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SECTION 1
INTRODUCTION

Section 129 of the Clean Air Act (CAA) requires that performance standards for new
units and emission guidelines (EG) for existing units be established for each category of solid
waste incineration units. In previous actions, the U.S. Environmental Protection Agency (EPA)
has promulgated rules and EG for hospital medical and infectious waste incinerators (HMIWI),
commercial and industrial solid waste incinerators (CISWI), and other solid waste incineration
(OSWI) units. These actions did not apply to sewage sludge incinerators (SSI). EPA is proposing
new source performance standards (NSPS) and EG for SSI units. As part of the regulatory
process, EPA is required to develop a regulatory impact analysis (RIA). The RIA includes an
economic impact analysis (EIA) and a small entity impacts analysis and documents the RIA

methods and results.

1.1  Executive Summary

The key results of the RIA are as follows:
= Options Analyzed: EPA analyzed the following options and selected Option 2:

— Option 1 is the MACT floor level of control for the two subcategories developed
for existing sewage sludge incineration (SSI) units, multiple hearth (MH) units,
and fluidized bed (FB) units.

— Option 2 is the same as Option 1, with the addition of activated carbon injection
for additional mercury (Hg) emissions reduction from MH units.

— Option 3 is the same as Option 2, with the addition of an afterburner on all MH
units for additional carbon monoxide (CO) emissions reduction.

= Engineering Cost Analysis: EPA estimates the proposed rule’s total annualized costs
will be $92 million (2008%).

= Social Cost Analysis: Because the proposed regulatory option affects governmental
entities (96 of the 97 owners are governmental entities) providing services not
provided in a market, the Office of Air Quality Planning and Standards (OAQPS) has
used the direct compliance cost method as a measure of social costs. The social cost is
approximately $92 million (2008$).

= Small Entity Analyses: EPA performed a screening analysis for impacts for 18 small
government entities by comparing compliance costs to revenues (e.g., revenue tests).
EPA’s analysis found the tests were below 1% for small entities.

= Benefits Analysis: In the year of full implementation (2015), EPA estimates the
monetized PM; 5 benefits of the proposed NSPS and EG are $130 million to $320
million and $120 million to $290 million, at 3% and 7% discount rates, respectively.
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All estimates are in 2008$ for the year 2015. Using alternate relationships between
PM,; s and premature mortality supplied by experts, higher and lower benefits
estimates are plausible, but most of the expert-based estimates fall between these
estimates. The benefits from reducing other air pollutants have not been monetized in
this analysis, including reducing 2,900 tons of CO, 96 tons of HCI, 3.0 tons of Pb, 1.6
tons of Cd, 5,500 pounds of mercury (Hg), and 90 grams of total dioxins/furans
(CDD/CDF) each year. In addition, ecosystem benefits and visibility benefits have
not been monetized in this analysis.

= Net Benefits: The net benefits for the NSPS and EG are $37 million to $220 million
and $26 million to $190 million, at 3% and 7% discount rates, respectively (Table 1-
1). All estimates are in 2008$ for the year 2015.

1.2 Organization of this Report

The remainder of this report supports and details the methodology and the results of the
EIA:

= Section 2 describes the SSI process, alternative disposal methods, and affected
entities.

= Section 3 describes the engineering cost analysis.

= Section 4 describes the economic impact and small entity analyses.

= Section 5 presents the benefits estimates.



Table 1-1. Summary of the Monetized Benefits, Social Costs, and Net Benefits for the SSI
NSPS and EG in 2015 (millions of 2008$)*

3% Discount Rate 7% Discount Rate
Proposed: Option 2
Total Monetized Benefits® $130  to  $320  $120 to  $290
Total Social Costs* $92 $92
Net Benefits $37 to  $220 $26 to  $190
26,000 tons of carbon monoxide
96 tons of HC1

5,500 pounds of mercury
1.6 tons of cadmium
Non-monetized Benefits 3.0 tons of lead
90 grams of dioxins/furans
Health effects from NO, and SO, exposure
Ecosystem effects
Visibility impairment

Option 1
Total Monetized Benefits® $130 to  $320 $120 to  $290
Total Social Costs* $63 $63
Net Benefits $66 to  $250 $55 to  $220
2,900 tons of carbon monoxide
96tons of HCI

820 pounds of mercury
1.6 tons of cadmium
Non-monetized Benefits 3.0 tons of lead
74 grams of dioxins/furans
Health effects from NO, and SO, exposure
Ecosystem effects
Visibility impairment

Option 3
Total Monetized Benefits $130 to  $310 $120 to  $290
Total Social Costs® $132 $132
Net Benefits -$5.4 to  $180 -$14  to  $150
26,000 tons of carbon monoxide
96 tons of HCI

5,500 pounds of mercury
1.6 tons of cadmium
Non-monetized Benefits 3.0 tons of lead
90 grams of dioxins/furans
Health effects from NO, and SO, exposure
Ecosystem effects
Visibility impairment
* All estimates are for the implementation year (2015), and are rounded to two significant figures. These results include 2 new FB
incinerators anticipated to come online by 2015 and the large entities comply and small entities landfill assumption.
® The total monetized benefits reflect the human health benefits associated with reducing exposure to PM, s through reductions of
directly emitted PM, s and PM, 5 precursors such as NO, and SO,. It is important to note that the monetized benefits include
many but not all health effects associated with PM, s exposure. Benefits are shown as a range from Pope et al. (2002) to Laden
et al. (2006). These models assume that all fine particles, regardless of their chemical composition, are equally potent in causing
premature mortality because there is no clear scientific evidence that would support the development of differential effects
estimates by particle type. These estimates include energy disbenefits valued at $0.5 million at a 3% discount rate from CO,

emissions.
¢ The annual compliances costs serve as a proxy for the annual social costs of this rule given the lack of difference between the two.




SECTION 2
DESCRIPTION OF SEWAGE SLUDGE INCINERATION!

Sewage sludge incinerators combust the organic and inorganic solids and dissolved
materials resulting from the wastewater treatment process. Incineration greatly reduces the
sludge volume, and post-incineration sludge ash can be disposed of more easily. Sludge ash is
generally disposed of in landfills but can also be used in construction materials. In addition to
disposal functions, some facilities capture the heat from sewage sludge incineration operations

and use the heat as an energy source.

The incineration process releases several pollutants, some of which were present in the
sewage sludge and some of which are created as a result of combustion. Pollutants emitted from
SSI include particulate matter (PM), hydrocarbons, CO, nitrogen oxides, sulfur dioxide,
hydrogen chloride, dioxins and dibenzofurans, and a number of metals. The amount of these
pollutants released during incineration depends on the content of the sludge, the type of

incinerator used, and the level of PM control.

The majority of incineration facilities (163, or 75%) are multiple hearth (MH)
incinerators. These incinerators consist of a cylinder around a series of hearths with a rotating
shaft through the center. Rabble arms with teeth in each hearth rake the sludge while air is ducted
into the shaft and circulated. The incinerator consists of the upper drying zone, the middle sludge

combustion zone, and the lower cooling zone.

Although MH incinerators have been in use since the 1930s and remain in the majority,
fluidized bed (FB) incinerators have begun to replace them.” Of the 218 incineration units in
operation 55 (25%) are FB incinerators. In a FB incinerator, a steel shell holds a refractory-lined
grid beneath a bed of sand. Air is injected into the incinerator, fluidizing the sand and sludge. FB
incinerators work efficiently to transfer heat from the sand to the sludge, using less excess air

than MH incinerators. Emissions for most pollutants are, therefore, lower for FB incinerators.

2.1  Relation to Publicly Owned Treatment Works (POTWSs)

Publicly owned treatment works (POTWs) are wastewater treatment systems owned by

states, municipalities, or other public entities. POTWs receive sewage from homes and

'Portions of this section rely on information provided by EPA (2007 and 2009).
?Other types of sewage sludge incinerators, such as electric arc furnaces, are no longer used in the United States.
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businesses, runoff, and sometimes industrial wastewater. After the wastewater treatment process,

POTWs are responsible for disposing of the sewage sludge.

POTWs treat sewage in three steps: primary, secondary, and tertiary treatment. In the
primary stage, heavy solids settle to the bottom while oil and light solids are skimmed from the
top. The sludge removed during this step is known as primary sludge. During secondary
treatment, biological treatment creates secondary sludge. Some plants may continue with a
tertiary treatment of chemical disinfection, which produces a tertiary or chemical sludge (EPA,
2009). The three sludge types are then generally combined and disposed of or sent for further

treatment.

2.2  Alternative Disposal Options

Incineration continues to be utilized to dispose of sewage sludge but is increasingly
becoming less common. Additional pollution controls will increase costs for facilities that
continue to use the incineration disposal method. If the additional costs are high enough, many
POTWs may choose to adopt alternative disposals methods (e.g., surface disposal in landfills or
other beneficial land applications). However, the use of alternative disposal methods may be of
limited in some areas because of landfill capacity constraints, local geography, or other legal or

economic constraints.

2.2.1 Surface Disposal: Landfills

Landfilling, in some cases, provides a simple and low-cost option for sewage sludge
disposal. Sewage sludge may be placed in landfills used for other municipal solid waste or in
landfills constructed specifically for sewage sludge. The landfill disposal option is attractive for
low-volume incinerators; landfill capacity constraints limit disposal opportunities for large

sludge volumes.

Sewage sludge may also be useful for landfills. For example, sludge can be used in place
of a daily soil cover for odor and blowing litter control or as a final cover for closed landfills to
aid growth of a vegetative layer. The sewage sludge’s high organic content also helps break

down other landfill waste.

2.2.2 Other Land Application

Sewage sludge that has undergone treatment to make it safe for use on other land
application (e.g., fertilizer) is commonly referred to as biosolids. Biosolids can be sold to

agricultural or landscaping entities for land application, so the organic material in biosolids is



reused to contribute to crop production. Land application has also been used in mine reclamation

to reestablish vegetation.

Biosolids must meet federal and state regulations to ensure their safety; meeting these
standards may make other land applications a less attractive disposal option. In addition, land
application may not be suitable in some areas, based on factors such as proximity of water
sources and slope. Rules vary based on the quality of the biosolid: Class A biosolids meet strict
standards, while Class B biosolids are treated but still contain detectable pathogen levels and
face greater restrictions on usage (EPA, 2007). Actions must also be taken to reduce the vector

attraction of biosolids, either through additional treatment or by preventing contact with vectors.

2.3  Ownership

Sewage sludge incinerators can be operated by municipalities or other entities. There is
no specific North American Industry Classification System (NAICS) code for these units.
Applicable NAICS codes include 562213 (solid waste combustors and incinerators) and 221320

(sewage treatment facilities). Most sludge incinerators are located in the eastern United States.

