15
The largest local sources of PM2.5 include heating fuel, transportation, power plants, and industrial
processes.16 The City developed a four‐pronged strategy for PM2.5: cut emissions from cars, trucks,
and buses; cut emissions from off‐road vehicles; set new standards for buildings; and enhance local
green spaces.17 While the City has already achieved some success with some of its initiatives, many
other key proposals have been delayed or faltered. Most publicly, Mayor Bloomberg’s plans for an
all‐hybrid, lower‐polluting taxi fleet have been tied up in litigation,18 and his effort to reduce
transportation emissions and traffic through congestion pricing were stymied by the state
legislature.19 That leaves heating oil as one of the largest sources of particulate matter that the City
can still try to control.
What Is Residual Oil?
A wide range of buildings, from single‐family homes to large industrial facilities, use boilers to
generate heat and set water temperature. Boilers typically burn either natural gas or petroleum‐
based heating oils as fuel.20 Heating oil is classified into six types—numbered one through six—
based on composition, boiling point, and viscosity: at higher numbers, the fuel is more viscous and
emits more pollutants, but also tends to be cheaper. In fact, the heaviest oils are so viscous that
they are near solid at room temperature and resemble tar or asphalt.21
When large buildings are densely located—as they are in New York City—the economics for
delivery and use of the heaviest heating oil (#6) can encourage and perpetuate its selection as a fuel
for combustion in boilers. As a result, while a great majority of residential, commercial, and
institutional buildings both nationwide and in New York City have opted to use natural gas or the
cleaner, lighter #2 “distillate” oil, a good number of buildings in the City continue to burn #6
“residual” oil.22 As the name implies, #6 residual oil is often thought of as the “leftover” oil from the
process of refining and distilling petroleum.23
Some older boilers may lack the necessary equipment to effectively process and burn anything but
#6 residual oil or the slightly lighter blend of #6 residual and #2 distillate, known as #4. Buildings’
fuel choices may also be restricted by the availability of natural gas. Unlike heating oil, which can
be delivered by truck, natural gas is typically delivered by a local utility to a building via pipeline; if
the necessary infrastructure is not yet in place, buildings do not use natural gas. On the other hand,
natural gas infrastructure is expanding, and many newer boilers have “dual fuel” capability,
meaning they can burn residual oil, distillate oil, or natural gas.24
New York does have some regulations in place controlling the use of heating oils. In particular, a
New York City law dating from 1971, which was subsequently incorporated into state regulations,
restricts the sulfur content of heating oil.25 The City also issues permits for residential, commercial,
and institutional boilers of certain sizes.26 Nevertheless, there is no comprehensive database
collecting information on how much residual oil is burned every year in the City. That lack of data
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potentially complicates any calculation of the health impacts of residual oil. This Report uses a
unique methodology to overcome that difficulty.
What Is Our Methodology?
Residual oil emits more than just generic particulate matter—indeed, there is no such thing, since
every independent source of particulate matter has its own composition and its own signature for
PM2.5 emissions. Besides emitting several other harmful pollutants, residual oil has a unique
elemental composition for its PM2.5 emissions: it emits a high level of nickel and vanadium particles.
Also, though residual oil is used to heat water year‐round, significantly more is used during the
winter months, when space heating is necessary. Given seasonal fluctuations and the unique profile
for nickel emissions, this Report can approximate the proportion of particulate matter attributable
to the use of residual oil in commercial, institutional, and residential heating boilers. This Report
will focus on commercial, institutional, and residential boilers, or CIR boilers, since the use of
residual oil in industrial sources is much less seasonal, and since industrial sources are less likely to
be the subject of potential regulation. Throughout the Report, calculations for #6 residual oil will
include the portion of #6 mixed in to #4 blends. Based on those estimates, the quantitative health
benefits of phasing out residual oil can also be determined.
Every year, some buildings will voluntarily switch from residual oil to cleaner fuels, for economic or
other reasons. If New York City were to pass a regulation restricting the use of residual oil, the
process of conversion could be sped up considerably. This Report does not attempt to estimate a
baseline rate of voluntary conversion away from residual oil or to predict precise conversion rates
under any particular hypothetical regulation. However, this analysis does explore four different
time‐conversion scenarios and demonstrates that the speed and manner of conversion significantly
impacts the magnitude of annual health benefits. Hopefully, both New York’s citizens and its
politicians will keep the findings of this Report in mind when making decisions about phasing out
residual oil, whether those decisions are voluntary or regulatory in nature.
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Chapter One
Residual Oil is a Key Local Source of Fine Particulate Matter

This analysis uses an innovative approach to calculate how much fine particulate matter in New
York City’s ambient air can be traced back to the burning of residual oil at commercial, institutional,
and residential (CIR) sites. This methodology is made possible by two special characteristics of
residual oil: (1) its PM2.5 emissions are high in nickel, and (2) its use has a strong seasonal variation.
By comparing heating season and non‐heating season nickel concentrations, in conjunction with
elemental source profiles and EPA emission factors, this Chapter determines the PM2.5 reductions
possible if residual oil were phased out. Specifically, CIR residual oil use contributes on average
about 3% of all measured fine particulate matter citywide—or roughly 29% of locally‐generated
wintertime concentrations.27 Converting CIR sources from residual oil entirely to #2 distillate oil
would reduce their PM2.5 contributions by at least 18%; full conversion to natural gas would reduce
their contributions by 60%.

A.

Source Apportionment

Fine particulate matter (PM2.5) is a complex and heterogeneous mixture of water droplets, acids
such as sulfates and nitrates, elemental carbon, organic chemicals, metals, and other microscopic
solids. Each independent source of PM2.5—from interstate power plant emissions to local vehicle
emissions—makes a unique contribution to the concentration of various elements in the ambient
particulate matter in New York City. For example, emissions from residual oil are uniquely
identified by their high nickel (Ni) and vanadium (V) content.28 By identifying such source
emissions profiles, it is possible to determine the mass of PM2.5 attributable to each separate source,
a practice known as source apportionment.
A recent source apportionment study used a standard Positive Matrix Factorization technique
(PMF‐2; see Appendix A for more detail) to determine the elemental source profiles for each of the
sources that contributes to PM2.5 in New York City.29 The New York City‐specific source profile
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(elemental fraction of source mass) for residual oil is a ratio of 0.0065 for Ni.30 By applying such
elemental source profiles to measurements of ambient Ni concentrations, the PM2.5 mass due to
burning residual oil can be determined. In other words, ambient Ni concentrations divided by the
source profile value for residual oil equals the PM2.5 mass attributable to residual oil burning.

B.

Ambient Nickel Concentrations

A number of different sources contribute to the average annual ambient nickel concentrations in
New York City: regional long‐range transport; emissions from nearby ports and marine vessels;
burning of residual oil for electrical generation or industrial processes; and the use of residual oil
for heating purposes in commercial, institutional, and residential (CIR) buildings.31 Of these
sources, the use of residual oil for CIR heating is subject to the greatest seasonal variations, with
peaks during the winter heating season and lower emissions during the non‐heating summer
months.32 Nickel emissions due to marine sources, utilities, industries, and background sources
vary slightly throughout the year but do not exhibit the same level of seasonal variation.33
Therefore, it is possible to closely estimate the fraction of annual nickel concentrations attributable
to CIR heating by considering the difference in winter and summer nickel concentrations.
In 2000, the U.S. EPA established the Speciation Trends Network (STN) to monitor and determine
the composition of PM2.5 in urban areas. New York City currently has three STN sites that provide
detailed data on the chemical composition of ambient PM2.5, including ambient nickel
concentrations. Additionally, a recent pilot study measured summer‐ and winter‐time nickel
concentrations at eight sites across the four largest boroughs in New York City from 2007‐2008.34
The locations of the three EPA STN sites and the eight additional monitoring locations are shown in
Figure 1.35 Currently, there is a lack of air monitoring data on PM2.5 composition in the borough of
Staten Island.
While the STN sites provide year‐round data, the
pilot study only took measurements during specific
months: January through March and May through
July.36 Those periods do not encompass the full
heating and non‐heating seasons in New York City.
Therefore, some additional analysis is necessary to
convert the pilot study’s measurements into data
representative of the full heating and non‐heating
seasons. Examining several years of data from STN
sites, a standard regression analysis indicates that
the high nickel concentrations observed during the
heating season last for approximately 3.85 months
of the year (not just the three winter months the
pilot study measured).37 These results can be
translated into time‐weighted values, which were
tested on data from the three STN sites and then
were applied to the other eight sampling sites to
determine annual averages for all 11 locations.
For each air monitoring site, the portion of annual
nickel concentrations attributable to the
combustion of residual oil by CIR buildings is
determined by first taking the difference between
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nickel concentrations during the pilot study‐defined heating and non‐heating seasons, and then
multiplying that difference by the time‐weighted value for the full heating season (3.85/12).
Table 1 shows the pilot study‐defined heating and non‐heating average nickel concentrations, the
calculated annual average nickel concentrations, and the portion of the annual nickel
concentrations attributable to CIR use of residual oil.
Table 1. Nickel Concentrations by Monitoring Location.

