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Abstract
New York City’s municipal government has implemented a series of local regulations designed
to improve air quality across the city over the past two mayoral administrations. One such policy,
the Clean Heat Initiative, curtailed the use of two “heavy” fuel oils used in building boilers for
winter heating. Using publicly available data, we analyze whether the policy has been
implemented as designed, and whether this implementation resulted in the intended outcome of
meaningfully decreasing the concentration of dangerous PM2.5 particles in street-level air in
neighborhoods across the city. This report includes an analysis of differentiated impacts in high
and low income neighborhoods, and finds that a statistically significant relationship exists
between the reduction in the total volume of No. 4 and No. 6 oils burned and the reduction of
neighborhood level PM2.5 levels. We then offer suggestions for future regulation design to
prioritize environmental justice and equity.
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Introduction
Over the past two mayoral administrations, New York City’s municipal government has
implemented a series of local regulations designed to improve air quality across the city. One
such policy, the Clean Heat Initiative, curtailed the use of two “heavy” fuel oils used in building
boilers for winter heating, No. 4 and No. 6, which emit high levels of fine atmospheric
particulate matter, or PM2.5 particles. High concentrations of PM2.5 have been linked to myriad
negative health outcomes including pulmonary and heart disease, particularly among children
and the elderly.[8] By phasing out the use of these fuel oils, city officials hoped to improve air
quality in neighborhoods with poor community health outcomes, many of which are low income
communities with high proportions of New Yorkers of color.[17]
There are many other local sources that emit PM2.5, including vehicles, power plants, and
industrial sites. PM2.5 particles can also be blown into the city from non-local sources.
Fluctuations in emissions from these sources, on top of diverse neighborhood characteristics, a
wide timeframe for implementation, and inconsistency in standardized data collection, makes it
difficult to pinpoint the specific contribution of boiler oil. As a result, it is difficult to assess the
efficacy of New York’s ban on residual oils or prove a causal relationship between these local
regulations, the changes in air quality, and the long term health outcomes for residents.
Nonetheless, considering the implications for environmental justice and neighborhood equity, it
is both instructive and valuable to shed some light on the process of the policy’s uptake and its
incremental outcomes during the first decade of its implementation.
Previous research on New York City’s Clean Heat policies has documented the chemical
makeup of street-level PM2.5, the geographic distribution of residential buildings using residual
fuel,the estimated health impacts of lowering local PM2.5 concentrations, and the challenges
building managers face in the fuel source transition process.[18][20][30][31] However, this research has
not involved a detailed accounting of the efficacy of the regulation, nor has it been updated with
data from the most recent years available. This paper contributes to the body of knowledge
regarding the city’s Clean Heat policies. Using publicly available data, we analyze whether the
policy has been implemented as designed, and whether this implementation resulted in the
intended outcome of meaningfully decreasing the concentration of dangerous PM2.5 particles in
street-level air in neighborhoods across the city. We describe levels of compliance or
noncompliance with the No. 6 and No. 4 oil bans, the frequency of different types of fuel
transitions, and the relationship between neighborhood characteristics (location, density,
economic resources, and demographic makeup) and neighborhood transition rates. We use a
variety of regression specifications, including two-way fixed effects, to interpret the relationship
between policy uptake and air quality outcomes in both the first and second phase of the policy’s
implementation. We find that a statistically significant relationship exists between the reduction
in the total volume of No. 4 and No. 6 oils burned and the reduction of neighborhood PM2.5
levels. We conclude by offering suggestions for future regulation design to further prioritize
environmental justice and equity.
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Background and Policy Context
History of Air Pollution Environmental Regulation
New York City’s air quality has long been noticed and described by visitors, and it has
rarely left a favorable impression. Due to the city’s population and housing density, its numerous
industrial sites, and its position as a transportation hub, by the mid-twentieth century New York’s
air was identified by some studies as the worst in the country.[1] However, the physical and legal
infrastructure to measure, monitor, and address this environmental concern did not exist for
many decades in the city’s modern history. Environmental disasters in the mid 1960s in New
York and across the country inspired a series of landmark federal laws that now serve as the legal
foundation for environmental regulation across the country.[2]
The Clean Air Act of 1970 established the foundation of U.S. air quality management.[3][4]
This legislation passed in the same year President Nixon ordered the establishment of the
Environmental Protection Agency (EPA), which has served as the central agency tasked with
implementing Clean Air Act standards, which included creating National Ambient Air Quality
Standards (NAAQS) and State Implementation Plans (SIPs) to address locations whose air did
not meet the standards.[5] From the 1970s through the 1990s, the EPA developed the physical
infrastructure for monitoring air pollution nation-wide and began regular data collection. During
this period, the federal government prioritized four major pollutant types: Nitrogen Dioxide
(NO2), Carbon Dioxide (CO2), and Sulfur Dioxide (SO2), and particulate matter 10 micrometers
in diameter (PM10). Federal and state regulation on chemical plants, power plants, incinerators,
and tailpipe emissions significantly decreased the prevalence of these types of pollutants across
the country.[6]
PM2.5 Sources, Health Effects, and Federal Regulations
By the early 1990s, there was a general consensus in the scientific community that human
exposure to high concentrations of coarse particulate matter (PM10) was a direct cause of
cardiopulmonary disease. However, research and debate continued about what levels of PM
exposure were dangerous and if finer particles also negatively affected human health. Finally, in
1999, the EPA formally concluded that fine particulate matter (PM2.5), defined as airborne
particles with a diameter of up to 2.5 micrometers, also had a direct negative effect on public
health and started to officially record PM2.5 levels as a part of the NAAQS system.[7] PM2.5 is
mainly composed of sulfate, nitrate, black carbon, organic carbon, and crustal material. Primary
sources of PM2.5 are electrical power generation, vehicle emissions, and the burning of fuel oils
in building boilers and large container ships. In this paper, we focus on PM2.5 emissions from fuel
oils in building boilers.
The EPA classifies fuel oil into two types: distillate oils and residual oils. These fuel oils
are also defined by grade number, with No. 1 and No. 2 being distillate (or “light”) oils; No. 5
and No. 6 being residual (or “heavy”) oils; and No. 4 being a mixture of distillate and residual
oils. For the purposes of this paper, we refer to No. 4 as a residual oil. Different types of fuel oils
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generate significantly different levels of emissions, depending on the grade and composition of
the fuel, the type and size of the boiler, the firing and loading practices used, and the level of
equipment maintenance. Lighter fuel contains less sulfur, which produces fewer PM2.5 and other
air pollutants than heavier fuel.[12] Combustion of No. 1 and No. 2 oils generates significantly
lower PM2.5 formation than combustion of No. 4 and No. 6 oils.[13] According to a comprehensive
report conducted by the Environmental Defense Fund in 2009, switching residual oils to distillate
oils reduces PM2.5 emissions by about 95% and switching from No. 6 oil to natural gas reduces
PM2.5 emissions by about 96%.[14]
Research has found that elevated PM2.5 levels can contribute to pulmonary and heart
disease and that children and the elderly are particularly vulnerable to adverse effects. Due to
socioeconomic factors, including historic housing policy and workplace exposure patterns, the
adverse effects of PM2.5 often disproportionately affect people of color and people with low
socioeconomic status.[8] The EPA has identified the goal of reducing concentration of PM2.5 and
other five dominant air pollutants (ozone, nitrous oxide, carbon dioxide, and sulfur dioxide) as a
key environmental challenge of the 21st century, both because of the direct threat it poses to
human health and because high levels of atmospheric PM2.5 act as a greenhouse gas, contributing
to climate change. By some estimations, particulate matter pollution containing black carbon is
the second largest contributor to climate change (after CO2).[9][10] During the past two decades, a
series of federal and state policies were implemented to primarily reduce PM2.5 emissions from
light- and heavy-duty vehicles and electric power generation.[9] However, according to the 2009
report by the Environmental Defense Fund, there was no policy in place to regulate heating oil
for the purpose of public health improvement.[14] Federal regulation of the use of residual oils did
not begin until the 2010s.[11]
PM2.5 in New York City
Foundational Research
Despite the significant improvement in general air quality over the last century, there are
above-average concentrations of PM2.5 and higher PM2.5 attributable mortality rates in New York
City than in other U.S. cities.[15][16] Numerous reports conducted by city agencies and field
experts have found that the concentration of PM2.5 in the city air is the leading cause of
underperforming public health outcomes, including significant numbers of premature deaths,
emergency department visits for asthma, and hospitalization for respiratory and cardiovascular
disease.[17][18] The sources of PM2.5 in New York City include “fuel combustion in vehicles,
boilers in buildings, power plants, construction equipment, marine vessels, and commercial
cooking. Also, PM 2.5 in NYC’s air comes from outside the city from sources far upwind.”[19]
Notably amongst all these factors, in 2010, residual fuel combustion for heating was identified as
the main cause of high concentration of PM2.5 in New York City throughout the year.[20][21]
In 2009, researchers at the NYU Langone School of Health[22] suggested that PM2.5
particles made up of nickel (Ni) and vanadium (V) emitted from burning heavy oil in New York
City were significantly associated with cardiovascular and pulmonary mortality rates. Additional
5