The United States has 97 operators that own 112 facilities with a total of 218 affected
incinerator units; the typical (e.g., median) operator owns one facility. Almost all operators are
towns, cities, and their utility authorities; the exception is one operator that is a large publicly
owned company. Among owner municipalities whose exact population is known, the average
(median) population is 336,305 (108,213). Out of the 94 owners with population information

available, 18 (or 19%) are small entities that serve a population under 50,000.



SECTION 3
ENGINEERING COST ANALYSIS

This section documents the calculation of costs and emissions reductions associated with
existing and new sources complying with the MACT floor level of control, the selection of
control options more stringent than the MACT floor level of control, and summarizes cost and
emissions reductions of each control option. The costs and emission reductions of each option
are then used in the economic analysis (Section 4) and human health benefits analysis (Section

5). Costs and emissions reductions were calculated for two scenarios:
= Control options were applied to all SSI units, and

= Control options were applied to only larger entities. Larger entities mean wastewater
treatment facilities that are owned by municipalities or authorities with more than
50,000 people. Entities with fewer than 50,000 people are likely to dispose of sewage
sludge by landfilling rather than continuing to operate their incineration unit.

3.1 Calculation of Costs and Emissions Reductions of the Maximum Achievable Control
Technology (MACT) Floor

A significant portion of the total cost for industry compliance comes from the cost of
installing new pollution control devices or improving existing pollution control devices for units
not currently meeting the proposed limits. In order to determine the control costs, it was
necessary to evaluate, for each SSI unit, how much improvement for each pollutant would be

needed to meet the proposed emissions limits.

The average pollutant concentration values used to calculate baseline annual emissions
(Estimation of Baseline Emissions, 2010) for each unit were compared with the proposed
emissions limits, and percentages were calculated to quantify the amount of improvement needed
for the unit to meet the proposed limits. Tables C-1a and C-1b in Appendix C contain the
baseline pollutant concentration values used for each unit in each subcategory and the percentage
improvement required to meet the proposed emissions limits for each unit for each pollutant. The
existing SSI units are subcategorized into two main groups: multiple hearth (MH) units and
fluidized bed (FB) units. The pollutant- and subcategory-specific limits are shown in each header

row of these tables.

Control methods and cost algorithms utilized in a recent rulemaking for another waste
combustion source category, Hospital, Medical and Infectious Waste Incinerators (HMIWTI) were
updated and utilized generally for the SSI source category, since most of these algorithms can be

tailored to the combustion units found in the SSI source category with slight modifications.
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Based on these required improvements, pollutant-specific control methods were chosen as
follows for units requiring more than 10 percent improvement to meet the proposed limits. It was
assumed that units within 10 percent of the limit would be able to meet the limit by making

minor adjustments to the unit and/or controls already in place.
Metals (cadmium and lead) and PM: Adding fabric filters (FF).

Mercury and dioxins/furans (CDD/CDF): Adding activated carbon injection (ACI) and

adjusting the carbon addition rate to meet the amount of reduction required.
Hydrogen chloride (HCI): Adding packed bed scrubbers (PBS).

Carbon monoxide (CO): No further improvement was needed for units to meet the
MACT floor limit. However, the beyond-the-floor limit required the use of afterburner retrofits
for units not already having similar control. The costs and emission reductions associated with
the proposed CO limit are discussed in the memorandum “Analysis of Beyond the Maximum
Achievable Control Technology (MACT) Floor Controls for Existing SSI Units.”

Nitrogen oxides (NOy): No more than 10 percent improvement in NOy control was
needed for any units. Minor adjustments were considered sufficient for those needing

improvement to meet the NOy limit.
Sulfur dioxide (SO,): Adding packed bed scrubbers.

Further descriptions of these controls and their associated costs are listed below in
Section 3.1.1.

3.1.1 Compliance Costs

This section presents the methodology used to estimate costs for existing SSI for (A) the
emission controls used to comply with the proposed limits; (B) the monitoring, testing,
recordkeeping, and reporting activities used to demonstrate compliance; and (C) the alternatives

to compliance.

3.1.1.1 Emission Control Costs

Emission control technologies and other control measures that can be used to comply
with the MACT floor options for existing SSI units include PBS, FF, and activated ACI. This

section presents the costs that were estimated for each of these control measures.



The retrofit factors for the capital costs were assumed to be 40 percent for packed bed
scrubbers, fabric filters, and 20 percent for and ACI.> ® Downtime costs for the retrofits were
assumed to be negligible. Most SSI are expected to have adequate space to install an emission
control system without shutting down the incinerator for an extended period. It was also
expected that connecting the ductwork could be performed during a scheduled downtime for

maintenance, thereby minimizing expected downtime.’

The capital and annual costs for the emission controls were estimated in units of dollars
($) and $/flow. The $/flow costs were calculated by dividing the capital/annual control cost

estimate for each unit by the average gas flow rate assigned to that unit.

Costs are on a 2008 basis, and annualized costs assumed an interest rate of 7 percent.
Tables C-2a to C-2c in Appendix C present a summary of the parameters and equations used in
the cost algorithms for each emission control and alternative to compliance where applicable.
Table C-3 in Appendix C lists of the unit-specific inputs used in the algorithms (e.g., incinerator

charge rate, stack gas flow rate, incinerator operating hours, and concentrations)

a. Adding a fabric filter.

Fabric filters can be installed either alone or with other add-on controls. The cost
algorithm for installing a fabric filter is presented in Table C-2a in Appendix C and is based on
algorithms in the Model Plant Description and Control Cost Report for HMIWL.® The fabric
filter capital costs range from approximately $893,000 to $4.2 million, and annualized costs
range from approximately $209,000/yr to $1.2 million/yr. Sources for specific cost data are noted
below Table C-2a in Appendix C.

b. Adding a packed bed scrubber.

Wet scrubbers can be installed alone or after a dry scrubber/fabric filter. The cost
algorithm for installing a packed-bed wet scrubber is presented in Table C-2b of Appendix C and
is based on algorithms in the Model Plant Description and Control Cost Report for HMIWI.®
The packed-bed wet scrubber capital costs range from approximately $366,000 to $8.7 million,
and annualized costs range from approximately $103,000/yr to $1.8 million/yr. Sources for

specific cost data are noted below Table C-2b in Appendix C.

C. Adding an activated carbon injection (ACI) system.

Injecting activated carbon before the fabric filter has been demonstrated to improve the
removal efficiency of both Hg and CDD/CDF from SSI. The cost algorithm for installing an ACI
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system is presented in Table C-2¢ in Appendix C and is based on algorithms in the Model Plant
Description and Control Cost Report for HMIWI.® Adjustments to the carbon injection rate were
made to account for how much reduction was required to meet the proposed limit, and whether a
packed-bed scrubber was being added, since those may also assist in reducing Hg emissions. The
packed-bed scrubber adjustment is a ten percent Hg reduction, and is based on input from the
boiler NESHAP development. The ACI factor compares the carbon grain loading originally
assumed to achieve 90 percent control of mercury or 98 percent control of CDD/CDF to the
amount of reduction the unit will need to meet the proposed emission limits. The highest factor
(Hg or CDD/CDF) is then used to adjust the carbon injection rate calculation of the algorithm.
ACI capital costs range from approximately $8,400 to $37,000, and annualized costs range from
approximately $9,300/yr to $210,000/yr. Sources for specific cost data are noted below Table C-
2¢ in Appendix C.

d. Additional Control Options.

Minor adjustments, such as air handling and distribution adjustments in the firebox, can
be made to certain units to improve NOy control. It was assumed these adjustments could be

made at no additional cost.

3.1.1.2 Stack Testing, Monitoring, and Recordkeeping Costs

Monitoring Costs. Initial and continuous compliance provisions for SSI units were

selected to be as consistent as possible with proposed commercial and industrial solid waste
incinerator (CISWI) and current HMIWI provisions. This section presents the costs that were

estimated for each of these requirements.

The total capital cost for stack testing, monitoring, and recordkeeping and reporting for
all subcategories is estimated at approximately $14.9 million, and the total annualized cost is
about $16.9 million per year. Cost estimates were based on algorithms recently utilized in the
HMIWI regulatory development. Costs were updated to a 2008 basis, and annualized costs
assumed an interest rate of 7 percent. Tables C-4a to C-4e in Appendix C present a summary of
the parameters and equations used in the cost algorithms for each monitoring component, where

applicable.

Inspections. Consistent with HMIWI regulations, it was assumed that annual control
device inspections will be required for any units having control devices in place or requiring

further controls to meet the proposed emission limits. In this context, control devices include



fabric filters, afterburners, wet scrubbers, or ACI systems. The cost was estimated at a flat rate of

$1000 per year. See Table C-4a in Appendix C for further details and sources.

Parameter monitors. Monitoring of operating parameters can be used to indicate whether

air pollution control equipment and practices are functioning properly to minimize air pollution.

Based on the existing CISWI regulations and HMIWI regulations, it was assumed that parameter

monitoring will be mandatory for all units required to add fabric filters, packed bed scrubbers, or

ACI systems. Costs for each monitoring system were estimated as follows:

For a fabric filter bag leak detection system, capital cost was estimated at $25,500
and annualized cost at $9,700/yr.

For a wet scrubber monitoring system, capital cost was estimated at $24,300 and
annualized cost at $5,600/yr.

The cost for ACI monitoring depends on a unit’s annual operational hours. There
are no capital costs for ACI monitoring. Annual costs ranged from $500 to $9,800.

For default parameters and equations used for monitoring costs, see Table C-4b. Sources

for specific cost data are noted below the table.

a.

Testing Costs

1.

Initial Stack Testing. It was assumed that initial stack testing will be required for each
pollutant that the ICR testing showed did not meet the proposed emission limit. Any
unit having no test data for certain pollutants will also be required to perform an
initial emissions test for those pollutants. Costs for each required stack test were
summed and multiplied by 2/3 to adjust for economies of scale when multiple
pollutant tests were being performed on a unit. The annualized costs were calculated
assuming a capital recovery factor of 0.10979 (15 years at 7 percent). The basis of
these cost estimates for each stack test is summarized in Table C-4c in Appendix C.

Annual Stack Testing. It was assumed that all units, to some extent, will be required to
demonstrate ongoing compliance with the emissions limits for all pollutants. It was
assumed that all units will be required to conduct annual stack tests for all pollutants.
The cost for this annual testing was estimated to be approximately $61,000/yr. The
basis of these cost estimates for each stack test is summarized in Table C-4c in
Appendix C.