Site

Heating
Season

Bx1
Bx2
Bx3
M1
M2
M3
Bk1
Bk2
Bk3
Bk4
Q1

19.8
17.7
24.6
13.0
11.6
19.9
7.4
13.5
7.4
6.3
16.2

Non‐
Heating
Season
7.7
5.2
15.1
4.5
7.3
12.5
4.3
3.0
6.1
6.3
3.9

Ni Concentrations (ng/m3)
Calculated Heating Minus
Annual
Non‐Heating
Annual Ni Attributable to
Average
Season
CIR Residual Oil Use
11.6
9.2
18.1
7.2
8.7
14.9
5.3
6.4
6.5
6.3
7.8

12.1
12.5
9.5
8.5
4.3
7.4
3.1
10.5
1.3
0.0
12.3

3.9
4.0
3.1
2.7
1.4
2.4
1.0
3.4
0.4
0.0
4.0

Calculating the portion of annual nickel concentrations attributable to CIR residual oil combustion
by comparing the heating and non‐heating nickel concentrations has several important biases to
consider. First, this approach fails to account for the use of residual oil by CIR sources to heat water
during the non‐heating season, which results in excluding the non‐heating season emissions from
these sources and underestimating their heating season contributions.
Secondly, some power plants near New York City are “load‐following” or “peak‐operating” plants,
meaning they only operate during summer months when energy demand is the highest.38 While
most of these high demand‐only power plants are gas powered, some do use residual oil as a
secondary fuel—especially when natural gas demand is particularly high.39 The increased residual
oil use from these sources during the summer months also results in underestimating the heating
season contributions to ambient nickel concentrations due to CIR use of residual oil.
Lastly, there is also a bias that results in overestimating the nickel concentrations that are due to
CIR residual oil use. Atmospheric temperatures are much lower during the heating season (winter),
and therefore atmospheric mixing heights are lower than during the non‐heating season.40 A lower
atmospheric mixing height means less space in which emissions can concentrate. As a result, the
same level of emissions will result in higher ambient concentrations during cooler months as
compared to warmer months. Since part of the elevated nickel concentrations observed in the
winter could result from mixing height changes rather than from the seasonal use of residual oil,
the methodology used here could overestimate the portion of ambient nickel due to CIR residual oil
use.
Ultimately, these potential biases point in opposite directions, and so there is no reason to believe
that their net effect is significant; as a result, no additional quantitative adjustment is necessary to
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provide reasonable estimates of the annual nickel concentrations due to CIR use of residual oil. If
any cumulative bias does exist, the generally conservative assumptions and methodologies
employed here will likely result in an overall underestimation of the actual impacts of CIR residual
oil use.

C.

Annual PM2.5 from CIR Residual Oil Use

Annual ambient PM2.5 concentrations from CIR residual oil sources are determined using the annual
nickel concentrations from these sources (calculated above) in conjunction with the elemental
source profile for nickel. Across the eleven monitoring locations, the range of annual PM2.5
concentrations attributable to these residual oil sources is 0.00‐0.62 µg/m3, with an average of
0.37 µg/m3—that means citywide, residual oil contributes on average about 3% of all measured
fine particulate matter.41 A list of the regressed values for the annual PM2.5 concentrations
attributable to CIR residual oil use at each of the eleven monitoring locations is found in Table 2.
Table 2. Regressed PM2.5 Concentrations by County.
County
Bronx
New
York
Kings
Queens

(ng/m3)

Site Annual Ni
Bx1
3.9
Bx2
4.0
Bx3
3.1
M1
2.7
M2
1.4
M3
2.4
Bk1
1.0
Bk2
3.4
Bk3
0.4
Bk4
0.0
Q1
4.0

Annual PM2.5
0.60
0.62
0.47
0.42
0.21
0.37
0.15
0.52
0.06
0.00
0.61

(µg/m3)

County‐Aggregated Annual PM2.5
Concentration Averages (µg/m3)
0.56
0.36

0.18
0.39

Average PM2.5 concentrations due to CIR residual oil combustion are calculated for each county in
order to more readily use health statistics that are commonly aggregated at the county level. PM2.5
values between monitor sites are determined by a standard statistical technique called Kriging
interpolation using ArcView 9.3 and Spatial Analyst software.42 County‐average PM2.5 levels are
calculated, as weighted by neighborhood populations, by overlaying the interpolated values on
population neighborhood maps.43 The county‐aggregated PM2.5 values due to CIR residual oil
combustion, presented in Table 2, are population‐weighted in this manner in order to represent the
average PM2.5 concentration that each person in the county is likely exposed to due to these sources.
These values are used in all health benefit calculations.

D.

Emission Ratios for Conversion to #2 Distillate Oil and Natural Gas

As shown above in Table 2, average ambient PM2.5 concentrations due to the CIR combustion of #6
residual oil—including the #6 residual oil component of blended #4 oil—ranges from a low of
0.18 µg/m3 in Kings County to a high of 0.56 µg/m3 in Bronx County. Restrictions on the use of
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residual oil will not completely eliminate those PM2.5 concentrations, since the energy generated by
residual oil combustion will need to be replaced by use of other fuel types, which also emit some
quantity of particulate matter. The reduction of ambient PM2.5 concentrations by conversion to
other fuel types is calculated in Table 3 from emission factors and fuel efficiency values for #6
residual oil, #2 distillate oil, and natural gas.
Table 3. Primary PM2.5 Emissions per Energy Unit by Fuel Type.
Fuel
#6
#2
NG

BTUs
153600
(per gallon)
139400
(per gallon)
1020 (per
cubic foot)

Emissions (lbs PM2.5)

lbs PM2.5/BTU

ratio to #6

1‐ratio

2.86 (per 1000 gal)

1.88E‐08

1.00

0.00

2.13 (per 1000 gal)

1.55E‐08

0.82

0.18

7.60 (per million
cubic feet)

7.45E‐09

0.40

0.60

Estimating PM2.5 emissions and predicting ambient air quality impacts require the use of primary
emission factors, which define a particular source’s average emission rate for a pollutant relative to
the intensity of a particular activity: for example, grams of pollution emitted per gallon of fuel
burned. Primary PM2.5 emission factors consist of both filterable and condensable fractions.44
Filterable particulate matter can be either a solid or a liquid at stack temperature (i.e., the
temperature at the emissions point, often a smokestack), while condensable particulate matter is a
vapor or gas at stack temperature and condenses to a solid or a liquid after exiting the stack. Both
fractions are stable in the atmosphere and are collected on ambient filters.45 The inclusion of the
condensable fraction in assessing the ambient impacts of heating oil conversion is especially
important since a majority of emissions from #2 distillate oil and natural gas combustion are
vapors that condense to form ambient PM2.5.46
The U.S. EPA provides primary PM2.5 emission factors for residual oil, distillate oil, and natural gas.47
The emission factor for residual oil is defined by equation and is dependant on the sulfur content of
the fuel.48 The emission factor for residual oil used in this study is calculated assuming a sulfur
content for #6 residual fuel of 0.3% (3000 parts per million), which is the maximum sulfur content
allowed by current New York State Law.49
Fuel efficiency values and emission factors for #6 residual, #2 distillate, and natural gas are
calculated from the U.S. EPA’s Compilation of Air Pollutant Emission Factors (called the AP‐42
document) and from efficiency statistics specific for New York State. Primary PM2.5 emissions from
#2 distillate oil are 82%, by energy unit, of #6 residual oil emissions. Natural gas emissions are
40% of #6 residual oil emissions.
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Table 4. Decrease in Exposure upon Conversion.
County‐Aggregated Average Annual Ambient PM2.5 Concentrations (µg/m3)
Concentrations Due To
Those Sources Assuming
Full Conversion to
#2 Distillate
0.46
(a decrease of 0.10)

Concentrations Due To
Those Sources Assuming
Full Conversion to
Natural Gas
0.22
(a decrease of 0.34)

County

Current Concentrations Due
To Residual Oil Use
at CIR Buildings

Bronx

0.56

New
York

0.36

0.30
(a decrease of 0.06)

0.15
(a decrease of 0.21)

Kings

0.18

0.15
(a decrease of 0.03)

0.07
(a decrease of 0.11)

Queens

0.39

0.32
(a decrease of 0.07)

0.16
(a decrease of 0.23)

Converting from residual oil entirely to #2 distillate oil will result in a minimum 18% reduction in
annual PM2.5 ambient concentrations due to the burning of residual oil at CIR sites.50 Full
conversion to natural gas will result in a 60% reduction in annual PM2.5 ambient concentrations
from those same sources. Table 4 shows how such conversions would decrease the estimated
average PM2.5 concentration that each person in each county is likely exposed to due to use of
heating fuels at CIR sources.
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Chapter Two
Restricting Residual Oil’s Use Will Save Lives

Ambient PM2.5 pollution can travel deep into the lungs and even slip directly into the bloodstream.
Consequently, PM2.5 is at least partially responsible for many negative health outcomes, including
mortality, cardiovascular and respiratory disease, and lost work days. Epidemiology studies have
determined the relationship between PM2.5 concentrations and such health results. Using these
concentration‐response functions, along with background health rates and population data for New
York City, this Chapter estimates the annual reductions in mortality and morbidity due to
restricting residual oil use. Full conversion at CIR sites from residual oil to natural gas, for example,
could help New York City avoid about 73 to 188 mortalities each year, as well as prevent thousands
of lost work days, significantly reduce the incidence of chronic bronchitis and non‐fatal heart
attacks, and lower the rate of childhood acute bronchitis by about 115 cases per year.
The magnitude of health benefits anticipated from restricting residual oil use depends on the rate of
conversion to other fuel types; not all customers can or will convert to natural gas. Four conversion
scenarios are used in this study to account for this variable. Over a 20‐year period, if full
conversion takes all twenty years, at least 597 mortalities will be avoided. For every five years
earlier that full conversion is implemented, a minimum 54 additional mortalities will be avoided.
All the benefits calculated in this Chapter ignore the possible effect of particle composition on
increased mortality, which could be significant and which is discussed further in Chapter Four.

A.