research demonstrated that Manhattan and the Bronx have higher than city-wide average
concentrations of nickel-rich PM2.5 during the heating season (October-March), and concluded
that residual fuel combustion accounts for large seasonal differences in emissions patterns.[23][24]
The Environmental Defense Fund reported that, as of 2009, New York City had “close to 9,000
large residential, commercial and institutional buildings that burn residual fuel. These buildings,
which represent 1 percent of the city’s buildings, contribute 86 percent of the city’s heating oil
soot pollution, which is more soot pollution than comes from car and trucks.”[25] Research
suggested that the transition to cleaner fuel sources would confer large benefits to residents,
particularly those who live in vulnerable neighborhoods. Kheirbek et al. estimated that reducing
PM2.5 in the heating sector is would result in “almost 300 avoided premature deaths and over 700
avoided emergency department visits and hospitalizations for respiratory or cardiovascular
causes each year.”[26] Fiscally, Fann et al. suggested that reducing PM2.5 emissions and delivering
health benefits could offer significant savings in health costs.[27]
Policy Timeline
In 2011, during the Bloomberg administration, the Mayor’s Office of Sustainability took
the Environmental Defense Fund’s policy recommendation and implemented a series of
environmental regulations aimed at phasing out the most highly polluting oil types. The city set
two deadlines: all public and private buildings must stop using No. 6 heating oil by 2015 and No.
4 heating oil by 2030. Together, these regulations were referred to as the Clean Heat Initiative.
The initiative was first publicly prioritized within the Bloomberg administration’s comprehensive
strategic plan, PlaNYC, which aimed, among other things, to make New York’s “the cleanest air
quality of any major US city.” [37][33] The purpose of this plan was to guide the city to achieve
long-term sustainability both in economic and environmental matters. However, PlaNYC has
been criticized for ignoring the effects of economic inequality and lacking an environmental
justice lens.[34] The Bloomberg administration supported and incentivized the compliance with
the new regulations via the Clean Heat Program, a city-run office offering building managers
free consultations with efficiency advisers. The program offered education on the effects of
pollution, budgeting resources, technical specifications on boiler conversions, and
recommendations to trusted contractors.
In 2015, the city announced that there was near universal compliance with phasing out
No. 6 heating oil, and the data showed an improvement of overall air quality.[28] That same year,
the de Blasio administration reaffirmed its commitment to the Clean Heat Initiative policies by
including them in the new long-term strategic plan, OneNYC: The Plan for a Strong and Just
City.[35] OneNYC offered an additional focus on equity, sustainability, reducing greenhouse gas
emissions, and climate change resiliency in response to more frequent severe storms in recent
years. The de Blasio administration also expanded the Clean Heat Program and renamed it the
Retrofit Accelerator Program, offering advice and support on boiler conversions and a suite of
other services to support energy efficiency and carbon emission reduction.[36]
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Policy Evaluation
In 2015, after the city announced a successful implementation of the first phase of the
Clean Heat Initiative, researchers noted that a number of buildings had only transitioned from
No. 6 to No. 4 oil rather than to a “clean” fuel, such as No. 2 oil or Natural Gas. Shaw et al.
provided an overview of the issues complicating the transition to clean heat sources, which
include the high cost charged by private energy companies, the lack of accessibility to a natural
gas pipeline in some low-income neighborhoods, and ineffective communication between
buildings owners, managers, and residents.[29] Carrion et al. conducted a comprehensive analysis
to assess the effectiveness of the Clean Heat Initiative across all NYC residential buildings.[30]
Carrion’s research echoed the concerns raised by Shaw and provided further insight into barriers
to transitioning fuel types, including boiler infrastructure, cost, and availability of natural gas
pipelines. The study determined that, despite near universal compliance of phasing out No. 6 oil,
there were 3,242 buildings in the city still using No. 4 heating oil. 53% (1,724/3,242) of these
buildings were located in Northern Manhattan and the Bronx. Notably, Carrion pointed out that
rent-controlled buildings were converting more slowly.
Researchers at the Mailman School of Public Health at Columbia University used a
natural experiment to access the effects of NYC’s Clean Heat program on ambient outdoor and
indoor air quality, measuring levels of PM2.5 in 48 Upper Manhattan apartments before and after
they transitioned to cleaner fuels during heating seasons. The associated improvement in air
quality was only found to be statistically significant in apartments that switched to a clean fuel,
as opposed to transitioning from No. 6 oil to No. 4 oil.[32] This finding raised the concern that the
policy’s effects would not be equitably distributed and that already high-risk communities would
not benefit from the expected air quality and health outcomes. In light of these findings,
researchers have urged the city to shorten the timeframe of phasing out No. 4 oil.[31]
Research Question & Methods
There is a robust body of research documenting the relationship between the use of
residual fuels and PM2.5 emissions, and the relationship between high concentrations of
atmospheric PM2.5 and negative health outcomes. Previous research on New York City’s Clean
Heat policies has shed light on the chemical makeup of street-level PM2.5, the geographic
distribution of residential buildings using residual fuel, and the estimated health impacts of lower
local PM2.5 concentrations. However, this research has not involved a detailed accounting of the
efficacy of the regulation (as measured by a demonstrated decrease in the amount of residual
fuels used), nor has it been updated with data from the most recent years available.
This paper contributes to the body of knowledge regarding the Clean Heat policies by:
● Describing levels of compliance or noncompliance with the No. 6 and No. 4 oil bans and the
frequency of different types of fuel transitions.
● Describing the relationship between neighborhood characteristics (location, density,
economic resources, and demographic patterns) and neighborhood transition rates.
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● Describing the relationship between levels of compliance and air quality outcomes, in both
the first and second phase of the policy’s implementation.
Using publicly available data, we construct a panel dataset composed of annual
neighborhood-level measurements of residual fuel use and air quality throughout the observation
window (2011-2019). We generate a variety of descriptive statistics to illustrate the policy uptake