Visible emissions testing. All SSI units will likely have ash handling operations.
Therefore, these units would be required to demonstrate compliance to a 5 percent
visible emissions limit for fugitive emissions generated during ash handling (similar
to HMIWI). We are proposing that units will be required to conduct annual
performance tests for fugitive emissions from ash handling using EPA Method 22.
Costs for this annual test include a capital cost of $250 and an annual cost of $200,
based on the Revised Compliance Costs and Economic Inputs for Existing HMIWI
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memo.® Further details regarding this cost estimate are included in Table C-4d in
Appendix C.

b. Recordkeeping and Reporting Costs

For all units, a flat rate of $2,989 per year was estimated as the annual cost for
recordkeeping and reporting. Further details regarding this cost estimate, including hourly labor

assumptions, labor rates, and associated sources, are included in Table C-4e in Appendix C.

3.1.1.3 Alternative Disposal Costs

Certain SSI units may have waste disposal alternatives other than combustion available to
them, and these alternatives may prove to be less costly than the controls and monitoring
required for compliance with the proposed SSI standards. To determine if landfilling would be
an affordable option for facilities even in the absence of the proposed standards, both the annual
cost to landfill and the annual unit operating cost were estimated. Then, the overall cost for the

landfilling option was calculated using the following equation:

Annual Cost for Landfilling Option = Annual Cost to Landfill - Annual Cost to Operate
SSI Unit

The methodology for determining annual landfilling costs and annual unit operational

costs is described below.

a. Cost to Haul to Landfill

The cost to haul waste to a landfill is the sum of additional sludge storage costs, landfill
tipping fees, and transportation costs, which depend on the amount of waste to be hauled and the

distance traveled per haul.

If choosing to landfill, it was assumed that a facility would need adequate storage
capacity to store a minimum of 2 to 4 days worth of dried sludge, to account for occasional
multi-day landfill closures (e.g. weekends and holidays). Facilities may already have such
storage on-site to account for non-continuous operation of the incineration unit. For this analysis,
to provide a conservative estimate of costs of the landfilling option, a cost for storing dewatered
sludge was calculated. It was assumed that a concrete pad with metal railing would be sufficient
for storage of dried or dewatered sludge at small entities. The smaller entities have a lower
average dry sludge capacity than large entities. Sewage sludge incineration capacity was known
for 4 of the 21 units owned by small entities. An average capacity of 1.90 dry tons per hour was
applied to the other 17 units, and these capacities were used to estimate the maximum volume of

dry sludge that would accumulate over 4 days. Costs were then estimated for the concrete and
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aluminum required to accommodate these volumes. Table C-5c in Appendix C presents these
costs estimates by unit. For large entities, a different type of storage would likely be required
(such as a concrete basin capable of storing large quantities of sludge); storage costs for these
facilities were not estimated because it was assumed large entities would comply rather than shut

down their units and landfill.

Tipping fees used in the analysis were specific to each state where state data were
available’; where state data were not available, landfill tipping fees were based on regional
tipping fees.'® All fees were in units of $/ton waste and were converted to 2008 dollars. The
annual tonnage of waste being diverted was calculated based on the dry sludge feed rate of each
unit and the number of hours it operates per year. Operational hours and sludge feed rates are
discussed in further detail in the SSI inventory and baseline emissions memos. Discussion with
landfill experts indicated that landfills may accept wet sewage sludge as well. However, because
landfills might have a wet sludge capacity limit and SSI units are already dewatering their
sludge, it’s likely they would continue to do this. The cost analysis therefore focuses on

landfilling dry sludge rather than wet sludge.

Transportation costs were based on an estimated $0.266 per ton-mile'’. It was assumed
that a landfill could be found within 50 miles of each facility, yielding a roundtrip distance of
100 miles. However, a review of state regulations for states where small entities are located
revealed that Connecticut and New Jersey do not allow sewage sludge to be landfilled. To adjust
for this, round trip distances for facilities in these states were increased to 200 miles, assuming a

landfill could be found in another state within 100 miles from the facility.

Annual landfilling costs varied widely, ranging from $13,000/yr to $5.1 million/yr. Table
C-5a in Appendix C summarizes the parameters and equations used to calculate the annual cost

for each facility to landfill the waste it would otherwise incinerate in an SSI.

b. Cost to Operate Incinerator

Annual incinerator operational costs were based on data provided from the ICR survey
and known unit capacities. The survey specifically requested that respondents provide annual
costs to operate each incinerator in 2006, 2007 and 2008. Costs were then confirmed or revised
based on follow-up contact with the survey recipients. Several steps were taken and assumptions
made to standardize the data: (1) total costs provided were assumed to be for operating only the

incinerator (i.e. did not include dewatering or other aspects of plant operation); (2) total costs



listed for multiple units were divided evenly among each unit; and (3) individual cost

components (e.g. electricity, labor, fuel) were summed if a total cost was not explicitly provided.

Because cost information was only available for the 9 surveyed entities, an annual cost
factor, in $/dry ton, was developed using the available data and multiplied by the average
capacities of all other units. Both an average factor ($113.80/dry ton for FB units and
$329.22/dry ton for MH units) and a minimum factor ($55.50/dry ton for FB units and
$79.43/dry ton for MH units) were calculated and applied. The minimum factor is the most
conservative estimate (i.e. would yield the lowest unit operational cost and thus the highest net
cost for the landfilling option) and was used for the economic analysis."

Table C-5b in Appendix C summarizes the information provided, assumptions made, and

cost factors used to estimate costs for all units not having cost data.

3.1.2 Emission Reductions

Emissions reductions were calculated for each of the nine pollutants for two scenarios:
(1) assuming each existing unit complied with the proposed emissions limits; and (2) assuming
that all large entities would comply with the proposed emission limits and small entities would
cease using their incinerators and landfill the dewatered sludge instead. Emission reductions
were calculated by estimating the emissions resulting from each scenario and subtracting the
baseline emissions previously calculated. Baseline emission calculations are discussed in a
separate memorandum.® The baseline memorandum indicates that emissions and flow rate
information was collected from only 25 of the 218 SSI units. Sludge capacity information was
collected from 105 of 218 units. As described in the baseline memorandum, default factors for

emissions, flow rate, and sludge capacity were developed and applied to units without data.

3.1.2.1 Emission Reductions if All Entities Comply With MACT Floor Limits

Emission reductions were calculated using the following equation:
Reduction = Baseline - MACT Floor Emission

The calculation of baseline emissions are described in detail in a separate memo.” The
MACT floor emission values, resulting from all entities meeting the proposed limits, were

calculated as follows:
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a. Units already meeting the proposed limits.

If a unit was already meeting the MACT floor for a given pollutant, then the MACT floor
emission value was assumed to equal the baseline value (i.e., no backsliding or emissions
increases would occur), yielding zero reduction.

b. Units not currently meeting the proposed limits.

For units not already meeting the MACT floor for a given pollutant, it was assumed that
with the proposed limits in place the unit would reduce its pollutant concentration to at least that
of the floor. Thus, the reduction would be the difference between the baseline and the proposed
limit.
3.1.2.2 Emission Reductions if Large Entities Comply With MACT Floor Limits and Small

Entities Landfill

For large entities, reductions are calculated as described in Section 4.1. For small entities,
however, the emissions resulting from hauling the diverted waste, landfilling the waste, and
flaring the landfill gas generated from the waste need to be considered. Emission reductions for

small entities were calculated using the following equations:

Reduction = Baseline — (MACT Floor Emission + Emissions from Landfilling)

Emissions from Landfilling = Vehicle Emissions + Direct Landfill Emissions + Flare
Emissions

a. Vehicle Emissions

To determine the vehicle emissions resulting from the trucks that would haul the
dewatered sewage sludge to a nearby landfill, assumptions regarding sludge density, truck

capacity, and vehicle emission factors were made:

1. A dewatered sludge density of 1,215 pounds per cubic yard"® was used in
conjunction with each unit’s capacity to determine the approximate volume of
sludge to be hauled.

2. It was assumed that, since most facilities would need to move at least 50 cubic

yards per day, a maximum capacity hauling vehicle (36 yd®) would be the most
likely vehicle used."*

3. The following emission factors for CO, NOx, Filterable PM, PM, 5, and SO, were
derived from EPA’s Office of Transportation and Air Quality (OTAQ) Motor
Vehicle Emission Simulator (MOVES),"” using national defaults for parameters
and refuse trucks as the source type :



CcO 2.99 grams emitted per mile
NOy 10.8 grams emitted per mile
Filterable PM 0.65 grams emitted per mile
PM; s 0.56 grams emitted per mile
SO, 0.03 grams emitted per mile

Table C-6a shows the inputs and resulting emissions calculated for each unit choosing the

landfill option.

b. Direct Landfill Emissions

Landfill gas generated by the decomposition of waste is a source of Hg, HCI, and SO,.
Emissions of these three criteria pollutants due to landfilled, dewatered sewage sludge, were
estimated using EPA’s LandGEM'® model in conjunction with default landfill gas sulfur and
chlorine concentrations, as reported in the AP-42."7 As a conservative estimate, it was assumed
that landfill gas collection systems would collect 50 percent of the landfill gas generated. Unit
capacities and operational hours were used to determine the amount of waste diverted annually
from all units. Instead of running LandGEM for each individual unit, a total estimate of landfill
gas generated by running the model once using the total annual waste diverted for all units. Unit-
specific estimates for landfill emissions were not calculated. Raw LandGEM outputs and default
assumptions are presented in Table C-6b in Appendix C. Resulting total emissions over 20 years
for these three pollutants are presented in Table C-6¢ in Appendix C. These values were divided
by 20 to obtain annual emissions directly emitted from landfills as a result of landfilling

dewatered sewage sludge.

C. Emissions from Landfill Gas Flaring

Additional emissions of PM, NOy, and CO will result from flaring landfill gas generated
by the landfilling of dewatered sewage sludge. A landfill gas collection efficiency of 50 percent
was assumed, meaning that 50 percent of the landfill gas generated from landfilled sewage
sludge would be collected and combusted. AP-42 emission factors, representing the mass of
pollutant emitted per volume of methane combusted, were applied in conjunction with the
methane output calculated in the LandGEM model. Again, LandGEM outputs are presented in
Table C-6b in Appendix C, and resulting total emissions over 20 years for these three pollutants
are presented in Table C-6¢ in Appendix C. Values were divided by 20 to obtain annual

emissions resulting from landfill gas flaring.
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3.2  Analysis of Beyond the MACT Floor Controls for Existing SSI Units

The MACT floor analysis for existing sources results in emission levels that each existing
SSI unit is required to meet. The costs and emission reductions of the MACT floor requirements
were estimated using the following assumptions: (1) units that needed to meet the MACT floor
for Cd, Pb, and PM would add a FF, (2) units that needed to meet the MACT floor for HCI and
SO, would add a packed bed scrubber (PBS), and (3) units that needed to meet the MACT floor
for Hg and CDD/CDF would use activated carbon injection (ACI) (Cost and Emissions
Reduction, 2010). All FB and MH units were determined to meet the floor level of control for

NOy and CO, and no additional control was necessary.