Determining Improvements in Health Endpoints due to Pollution
Reduction

A log‐linear relationship describes how the relative risk for mortality and morbidity changes in
response to ambient air pollution.51 The general form for estimating reductions in health endpoints
as a function of reduced ambient pollution concentrations is defined as:
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1
  Incidence  Population
Reduction in Health Endpoint  1 
 EXP  Q  
Where, β is determined by specific epidemiological concentration‐response functions;
ΔQ is the change in pollutant concentration;
Incidence is the age‐adjusted incidence of the health endpoint; and,
Population is the number of people in the age groups defined by the epidemiological study
that provided the beta value.
Table 5. Total Populations by County for the Age Ranges Used to Calculate Health Endpoints.
2008 Population (millions)
Start
Age

End
Age

Bronx

NY

Kings

Queens

Total

Hospital Admissions (HA),
Asthma

0

64

1.25

1.39

2.21

1.98

6.82

Acute Myocardial Infarction
(MI), Nonfatal

18

99

0.99

1.30

1.86

1.76

5.91

Mortality, All Cause;
Mortality, Cardiovascular
(Laden et al., 2006)

25

99

0.85

1.17

1.63

1.57

5.22

HA, All Cardiovascular (less MI);
HA, Chronic Lung Disease
(less Asthma);
Work Loss Days

18

64

0.85

1.10

1.57

1.47

4.99

Chronic Bronchitis

27

99

0.81

1.13

1.55

1.51

4.99

Mortality, All Cause;
Mortality, Cardiovascular
(Pope et al., 2002)

30

99

0.74

1.07

1.44

1.41

4.66

HA, Pneumonia;
HA, All Cardiovascular (less MI);
HA, Congestive Heart Failure;
HA, Dysrhythmia;
HA, Ischemic Heart Disease
(less MI)

65

99

0.14

0.20

0.29

0.29

0.92

Acute Bronchitis

8

12

0.11

0.07

0.18

0.14

0.50

Health Endpoint

The background incidences and populations used in these calculations are not inclusive of all age
ranges. Instead, they include only the age ranges defined by the epidemiology studies that provide
the concentration‐response functions (note that two studies are used for all‐cause and
cardiovascular mortality calculations). In cases where the age‐adjusted rate is not available for a
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given age range, it can be calculated if the overall age‐adjusted rate, total population, and crude
incidence by age group are known. This process was used in order to determine the age‐adjusted
rate for cardiovascular mortality for individuals 30‐99 years old when only the overall (ages 0‐99)
adjusted rate was available by county from the New York State Department of Health.52
All health endpoints, except for cardiovascular mortalities, are calculated using EPA’s BenMAP
3.0.14 software, which is available for download at the U.S. EPA website.53 County‐specific age‐
adjusted mortality rates, age‐adjusted morbidity rates, and population data are all available in the
BenMAP program.54 Some of the morbidity incidence and prevalence data are grouped by region
and therefore may slightly vary from New York City background rates.55
For this analysis, 2005 incidence rates are used for the all‐cause mortality estimations, while all
morbidity endpoints are calculated based upon 2000 incidence and prevalence data. Estimates of
reductions in cardiovascular mortality are made using the 2004‐2006 age‐adjusted rates obtained
from the New York State Department of Health.56 All health endpoints are calculated using 2008
estimated populations. The exposed populations by county used for calculating each health
endpoint are found in Table 5. A complete list of health endpoints used in this study along with the
relevant epidemiology studies are listed in Appendix B.

B.

Avoided Mortalities and Morbidities from Restricting Residual Oil

Central estimates by county of the avoided health endpoints as a result of converting CIR locations
from residual oil to either #2 distillate oil or natural gas are found in Tables 6 and 7, respectively.
The health endpoints listed in these tables are separated into two categories: chronic and acute
exposure effects. Chronic, or long‐term, exposure health effects include all‐cause mortality,
cardiovascular mortality, and chronic bronchitis. All other health effects are estimates based on
acute pollution exposures.
Two estimates for all‐cause mortality are calculated using concentration‐response functions from
two separate epidemiological studies: Pope and colleagues (2002), and Laden and colleagues
(2006).57 Both studies are extended analyses of long‐term, prospective cohort studies whose initial
publications have undergone extensive reanalysis by independent scientific experts.58 A recent
regulatory impact analysis performed by the U.S. EPA used these analyses to estimate reductions in
premature, all‐cause mortality caused by fine particulate matter; however, the estimates were not
pooled due to differences in study design and study populations.59 Similarly, the two estimates of
avoided all‐cause mortality calculated in this study are not pooled but presented as a range of
central estimates.60
Assuming full conversion to #2 distillate oil, it is estimated that there will be 22 to 56 avoided all‐
cause mortalities annually, including 17 to 48 cardiovascular mortalities. Assuming full conversion
to natural gas, it is estimated that there will be 73 to 188 avoided all‐cause mortalities annually,
including 58 to 127 cardiovascular mortalities.
The tables also detail a range of avoided morbidities, from avoiding thousands of lost work days to
significant reductions in the incidence of chronic bronchitis, nonfatal myocardial infarction, and
other heart and lung diseases. Of particular note are the total estimates for childhood acute
bronchitis: just for ages 8 to 12, assuming full conversion to #2 distillate oil, it is estimated there
will be about 34 avoided cases annually; assuming full conversion to natural gas, the central
estimate rises to above 115 avoided cases annually.
Again, none of these estimates accounts for the potential effect of particle composition on mortality,
which could be significant and which is discussed in Chapter Four.
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Table 6. Central Estimates of Annual Health Endpoint Reductions Assuming Full Conversion
to #2 Distillate Fuel.
Annual Avoided Mortalities and Morbidities
Chronic Pollutant Exposure

Start End
Age Age

Bronx

NY

Kings Queens

Total

Mortality, All Cause
(Laden et al., 2006)

25

99

16.3

11.5

10.0

18.1

55.9

Mortality, All Cause
(Pope et al., 2002)

30

99

6.3

4.5

3.9

7.0

21.6

Mortality, Cardiovascular
(Laden et al. 2006)

25

99

12.4

6.5

7.0

11.9

37.8

Mortality, Cardiovascular
(Pope et al. 2006)

30

99

5.7

3.0

3.2

5.5

17.3

Chronic Bronchitis

27

99

3.8

3.4

2.4

5.0

14.6

Work Days Lost

18

64

840

700

505

1007

3052

Acute Myocardial Infarction
(MI), Nonfatal

18

99

9.8

8.8

6.7

13.9

39.2

Acute Bronchitis

8

12

12.1

5.2

6.5

10.8

34.4

65

99

1.8

1.7

1.3

2.7

7.4

65

99

1.0

0.9

0.7

1.5

4.1

65

99

0.5

0.5

0.4

0.8

2.1

65

99

0.3

0.3

0.2

0.5

1.3

HA, All Cardiovascular
(less MI)

18

64

1.1

1.0

0.7

1.5

4.4

HA, Pneumonia

65

99

1.2

1.1

0.9

1.9

5.1

HA, Asthma

0

64

1.1

0.7

0.6

1.1

3.4

HA, Chronic Lung Disease
(less Asthma)

18

64

0.3

0.2

0.2

0.4

1.1

Acute Pollutant Exposure

Hospital Admissions (HA),
All Cardiovascular (less MI)
HA, Congestive Heart Failure
HA, Ischemic Heart Disease
(less MI)
HA, Dysrhythmia
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Table 7. Central Estimates of Annual Health Endpoint Reductions Assuming Full Conversion
to Natural Gas.
Annual Avoided Mortalities and Morbidities
Chronic Pollutant Exposure

Start End
Age Age

Bronx

NY

Kings

Queens

Total

Mortality, All Cause
(Laden et al., 2006)

25

99

54.6

38.7

33.6

60.8

187.8

Mortality, All Cause
(Pope et al., 2002)

30

99

21.0

15.1

13.0

23.7

72.8

Mortality, Cardiovascular
(Laden et al. 2006)

25

99

41.9

21.9

23.4

40.2

127.4

Mortality, Cardiovascular
(Pope et al. 2006)

30

99

19.2

10.0

10.8

18.4

58.4

Chronic Bronchitis

27

99

12.8

11.5

8.1

16.7

49.0

Work Days Lost

18

64

2826

2354

1699

3388

10266

Acute Myocardial Infarction
(MI), Nonfatal

18

99

33.0

29.6

22.4

46.7

131.7

Acute Bronchitis

8

12

40.4

17.4

21.7

36.1

115.7

65

99

6.1

5.6

4.3

9.0

24.9

65

99

3.3

3.1

2.3

4.9

13.6

65

99

1.7

1.6

1.2

2.5

7.0

65

99

1.0

0.9

0.7

1.5

4.2

HA, All Cardiovascular
(less MI)

18

64

3.8

3.3

2.5

5.1

14.7

HA, Pneumonia

65

99

4.1

3.9

3.0

6.2

17.2

HA, Asthma

0

64

3.5

2.3

2.0

3.7

11.6

HA, Chronic Lung Disease
(less Asthma)

18

64

0.9

0.8

0.6

1.2

3.6

Acute Pollutant Exposure

Hospital Admissions (HA),
All Cardiovascular (less MI)
HA, Congestive Heart Failure
HA, Ischemic Heart Disease
(less MI)
HA, Dysrhythmia
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C.

Magnitude of Health Benefits Depends on Time and Rate of Fuel
Conversion

The magnitude of the annual public health benefits that will result from restricting residual oil use
depends on whether current residual oil users convert to natural gas or to #2 distillate oil, as well
as how quickly they convert. Some residual oil users might convert voluntarily over time, for
economic or other reasons; other users may only convert if required by regulation.
This analysis does not attempt to estimate a baseline rate of voluntary conversion or to predict
precise conversion rates under any particular hypothetical regulation. Instead, this analysis
explores four different time‐conversion scenarios: 5, 10, 15, and 20‐year time periods for full
conversion from residual oil. Each scenario assumes that conversion from residual oil occurs
regularly through time until full conversion. Each scenario also assumes that the conversion away
from residual oil occurs at the same rate for both #6 and #4 residual oil.
Importantly, this analysis assumes a constant portion of conversion to natural gas versus #2
distillate oil, using Con Edison’s expected conversion rates, during a 20‐year phase out of residual
oil.61 Based on various factors, Con Edison—a natural gas provider for Manhattan, the Bronx, and
parts of Queens—estimates that every year, four to five percent of residual oil heating customers
will convert to natural gas, resulting in approximately 60% of the residual oil heating population
converting to natural gas over 20 years.62 If regulation requires full conversion by the end of 20
years, any remaining residual oil customers will have to switch to #2 distillate by that time.
However, that estimate of natural gas customers does not fully reflect how natural gas availability
and use might change if a regulation were to mandate a full conversion timeline of less than 20
years. Such regulation could increase demand for natural gas and accelerate the expansion of
natural gas infrastructure. Due to the difficulty of making such adjusted estimates, this analysis
employs a conservative assumption and uses Con Edison’s 20‐year estimates for natural gas
conversion in all four time‐conversion scenarios explored. Nevertheless, actual conversion to
natural gas could occur at a greater rate due to various regulatory or economic pressures, and a
quicker, broader conversion to natural gas would increase the benefits of phasing out residual oil.
The estimated proportions of residual oil, #2 distillate oil, and natural gas used over time at sites
that currently burn residual oil is shown in Figure 2 for each of the four conversion scenarios.
Figure 2. Fuel Proportions by Year for Four TimeConversion Scenarios.
5‐Year Conversion