and city-wide trends in air quality over the observation period. We use OLS regression and
Pearson correlations to analyze the relationship between policy uptake and neighborhood-level
characteristics, such as median income and poverty level, to more deeply understand the
dynamics that affect compliance. We then use a variety of regression specifications, including
two-way fixed effects, to interpret the relationship between policy uptake and air quality
outcomes.
Data & Measurement
We source all data included in this analysis from publicly available data portals managed
by several different city and federal agencies. The first, a dataset called Local Law 84 Energy
and Water Disclosure (LL84), is a compilation of building owner-submitted data regarding their
property’s water and energy consumption and estimated greenhouse gas emissions, and is
updated on an annual basis. This data is collected and published on the NYC Open Data portal
by the New York City Department of Environmental Protection (NYC DEP). Passed in 2009,
LL84 initially only required disclosures from buildings larger than 50,000 square feet. In 2017,
the city expanded the law to include all buildings larger than 25,000 square feet. From 2015 to
2019, the dataset includes both the type of oil used in the boiler, and precisely how much of each
type is used in kBTUs. The NYC Open Data portal also contains a dataset entitled “NYC Clean
Heat Dataset – Historical,” which appears to be a list of buildings using No. 4 or No. 6 oil as of
2011, and is hypothesized to be the list of buildings the city targeted in its initial implementation
of the NYC Clean Heat Program. This dataset lacks any of the standard contextual information
usually provided on NYC Open Data, and inquiries to the city government regarding its source
received no response. As the number of buildings included in this dataset matches the number of
buildings referenced in press releases around the policy’s announcement, the information
contained within allows us to confirm whether the buildings initially targeted by the policy did
actually comply with their legal obligation to transition to a cleaner fuel source.
The second major data source is the New York City Community Air Survey (NYCCAS),
which is collected by the Department of Health (DOH) on a biannual basis - once in the summer
and once in the winter. NYCCAS uses a network of 85-150 air quality monitors spread across the
city to gather precise measurement of different types of pollutants. A portion of the monitoring
locations are determined systematically using random sampling stratified by urban density.
Additional non-random sites are selected with input from community stakeholders to ensure
effective coverage, equitable distribution, and the placement of monitors near sites of concern,
such as transportation facilities or large industrial pollutant sources. The number and precise
placement of sampling sites differs annually based on budgetary factors and stakeholder
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recommendations. Summary statistics on a neighborhood, borough, and city level are available
through the DOH’s Environment and Health Data Portal. Neighborhood-level demographic and
contextual data, including information on median income, poverty rate, and population density,
community racial identity and ethnic origin, education level, and employment status was sourced
from 2010 American Community Survey, administered by the U.S. Census Bureau.
Neighborhood-level traffic density data was sourced from the NYC DOH.
To determine a building’s primary fuel source for an observed year, we identify the
building's fuel source with the highest reported kBTU. We compare each building’s primary fuel
source throughout the observation period to determine its transition status. We define
“transitioned” as: (1) the building’s first observation was a residual fuel (No. 4, No. 5/No. 6, or
No. 2 diesel) and (2) the building’s most recent observation was a “clean” fuel (No. 2, steam, or
natural gas). If a building’s first and most recent observation was a residual fuel, they are
considered “not transitioned.” If a building’s first observation was a clean fuel, meaning they
were already using a clean source when the policy came into effect, they are considered
“exempt.” At the neighborhood level, we generate a “transition rate” variable, calculating the
total number of buildings that transitioned over the total number of buildings that should
transition their fuel source (all non-exempt observations) in each neighborhood. Due to the
limited nature of LL84 disclosures (only buildings larger than 25,000 sqft are required to submit
them), normalizing this variable across neighborhoods with unknown total building counts and
sizes is impossible. Thus, we use this “transition rate” to represent which neighborhoods have
fallen into compliance with the policy, but it is not an ideal tool to measure a direct relationship
between the policy and the air quality outcomes. To do this, we use both the total number of
buildings using a residual fuel and the volume of residual oil burned in each neighborhood each
year as the independent variable of interest. When assessing the effect of the policy on air
quality, the dependent variable, or outcome of interest, is the annual average PM2.5 measurement,
as reported by the NYCCAS.
Findings
Building Dataset & Initial Fuel Use
We observe at least one year of fuel use data for 27,328 unique buildings between 2011
and 2019. Due to the nature of the disclosure requirements, the vast majority of the buildings in
the dataset are at least 25,000 square feet, leading to a heightened representation of areas with
high numbers of large buildings. 38% of the buildings in the dataset are located in Manhattan,
25% are located in Brooklyn, 19% are located in the Bronx, 17% are located in Queens, and only
2% are located in Staten Island (Appendix A). The dataset reflects the overall aging of the city’s
building stock; 60% of the buildings observed were constructed before 1950 (Appendix B). Only
3,689 buildings represented in the dataset have been constructed since 2000.
Buildings using residual fuels as their primary fuel source before the policy’s
implementation are concentrated in Manhattan and the Bronx, confirming the findings of
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previous research.[30] 25% of the buildings in Manhattan and 30% of the buildings in the Bronx
report using a residual fuel in their first year of reporting, as compared to just 12% in Queens and
4% in Brooklyn (Table 1). The neighborhoods with the most buildings initially using residual
fuel are Fordham - Bronx Park (574 buildings) and Washington Heights - Inwood (715
buildings) (Appendix C). These two neighborhoods alone account for more than a quarter of the
total buildings targeted by this policy. Considering these statistics, we expect the implementation
of the policy to have the greatest impact in Manhattan and the Bronx.
Table 1: Initial Fuel Source and Transition Outcomes by Borough
Borough
Bronx
Brooklyn
Manhattan
Queens
Staten Island
City