Section 3.2.1 discusses the selection of more stringent controls or emission levels than
the floor level reviewed for this analysis. Section 3.2.2 discusses the methodology used to
estimate costs and emission reductions of the more stringent controls, and Section 3.2.3
summarizes regulatory options selected for the BTF analysis. Baseline emissions and emission
reductions of PM; 5 were calculated from emissions data collected by EPA and assuming that

controls applicable for PM would also reduce PM; .

3.2.1 Selection of More Stringent Controls

The control technologies that were costed to achieve the MACT floor levels for PM, Cd,
Pb, HCI, SO,, Hg, and CDD/CDF are the most effective controls available to reduce these
pollutants. Consequently, no additional technologies were considered to control these pollutants
for this analysis. Since not every SSI unit was determined to need FF, PBS, or ACI to achieve
the MACT floor level of control or operated them currently (i.e., the baseline level of control),
more stringent controls to be analyzed for the entire SSI source category would be requiring all
units that did not have these controls at baseline or for meeting the MACT floors to add these
controls. Consequently, more stringent controls applied to SSI units that were analyzed include
adding a FF for all SSI units (if the units did not already have one at baseline or to meet the
MACT floor) to control PM, Cd, and Pb; adding a PBS for all SSI units (if the units did not
already have one at baseline or to meet the MACT floor) to control HCI and SO»; and adding
ACI (if the units did not already have one at baseline or to meet the MACT floor) to control Hg
and CDD/CDF. Emission reductions of PM; s were calculated assuming that controls applicable
for PM would also reduce PM; s.

Potential add-on control technologies that achieve NOy reduction at other combustion
sources are selective catalytic reduction (SCR), selective noncatalytic reduction (SNCR), and

flue gas recirculation (FGR). However, none of these technologies were evaluated to be



appropriate for SSI units. SSI units do not use SCR or SNCR (Inventory Database, 2010).
Additionally, there are no successful applications of SCR technology to waste-combustion units
possibly because of the difficulties operating SCRs in operations where there is significant PM or
sulfur loading in the gas stream. Application of SNCR also may not be technically feasible
considering the combustion mechanisms of MH and FB units (U.S. EPA, 2003). Application of
SNCR requires installation of a reagent injection system that is unlikely to work for existing SSI
units. Additionally, SNCR is optimal for combustion units with high residence time and exit
incinerator temperature, and less effective for lower uncontrolled NOy pollutant loadings (e.g.,
less than 200 ppm). Existing SSI units are not good matches for these considerations. FGR has
been used on combustion devices to reduce NOy emissions. However, the amount of NOy
reduced varies widely, ranging from 20% to 80%, and site-specific factors often affect the
performance. To support regulations for SSI units, EPA collected emissions information on the
nine Section 129 pollutants. One unit providing emission test data operates a MH unit with FGR.
However, its emission levels are similar to units without FGR. Therefore, no conclusion could be
made on FGR performance. Additionally, no FB units use any add-on NOy control because FB

units can achieve low NOy emission levels, below 100 ppmv and many achieve below 70 ppmv.

For control of CO, an add-on combustion device, such as an afterburner or thermal
oxidizer, was analyzed as a more stringent control device that could be applied to SSI units. CO
emissions data were collected from nine MH SSI units as part of the data collection efforts
supporting the development of emission standards for SSI units. Table 3-1 summarizes the
average CO concentration levels from these units (Facility, Unit, and Emissions Test Database,
2010). The table is grouped into three classes of SSIs: (1) units that do not use any combustion
controls, (2) units that use an on-hearth afterburner, and (3) units that use either a detached

afterburner or thermal oxidizer or use FGR in combination with an on-hearth afterburner.

Afterburner, or secondary chamber, retrofits include retrofitting an incinerator with a
larger secondary chamber (with a longer gas residence time, for example, 2 seconds) and
operating it at a higher temperature (e.g., 1,800°F). On-hearth afterburners are the top hearth of a
MH unit that has been redesigned so that sludge is rerouted to the second hearth. Retrofitting the
MH unit with an on-hearth afterburner may require modifications to downstream air pollution
control systems because of higher temperatures and larger volumes of exhaust gases (Dangtran,
Mullen, and Mayrose, 2000). Although there will be reductions in CO and total hydrocarbon
(THC) emissions, the reductions may be limited because of low temperature and limited
residence time of the gas in the afterburner stage. The use of FGR in combination with an on-

hearth afterburner shows significantly lower emissions levels than just using an on-hearth
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Table 3-1. Summary of Average CO Emissions Collected from MH Units

Average CO Emission Level

Classes Facility Location Unit ID (ppmvd @ 7% O5)
Uncontrolled Boat Harbor VA 1 3,761
1 1,323
Seneca MN
2 853
On-hearth afterburner
1 905
Central Contra Costa CA
2 752
Columbia Metro SC 1 63
Detached afterburner, .
thermal oxidizer, or on- _Mountain View NJ 2 39
hearth afterburner with 1 28
flue gas recirculation Upper Blackstone MA
3 59

afterburner. However, this may be a generalization because only one data point for this control
combination was reviewed. Additionally, performance of FGR is often influenced by site-

specific parameters that may not be generalized to the entire subcategory.

Table 3-1 shows that MH units using an add-on afterburner or thermal oxidizer can
achieve CO emission levels less than 100 ppmv. The Clean Water Acts “503 Rule” [40CFR Part
503] limits sewage sludge incinerators to 100 ppm THC as propane, dry basis, corrected to 7%
oxygen, averaged for 30 days. The 503 Rule allows substitution of 100 ppm CO dry basis,
corrected to 7% oxygen for the THC originally required. This allows the use of a lower cost,
easier to maintain CO monitor in place of the THC monitor, which is difficult to keep online. To
be consistent with the 503 regulations for disposal of sewage sludge, a value of 100 ppmv was
used as the emission level that a MH unit with an afterburner could achieve. Because CO levels

for FB units are below 100 ppmv, no afterburners were costed for this subcategory.

3.2.2 Methodology Used to Estimate Cost and Emission Reductions

The methodology used to calculate costs and emission reductions from applying the more
stringent controls followed the procedures discussed in Section 3.1 and in the SSI cost
memorandum (Cost and Emissions Reduction, 2010). As described above, if a unit already had a
FF or needed one to meet the MACT floor limits, no additional costs for FF were calculated.
Otherwise, a FF was costed out for the unit. Similar procedures were followed for PBS and ACI.

The cost algorithms; inputs to the algorithms; and testing, monitoring, recordkeeping, and
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reporting costs calculations are the same as conducted for the MACT floor and are discussed in

detail in the MACT floor cost and emission reductions memorandum.

Emission reductions from applying the controls relative to the MACT floor limits were
calculated using the following procedure. First, the reduction efficiency of the control for each
pollutant was applied to the uncontrolled concentration to determine the total reduction the
control would achieve. The reduction from uncontrolled levels to the MACT floor limits was
previously calculated for the MACT floor cost and emission reduction analysis discussed in
Section 3.1 and in a supporting memorandum (Cost and Emissions Reduction, 2010). For each
pollutant, the incremental reduction between the more stringent control application and the
MACT floor was calculated by subtracting the MACT floor concentration from the reduction
achieved by the more stringent control. Reduction of PM; 5 was calculated assuming that controls

applicable for PM would also reduce PM; s.

3.2.3 Selection of Regulatory Options

Tables 3-2 and 3-3 summarize the costs, emission reductions, and incremental cost
effectiveness of the controls analyzed in the BTF analysis, for the case where all entities comply
(Table 3-2) and the case where small entities choose to landfill (Table 3-3). Tables 3-4 and 3-5
present the results from Tables 3-2 and 3-3 on a per unit basis. The number of Fluidized Bed
units requiring some sort of control to meet the MACT floors can be broken down as follows:
Fabric Filter, 41 units; Afterburner Retrofit, 0 units; Packed Bed Scrubber, 7 units; and ACI, 51
units. The number of Multiple Hearth units requiring some sort of control to meet the MACT
floors can be broken down as follows: Fabric Filter, 25 units; Afterburner Retrofit, 0 units;
Packed Bed Scrubber, 11 units; and ACI, 2 units. The total number of SSIs requiring some sort
of control to meet the MACT floors can be broken down as follows: Fabric Filter, 66 units;
Afterburner Retrofit, 0 units; Packed Bed Scrubber, 18 units; and ACI, 53 units. The per unit
values were calculated by dividing the costs and emissions reduction for each option by the
number of SSI units that would require control for the option. The tables indicate that except for
the afterburner, all of the controls applied result in a high incremental cost-effectiveness, greater
than $70,000/ton. Consequently, these controls, with the exception of activation carbon injection
for Hg control, were considered infeasible. Activated carbon injection was determined to provide
significant reduction in Hg emissions at MH units. Therefore, the following control options were
selected for further analysis:

= Option 1 is the MACT floor level of control for the two subcategories developed for
existing SSI units, MH units and FB units.
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» Option 2 is the same as Option 1, with the addition of activated carbon injection for
additional Hg emissions reduction from MH units.

= Option 3 is the same as Option 2, with the addition of an afterburner on all MH units
for additional CO emissions reduction.

Tables 3-6 and 3-7 summarize the costs, total emission reductions, and incremental cost-
effectiveness of the three options. Detailed costs and emission reductions for each SSI unit for

the each option are presented in supporting memoranda
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Table 3-2.