10‐Year Conversion

15‐Year Conversion 20‐Year Conversion

Proportion of Current
Residual Oil Use

1.00
0.80

#2 Oil

0.60

Natural Gas

0.40

Residual Oil

0.20
0.00
5

10 15 20+

5

10 15 20+

5

10 15 20+

5

Years Following Start of Residual Oil Restriction

15

10 15 20+

The cumulative avoided mortality estimates for each time‐conversion scenario are found in Table 8.
The range of estimates provided for each conversion scenario reflects the average calculations for
avoided all‐cause mortalities derived from the two different studies: Pope and colleagues (2002),
and Laden and colleagues (2006). The central estimates of annual avoided mortalities due to lower
ambient PM2.5 concentrations are arithmetically averaged from the full conversion scenarios and
therefore vary slightly from estimates independently calculated using log‐linear estimates of the
reductions in health risks. Given the level of pollution reduction calculated in this study, the central
estimates used in Table 8 are within two percent of central estimates calculated using the log‐linear
reductions in relative risk.
Table 8. Cumulative Avoided Mortalities for Four TimeConversion Scenarios.
Time after Start of
Conversion Process
1st Year
2nd Year
3rd Year
4th Year
5th Year
6th Year
7th Year
8th Year
9th Year
10th Year
11th Year
12th Year
13th Year
14th Year
15th Year
16th Year
17th Year
18th Year
19th Year
20th Year

5Year
Scenario
7 – 17
20 – 51
39 – 102
65 – 169
97 – 252
131 – 339
167 – 432
204 – 528
243 – 629
284 – 733
326 – 842
369 – 954
414 – 1069
460 – 1187
507 – 1309
555 – 1434
605 – 1561
655 – 1691
706 – 1824
759 – 1960

Years for Full Conversion
10Year
15Year
Scenario
Scenario
4 – 12
4 – 10
13 – 34
11 – 29
26 – 68
22 – 57
44 – 113
36 – 94
65 – 168
54 – 140
90 – 233
75 – 194
120 – 309
99 – 256
153 – 394
127 – 327
189 – 489
157 – 405
230 – 594
190 – 491
272 – 702
226 – 584
315 – 814
265 – 685
360 – 929
307 – 793
406 – 1048
352 – 908
453 – 1169
399 – 1030
501 – 1294
447 – 1154
551 – 1421
495 – 1282
601 – 1552
547 – 1412
652 – 1685
598 – 1545
705 – 1820
651 – 1680

20Year
Scenario
3–9
10 – 26
20 – 51
33 – 85
49 – 126
68 – 174
89 – 230
114 – 293
141 – 363
170 – 440
203 – 523
237 – 613
274 – 708
314 – 810
356 – 918
400 – 1031
446 – 1150
494 – 1275
544 – 1405
597 – 1540

Over a twenty‐year period, if full conversion takes all twenty years, a minimum of nearly 600
mortalities will be avoided. For every year quicker that full conversion is implemented, a minimum
of 10 additional mortalities will be avoided over that same twenty‐year period. However, it is
equally as likely that the actual number of avoided mortalities will be 1,540 over twenty years with
28 additional avoided mortalities for every year quicker that full conversion is achieved.
After the twentieth year, under any of the four conversion scenarios, residual oil will be completely
phased out of CIR boilers, and approximately 52 to 135 additional mortalities will be avoided every
year. Since plans for natural gas infrastructure expansion are less certain after twenty years, these
estimates assume a constant proportion of 60% CIR customers using natural gas and the rest
burning #2 distillate oil. Therefore, these estimates likely represent minimum predictions for
health benefits after twenty years, since natural gas use could increase beyond 60%.
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Indeed, natural gas use could increase beyond 60%, either over time or as a result of regulatory and
economic pressures. For example, if more stringent regulation increased demand for and
availability of natural gas, all the estimated mortality statistics reported above would increase.
Recall that 100% conversion to natural gas would result in 73 to 188 avoided mortalities per year.
Figures 3 and 4 show the average avoided mortalities per year and the cumulative avoided
mortalities respectively for each of the four time‐conversion scenarios as estimated using Pope and
colleagues (2002) concentration‐response functions. These numbers show the minimum number
of avoided mortalities expected from the four different time‐conversion scenarios.
Figure 3. Estimated Annual Avoided Mortalities by TimeConversion Scenario.
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Figure 4. Estimated Cumulative Avoided Mortalities by TimeConversion Scenario.
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Chapter Three
Improving Community Health Delivers Significant
Monetized Benefits

Saving lives, preventing illness, and generally improving public health delivers significant,
quantifiable benefits that can be assigned a monetary value. Not only can the cost of illness be
calculated—in terms of medical resources used, lost productivity (such as lost wages) during illness,
and so forth—but individuals and society as a whole have a “willingness to pay” to avoid negative
health outcomes. Government agencies routinely calculate and apply such monetary values when
deciding whether to regulate a dangerous substance, to determine if the health benefits justify the
economic costs of regulation.
Using conservative estimates for the monetized value of various health outcomes, phasing out use
of residual oil at CIR sites over a twenty‐year period will generate about $5.3 billion worth of health
benefits. For every year earlier that full conversion occurs, an average of $111 million in additional
cumulative health benefits can be expected. These estimates assume that no more than 60% of
residual oil customers will convert to natural gas over a twenty‐year period. However, if 100%
converted to natural gas, monetized benefits could reach $558 million to $1.35 billion every year.
As with the previous section, all the benefits calculated in this Chapter ignore possible particle
composition effects, which could be significant and which are discussed further in Chapter Four.

A.

Monetizing the Value of Health Outcomes

Since the monetary value of avoiding mortalities typically constitutes the bulk of total monetized
benefits for many environmental regulations, accurately determining the value of a statistical life is
of great importance in generating health benefit estimations. The method for determining the value
of a statistical life is complicated and not without dispute,63 but the U.S. EPA has decades of
experience with the practice of cost‐benefit analysis.
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Different values for a statistical life have been used by the EPA over the last several years in
response to updated data, new economic theories, and changing economic conditions.64 This
analysis uses a recent and widely‐accepted value calculated by the EPA, which is $6.9 million in
2008 dollars for each statistical life.65
The values of the avoided morbidities used in this study are based on the EPA’s BenMAP 3.0.14
database.66 The monetary values of avoided morbidities are calculated by concrete costs of the
illness, individuals’ willingness to pay to avoid the morbidity, or a combination of the two. The
concrete costs of illness to society include the total value of the medical resources used as well as
the value of lost productivity, such as wages lost. 67 The valuations have been inflation‐adjusted and
are presented in 2008 dollars.68
The annual monetized health benefits for full conversion of CIR sites to #2 distillate and natural gas
are found in Tables 9 and 10, respectively. The ranges presented for total annual monetary benefits
reflect the difference between using Pope and colleagues’ figures for all‐cause mortality and using
those central estimates from Laden and colleagues instead.
Table 9. Annual Monetized Health Benefits Assuming Full Conversion to #2 Distillate Oil
(Million 2008$).
Health Endpoint
Mortality, All Cause
(Laden et al., 2006)
Mortality, All Cause
(Pope et al. 2002)
Acute Myocardial Infarction (MI),
Nonfatal
Chronic Bronchitis
Work Days Lost
Hospital Admissions (HA),
All Cardiovascular (less MI)
HA, All Cardiovascular (less MI)
HA, Pneumonia
HA, Asthma
HA, Chronic Lung Disease
(less Asthma)
Acute Bronchitis

Start
Age

End
Age

Annual
Incidence
Reduction

Monetized
Benefits
(Million 2008$)

25

99

55.9

385.6

30

99

21.6

149.4

18

99

39.2

9.2

27
18

99
64

14.6
3052

6.2
0.5

65

99

7.4

0.2

18
65
0

64
99
64

4.4
5.1
3.4

0.1
0.1
0.03

18

64

1.1

0.02

8

12

34.4

0.02

Total

165.8 – 402.0
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Table 10. Annual Monetized Health Benefits Assuming Full Conversion to Natural Gas Fuel
(Million 2008$).
Health Endpoint
Mortality, All Cause
(Laden et al., 2006)
Mortality, All Cause
(Pope et al. 2002)
Acute Myocardial Infarction (MI),
Nonfatal
Chronic Bronchitis
Work Days Lost
Hospital Admissions (HA),
All Cardiovascular (less MI)
HA, All Cardiovascular (less MI)
HA, Pneumonia
HA, Asthma
HA, Chronic Lung Disease
(less Asthma)
Acute Bronchitis

B.

Start
Age

End
Age

Annual
Incidence
Reduction

Monetized
Benefits
(Million 2008$)

25

99

187.8

1,295.8

30

99

72.8

502.3

18

99

131.7

31.1

27
18

99
64

49.0
10266

20.9
1.8

65

99

24.9

0.7

18
65
0

64
99
64

14.7
17.2
11.6

0.4
0.3
0.1

18

64

3.6

0.06

8

12

115.7

0.05

Total

557.6 – 1,351.1

Cumulative Monetary Benefits for Restricting Residual Oil

As demonstrated in Chapter Two, the magnitude of public health benefits will depend on whether
current residual oil users convert to natural gas or to #2 distillate oil, as well as how quickly they
convert. Using the same assumptions and the same four time‐conversion scenarios employed
above, the cumulative monetized benefits of restricting residual oil can be calculated. Recall that
these assumptions are conservative. For example, the maximum proportion of natural gas
consumers is estimated at 60%, a target only reached after twenty years time. If regulatory or
economic pressures increase the demand for and availability of natural gas, the benefits of phasing
out residual oil could be much greater than the conservative cumulative calculations made here.
Table 11 and Figure 5 present these estimates, multiplying the monetary value of various health
outcomes by the number of avoided mortalities and morbidities expected each year over a twenty‐
year period. The number of avoided mortalities anticipated in these calculations is based on an
average of the Pope and colleagues (2002) estimates and the Laden and colleagues (2006)
estimates, weighing each value equally. To be conservative, the monetary values of the various
health outcomes have not been adjusted upward on an annual basis to keep pace with inflation or
any other growth rate.
On the other hand, best economic practices require application of a discount rate to future streams
of annual benefits, to determine the total net present value. Standard discount rates for this kind of
context and timescale are 3% or 5%.69 Table 11 and Figure 5 only present the values at the 3%
discount rate, but calculations using the 5% rate are also given below.
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Table 11. Cumulative Monetary Health Benefits (Million 2008$) for Four TimeConversion
Scenarios at a 3% Discount Rate.
Time after Start of
Conversion Process
1st Year
2nd Year
3rd Year
4th Year
5th Year
6th Year
7th Year
8th Year
9th Year
10th Year
11th Year
12th Year
13th Year
14th Year
15th Year
16th Year
17th Year
18th Year
19th Year
20th Year