Clean Fuel Source at
First Reporting Year

Transitioned to Clean
Fuel Source by Last
Reporting Year

Did Not Transition to
Clean Fuel Source by
Last Reporting Year

Total

3,659 (70%)

1,064 (20%)

506 (10%)

5,229

6,358 (96%)

110 (2%)

162 (2%)

6,630

7,758 (75%)

1,519 (15%)

1,087 (11%)

10,355

4,070 (88%)

340 (7%)

197 (4%)

4,607

475 (94%)

2 (0.4%)

30 (6%)

507

22,320 (82%)

3,035 (11%)

1,973 (7%)

27,328

City-Wide Trends in Air Quality
Street-level measurements of PM2.5 have trended consistently downwards since
monitoring began, reflecting a gradual improvement in air quality. The city-wide annual average
PM2.5 measurement has decreased from 10.43 mcg/m3 in 2009 to 6.6 mcg/m3 in 2019, a 37%
decline (Appendix E). Borough-level PM2.5 trends tend to remain parallel throughout the
observation period, with Staten Island and Queens reporting lower PM2.5 measurements than
Brooklyn and the Bronx. However, Manhattan, which has significantly higher PM2.5
measurements than the other boroughs and the city-wide average, only saw a 34% decline during
the same time period. Winter PM2.5 levels tend to be higher than the annual average
measurements because boiler use peaks in the winter months to support building heating
systems, as well as the hot water systems that run year-round. Despite the higher raw measures,
we see similar parallel downward trends in the winter data as in the annual data. Between the
winter of 2008-2009 and the winter of 2017-2018, the city-wide winter average PM2.5 declined
36%. We notice a spike in PM2.5 in the winter of 2013-2014, due to a particularly severe season
with lower than average temperatures across the region.[46]
When PM2.5 measurements are reported on the neighborhood level, we observe a clear
pattern of PM2.5 concentration in mid and lower Manhattan and along the Brooklyn and Queens
East River waterfront (Appendix F). These neighborhoods had the highest PM2.5 measures in the
beginning of the observation window and, though their air quality has steadily improved, they
still had higher than average measures of PM2.5 as of 2019. In Manhattan, these neighborhoods
represent the central business district and areas known for their high concentration of skyscrapers
and significant vehicular traffic. On the Brooklyn and Queens waterfront, these neighborhoods
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are combinations of commercial and industrial areas. From this information, we observe that the
neighborhoods with the highest initial PM2.5 measurements are not necessarily aligned with the
neighborhoods with the highest number of buildings using residual fuels. Though it is clear that
residual fuels generate PM2.5 emissions, these trends highlight the possibility that other emission
sources may play a larger role in contributing to PM2.5 levels.
Policy Compliance & Transition Mechanics
The 2011-2019 data reflects an overall high level of compliance with clean heat policies.
The total number of buildings using a residual fuel as the primary fuel source has consistently
declined since 2011 (Appendix I). 93% of all buildings in the dataset report a clean heat source
in their most recent year of reporting. 82% buildings report a clean fuel source the first year the
building is observed, making them “exempt” from the polity’s requirement to transition fuel
sources. Of the remaining 18% (5,008 buildings), 61% transitioned to a clean fuel source during
the observation window. Of the remaining un-transitioned buildings, 93% use No. 4 oil and are,
therefore, still legally compliant with the regulation as of 2019. Only 117 buildings report No. 6
oil as a primary fuel type in their most recent year of reporting. 55% of these buildings are
located in Manhattan; 25% are located in the Bronx.
The number of buildings reporting No. 4 oil as their primary fuel source declined 59%
between 2011 and 2019 (Appendix G). Though we notice a steep decline in the number of
buildings using No. 4 oil between 2011 and 2015, there has not been significant change in this
number since 2015. We interpret this pattern to mean that the ban on No. 4 oil, which will not
take effect until 2030, is not motivating significant behavior change at this time. Compliance
with the No. 6 oil ban, which went into effect in 2015, is very high. The number of buildings
reporting No. 6 oil as their primary fuel source declines from 1,037 in 2011 to only 63 in 2019, a
94% decrease.
The number of buildings in a neighborhood out of compliance with the No. 6 oil ban after
2015 is positively correlated with the neighborhood’s poverty rate. The strength of this
correlation increases as time passes (r=0.02 in 2015, r=0.2 in 2019), indicating that the final
holdouts are becoming more and more concentrated in high-poverty neighborhoods. In 2019, the
three neighborhoods that had more than 10 buildings burning No. 6 oil were Fordham/Bronx
Park, Washington Heights/Inwood, and Chelsea/Clinton. Of these neighborhoods, the first two
are extremely high-poverty, densely populated residential communities.
When we observe the subset of buildings for whom we have both a 2011 observation and
a secondary observation in 2015 or later, we can identify patterns in the types of transitions
buildings have made since the policy went into effect (Table 2). A concern related to the phased
implementation of the oil bans in the policy’s design was that buildings would choose simply to
switch to a slightly less polluting oil source, rather than investing the the long-term, but often
more expensive solution of fully retrofitting their boilers and installing a gas line in order to
transition to natural gas. We observe that this concern was not borne out, as 71% of buildings
initially using No. 6 oil and 69% of buildings initially using No. 4 oil transitioned to natural gas.
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However, 35% of buildings using No. 4 oil have not transitioned at all, reinforcing our earlier
finding that the 2030 deadline is not motivating behavior change.
Table 2: Fuel Transition Types (2011 to Final Observation Year)
Final Observation Primary Fuel
No. 4 Oil

No. 6 Oil

No 2 Oil

Natural Gas

Steam

Total
Building
Count

No. 4

708 (35%)

22 (1%)

417 (20%)

1,427 (69%)

4 (0.2%)

2,055

No. 6

131 (14%)

17 (2%)

164 (17%)

669 (71%)

7 (0.8%)