Emissions Reductions and Costs If All Units Comply

# of units Cost (20083$)" Baseline Emissions and Incremental Emission Reductions (tons/year) Total Incremental
requiring Total Capital Total Emission Cost-
additional Investment Annualized Reductions effectiveness
Fluidized Bed Incinerators control ($) Cost ($/yr) Cd CcoO HCI Pb Hg NOx PM Filt PM 25 SO2 D/F Total D/F TEQ (tons/yr) ($/ton)
Baseline Emissions - - 0.0103 119.6 2.99 0.0531 0.0758 3274 56.60 54.22 134.1 0.000082 0.0000068 - -
MACT Floor Total Cost and 51 $86,696,269 $32,313,699 0.0010 0 1.53 0.0053 0.0579 0 41.00 38.88 59.7 0.000079 0.0000065 141.1 -
Emission Reductions®
BTF Costs Fabric Filter 14 $32,663,593 $8,402,116 0.0066 0 0 0.0343 0 0 0.00 0.00 0 0 0 0.041 $205,482,746
and Afterburner 52 $31,532,870 |  $10,384,276 0 0 0 0 0 0 0 0 0 0 0 0.000 -
Emlssu_m Retrofit®
Reductions
by Control Packed Bed 46 $48,701,933 |  $10,854,865 0 0 1.01 0 0 0 0 0 54.2 0 0 55.240 $196,505
Scrubber
Activated 0 $0 $0 0 0 0 0 0.0074 0 0 0 0 0.000001 0.0000002 0.007 $0
Carbon
Injection®
# of units Cost (2008$)" Baseline Emissions and Incremental Emission Reductions (tons/year) Total Incremental
requiring Total Capital Total Cd Cco HCI Pb Hg NOx PM Filt PM 25 SO2 D/F Total D/F TEQ Emission Cost-
additional Investment Annualized Reductions effectiveness
Multiple Hearth Incinerators control %) Cost ($/yr) (tons/yr) ($/ton)
Baseline Emissions - - 2.83 29024 122.59 6.0595 3.0536 7358.5 1101.46 666.13 3078.8 0.000020 0.0000013 - -
MACT Floor Total Cost and 41 $131,764,712 $40,327,113 1.41 0 91.51 2.6237 0.0315 4.3051 277.90 167.21 2132.6 0.000000 0.0000000 2,671.5 $15,061
Emission Reductions®
BTF Costs Fabric Filter 138 $478,373,914 $115,254,825 1.15 0 0 2.8750 0 0 614.00 372.00 0 0 0 990.0 $116,416
and_ . Afterburner 128 $145,514,140 $43,193,966 0 25691 0 0 0 0 0 0 0 0 0 25,691 $1,681
Emission
X Retrofit
Reductions
by Control Packed Bed 148 $258,596,495 $54,863,534 0 0 19.60 0 0 0 0 0 659.2 0 0 678.8 $80,820
Scrubber
Activated 161 $6,230,844 $32,335,212 0 0 0 0 2.6235 0 0 0 0 0.000020 0.0000013 2.624 $12,324,974°
Carbon
Injection
# of units Cost (2008$)" Baseline Emissions and Incremental Emission Reductions (tons/year) Total Incremental
requiring Total Capital Total Emission Cost-
additional Investment Annualized Reductions effectiveness
All Incinerators control %) Cost ($/yr) Cd Cco HCI Pb Hg NOx PM Filt PM 25 SO2 D/F Total D/F TEQ (tonsfyr) ($/ton)
Baseline Emissions - - 284 | 29144 | 12558 | 6.1126 | 3.1294 | 76859 | 1158.05 | 72036 | 32129 0.000102 | 0.0000081 - -
MACT Floor Total Cost and 92 $218,460,981 $72,640,812 1.41 0 93.04 2.6291 0.0894 4.3051 318.90 206.09 21922 0.000079 0.0000065 2,818.7 $25,771
Emission Reductions®
BTF Costs Fabric Filter 152 $511,037,506 $123,656,941 1.16 0 0 2.9093 0 0 614.00 372.00 0 0 0 990.1 $124,897
and. R Afterburner 180 $177,047,010 $53,578,242 0 25691 0 0 0 0 0 0 0 0 0 25,691 $2,086
Emission
X Retrofit
Reductions
by Control Packed Bed 194 $307,298,429 $65,718,399 0 0 20.61 0 0 0 0 0 713.5 0 0 734.1 $89,525
Scrubber
Activated 161 $6,230,844 $32,335,212 0 0 0 0 2.6310 0 0 0 0 0.000021 0.0000015 2.631 $12,290,076°
Carbon
Injection
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The number of Fluidized Bed units requiring some sort of control to meet the MACT floors can be broken down as follows: Fabric Filter, 41 units; Afterburner Retrofit, 0 units; Packed Bed Scrubber, 7 units; and ACI, 51 units.
The number of Multiple Hearth units requiring some sort of control to meet the MACT floors can be broken down as follows: Fabric Filter, 25 units; Afterburner Retrofit, 0 units; Packed Bed Scrubber, 11 units; and ACL 2 units.

The total number of SSIs requiring some sort of control to meet the MACT floors can be broken down as follows: Fabric Filter, 66 units; Afterburner Retrofit, 0 units; Packed Bed Scrubber, 18 units; and ACI, 53 units.

. Emission reductions of zero are an artifact of the methodology used to conservatively estimate reductions, which was kept consistent for all pollutant controls. For other pollutants, reductions resulted from the installation of controls where

improvement was needed in order to meet the proposed limit. For any case where the unit already met a pollutant limit, that MACT pollutant concentration was set equal to the baseline, based on the assumption that the unit would be able to at
least achieve the limit. For CO, all FB units already met the limit, yielding a calculated reduction of zero for each unit.
Although no additional ACI is required for beyond-the-floor control for FB units (hence no incremental cost), small reductions are calculated because for the BTF scenario, the maximum control efficiency (98%) was assumed. For the MACT

floor scenario, only the percent reduction required to meet the floor limits were incorporated as the control efficiencies.

. The cost-effectiveness of ACI control for MH units is equivalent to $6,160 per pound of Hg reduced.

The cost-effectiveness of ACI control for all units is equivalent to $6,150 per pound of Hg reduced.

Costs were annualized using a discount rate of 7 percent
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Table 3-3.

Emissions Reductions and Costs If Small Entities Landfill

# of units Cost (2008$)* Baseline Emissions and Incremental Emission Reductions (tons/year)” Total Incremental
requiring Total Capital Total Emission Cost-
additional Investment Annualized Reductions effectiveness
Fluidized Bed Incinerators control %) Cost ($/yr) Cd co HCI Pb Hg NOx PM Filt PM 25 SO2 D/F Total D/F TEQ (tonslyr) ($/ton)
Baseline Emissions - - 0.0103 119.6 2.99 0.0531 0.0758 3274 56.60 54.22 134.1 0.000082 0.0000068 - -
2
MACT Floor Total Cost and 46 $69,952,757 $26,163,050 0.0028 18.89 1.81 0.0147 0.0612 53.05 43.47 41.23 76.8 0.000080 0.0000065 2353 $111,194
Emission Reductions® 2
Additional Fabric Filter 13 $30,642,201 $7,926,815 0.0052 0 0 0.0271 0 0 0.00 0.00 0 0 0 0.032 $245,034,357
Costs and 4
Emission Afterburner 43 $26,571,102 $8,659,394 0 0 0 0 0 0 0 0 0 0 0 0.000 -
Reductions by Retrofit®
Control
Packed Bed 39 $41,683,343 $9,277,850 0 0 0.80 0 0 0 0 0 40.6 0 0 41.437 $223,903
Scrubber
Activated 0 $0 $0 0 0 0 0 0.0060 0 0 0 0 0.000001 0.0000001 0.006 $0
Carbon
Injection®
# of units Cost (2008$)* Baseline Emissions and Incremental Emission Reductions (tons/year)® Total Incremental
requiring Total Capital Total Emission Cost-
additional Investment Annualized Reductions effectiveness
Multiple Hearth Incinerators control %) Cost ($/yr) Cd co HCI Pb Hg NOx PM Filt PM 2.5 SO2 D/F Total D/F TEQ (tons/yr) ($/ton)
Baseline Emissions - - 2.8277 29024. 122.59 6.0595 3.0536 7358. 1101.46 666.13 3078. 0.000020 0.0000013 - -
9 5 5 8
MACT Floor Total Cost and 38 $125,327,287 $33,647,893 1.5459 3080.1 94.72 2.9497 0.3536 793.8 348.85 210.41 2221. 0.000002 0.0000001 6,753.8 $4,982
Emission Reductions® 0 6 1 0
Additional Fabric Filter 127 $440,670,924 $105,196,529 1.0471 0 0 2.6084 0 0 469.00 284.00 0 0 0 756.655 $139,028
Costs and 0
Emission Afterburner 122 $137,648,283 $40,428,804 0| 22971 0 0 0 0 0 0 0 0 0| 22971284 $1,760
Reductions by Retrofit 28
Control
Packed Bed 137 $237,426,572 $50,085,972 0 0 17.62 0 0 0 0 0 601.5 0 0 619.149 $80,895
Scrubber
Activated 149 $5,744,514 $28,913,350 0 0 0 0 2.3440 0 0 0 0 0.000017 0.0000012 2.344 $12,334,707°
Carbon
Injection
# of units Cost (2008$)* Baseline Emissions and Incremental Emission Reductions (tons/year)” Total Incremental
requiring Total Capital Total Emission Cost-
additional Investment Annualized Reductions effectiveness
All Incinerators control %) Cost ($/yr) Cd co HCI Pb Hg NOx PM Filt PM 25 SO2 D/F Total D/F TEQ (tonslyr) ($/ton)
Baseline Emissions - - 2.8381 | 29144. | 12558 | 6.1126 3.1294 | 7685. 115805 | 72036 | 32129 0.000102 | 0.0000081 - -
1 0 9
MACT Floor Total Cost and 84 $195,280,044 $59,810,943 1.5487 3099.0 96.53 2.9644 0.4147 846.8 392.32 251.64 2297.8 0.000082 0.0000067 6,989.1 $8,558
Emission Reductions® 2 5 6
Additional Fabric Filter 140 $471,313,125 $113,123,344 1.0523 0 0 2.6355 0 0 469.00 284.00 0 0 0 756.688 $149,498
Costs and 4
Emission Afterburner 165 $164,219,385 $49,088,198 0 | 22971. 0 0 0 0 0 0 0 0 0 22,971.284 $2,137
Reductions Retrofit 28
by Control
Packed Bed 176 $279,109.916 $59,363,822 0 0 18.43 0 0 0 0 0 642.2 0 0 660.586 $89,865
Scrubber
Activated 149 $5,744,514 $28,913,350 0 0 0 0 2.3500 0 0 0 0 0.000019 0.0000013 2.350 $12,303,406°
Carbon
Injection
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a. Costs were annualized using a discount rate of 7 percent.

b. Emissions from landfilling activities are not included in this table.

¢. The number of Fluidized Bed units requiring some sort of control to meet the MACT floors can be broken down as follows: Fabric Filter, 33 units; Afterburner
Retrofit, 0 units; Packed Bed Scrubber, 5 units; and ACI, 46 units.

The number of Multiple Hearth units requiring some sort of control to meet the MACT floors can be broken down as follows: Fabric Filter, 24 units;
Afterburner Retrofit, 0 units; Packed Bed Scrubber, 10 units; and ACI, 2 units.