5Year
Scenario
$84.42
$247.06
$482.10
$784.09
$1,147.92
$1,521.22
$1,902.25
$2,289.44
$2,681.36
$3,076.69
$3,474.26
$3,873.00
$4,271.95
$4,670.24
$5,067.10
$5,461.82
$5,853.78
$6,242.43
$6,627.27
$7,007.87

Years for Full Conversion
10Year
15Year
Scenario
Scenario
$56.85
$47.67
$165.97
$138.94
$323.07
$270.06
$524.17
$437.53
$765.55
$638.10
$1,043.74
$868.73
$1,355.53
$1,126.65
$1,697.90
$1,409.26
$2,068.05
$1,714.14
$2,463.38
$2,039.05
$2,860.95
$2,381.93
$3,259.69
$2,740.85
$3,658.64
$3,114.02
$4,056.94
$3,499.80
$4,453.79
$3,896.66
$4,848.51
$4,291.38
$5,240.48
$4,683.35
$5,629.13
$5,071.99
$6,013.97
$5,456.83
$6,394.56
$5,837.43

20Year
Scenario
$43.07
$125.43
$243.56
$394.21
$574.36
$781.23
$1,012.22
$1,264.94
$1,537.18
$1,826.89
$2,132.17
$2,451.26
$2,782.55
$3,124.53
$3,475.84
$3,835.17
$4,201.37
$4,573.34
$4,950.09
$5,330.68

Figure 5. Cumulative Monetary Health Benefits for Four TimeConversion Scenarios at a 3%
Discount Rate.
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Over a twenty‐year period, if full conversion takes all twenty years, quantifiable health benefits will
be worth approximately $5.3 billion (at a 3% discount rate; the value is $4.2 billion at a 5% rate).
For every year quicker that full conversion is implemented, an average of $111 million in additional
cumulative benefits (at a 3% discount rate, or $98 million at a 5% rate) will be generated over that
same twenty‐year period.
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After the twentieth year, under any of the four conversion scenarios, residual oil will be completely
phased out of CIR boilers, and approximately $370 million (at a 3% discount rate, or $247 million at
a 5% rate) in annual benefits will be generated starting the twenty‐first year.70
As already mentioned, none of these calculations takes into account the potential effects of particle
composition on increased mortality. Such potential effects could greatly increase the benefits of
phasing out residual oil. The significance of those effects is discussed in the next Chapter.
Additionally, these calculations assume that the proportion of natural gas consumers never exceeds
60%. Switching from residual oil to natural gas generates much greater benefits than switching to
#2 distillate oil. If regulatory or economic pressures increased the demand for and availability of
natural gas, the cumulative, monetized benefits calculated here could be much higher. For example,
recall from Table 10 that the monetized benefits of a 100% conversion to natural gas could total
$558 million to $1.35 billion every year.
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Chapter Four
Actual Health Benefits Could Greatly Exceed
Quantitative Estimates

All the significant health benefits calculated in the previous chapters were based on well‐reviewed
concentration‐response functions for particulate matter. However, those functions ignore the role
of particle composition on increased mortality and morbidity. Compared to other sources of PM2.5,
residual oil emissions have high nickel and vanadium concentrations. If nickel and vanadium
particles have a larger impact on health than other components of New York City’s soot, the actual
avoided mortalities and morbidities from restricting residual oil would be greater than predicted
by the reduction in fine particle mass alone. And while more data is necessary, many recent studies
support the theory that PM2.5 from residual oil, with its high concentrations of nickel and vanadium,
may strengthen the relationship between particulate air pollution and premature mortality.
Ambient concentrations of other pollutants, like sulfur dioxide and nitric oxides, will also be altered
if residual oil is phased out. Reductions in these pollutants may lead to additional improvements in
public health; but, these potential health improvements are not quantified in this study.
Given the potential significance of these additional un‐quantified benefits, the monetized benefits
presented above in Chapter Three likely underestimate the full value of phasing out residual oil.

A.

Particle Composition Modifies Health Effects Due to Air Pollution

In addition to particle size and mass concentration, particle composition is an important
characteristic of particulate matter pollution. Particulate matter is heterogeneous in nature,
composed of metals, secondary particles from acidic gases such as sulfates and nitrates, organic
compounds, elemental carbon, and water vapor.

23

The composition of PM2.5 is determined by the sources that contribute to the ambient air emissions.
Sources of fine particles in New York City include but are not limited to: transported secondary
aerosols with high concentrations of sulfur as well as selenium, black carbon, and vanadium; motor
vehicle emissions with high concentrations of organic compounds, elemental carbon, zinc, and
barium; soil and road dust represented by aluminum, calcium, silica, magnesium, iron, and
potassium; sea salt with high concentration of chlorine and sodium; and oil combustion with high
concentrations of nickel and vanadium.71
These components of PM2.5 vary in their strength of association with seasons as well as size
fractions. For example, components related to soil, road dust, and sea salts (fine crustal
components) are more generally associated with larger, coarse particles. In regards to seasonal
variations, secondary particle concentrations are higher in the warm summer months due to the
increased photochemical activity and lower in the cooler winter months.72
The health effects of particulate air pollution, including premature mortality, have a proven
association with fine particle composition. A study of six U.S. cities showed that increases in daily
mortality are associated with combustion sources of PM2.5 but not associated with fine crustal
components such as soil, road dust, and sea salts.73
Another study looking at associations between particle composition and daily mortality in 25 U.S.
cities found larger increases in all‐cause daily mortality when PM2.5 mass contained a higher
portion of aluminum, silicon, sulfate, and nickel.74 A study of long‐term mortality in a cohort of
male U.S. military veterans with hypertension showed that different components of PM2.5 vary
substantially in their association with survival: nickel, vanadium, nitrates, and elemental carbon
were significantly associated with increased mortality in single pollutant models.75 Each of these
studies lends supporting evidence that PM2.5 from residual oil combustion, with its high
concentrations of nickel and vanadium, may positively modify the relationship between particulate
air pollution and all‐cause mortality.
Several studies have been carried out that specifically examine the associations of nickel and
vanadium on mortality risk estimates. A recent study compared fine particle composition with the
National Mortality and Morbidity Study’s estimates for coarse particulate matter (PM10) mortality
risk in 60 U.S. metropolitan areas. It showed that, out of the 16 key components most closely
related to major source categories, nickel and vanadium were the strongest predictors of variation
in PM10 risk estimates across the metropolitan areas.76 That analysis also showed that only nickel
and vanadium were significantly associated with the much higher daily mortality in New York City
than other U.S. cities.77
Re‐analysis of the National Mortality and Morbidity Study comparing long‐term average county‐
level nickel and vanadium PM2.5 concentrations also found that nickel and vanadium concentrations
modified the relationship between PM10 mass and all‐cause mortality; however, when New York
City counties were excluded during sensitivity analysis, the evidence of the effect was weaker and
no longer statistically significant.78
This finding does not mean that nickel and vanadium do not increase the risk of particulate matter
on human health, but it does show the sensitivity of findings to influential observations from
counties in New York City.79 Additional studies may be necessary to distinguish the possible metal
toxicity from spatial confounding by other characteristics of New York City where the highest
ambient levels of nickel and vanadium are found.80
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B.

Intervention Studies Provide Insights into Health Impacts of Fuel
Conversion

Intervention studies, as opposed to observational epidemiological studies, provide a natural
experiment to assess the impacts of air pollution on human health. Planned and unplanned
environmental changes have provided invaluable information regarding the health benefits of
reducing air pollutants.
Several relevant intervention studies are available that involved fuel conversions in metropolitan
areas. One intervention study comparing mortality statistics six years before and after a 1990 ban
on bituminous coal in Dublin, showed that non‐traumatic deaths decreased 5.7% and
cardiovascular mortality decreased by 10.3%.81
The concentration‐response relationship for all‐cause mortality in the Dublin intervention study is
comparable to what was reported in another intervention study during a 13‐month strike at a steel
mill in Utah Valley from 1986‐1987.82 Interestingly, the decrease in the mortality rate for the
Dublin intervention study was more than twice than what was predicted by time‐series analysis of
daily mortality for the same level of pollution reduction.83 This illustrates that the actual health
benefits of reducing air pollutants can be greater than what is estimated using time‐series studies.84
Perhaps more relevant than the Dublin intervention study in assessing the health effects of
restricting residual oil use in New York City is an intervention study of the health effects of a
mandated conversion to low‐sulfur fuel in Hong Kong. In a single weekend in 1990, Hong Kong
implemented a full and permanent restriction that required all power plants and on‐road vehicles
to use fuel with a sulfur content of less than 0.5% by weight.85 In the five years following the low‐
sulfur mandate, there was a 2.1% decrease in all‐cause mortality and a 2.0% decrease in
cardiovascular mortality, even though annual ambient particulate matter concentrations remained
unchanged.86
The immediate and sustained decrease in mortality observed in Hong Kong was associated with
reductions in ambient nickel and vanadium concentrations.87 The decrease in ambient nickel and
vanadium occurred because any desulfurization process also removes nickel and vanadium from
the fuel oil. Similarly, conversion from residual oil to distillate oil or natural gas in New York City
would also result in a large decrease in ambient nickel and vanadium concentrations, which may
also lead to significant and additional reductions in all‐cause and cardiovascular mortality.

C.