939

2011 Primary
Fuel

Neighborhood Transition Rates
We analyze the relationship between neighborhood transition rates (the number of
buildings that transitioned as a proportion of the total number of buildings that should transition
by 2030) and neighborhood-level characteristics, such as median income and poverty level, in
order to understand the dynamics that affect compliance. Our hypothesis is that buildings in
high-income neighborhoods might have more of a financial cushion to support a costly boiler
transition process and would be more likely to comply with the regulation. The 42
neighborhoods studied have widely varied transition rates (Appendix C). The majority of the
neighborhoods have at least a 50% transition rate, but three neighborhoods in Staten Island have
a 0% transition rate. We notice that the neighborhoods with high transition rates are often the
neighborhoods with high numbers of buildings using residual fuels to begin with, indicating that
the city’s targeted outreach and awareness campaigns in these neighborhoods may have
meaningfully supported action towards compliance. The neighborhoods with the lowest
transition rates tend to be located in Staten Island and South Brooklyn, low-density areas where
few buildings need to transition. We identify high-priority neighborhoods (top 50%) as those that
had at least 46 buildings required to transition and find that they are clustered in Manhattan, the
Bronx, Queens, and Central Brooklyn (Appendix H).
First using a log-log regression model, we find that overall, a neighborhood’s transition
rate is negatively associated with median income (p=0.01) and neighborhood poverty rate
(p=0.01), and positively correlated with neighborhood density (p= 0.01). Racial demographics
are not statistically significant in this initial model, but we find a strong positive correlation
between the transition rate and the percentage of residents holding at least a bachelor’s degree
(p=0.01). These associations hold true when we restrict our regression to the high-priority
neighborhoods. With this restriction in place, we find that low income neighborhoods actually
have higher transition rates than middle or high income neighborhoods, but that a larger
percentage of Black residents moderates this effect. Every additional percentage of black
residents in low income neighborhoods is correlated with a 35.45% increase in transition rate
(p=0.01), compared with a 51.44% increase in transition rate for every additional percentage in
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Hispanic residents. When we account for these controls, the impact of population density and
average higher education level becomes statistically insignificant (Table 3).
Table 3: Neighborhood Transition Rates

Air Quality & No. 6 Oil Phase Out (2011-2015)
Since the phase-out of No. 6 oil was supposed to happen by 2015, we sought to identify
the relationship between this policy’s implementation and the air quality measures between 2011
and 2015. Since the 2011 dataset did not include a detailed disclosure of the volume of each fuel
type used, we use the total number of buildings using No. 6 oil in each UHF42 neighborhood to
analyze this time period. We include all buildings reporting the use of No. 6 oil in 2015,
regardless if they were included in the 2011 dataset. An OLS regression finds that a 10%
increase in the number of buildings burning No. 6 oil in a neighborhood is associated with a 0.05
mcg/m3 increase in annual average PM2.5 measurements in that neighborhood (p<0.01), holding
neighborhood income, poverty rate, and population density constant. Using a two-way fixed
effects model, including fixed effects for neighborhood and year, an even stronger relationship
emerges: a 10% increase is the number of buildings burning No. 6 oil is associated with a 0.16
mcg/m3 increase in annual average PM2.5 (p<0.01). Both of these models confirm that decreasing
the number of buildings using No. 6 oil is strongly associated with lower levels of PM2.5 in the
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neighborhood (Table 4). This aligns with the hypothesis on which the policy design is based and
fills the gap in the research we identified earlier by drawing a direct relationship between change
in fuel oil use and change in air quality outcomes.
Table 4: PM2.5 Outcomes Related to No. 6 Oil Regulation

Air Quality & No. 4 Oil Phase Out (2015-2019)
We use the total volume of residual oil used by individual buildings, observable in the
2015-2019 datasets, to calculate the total amount of residual oil burned in each neighborhood
each year. Generally, each neighborhood reflects a downward trend in the amount of residual oil
burned between 2015 and 2019 (Appendix G). An OLS regression finds that the total volume of
residual fuel burned is positively correlated with higher PM2.5 measurements (Table 5). A 100
thousand gallon increase in residual fuel is associated with a 0.01 mcg/m3 increase in PM2.5,
holding neighborhood income, poverty rate, population density, and traffic density constant
(p<0.05). Using a two-way fixed effects model, accounting for fixed effects of neighborhood and
year, an even stronger relationship appears. A 100 thousand gallon increase in residual fuel is
associated with a 0.05 mcg/m3 increase in PM2.5 (p<0.01). The relationship between oil burned
and PM2.5 is particularly strong in high and medium density neighborhoods, but is not significant
in low density neighborhoods (Appendix H). Low density neighborhoods have low PM2.5
measures and low amounts of residual fuel burned to begin with, which we suspect contributes to
the lack of a significant relationship.
The magnitude of these coefficients appear small, but when we calculate the expected
decrease in PM2.5 using the volume of residual oil burned in real neighborhoods, we find
significant real-world implications. In Fordham/Bronx Park, the neighborhood in the Bronx with
the highest residual oil consumption in 2015, we see a 2.32 million gallon decrease in the amount
of residual oil burned between 2015 and 2019. This amounts to a 1.2 mcg/m3 predicted decrease
in PM2.5. The PM2.5 measurement in this neighborhood in 2015 was 9.14 mcg/m3, so a 1.2 mcg
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decrease is a meaningful proportion with significant public health implications. In 2019,
Fordham/Bronx Park was still burning over 4 million gallons of residual fuel. If this was reduced
to zero, the historical relationship between residual fuel volume and air quality predicts another 2
mcg/m3 decrease in PM2.5. The strength of the relationship between the amount of residual oil
burned and the air quality outcomes again confirms the policy design hypothesis and highlights
the immediacy of effect on air quality when buildings actually implement the fuel transitions.
Table 5: PM2.5 Outcomes Related to No. 4 Oil Regulation