The total number of SSIs requiring some sort of control to meet the MACT floors can be broken down as follows: Fabric Filter, 57 units; Afterburner Retrofit,
0 units; Packed Bed Scrubber, 15 units; and ACI, 48 units.

d. Emission reductions of zero are an artifact of the methodology used to conservatively estimate reductions, which was kept consistent for all pollutant controls.
For other pollutants, reductions resulted from the installation of controls where improvement was needed in order to meet the proposed limit. For any case
where the unit already met a pollutant limit, that MACT pollutant concentration was set equal to the baseline, based on the assumption that the unit would be
able to at least achieve the limit. For CO, all FB units already met the limit, yielding a calculated reduction of zero for each unit.

e. Although no additional ACI is required for beyond-the-floor control for FB units (hence no incremental cost), small reductions are calculated because for the
BTF scenario, the maximum control efficiency (98%) was assumed. For the MACT floor scenario, only the percent reduction required to meet the floor limits
were incorporated as the control efficiencies.

f. The cost-effectiveness of ACI control for MH units is equivalent to $6,170 per pound of Hg reduced.

g. The cost-effectiveness of ACI control for all units is equivalent to $6,150 per pound of Hg reduced.
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Table 3-4. Emissions Reductions and Costs If All Units Comply — Per Unit Basis

Cost (2008$)°

Baseline Emissions and Incremental Emission Reductions (tons/year)

# of units Total Total Incremental
requiring Capital Total Emission Cost-
additional Investment Annualized Reductions effectiveness
Fluidized Bed Incinerators control [©)] Cost ($/yr) Cd CO HCI Pb Hg NOx PM Filt PM 2.5 SO2 D/F Total D/F TEQ (tons/yr) ($/ton)
Baseline Emissions - - 0.0002 22 0.05 0.0010 0.0014 6.0 1.03 0.99 24 0.000001 0.0000001 - -
MACT Floor Total Cost and 51 $1,699,927 $633,602 0.0000 0 0.03 0.0001 0.0011 0 0.80 0.76 1.2 0.000002 0.0000001 2.8 $228,934
Emission Reductions®
BTF Costs Fabric Filter 14 $2,333,114 $600,151 0.0005 0 0 0.0024 0 0 0.00 0.00 0 0 0 0.003 $205,482,746
and_ . Afterburner 52 $606,401 $199,698 0 0 0 0 0 0 0 0 0 0 0 0.000 -
Emlsm(?n Retrofit
Reductions
by Control | Packed Bed 46 $1,058,738 $235,975 0 0 0.02 0 0 0 0 0 12 0 0 1201 $196,505
Scrubber
Activated 0 - - - - - - - - - - - - - - -
Carbon
Injection
Cost (2008$)" Baseline Emissions and Incremental Emission Reductions (tons/year)
# of units Total Total Incremental
requiring Capital Total Emission Cost-
additional Investment Annualized Reductions effectiveness
Multiple Hearth Incinerators control ()] Cost ($/yr) Cd co HCI Pb Hg NOx PM Filt PM 25 SO2 D/F Total D/F TEQ (tons/yr) ($/ton)
Baseline Emissions - - 0.02 178 0.75 0.0372 0.0187 45.1 6.76 4.09 18.9 0.000000 0.0000000 - -
MACT Floor Total Cost and 41 $3,213,773 $983,588 0.03 0 2.23 0.0640 0.0008 0.105 6.78 4.08 52.0 0.000000 0.0000000 65.3 $15,061
Emission Reductions®
Additional Fabric Filter 138 $3,466,478 $835,180 0.01 0 0 0.0208 0 0 4.45 2.70 0 0 0 72 $116,416
Costs and Afterburner 128 $1,136,829 $337,453 0 201 0 0 0 0 0 0 0 0 0 201 $1,681
Em15519n Retrofit
Reductions
by Control Packed Bed 148 $1,747,274 $370,700 0 0 0.13 0 0 0 0 0 4.5 0 0 4.6 $80,820
Scrubber
Activated 161 $38,701 $200,840 0 0 0 0 0.0163 0 0 0 0 0.000000 0.0000000 0.016 $12,324,974
Carbon
Injection
Cost (2008$)" Baseline Emissions and Incremental Emission Reductions (tons/year)
# of units Total Total Incremental
requiring Capital Total Emission Cost-
additional Investment Annualized Reductions effectiveness
All Incinerators control (6] Cost ($/yr) Cd co HCI Pb Hg NOx PM Filt PM 2.5 SO2 D/F Total D/F TEQ (tonslyr) ($/ton)
Baseline Emissions - - 0.02 180 0.81 0.0381 0.0201 51.1 7.79 5.07 213 0.000002 0.0000001 - -
MACT Floor Total Cost and 92 $4,913,700 $1,617,190 0.03 0 2.26 0.0641 0.0019 0.105 7.58 4.84 532 0.000002 0.0000001 30.6 $52,784
Emission Reductions®
Additional Fabric Filter 152 $5,799,591 $1,435,331 0.01 0 0 0.0233 0 0 445 2.70 0 0 0 6.5 $220,359
Costs and Afterburner 180 $1,743,231 $537,150 0 201 0 0 0 0 0 0 0 0 0 143 $3,763
Emission
X Retrofit
Reductions
by Control Packed Bed 194 $2,806,011 $606,675 0 0 0.15 0 0 0 0 0 5.6 0 0 38 $160,330
Scrubber
Activated 161 $38,701 $200,840 0 0 0 0 0.0163 0 0 0 0 0.000000 0.0000000 0.016 $12,290,076
Carbon
Injection
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a. The number of Fluidized Bed units requiring some sort of control to meet the MACT floors can be broken down as follows: Fabric Filter, 41 units; Afterburner
Retrofit, 0 units; Packed Bed Scrubber, 7 units; and ACI, 51 units.
The number of Multiple Hearth units requiring some sort of control to meet the MACT floors can be broken down as follows: Fabric Filter, 25 units;
Afterburner Retrofit, 0 units; Packed Bed Scrubber, 11 units; and ACI, 2 units.
The total number of SSIs requiring some sort of control to meet the MACT floors can be broken down as follows: Fabric Filter, 66 units; Afterburner Retrofit,
0 units; Packed Bed Scrubber, 18 units; and ACI, 53 units.

b. Costs were annualized using a discount rate of 7 percent.
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Table 3-5. Emissions Reductions and Costs If Small Entities Landfill — Per Unit Basis

Cost (2008$)*

Baseline Emissions and Incremental Emission Reductions (tons/year)®

# of units Total Total Incremental
requiring Capital Total Emission Cost-
additional Investment Annualized Reductions effectiveness
Fluidized Bed Incinerators control (6] Cost ($/yr) Cd CO HCI Pb Hg NOx PM Filt PM 25 SO2 D/F Total D/F TEQ (tons/yr) ($/ton)
Baseline Emissions - - 0.00019 22 0.05 0.0010 0.0014 6.0 1.03 0.99 24 0.000001 0.0000001 - -
MACT Floor Total Cost and 46 $1,520,712 $568,762 0.00006 0.41 0.04 0.0003 0.0013 1.15 0.95 0.90 1.7 0.000002 0.0000001 5.1 $111,194
Emission Reductions®
Additional Fabric Filter 13 $2,357,092 $609,755 0.00040 0 0 0.0021 0 0 0.00 0.00 0 0 0 0.002 $245,034,357
Costsand | A fierburner 43 $617,933 $201,381 0 0 0 0 0 0 0 0 0 0 0 0.000 -
Em15519n Retrofit’
Reductions
by Control | Packed Bed 39 $1,068,804 $237,894 0 0 0.02 0 0 0 0 0 1.0 0 0 1.062 $223,903
Scrubber
Activated 0 - - - - - - - - - - - - - - -
Carbon
Injection®
Cost (2008%$)* Baseline Emissions and Incremental Emission Reductions (tons/year)®
# of units Total Total Incremental
requiring Capital Total Emission Cost-
additional Investment Annualized Reductions effectiveness
Multiple Hearth Incinerators control (6] Cost ($/yr) Cd co HCI Pb Hg NOx PM Filt PM 25 SO2 D/F Total D/F TEQ (tonsfyr) ($/ton)
Baseline Emissions - - 0.01735 178.1 0.75 0.0372 0.0187 45.1 6.76 4.09 18.9 0.000000 0.0000000 - -
MACT Floor Total Cost and 38 $3,298,086 $885,471 0.04068 81.06 2.49 0.0776 0.0093 20.89 9.18 5.54 58.4 0.000000 0.0000000 177.7 $4,982
Emission Reductions®
Additional Fabric Filter 127 $3,469,850 $828,319 0.00824 0 0 0.0205 0 0 3.69 2.24 0 0 0 5.958 $139,028
Costs and Afterburner 122 $1,128,265 $331,384 0 188.2 0 0 0 0 0 0 0 0 0 188.289 $1,760
Emission Retrofit 892
Reductions
by Control Packed Bed 137 $1,733,041 $365,591 0 0 0.13 0 0 0 0 0 44 0 0 4.519 $80,895
Scrubber
Activated 149 $38,554 $194,049 0 0 0 0 0.0157 0 0 0 0 0.000000 0.0000000 0.016 $12,334,707
Carbon
Injection
Cost (2008%$)* Baseline Emissions and Incremental Emission Reductions (tons/year)”
# of units Total Total Incremental
requiring Capital Total Emission Cost-
additional Investment Annualized Reductions effectiveness
All Incinerators control (6] Cost ($/yr) Cd co HCI Pb Hg NOx PM Filt PM 25 SO2 D/F Total D/F TEQ (tons/yr) ($/ton)
Baseline Emissions - - 0.01754 180.2 0.81 0.0381 0.0201 51.1 7.79 5.07 213 0.000002 0.0000001 - -
MACT Floor Total Cost and 84 $4,818,799 $1,454,233 0.04074 81.47 2.53 0.0779 0.0106 22.04 10.13 6.43 60.1 0.000002 0.0000001 182.8 $7,953
Emission Reductions®
Additional Fabric Filter 140 $5,826,942 $1,438,074 0.00865 0 0 0.0226 0 0 3.69 2.24 0 0 0 5.960 $241,271
Costs and Afterburner 165 $1,746,197 $532,765 0 | 1882 0 0 0 0 0 0 0 0 0 188.289 $2,830
Emission Retrofit 892
Reductions
by Control Packed Bed 176 $2,801,844 $603,485 0 0 0.15 0 0 0 0 0 54 0 0 5.582 $108,116
Scrubber
Activated 149 $38,554 $194,049 0 0 0 0 0.0157 0 0 0 0 0.000000 0.0000000 0.016 $12,334,707
Carbon
Injection
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a. Costs were annualized using a discount rate of 7 percent.

b. Emissions from landfilling activities are not included in this table.

¢. The number of Fluidized Bed units requiring some sort of control to meet the MACT floors can be broken down as follows: Fabric Filter, 33 units; Afterburner
Retrofit, 0 units; Packed Bed Scrubber, 5 units; and ACI, 46 units.

The number of Multiple Hearth units requiring some sort of control to meet the MACT floors can be broken down as follows: Fabric Filter, 24 units;
Afterburner Retrofit, 0 units; Packed Bed Scrubber, 10 units; and ACI, 2 units.