Reduced Ambient Nickel Concentrations May Result in Additional
Health Benefits

Restricting CIR residual oil use in New York City will result in lower ambient nickel and vanadium
concentrations in addition to reducing ambient PM2.5 concentrations. Nickel and vanadium
emissions are much lower for #2 distillate oil and natural gas than #6 residual oil.88 For example,
compared to #6 residual oil, #2 distillate oil and natural gas only emit 0.5% and 0.4% of nickel
respectively on a per‐energy basis, as shown in Table 12. Nickel emissions per million BTUs for #6
residual oil and natural gas are calculated assuming 152,048 BTUs per gallon for #6 residual oil and
1020 BTUs per cubic feet of natural gas.
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Table 12. Nickel Emissions by Fuel Type
Fuel
Residual Oil (#6)
Distillate Oil (#2)
Natural Gas

Ni (lbs) per
Million BTUs

Ni Emissions (lbs)
0.0845
(per 1000 gallons)
0.000003
(per million BTUs)
0.0021
(per million cubic feet)

Portion of
#6 emissions

5.56E‐04

100.0%

3.00E‐06

0.5%

2.06E‐06

0.4%

Full conversion from residual oil (including both #6 residual oil and #4 blended oil) to #2 distillate
oil and natural gas at CIR sources will result in a roughly 27% reduction in annual ambient nickel
concentrations across New York City. This is in sharp contrast to the approximately 1.5% reduction
in annual ambient PM2.5 concentrations and the 4.5% reduction in annual ambient PM2.5 from local
sources.89 Estimated reductions in nickel by county are shown in Table 13. The annual nickel
concentration averages for Bronx, New York, and Queens Counties were obtained from the
Speciation Trends Network operated by the U.S. EPA for the years 2005‐2008.90 The nickel annual
average for Kings County was calculated from interpolation methods previously described and
from data found in Table 1.
Table 13. Reductions in Ambient Nickel Concentrations by County
2005‐08 Ambient Nickel (ng/m3)

Bronx
New York
Kings
Queens

Annual Average

Aggregate Reduction

Percent Reduced

11.5
8.9
6.1
8.2

3.6
2.3
1.2
2.5

31.7%
26.0%
19.4%
31.0%

Average Reduction:

27%

Nickel, and to a lesser extent vanadium, has been shown in epidemiological studies to positively
modify the effect between particulate pollution and mortality. Additionally, the results of the Hong
Kong fuel oil intervention study have shown that decreases in all‐cause and cardiovascular
mortality are associated with lower concentrations of ambient nickel and vanadium, even in the
absence of decreases in overall annual particulate matter concentrations. Given this supporting
evidence, and the expected 27% reduction in ambient nickel concentrations, it is anticipated that
the actual health benefits of restricting the use of residual oil at CIR sites will greatly exceed the
estimates based solely upon the roughly 1.5% reduction in annual ambient fine particle
concentrations.

D.

Reductions in Airborne Pollutants Other Than PM2.5

Emissions of air pollutants other than fine particles will also be reduced as a result of conversion
away from residual heating oil. These pollutants include coarse particles (PM10‐2.5), sulfur dioxide
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(SO2), nitric oxides (NOx), and carbon dioxide (CO2). Carbon monoxide (CO) emissions will increase
because they are related directly to the amount of fuel burned, and greater volumes of cleaner,
lighter fuels are needed to generate the same energy as the denser residual oil can produce per unit
of volume. Table 14 shows the percent change in the emission of these pollutants as a result of
switching from #6 residual oil to #2 distillate oil or natural gas, according to EPA emission factors.91
Of particular note are the 88% and 100% reductions in coarse particulate matter emissions
(particles with diameters from 2.5 to 10 microns) in #2 distillate oil and natural gas, respectively,
as compared to #6 residual oil. Such reductions in the emission of coarse particulate matter would
likely result in additional health benefits. In particular, coarse particulate matter irritates the eyes,
nose, and throat, and epidemiologic evidence suggests a causal relationship between short‐term
exposure to PM10‐2.5 and cardiovascular effects, respiratory effects, and mortality, especially for
sensitive populations, like children, the elderly, and those with pre‐existing conditions.92
Table 14. Reductions in Pollutants by Fuel Conversion
Percent Emissions Reduction per Unit Energy
Fuel Conversion

PM2.5

PM10‐2.5

NOx

SO2

CO

CO2

#6 residual to #2 distillate
#6 residual to natural gas

17.6
60.3

88.0
100.0

59.9
72.9

33.4
99.8

‐10.4
‐150.4

7.2
32.7

Estimating health effects due to reductions in air pollution requires information on ambient air
concentrations. Ambient PM2.5 concentrations due to CIR residual oil use were determined by
applying a New York City‐specific source profile to ambient nickel concentrations. Since similar
source apportionment data is not available for the other pollutants, the same technique can not be
used to determine ambient concentrations and make quantitative health impact estimates.
In the absence of data regarding the portion of ambient levels of these other pollutants attributable
to CIR residual oil use, quantitative estimates of the health impacts due to restricting residual oil is
outside the scope of this analysis. Additionally, qualitative estimates of change in citywide
emissions of these pollutants due to restricting residual oil are not made in this analysis using EPA’s
National Emissions Inventory (NEI), since area source emissions estimates for industrial,
commercial, and institutional boilers are uncertain and may not accurately represent emissions
from New York City boilers.93 Chapter Five of this study does include some additional qualitative
discussion of the environmental benefits from reducing carbon dioxide emissions.
The above discussion focused on reductions in other pollutants due to burning cleaner fuels, like
natural gas, instead of residual oil. The distribution mechanism for natural gas versus residual oil
may also affect the emission of harmful air pollutants. In particular, residual oil is typically
delivered by truck to individual buildings; natural gas is usually delivered by pipeline.94
The U.S. Department of Energy’s Argonne National Laboratory has developed a model to study
Greenhouse Gases, Regulated Emissions, and Energy Use in Transportation (GREET). Since GREET
focuses on transportation fuels and national averages, it does not perfectly model full lifecycle
emissions from the delivery of residual oil and natural gas used for heating purposes in New York
City. However, generally, GREET does suggest that the delivery of residual oil by ocean tanker,
barge, and truck emits more sulfur dioxide and particulate matter than pipeline delivery of natural
gas, though natural gas delivery does emit more methane.95 Changing delivery patterns could also
affect New York City traffic (including noise and congestion) and jobs.
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E.

Additional UnQuantified Health Effects

PM2.5 has proven cardiovascular and respiratory health effects beyond mortality or hospital
admissions, but due to the predicted smaller magnitude of such effects and the lack of data, these
additional health benefits are not quantified in this study. Similarly, though suggestive evidence
links fine particulate matter to a range of other health endpoints, from low‐birth weight to lung
cancer, such effects are not analyzed here.96 Also, this analysis also does not fully attempt to
explore how all susceptible local subpopulations, such as those suffering from certain pre‐existing
diseases, might change the valuation of health impacts in New York City.97
Moreover, this study has only quantified health benefits for the four boroughs of New York City
where sufficient air monitoring data exists. However, there is a chance that restricting residual oil
use in New York City could also improve the air quality for Staten Island, Long Island, Connecticut,
and other surrounding areas. More information about regional pollution patterns and better air
monitoring data would be necessary to calculate these non‐local health benefits.
Finally, this study assumes that, as it is phased out, residual oil will be replaced by the consumption
of enough distillate oil or natural gas to generate an equivalent number of BTUs. Some CIR boilers
may already be burning residual oil at near‐optimal efficiency. However, other sites might upgrade
to more efficient boilers or burners as they convert away from residual oil, meaning fewer BTUs
will be necessary to meet the building’s heating needs. Some boilers can burn either #6 residual oil
or #2 distillate; but using #6 oil requires an extra energy input to keep the fuel sufficiently warm
and viscous for use, and #6 residual oil tends to clog and foul the heating unit more quickly, which
may reduce overall efficiency. If switching to cleaner fuels also increases efficiency, fewer BTUs of
the cleaner fuels will be necessary compared to residual oil.98 The result would be additional
reductions across all pollutants, as less fuel is consumed. This study does not attempt to quantify
such efficiency gains, but they could be significant.
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Chapter Five
Restricting Residual Oil Also Benefits the Environment and
Public Welfare

In addition to the significant health benefits discussed above, switching CIR boilers over to cleaner
fuel types will also help mitigate the speed and severity of global warming, increase national energy
security, protect the natural and built environments from particulate matter, and achieve cost‐
savings for energy consumers. For example, though no precise benefit can be quantified, citywide
the total climate benefits of switching to cleaner fuels could easily total into the hundreds of
millions of dollars annually.

A.

Reductions in Greenhouse Gas Emissions

Relative to #6 residual oil, #2 distillate oil and natural gas both emit less carbon dioxide—the
greenhouse gas pollutant most responsible for global climate change. The cleaner fuels also
produce less elemental carbon (known as black carbon)—a major constituent of particulate matter
that results from incomplete combustion; elemental carbon is now believed to be the most
significant single agent of global warming after carbon dioxide. Natural gas’s lifecycle emissions of
nitrous oxide and methane—two other greenhouse gases—might exceed #6 residual oil’s
emissions of those two pollutants, but the total impact on the climate of such increases will be
vastly outweighed by the carbon dioxide reductions achieved by the cleaner fuel.99
Cutting greenhouse gas emissions will mitigate the speed and severity of the myriad impacts of
climate change on the environment, the economy, public health, and national security. Such
benefits can be approximated by the “social cost of carbon” (SCC), which assigns a specific
monetary value to the marginal impact over time of an additional ton of carbon dioxide‐equivalent
emissions. SCC estimates take into consideration such factors as net agricultural productivity loss,
human health effects, property damage from sea level rise, and changes in ecosystem services.
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While all current SCC estimates involve a great deal of uncertainty and incompleteness that likely
results in significant underestimation, federal agencies have recently settled on relatively
consistent range of SCC figures.100 Despite the high potential for underestimation, these figures
provide a good starting point for analyzing the benefits of reducing greenhouse gas emissions.
Table 15 shows the carbon dioxide reductions of switching from #6 residual oil to either #2
distillate oil or natural gas. These emission factors are calculated from the Energy Information
Administration’s database.101 Due to data availability, for the purposes of this rough estimation,
emissions of black carbon, methane, and nitrous oxide will not be analyzed. The carbon dioxide
reductions achieved by switching to cleaner fuels can then be monetized by multiplying the number
of tons cut by an SCC estimate. Table 15 shows estimations using SCC values at both the low and
high end of the range developed by federal agencies (for year 2010 emissions).
Table 15. Primary CO2 Emissions per Energy Unit by Fuel Type.
CO2 (lbs)
Fuel Per Million
BTUs