Discussion
Our results reinforce the existing literature on the relationship between the burning of
residual fuels and street-level rates of PM2.5 and previous evaluations of the efficacy of the Clean
Heat Initiative. We find that the first phase of the policy’s implementation, the 2015 ban on No. 6
oil, has generally high levels of compliance city-wide. Between 2011 and 2019, the city saw a
94% decline in the number of buildings using No. 6 oil as their primary fuel source. The second
phase of the policy’s implementation, the 2030 ban on No. 4 oil, has been adopted more slowly
and inconsistently. Between 2011 and 2019, the city saw only a 59% decrease in the number of
buildings using No. 4 oil as their primary fuel source. A significant proportion of that decline
occurred between 2011 and 2015, immediately after the city’s initial announcement of the policy
and during the most active phase of the public education and compliance campaign. After 2015,
transitions away from No. 4 oil tend to level off. This may have been the result of the city’s shift
in focus; in 2015, the Clean Heat Program was transformed into the Retrofit Accelerator and the
scope of the policies the office was supporting was broadened. It may also reflect the nature of
the complexity of the transitions themselves. It is possible that the initial burst of transitions
came from buildings for whom the process would be relatively simple, such as those that already
had a natural gas hookup, a more modern boiler, or an accessible capital budget that could
support the cost of the process. The relative lack of progress since 2015 may indicate that the
remaining buildings are experiencing significant barriers to transition, or that the long runway to
the deadline (2030) is simply not motivating immediate action.
15

When evaluating the impact of the policy on air quality using two-way fixed effects
models, we find both a statistically significant and practically meaningful relationship. A 10%
decline in the number of buildings using No. 6 oil as their primary fuel source in a neighborhood
is associated with a 0.16 mcg/m3 decline in PM2.5 levels in that neighborhood. Since most
neighborhoods decreased their use of No. 6 oil much more than 10% (full compliance with the
policy would be a 100% decrease) the predicted decline in PM2.5 levels in neighborhoods with
high compliance is even higher. A 90% decline in the number of buildings using No. 6 oil as the
primary fuel source is associated with an expected decline of 1.08 mcg/m3 PM2.5. Similarly, the
relationship between the volume of residual oil (No. 4 or No. 6) burned between 2015 and 2019
and the air quality during that time period is also significant. We find that each 100 thousand
gallon decline in residual fuel consumption is associated with a 0.05 mcg/m3 decline in annual
average PM2.5. In neighborhoods with high initial levels of residual oil consumption and
significant declines in oil consumption during the observation window, such as Fordham/Bronx
Park, this amounts to a 1.2 mcg/m3 predicted decrease in PM2.5.
With these findings, we can conclude that the Clean Heat Initiative has been generally
successful in its implementation and the achievement of its overall goals. However, when we
apply an equity and environmental justice lens to our analysis, this conclusion becomes
complicated. Prior to the policy’s implementation, residual fuel use was concentrated in
Manhattan and the Bronx, contributing to the high PM2.5 levels in these areas. The city attempted
to support buildings in the transition process through the work of the Clean Heat Program and
the Retrofit Accelerator. To some extent, these efforts were successful. Neighborhoods with
initially high numbers of buildings using residual oil have higher transition rates than
neighborhoods with few targeted buildings. When comparing just high-priority neighborhoods,
low-income neighborhoods have higher transition rates than high-income neighborhoods.
However, having a high proportion of black or African-American residents has a
moderating effect on transition rates in low income communities. Across all neighborhoods,
higher median income, higher proportions of white residents, and higher proportions of residents
with at least a bachelor’s degree are associated with a higher transition rates, indicating that the
Retrofit Accelerator's help may be primarily reaching those neighborhoods that not only have the
financial means to switch to cleaner fuels, but also already have a high level of awareness of the
benefits that switching will bring. Buildings that are out of compliance with the No. 6 ban are
becoming more and more concentrated in high-poverty and high-density residential
neighborhoods. Though there over 3,000 buildings have transitioned their fuel source as the
result of this policy, the use of residual oil is still highly concentrated; as of 2019, the ten
neighborhoods burning the most residual oil burned more than 1.5 million gallons each and were
located in Manhattan and the Bronx (Appendix G). In these findings we see that, though there
has been considerable progress, the city has not yet achieved a full transition away from residual
fuels in the most historically impacted neighborhoods or achieved its goal to ensure equity in air
quality outcomes.
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Policy Implications
Our findings demonstrate that, to ensure that all neighborhoods equitably benefit from the
Clean Heat Initiative policies, the city must continue to actively incentivize transitioning away
from No. 4 oil and concentrate outreach in neighborhoods with high numbers of un-transitioned
buildings. To this end, we join previous researchers[41] in suggesting that the city move the
deadline for phasing out No. 4 oil from 2030 to 2025. Since we saw that buildings were capable
of complying with the No. 6 oil ban in a four-year timeframe, and since the pace of transitions
away from No. 4 oil has stalled since 2015, we believe this adjustment is both feasible for
building owners to comply with and necessary to jumpstart their motivation. Additionally, the