The total number of SSIs requiring some sort of control to meet the MACT floors can be broken down as follows: Fabric Filter, 57 units; Afterburner Retrofit,
0 units; Packed Bed Scrubber, 15 units; and ACI, 48 units.

d. Emission reductions of zero are an artifact of the methodology used to conservatively estimate reductions, which was kept consistent for all pollutant controls.
For other pollutants, reductions resulted from the installation of controls where improvement was needed in order to meet the proposed limit. For any case
where the unit already met a pollutant limit, that MACT pollutant concentration was set equal to the baseline, based on the assumption that the unit would be
able to at least achieve the limit. For CO, all FB units already met the limit, yielding a calculated reduction of zero for each unit.

e. Although no additional ACI is required for beyond-the-floor control for FB units (hence no incremental cost), small reductions are calculated because for the
BTF scenario, the maximum control efficiency (98%) was assumed. For the MACT floor scenario, only the percent reduction required to meet the floor limits
were incorporated as the control efficiencies.
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Table 3-6. Emissions Reductions and Costs If All Units Comply
Cost (2008%) Baseline Emissions and Incremental Emission Reductions (tons/year Total
Option Total Capital Total Emission
Investment | Annualized Cost Reductions of
($million) ($million/yr) Cd co HCI Pb Hg NOy PM Filt PM; s SO, D/F Total D/F TEQ | 129 Pollutants
Baseline Emissions — — 2.84] 29,100 126 611 3.13| 7,700 1,160 720 3210 0.000102 | 0.0000081 —
Option 1 (MACT Floor) $220 $73 1.41 0 93.0 263 009 431 319 206 2,190 0.000079 | 0.0000065 2,819
Option 2 (MACT Floor
Costs and + Activated carbon
Emission injection for MH units) $225 $105 1.41 0 93.0 2.63 2.71 4.31 319 206 2,190 0.000098 | 0.0000078 2,821
Reductions - -
Option 3 (Option 2 +
Afterburners for MH
Units) $370 $148 1.41 25,700 93.0 2.63 2.71 4.31 319 206 2,190 0.000098 | 0.0000078 28,500
.. . e . .na
Table 3-7.  Emissions Reductions and Costs If Large Entities Comply and Small Entities Landfill
Cost (2008$) Baseline Emissions and Incremental Emission Reductions (tons/year) Total
Option Total Capital Total Emission
Investment Annualized Cost Reductions of
($million) ($million/yr) Cd Cco HCI Pb Hg NO, PM Filt PM,s SO, D/F Total D/F TEQ [ 129 Pollutants
Baseline Emissions — — 2.84| 29,100 126 6.11| 3.13[ 7,700 1,160 720 3210 0.000102 [ 0.0000081 —
Option 1 (MACT Floor) $195 $59.8| 155 2850 96.2 296 041 823 390 251 2,300 0.000082 | 0.0000067 6,714
Option 2 (MACT Floor
Costs and + Activated carbon
EmlSSlcfﬂ injection for MH units) $201 $89 1.55 2,850 96.2 2.96 2.76 823 390 251 2,300 0.000099 |  0.0000078 6,717
Reductions - -
Option 3 (Option 2 +
Afterburner for MH
Units) $338 $129 1.55 25,800 96.2 2.96 2.76 823 390 251 2,300 0.000099 | 0.0000078 29,690

®Annualized costs were calculated using a discount rate of 7 percent.



3.3  Estimation of Impacts for New Units Constructed within 5 Years After
Promulgation of the SSI NSPS

3.3.1 Estimation of New Sources

Several significant changes have occurred to SSI units in the past 20 years. EPA’s Office
of Water (OW) set emission and discharge standards for sewage sludge disposal methods
(including incineration) in 1993 (40 CFR part 503). As a result of the CWA part 503 Rule, many
wastewater treatment facilities chose to use alternative methods for disposing of sewage sludge,
such as landfilling or land application, rather than try to meet the incineration requirements.
Many of the closed incinerators had been operated by municipalities or agencies serving smaller

populations (i.e., fewer than 50,000 people) (Summary of Telephone Contacts, 2010).

The general trend has also been for facilities still incinerating sewage sludge to replace
older MH units with newer FB units because of better emissions performance, savings in fuel
cost, and flexibility in operation. Since 1988, over 40 new FB systems have been installed, with
11 replacing existing MH units (Dangtran, Mullen, and Mayrose, 2000). Discussions with the
National Association of Clean Water Agencies (NACWA), the industry trade group, indicated
that only FB units are likely to be constructed in the future (U.S. EPA, 2009b). Consequently, it
was assumed that any new units that would be built after promulgation of the NSPS would be a
FB design.

To estimate the number of new sources that might be constructed in the 5 years following
promulgation of the NSPS, the number of sources being constructed 5 years prior to proposal of
the rule was reviewed to determine if there was a trend. Under EPA’s New Source Review
(NSR) program, if a company is planning to build a new plant or modify an existing plant such
that air pollution emissions will increase by a large amount, then the company must obtain an
NSR permit. The NSR permit is a construction permit that requires the company to minimize air
pollution emissions by changing the process to prevent air pollution and/or installing air
pollution control equipment. The NSR program defines control levels based on the type of
program the source is subject to: reasonably available control technology (RACT), best available
control technology (BACT), or lowest achievable emissions reduction (LAER). Information
from the EPA’s RACT/BACT/LAER database contains case-specific information on the “best
available” air pollution technologies that have been required to reduce the emission of air
pollutants from stationary sources. This information has been provided by state and local
permitting agencies. The database was searched for SSI units permitted or constructed since
2005. The search results showed two FB units at the R.L. Sutton Water Reclamation facility in

Georgia were permitted in 2005, and completed construction in 2008 and are currently in
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operation. Additional information collected from state environmental agencies and permits
indicated an additional three units at the Mill Creek Wastewater Treatment Plant in Ohio were
expected to finish construction and be in operation in 2010 (Oommen and Allen, 2010a). All of

these new FB units were replacements for MH units.

Based on the data collected and assuming the trend in construction continues, five
additional FB units will be permitted to be constructed in 5 years after the NSPS is proposed.
However, given the time necessary to review and assess the requirements of the NSPS and plan,
permit, and construct incineration units, it is unlikely that all five would be in operation in the 5
years. For this analysis, it was assumed at least two new FB units would be constructed and in

operation in this time period.

3.3.2 Methodology Used to Estimate Cost and Emission Reductions of the MACT Floor
Level of Control
Cost and emission reductions for new units complying with the NSPS were calculated by
(1) determining the controls that these units would most likely apply if the NSPS were not in
place (referred to as the baseline level of control), (2) calculating the cost of complying with the
NSPS emission levels, and (3) estimating the emissions reduction from complying with the

NSPS emissions levels. Each of these steps is discussed in more detail.

3.3.2.1 Determining Baseline Controls

The baseline level of control that new units would likely implement (in the absence of the
NSPS) was determined from reviewing the most common controls used at existing FB units, as
shown in the SSI inventory memorandum (Inventory Database, 2010). Table 3-8 shows the
distribution of controls. Based on this information, the baseline controls assumed for the new
units are a combination of venturi scrubbers and impingement scrubbers. Data gathered on the
controls currently used at FB units indicate that few FB units operate an afterburner, because
their CO emissions are already low. However, to meet the new source floor limit, the analysis
costs out an afterburner to reach the limit. In reality, new FB units that are constructed are likely
to be designed to meet the CO level. Costing an afterburner provides a conservative estimate of

costs.

3.3.2.2 Calculating Baseline Emissions

The SSI baseline emissions memorandum (Estimation of Baseline Emissions, 2010)
documents the calculation of baseline emissions from existing FB SSI units. Baseline emissions
were calculated on a mass basis by multiplying the concentration of the pollutant in the emission

stream, flow rate of the emission stream, and the hours of operation of the SSI unit. For units
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Table 3-8. Control Device Distribution for Fluidized Bed Incinerators®

Existing Control Devices Number of Units Percent

Distribution of Individual Controls

Venturi scrubber (vs, vs(ad)) 49 89
Impingement scrubber (imp) 38 69
Wet ESP (wesp) 14 25
Cyclone separator (cs) 4 7
Activated carbon (ac inject or ac polish) 4 7
Afterburner (abo or abd) 4 7
Packed bed scrubber (ccpt, pbs, pbt) 2 4
Distribution of Control Combinations
abd — mc — vs — imp 2 3.64
abd — vs —imp — hss — cs 1 1.82
abo — imp — wesp 1 1.82
ac inject. — vs(ad) — wesp 3 545
cept 1 1.82
cs —vs — pbt 2 3.64
unknown 4 7.27
Vs 5 9.09
VS —CS 1 1.82
vs — imp 25 45.45
Vs — imp — wesp 8 14.55
vs — imp — wesp — ac polish. 1 1.82
vs(ad) — wesp 1 1.82
Total 55 100.00

* Dominak, Robert, Co-Chair NACWA Biosolids Management Committee, e-mail to Amy Hambrick, U.S. EPA.
August 5, 2009. “SSI Inventory Updated Information.”

where no emissions test data were collected, baseline emissions were estimated using an average
uncontrolled concentration and applying reduction efficiencies associated with the control

devices located at each SSI unit for each pollutant.

An average flue gas flow rate factor was also developed for FB units relating the flue gas
flow rate to the dry sludge feed rate from units providing emission test data. For units where

sludge feed rates were not collected, unit capacities were multiplied by a capacity utilization
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factor of 75%, which was the median of the capacity utilizations reported in the ICR survey

responses. More information about how unit capacity values were obtained can be found in the
SSI inventory database memorandum (Inventory Database, 2010). The flow rate of the flue gas
stream was calculated by multiplying the dry sludge feed rate by the average flue gas flow rate

factor.

Based on the information gathered from RACT/BACT/LAER and permits, it is likely that
new FB units constructed will be replacements for existing units. However, it cannot be
determined how many units will be replaced at a facility or the total number of units that will be
in operation at a facility. For this analysis, the simplest and most conservative assumption was
used—that only one FB unit would be constructed replacing one older MH unit. The operating
hours for facilities operating one unit were assumed to be 8,400 hours per year (incorporating

two weeks’ downtime).

Table 3-9 shows the average concentration factors, average dry sludge capacity, and
operating hours, as well as other default parameters necessary for the costs. These factors were
applied to each new unit estimated to be constructed within the next 5 years. Table 3-10 shows

the estimated baseline concentrations for new units.

Calculating Costs and Emission Reductions

Costs were calculated using the procedures and algorithms discussed in the memorandum
“Cost and Emissions Reduction of Complying with the MACT Floor for Existing SSI Units”
(Oommen and Allen, 2010b). Control devices costed out were those that would be necessary to
meet the MACT floor level of control for new sources. It is possible for some units with wet
scrubbers to comply with the NSPS limits for SO, by adding caustic. However, it is uncertain if
all units could do this. Therefore, this analysis assumed a PBS would be used, which would
provide a more conservative estimate of costs. Similarly, wet electrostatic precipitators can be
used for PM control; a FF was costed in this analysis to provide a conservative estimate of costs.