% Reduction
from #6
Emissions

CO2 (tons) Reduced
from #6 Emissions,
Per Million BTUs

Benefits Per
Million BTUs
(SCC of $5.46)

Benefits Per
Million BTUs
(SCC of $61.19)

#6

173.72

0%

0

0

0

#2

161.27

7.2%

0.0056

$0.03

$0.34

NG

116.98

32.7%

0.0257

$0.14

$1.57

Though the benefits of reducing greenhouse gas emissions may seem small per BTU, New York City
likely burns millions of gallons of residual oil to generate trillions of BTUs each year. For example, a
single large New York City apartment building might burn approximately 72,000 gallons of residual
oil to generate 10.8 billion BTUs per year.102 If that one building switched to natural gas, the
climate benefits could total nearly $17,000 each year. Unfortunately, no comprehensive database
exists of all the buildings using residual oil or of how much fuel they burn. Some reports suggest
that as many as 9,000 large CIR buildings in New York City might use residual oil.103 Though no
precise benefit can be quantified, citywide the climate benefits of switching to cleaner fuels could
easily total into the hundreds of millions of dollars annually.
Moreover, the relative impacts of the various heating fuels on greenhouse gas emissions should be
remembered when comparing fuel prices and costs. As further discussed in Chapter 6, under any
national cap on greenhouse gas emissions (or under an expansion of the regional cap already in
place), some of the climate costs of these fuels would be internalized into their unit prices, erasing
some of #6 residual oil’s price advantages over #2 distillate and making natural gas seem even
more cost‐effective. While a policy phasing out the use of #6 residual oil would not change the
overall greenhouse gas emissions under a national or regional cap (since polluters will always emit
up to the level of the cap), switching to cleaner fuels for boilers would remain a highly cost‐benefit
justified method of complying with the cap.

B.

Increased Energy Security

Federal agencies, such as the U.S. EPA and the Department of Transportation, calculate that
reducing U.S. reliance on petroleum sources for fuel will generate benefits for “energy security.”104
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Global petroleum supply faces greater geopolitical instability compared to natural gas. A sudden,
unanticipated disruption to oil supply could trigger effects that ripple through the U.S. economy. As
a result, reducing domestic oil consumption decreases the risk of lost economic output during such
a supply shock. EPA and the Department of Transportation value this benefit at around $6.70 per
every barrel of petroleum not imported.105 This study does not attempt to translate that figure into
the quantified energy security benefits from curbing the use of residual oil, nor does it estimate the
energy security impact of increasing demand for #2 distillate oil or natural gas. Nevertheless, there
could be important energy security benefits to restricting use of residual oil (which the United
States mostly imports) and relying more heavily on natural gas (for which the United States has
expanding domestic production capacity).106

C.

Environmental and Welfare Benefits of PM2.5 Reductions

The U.S. EPA’s 2009 draft Integrated Science Assessment for particulate matter lists a host of
environmental and welfare effects caused by fine particulate matter, such as visibility impairment;
chemical effects and physical deposition on vegetation, soil, and aquatic ecosystems; and physical
deposition on buildings and culturally important items, like statutes and artwork.
The specific ecological effects of particulate matter depend in large part on chemical composition.
Notably, nickel—a signature element of residual fuel’s emissions profile—is one of the few heavy
metals in particulate matter documented to frequently cause direct toxicity to plant life in field
conditions.107

D.

CostSavings for Energy Consumers

As discussed in Chapter Four, a switch to cleaner fuel types could be accompanied by some
efficiency gains, in part because the particulate matter from #6 residual oil clogs and fouls the
heating equipment more quickly. Using residual oil entails greater maintenance costs for the
consumer to preserve a basic level of operation and efficiency. For example, switching a dual‐fuel
boiler from #6 residual oil to #2 distillate oil could reduce the rate of fouling and permit longer
time intervals between vacuum cleanings. This study does not attempt to quantify any
maintenance cost savings, though they could be significant.108
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Chapter Six
Speculative, Limited Costs versus Real, Significant Benefits

Due to a lack of data, this study does not quantify the costs of phasing out the use of residual oil in
CIR boilers. Instead, costs are discussed qualitatively. The two main categories of costs are
conversion costs and operating costs. The likely capital conversion costs are one‐time expenses
that may at least partially overlap with inevitable replacement and maintenance costs; the annual
operating costs are speculative, but most predictions suggest switching from residual oil to natural
gas could be a cheaper option for consumers; and consumers may enjoy some additional efficiency
gains and cost‐savings. By contrast, the quantitative and qualitative benefits of phasing out residual
oil are annual, real, and significant.

A.

Conversion Costs and Operating Costs

To convert to cleaner fuel types, some CIR buildings will only require minor changes to their boiler
equipment; others will need more substantial equipment replacement and new fuel delivery
infrastructure. A few studies have attempted to estimate an average range of conversion costs: for
example, one recent report gives an estimated range of $2,000 to $50,000 per building.109 Though
conversion cost estimates remain uncertain, it is important to remember that these are largely one‐
time capital costs. Moreover, heating equipment has a finite lifespan and must be replaced from
time‐to‐time no matter what type of fuel a building uses.
Operating costs include the cost of purchasing enough fuel to generate the desired BTU output and
the cost of maintaining the boiler equipment. The U.S. Department of Energy projects that, over the
next decade, the average price of #2 distillate oil in the New York area will be a few dollars more
per million BTUs than for #6 residual oil, and the average price of natural gas will be slightly over a
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dollar less per million BTUs than for #6 residual oil.110 These estimates do not take into account
how any additional restrictions in New York on the sulfur content of residual oil could increase the
price of #6 fuel, nor do they consider how local utilities’ contracts for “interruptible” natural gas
service could decrease the price of natural gas.111
These estimates also do not take into account the effects of future regulations. For example, a
national or regional cap on greenhouse gas emissions could very well cover the emissions from
heating fuel. Such a cap would raise the price of fuel according to its greenhouse gas emissions, as
the price internalizes some of the climate costs. Under the national cap‐and‐trade system proposed
by the U.S. House of Representatives, fuel importers would have to hold emission allowances worth
about $12 per ton of carbon dioxide‐equivalent emissions (for year 2015). That would raise the
price of #6 residual oil by about 7 cents per million BTUs relative to the price of #2 distillate oil;
and it would raise the price of #6 residual oil by about 31 cents per million BTUs relative to the
price of natural gas.112
Future regulations could also affect prices by changing demand for various fuel types. A New York
City ban on #6 residual oil’s use in CIR boilers would at most only marginally increase demand for
#2 distillate oil and natural gas.113 A perhaps more significant effect on demand might result from
new national and international emissions standards for marine vessels, a prime consumer of #6
residual oil.114 Such regulations could at first increase demand for low‐sulfur residual oils, but
eventually would slightly increase demand—and, therefore, price—for distillate fuels.115 Similarly,
worldwide demand for distillate continues to rise.116 On the other hand, refiners have in the past
responded to increased demand for distillate by increasing distillate yields.117
Some analysts have speculated that future costs of natural gas will not remain lower than residual
oil per BTU, because natural gas is subject to potential supply interruptions and price spikes.118
However, such analysis ignores the recent price volatility of petroleum, the recent expansion of
domestic natural gas production, and the local plans to expand natural gas delivery
infrastructure.119
Finally, all potential cost increases from converting to cleaner heating fuels must be weighed
against the potential efficiency gains and cost savings that could accompany use of cleaner heating
fuels.

B.

Comparison of Costs and Benefits

This study does not include a sufficiently detailed or quantitative analysis of costs to draw a final
conclusion about the magnitude of any potential net benefits from phasing out the use of residual
oil in CIR boilers. That said, the likely capital conversion costs are one‐time expenses that may at
least partially overlap with inevitable replacement and maintenance costs; the annual operating
costs are speculative, but most predictions suggest switching from residual oil to natural gas could
be a cheaper option for consumers; and consumers may enjoy some additional efficiency gains and
cost‐savings. By contrast, the quantitative and qualitative benefits of phasing out residual oil are
annual, real, and significant, including potentially hundreds of avoided mortalities and billions of
dollars in better health outcomes for New Yorkers.
Costs and benefits should also be compared when considering the appropriate rate of conversion
away from residual oil. For example, in designing a potential regulation to restrict residual oil use
in CIR boilers, policymakers should take note that, for every year quicker full conversion is achieved,
an additional 10 avoided mortalities and $111 million in quantifiable health benefits would result
cumulatively over a twenty‐year period. These significant, quantifiable public health benefits—in
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conjunction with the myriad qualitative health, environmental, and welfare benefits—may well
justify the costs of faster mandatory conversion.