city should seek to understand what is happening in the buildings that are still using No. 6 oil,
now five years after the deadline to transition. The city should design and impose further
incentives to transition for these buildings, either in the form of increased technical support or
advising offered by the Accelerator program, or by increasing financial penalties for remaining
out of compliance.
At the outset of the COVID-19 pandemic in March 2020, the city paused the Retrofit
Accelerator program. In April 2021, the program finally relaunched with a new name, the NYC
Accelerator, and an adjusted focus on carbon emissions and total building electrification. This
reprioritization is an attempt to support the implementation of the city’s monumental Climate
Mobilization Act of 2019, which aims to dramatically reduce the city’s carbon footprint by
requiring large buildings to cut carbon emissions by 40 percent by 2030 and by 80 percent by
2050 or face steep fines.[44][47] As part of this plan, the city aims to ban No. 2 oil and natural gas
in “large building systems” by 2040 and in smaller buildings after that point as form of climate
crisis mitigation.[45] As a result of this policy shift, the NYC Accelerator is no longer prioritizing
support for buildings trying to transition from No. 4 to No. 2 oil or natural gas, but redirecting
buildings to consider electric-based heat pump systems.[48] Electric heat pumps would not
contribute any localized PM2.5 emissions, and could be a great contributor to the continued
improvement of the city’s air quality. However, heat pump technology is still relatively young,
expensive, uncommon in the colder climates of the northeast United States, and requires a
complex building-wide construction project, even more difficult to implement than a traditional
boiler transition.
This shift leaves still un-transitioned buildings in a difficult spot; they will soon be out of
compliance with the No. 4 oil ban but may not have the financial or technical resources to
transition directly to electric heat pumps. In the meantime, these buildings continue to emit PM2.5
at high levels and jeopardize the health of their communities. To ensure that high-risk and
historically marginalized communities do not continue to be left behind, the city should make a
committed push to identify and target small and mid-sized buildings still using No. 4 oil and
support them in transitioning to No. 2 oil by 2025, even if they will have to transition again in
the coming decades. The health hazards of continued use of No. 4 oil are too great, and too
avoidable, to justify. Additionally, in the implementation of the electricity-based transition
program, the city should subsidize the cost for buildings who recently transitioned to No. 2 oil
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and natural gas, recognizing that they have already spent significant amounts of money to
transition from No. 6 and No. 4 oil.
In October 2020, the city updated Local Laws 33 and 95, which mandate that buildings
above 25,000 square feet post a Building Energy Efficiency Rating (EER) Label in a publicly
visible location by October 31st, 2020.[42] The EER label contains the building’s Energy Star
Score and a letter grade assigned by the Department of Buildings based on a host of efficiency
and sustainability standards, including the type of fuel burned on-site. This is a new and evolving
initiative and, at present, its initial rollout has been hampered by the continuing disruption of
COVID-19 and New Yorkers’ general lack of knowledge on how to interpret the label and how
the letter grade may affect their health. The city should expand its Building Energy Efficiency
Rating Label program to all buildings in the city, not just those larger than 25,000 square feet,
and increase public education about the meaning of these labels. Additionally, each label should
have a unique QR code that allows for electronic access to the latest information on the building
and further explanation of the rating’s health implications.
Lastly, though lowering carbon emissions is critical for the city’s long-term livability, the
city should continue efforts to identify and mitigate local sources of PM2.5 emissions. After
heating-related building-based emissions, other major sources of PM2.5 are vehicle emissions and
industrial sites. In the most recent years of measurement the highest PM2.5 concentrations were
found in mid and lower Manhattan and along the Brooklyn and Queens East River waterfronts.
In Manhattan, these neighborhoods represent the central business district and areas known for
their high concentration of skyscrapers and significant vehicular traffic; on the Brooklyn and
Queens waterfront, these neighborhoods are combinations of commercial and industrial areas.
These patterns indicate that other emission sources may play a larger role in contributing to PM2.5
levels and innovative policy solutions could be employed to limit them.
Conclusion
Air pollution in urban areas has historically disproportionately affected communities
where there are concentrations of low income and minority residents. Thus, any efforts to reduce
the level of pollutants in a city should, for the sake of environmental justice, concentrate its
efforts on reaching the most vulnerable populations who face the highest levels of risk from
highly polluted environments. The evidence is clear that reducing the number of boilers burning
residual oils throughout the city is correlated with a decrease in PM2.5 levels, showing that
systematic efforts to improve environmental conditions can show measurable results within only
a few years. However, the city should also seek to understand the reasons that some
neighborhoods continue to have higher rates of residual fuel use and continue to focus on
offering the support and incentives to ensure they transition to clean fuel in the near future.
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Appendix
Appendix A: Building Size and Location, All Unique Buildings in Dataset
Building Size & Location
Borough