34

Conclusion
More Information Could Reveal Even Greater Benefits

The sources and impacts of pollution are not always obvious. Most New Yorkers probably spend
little time thinking about how the buildings they live and work in are heated, or how those heating
options might affect their health, their environment, and their welfare.
This Report has revealed one unseen source of a dangerous level of risk to New Yorkers:
commercial, institutional, and residential boilers that burn residual oil. Citywide, these sources
contribute as much as 29% of all locally‐generated, wintertime particulate matter. Converting
these sites to cleaner fuels, such as natural gas, could substantially decrease their contribution to
soot concentrations—decreasing how much soot New Yorkers breathe in, and generating
tremendous benefits.
For example, assuming that 60% of residual oil customers convert to natural gas over a twenty‐year
time period, with the rest converting to #2 distillate oil, phasing out residual oil will generate a
minimum of 600 avoided mortalities and $5.3 billion worth of better health outcomes for New
Yorkers. If the timeline for conversion is quicker, or if a larger proportion of customers switch to
natural gas, those numbers greatly increase.
Yet not even those numbers capture all the hidden costs of burning residual oil. This analysis
employs a series of conservative assumptions, meaning the results reported likely underestimate
the benefits of phasing out residual oil. With more information, even greater benefits might be
revealed.
Conservative Assumptions and Underestimation
This analysis employs a series of conservative assumptions. To start, by relying directly on
monitoring data available for nickel, the methodology applied here entails much less uncertainty
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than a model‐based approach. Furthermore, the methodology attributes only 27% of New York
City’s annual ambient nickel concentrations to the burning of residual oil at CIR sites. Because this
approach fails to account for summer‐time use of residual oil to heat water at CIR sites, as well as
the summer‐time use of residual oil at certain power plants, the annual nickel contribution from
CIR sites is likely underestimated. As a result, all calculations for PM2.5 concentrations and
associated health impacts—which are all based on that initial nickel estimate—are conservative
estimates.
Additionally, the emission factors for #2 distillate oil, compared to #6 residual oil, are very
conservatively estimated. The estimates were drawn from documents provided by the U.S. EPA,
which suggest that converting from residual oil to #2 oil would achieve an 18% reduction in PM2.5
contributions. However, those same EPA documents also give alternative estimates, which would
indicate that converting to #2 oil could achieve as much as a 32% reduction. Had the less
conservative number been used, estimated mortality rates and other health effects would have
changed significantly.120
Next, this analysis used expected conversion rates to natural gas provided by Con Edison. But that
estimate does not fully reflect how natural gas availability and use might change if a regulation
were to mandate a full conversion timeline of less than 20 years. Such regulation could increase
demand for natural gas and accelerate the expansion of natural gas infrastructure. Due to the
difficulty of making such adjusted estimates, this analysis employs a conservative assumption and
consistently uses Con Edison’s 20‐year estimates for natural gas conversion. Nevertheless, actual
conversion to natural gas could occur at a greater rate due to various regulatory or economic
pressures, and a quicker, broader conversion to natural gas would significantly increase the
benefits of phasing out residual oil.
Finally, when monetizing the health benefits, this analysis uses widely‐accepted numbers for the
value of a statistical life and for social willingness to pay to avoid various health endpoints. While
economists continue to debate the appropriate monetized values for all those endpoints, some
evidence suggests that the values used here fall on the conservative end of the scale.
Overall, the estimates provided by this study represent the minimum anticipated health benefits
that will result from restricting the use of residual oil at CIR sites. The actual health impacts of
restricting residual oil is likely much greater than these estimates.
Need for More Information
This analysis unfortunately had to leave several substantial benefits un‐quantified, due to a lack of
information. Most especially, phasing out residual oil could reduce New York City’s toxic nickel
concentrations by roughly 27%, but the precise health benefits cannot be calculated. Similarly,
residual oil emits more greenhouse gases, more sulfur dioxide, and more nitric oxides than cleaner
fuel alternatives, but the potentially large benefits to the climate, environment, and human health
cannot be estimated with currently available data.
Developing emission factors specific to New York City and to the sulfur content of its heating fuels
would be an important first step in estimating some of these hard‐to‐quantify benefits. Given the
likely strong relationship between nickel concentrations and mortality rates, more scientific study
of the health impacts of nickel is warranted.
Finally, the collection and application of new information should be an ongoing process. If New
York City does develop a regulation to phase out residual oil, its scope, timeline, and stringency
should be regularly reevaluated over time as new information on both costs and benefits is
gathered. Indeed, this Report already suggests that while the speed of conversion might increase
estimated costs, those costs might be well justified by the increased benefits of quicker conversion.
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Hopefully, both New York’s citizens and its politicians will keep these findings in mind when
making decisions about phasing out residual oil, whether those decisions are voluntary or
regulatory in nature.
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Appendix A: Description of Positive Matrix Factorization
A brief description of the PMF‐2 technique is provided here, with a more detailed description
available in other documents.121 PMF‐2 assumes that measured trace element concentrations, xij,
are from p independent pollution sources:
p

x ij   gik f kj  eij
k 1

Where, xij is the jth species concentration measured in the ith sample;
gik is the mass contribution from the kth source on the ith sample (referred to as the G Matrix);
fkj is the jth species mass fraction from the kth source (referred to as the F Matrix); and,
eij is the residual term or the unexplained part of xij.
The mass contributions for each source category can be estimated by a mass regression step once
the G and F matrices are known. Daily PM2.5 mass is regressed onto the PMF output G matrix, and
the beta coefficients (β1…βp) are used to estimate daily mass contributions from p source
categories:
Mass = β0 + β1*G1 + β2*G2 +… + βp*Gp
An intercept term (β0) is included in the model, given the possibility of certain sources not being
fully represented by the model due to the set of elements chosen for the source apportionment
model. The beta coefficients are then used to transform the F matrix to provide the fraction of mass
associated with each element (i.e., source elemental “profiles”).122
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Appendix B. Epidemiological Studies Used in Calculating Health Benefits of Decreased Ambient PM2.5 Concentrations
Health
Endpoint

Authors

Year

Location

Age
Start

Age
End

Function

Beta

Background

All‐Cause
Mortality

Laden et al.

2006

6 cities

25

99

(1‐(1/EXP(Beta*DeltaQ))) *Incidence*POP

0.014842

Incidence*POP

All‐Cause
Mortality

Pope et al.

2002

51 cities

30

99

(1‐(1/EXP(Beta*DeltaQ))) *Incidence*POP

0,00582689

Incidence*POP

Cardiovascular
Mortality

Laden et al.

2006

6 cities

25

99

(1‐(1/EXP(Beta*DeltaQ))) *Incidence*POP

0.024686

Incidence*POP

Cardiovascular
Mortality

Pope et al.

2004

Nationwide

30

99

(1‐(1/EXP(Beta*DeltaQ))) *Incidence*POP

0.011333

Incidence*POP

Acute
Myocardial
Infarction

Peters et al.

2001

Boston, MA

Increased particulate air pollution and the
triggering of myocardial infarction.

18

99

0.0092849

Incidence*POP*A

Chronic
Bronchitis

Abbey et al.

1995

SF, SD, South
Coast Air
Basin

Chronis Respiratory Symptoms Associated
with Estimated Long‐Term Ambient
Concentrations of PM2.5 and Other Pollutants.

27

99

0.01318504

Incidence*POP*
(1‐Prevalence)

Work Loss Days

Ostro

1987

Nationwide

Air Pollution and Morbidity Revisited: A
Specification Test.

18

64

(1‐(1/EXP(Beta*DeltaQ))) *Incidence*POP

0.0046

Incidence*POP

Moolgavkar

2003

Los Angeles,
CA

Air Pollution and Daily Deaths and Hospital
Admissions in Los Angeles and Cook Counties.

65

99

(1‐(1/EXP(Beta*DeltaQ))) *Incidence*POP

0.0003442

Incidence*POP

Moolgavkar

2000

Los Angeles,
CA

18

64

(1‐(1/EXP(Beta*DeltaQ))) *Incidence*POP

0.0003415

Incidence*POP

HA, Pneumonia

Ito

2003

Detroit, MI

65

99

(1‐(1/EXP(Beta*DeltaQ))) *Incidence*POP

0.0016595

Incidence*POP

HA, Asthma

Sheppard

2003

Seattle, WA

0

64

(1‐(1/EXP(Beta*DeltaQ))) *Incidence*POP

0.0010446

Incidence*POP

Acute
Bronchitis

Dockery et
al

1996

24
communities

8

12

0.0170958

Incidence*POP

HA, Chronic
Lung Disease
(less asthma)

(1‐(1/((1‐Incidence)
*EXP(Beta*DeltaQ)+Incidence)))
*Incidence*POP

Moolgavkar

2000

Los Angeles,
CA

18

64

(1‐(1/EXP(Beta*DeltaQ))) *Incidence*POP

0.0007333

Incidence*POP

HA, Congestive
Heart Failure

Ito

2003

Detroit, MI

65

99

(1‐(1/EXP(Beta*DeltaQ))) *Incidence*POP

0.001292

Incidence*POP

HA,
Dysrhythmia

Ito

2003

Detroit, MI

65

99

(1‐(1/EXP(Beta*DeltaQ))) *Incidence*POP

0.0020327

Incidence*POP

HA, Ischemic
Heart Disease
(less MI)

Ito

2003

Detroit, MI

65

99

(1‐(1/EXP(Beta*DeltaQ))) *Incidence*POP

0.0013001

Incidence*POP

HA, All
Cardiovascular
(less MI)
HA, All
Cardiovascular
(less MI)

Study title
Reduction in Fine Particulate Air Pollution and
Mortality: Extended Follow‐up of the Harvard
Six Cities Study.
Lung cancer, cardiopulmonary mortality, and
long‐term exposure to fine particle air
pollution
Reduction in Fine Particulate Air Pollution and
Mortality: Extended Follow‐up of the Harvard
Six Cities Study.
Cardiovascular mortality and long‐term
exposure to particulate air pollution:
epidemiological evidence of general
pathophysiological pathways of disease.

Air Pollution and hospital admissions for
diseases of the circulatory system in three U.S.
metropolitan areas.
Associations of Particulate Matter Components
with Daily Mortality and Morbidity in Detroit,
Michigan.
Ambient Air Pollution and Nonelderly Asthma
Hospital Admissions in Seattle, Washington,
1987‐1994.
Health Effects of Acid Aerosols on North
American Children ‐ Respiratory Symptoms.
Air Pollution and Hospital Admissions for
Chronic Obstructive Pulmonary Disease in
Three Metropolitan Areas in the United States.
Associations of Particulate Matter Components
with Daily Mortality and Morbidity in Detroit,
Michigan.
Associations of Particulate Matter Components
with Daily Mortality and Morbidity in Detroit,
Michigan.
Associations of Particulate Matter Components
with Daily Mortality and Morbidity in Detroit,
Michigan.
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(1‐(1/((1‐Incidence*A)
*EXP(Beta*DeltaQ)+Incidence*A)))
*Incidence*0.93*POP
(1‐(1/((1‐Incidence)
*EXP(Beta*(MAX(Q1,C)‐MAX(Q0,C)))
+Incidence*POP* (1‐Prevalence)

Notes
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iCasualties.org, Operating Enduring Freedom, http://icasualties.org/OEF/ (last visited Jan. 19, 2010) (showing annual
coalition mortalities from 2001‐present).

3

U.S. Envtl. Prot. Agency, Particulate Matter, http://www.epa.gov/oar/particlepollution/ (last visited Jan. 19, 2010).
U.S. Envtl. Prot. Agency, Particulate Matter: Basic Information, http://www.epa.gov/air/particlepollution/basic.html
(last visited Jan. 19, 2010).
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6

Id.

7
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9
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10
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