>50,000 Sqft

25,000-50,000 sqft

<25,000 sqft

Unknown

Total

Bronx

2,709

2,228

266

26

5,229

Brooklyn

3,420

2,923

239

48

6,630

Manhattan

6,534

3,275

458

88

10,355

Queens

2,913

1,497

148

49

4,607

Staten Island

299

142

37

29

507

Total

15,875

10,065

1,148

240

27,328

Appendix B: Building Construction by Decade
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Appendix C: Borough and Neighborhood Statistics
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Appendix E: Annual Average and Winter Average PM 2.5 by Borough (2009-2019)
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Appendix F: Annual Average PM 2.5 Levels by Neighborhood (2012-2019)
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Appendix G: Number of Buildings Reporting Residual Fuel as Primary Fuel Source (2011-2019)
Fuel Oil
No. 4
No. 6

2011

2015

2016

2017

2018

2019

% Change

3,101

1,139

1,022

1,485

1,344

1,287

-59%

1,037

383

203

120

122

63

-94%
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Appendix H: Transition Rate by Neighborhood as of 2019
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Appendix I: Number of Buildings per Neighborhood Using No. 4 or No. 6 Oil as Primary Fuel Source in 2011, 2015, 2019
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Appendix J: Residual Fuel Over Time in 10 Neighborhoods with Highest Use (2015-2019)
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Appendix K: Residual Fuel and PM2.5 Levels by Neighborhood Density (2015-2019)
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