Table 3-11 shows the comparison of baseline emissions levels to MACT floor levels to
determine the amount of pollutant reduction needed and the types of control devices that would
be used to meet the levels. Emission reductions from applying the MACT floor requirements to
the baseline emission levels are presented in Table 3-10. The inputs to the cost algorithm are
presented in Table 3-9. For this analysis, it was assumed that controls applicable for PM would

also reduce PM, s.
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Table 3-9. Cost and Emission Reduction Calculation Inputs

Default (Average of known data for FB

Parameter subcategory)
Capacity (dtph) 2.26
Capacity 4,516.36
(dry Ib/hr)
Sludge feed rate 1.69
(dry tons/hr)
Sludge feed rate (dry lb/hr) 3,387.27
Operating hours (hr/yr)®* 8,400
Stack gas flow rate (dscfm) 9,239.97
Stack gas temperature (°F)" 1,050
ACT adjustment factor 1.03
Sludge heating value (BTU/Ib)* 7740
NOx, Ib/MMBTU 0.07
PM 0.0054
(gr/dscf)
HCI (ppmvd) 0.124

Conservatively assumed new unit would operate 350 days per year (2 weeks’ downtime).
Assumed average gas temperature used for commercial and industrial solid waste incinerators (CISWI).

¢ ACI algorithm is based on 90% Hg reduction efficiency and 98% CDD/CDF reduction efficiency. This
adjustment factor will be used to adjust total annual costs to the estimated reduction efficiency needed to meet the
floor.

¢ Converted to BTU/Ib from 18 MJ/kg dried, undigested sludge
(http://www.aseanenvironment.info/Abstract/41015799.pdf).
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Table 3-10. Summary of Emission Reductions for New SSI Units

Annual Emission

Reductions:
Additional Year 5
Control MACT Emission Emission (Assuming 2 new
Concentration Needed for Baseline Emission Reduction Reduction  units come online
Pollutant Units MACT  Concentration NSPS Limit Concentration (concentration) (tpy) in 5 years)
Cadmium (Cd) mg/dscm Add FF 0.002 0.00051 0.00051 0.002 2.36E-04 4.73E-04
Carbon monoxide (CO) ppmvd Add ABD 16.331 7.4 7.4 8.931 1.51E+00 3.02E+00
Hydrogen chloride ppmvd none® 0.124 0.13 0.050 0.074 1.64E-02 3.27E-02
(HCI)
Lead (Pb) mg/dscm Add FF 0.011 0.00053 0.00053 0.011 1.53E-03 3.06E-03
Mercury (Hg) mg/dscm Add ACI 0.014 0.001 0.001 0.013 1.82E-03 3.64E-03
Nitrogen oxides (NOy) ppmvd none® 27.926 26 26 1.926 5.35E-01 1.07E+00
Particulate matter mg/dscm Add FF 12.443 4.1 4.1 8.343 1.21E+00 2.43E+00
(filterable)
Particulate matter mg/dscm Add FF 11.801 2.3 2.3 9.501 1.38E+00 2.76E+00
(PMa5)
Sulfur dioxide (SO,) ppmvd Add PBS 3.303 2.0 2.0 1.303 5.04E-01 1.01E+00
Total dioxin/furans ng/dscm Add ACI 15.962 0.94 0.94 15.022 2.18E-06 4.37E-06
Total dioxin/furans ng/dscm Add ACI 1.312 0.023 0.023 1.289 1.87E-07 3.75E-07
(TEQ)

* Assumed scrubber (installed for SO, control) has 98% efficiency for HCI control.
® Assumed units could meet limit by making minor adjustments rather than installing add-on control.



Table 3-11 shows the estimated total capital investment (TCI) and total annual costs
(TAC) calculated for a single unit using the cost algorithms previously discussed. The table also
shows the monitoring, testing, reporting, and recordkeeping costs. The table shows the TCI and
TAC for the two new FB units that are assumed to be constructed and in operation in the 5 years
after proposal of the NSPS.

Table 3-11. MACT Costs Associated with Model FB Unit

Parameter TCI TAC
Add FF $1,995,892 $580,670
Add PBS $1,013,167 $233,832
Controls Add ACI $25,786 $163,338
Add ABD $625,106 $233,589
Subtotal: $3,659,952 $1,211,429
Initial Stack Test $61,000
Annual Stack Test $61,000
Bag Leak Detection System $25,500 $9,700
Wet Scrubber Monitoring $24.300 $5,600
B}g;g;gﬂ;iﬂgemng’ ACI Monitoring $0 $9,800
Recordkeeping Annual Control Device Inspection $1,000
CO CEMS $134,000 $41,400
Annual Visual Emissions Test of Ash Handling $250 $740
Reporting and Recordkeeping $2,989
Subtotal: $245,050 $132,229
TOTAL: $3,905,002 $1,343,657

3.3.3 Analysis of Beyond the Floor Options

The control technologies costed to achieve the MACT floor levels are generally the most
effective controls available: FFs for PM, Cd, Pb; ACI for Hg and CDD/CDF; afterburners for
CO; and PBSs for HCI1 and SO,. In addition, incremental additions of activated carbon have not
been proven to achieve further reductions above the projected flue gas concentration estimated to
achieve the limits for new sources. Data gathered do not indicate that any FB units operate NOy
controls, such as SNCR, SCR, or flue gas recirculation because the NOy emissions are already
low. Therefore, no BTF options were analyzed for this analysis because we are not aware of any
technologies or methods to achieve emission limits more stringent than the MACT floor limits

for new units, which are based on the lowest emitting FB units.
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SECTION 4
ECONOMIC IMPACT ANALYSIS

EPA has prepared an EIA to provide decision makers with a measure of the social costs
of using resources to comply with the proposed greenhouse gas (GHG) reporting requirements.
As noted in EPA’s (2000) Guidelines for Preparing Economic Analyses, several tools are
available to estimate social costs and range from simple direct compliance cost methods to the
development of a more complex market analysis that estimates market changes (e.g., price and
consumption) and economic welfare changes (e.g., changes in consumer and producer surplus).
Because the proposed regulatory option affects governmental entities (96 of the 97 owners are
governmental entities) providing services not provided in a market, the Office of Air Quality
Planning and Standards (OAQPS) has used the direct compliance cost method as a measure of
social costs. Since no market impacts are anticipated, the economic analysis focused on the

comparison of control cost to total governmental revenue.

The EIA evaluates three options discussed in Section 3:

= Option 1 is the MACT floor level of control for the two subcategories developed for
existing SSI units, MH units and FB units.

= Option 2 is the same as Option 1, with the addition of activated carbon injection for
additional Hg emissions reduction from MH units.

= Option 3 is the same as Option 2, with the addition of an afterburner on all MH units
for additional CO emissions reduction.

Within each option, EPA presents the results of the cost analysis using two assumptions:

= Large government entities comply and incinerate while small government entities
choose to landfill. EPA anticipates this is the most likely response to the regulation
based on analysis of landfilling costs and interviews with a sample of small
government entities.

= All government entities (small and large) comply and incinerate. EPA anticipates this
assumption significantly overstates the rule’s costs because it assumes small entities
do not consider other disposal options.

4.1 Social Cost Estimates

EPA has estimated compliance costs for all existing units to add the necessary controls,
monitoring equipment, inspections, and recordkeeping and reporting requirements to comply

with the proposed SSI standards. Based on the engineering cost analysis, we anticipate the
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overall total annual social cost to be approximately $92 million. The lowest cost option is the
MACT floor where large entities comply and small entities landfill ($63 million). The highest
cost option is the MACT floor with afterburners and fabric filters for MH units and all entities
comply ($151 million). All cost options are displayed in Table 4-1.

Table 4-1. Annual Social Cost Estimates by Option and Disposal Choices ($ million,

20083)
Large Entities Comply and
Small Entities Landfill All Units Comply
Existing Sources
Option 1 $60 $73
(MACT Floor)
Option 2 $89 $105
(MACT Floor + Afterburner
for MH Units)
Option 3 $129 $148
(Option 2 + Fabric Filters for
MH Units)
New Sources (Fluidized Bed)? $3 $3

* Two new FB units that are assumed to be constructed and in operation in the 5 years after proposal of the NSPS.
4.2  Small Entity Analysis

The Regulatory Flexibility Act (RFA) generally requires an agency to prepare a
regulatory flexibility analysis of any rule subject to notice and comment rulemaking
requirements under the Administrative Procedure Act or any other statute unless the agency
certifies that the rule will not have a significant economic impact on a substantial number of
small entities (SISNOSE). The first step in this assessment was to determine whether the rule
will have SISNOSE. To make this determination, EPA used a screening analysis to indicate
whether EPA can certify the rule as not having a SISNOSE. The elements of this analysis
included

= identifying affected small entities,

= selecting and describing the measures and economic impact thresholds used in the
analysis, and

= completing the assessment and determining the SISNOSE certification category.



4.2.1 Identify Affected Small Entities

For the purposes of assessing the impacts of the proposed rule on small entities, small
entity is defined as (1) a small business as defined by the Small Business Administration’s
regulations at 13 CFR 121.20; (2) a small governmental jurisdiction that is a government of a
city, county, town, school district, or special district with a population of less than 50,000; and
(3) a small organization that is any not-for-profit enterprise that is independently owned and
operated and is not dominant in its field. As reported in Section 2, EPA has identified 18 small
entities that have a population of fewer than 50,000. There are no small businesses or

organizations affected by the proposed rule.
4.2.2 Screening Analysis: Revenue Test

In the next step of the analysis, EPA compared each regulatory option’s control costs to
total government revenues (i.e., a “revenue” test). To estimate government revenues, we
collected U.S. Census financial information for municipal governments by population ranges,
computed average per capita revenues for each population range, and multiplied the per capita

revenue figure by the population served by small and large government entities (Table 4-2).

Table 4-2. Calculated Municipal and Township Per Capita Revenues by Population Size

Population Size

Fewer than 10K 10 to 25K 25 to 50K >50K
Number of municipalities/townships 16,745 1,436 643 605
Population 28,750,200 22,588,957 22,576,240 100,966,557
Revenue (thousand 20028) 34,944,647 32,010,988 31,630,676 238,846,095
Per capita (2002%) $1,215 $1,417 $1,401 $2,366
Per capita (2008%) $1,455 $1,696 $1,677 $2,831

Source: U.S. Census. 2005. Finances of Municipal and Township Governments: 2002. Table 13, accessed June 8,
2010 at http://www.census.gov/prod/2005pubs/gc024x4.pdf.

Each option’s screening results under two disposal assumptions are presented in Tables
4-3 through Table 4-8. As noted above, EPA anticipates small government entities will most
likely switch from incineration to landfilling (Tables 4-4, 4-6, and 4-8). EPA has also presented
small entity results where small entities comply and incinerate (Tables 4-3, 4-5, and 4-7).
However, EPA anticipates this assumption would significantly overstate the rule’s small entity
impacts because it assumes small entities continue to incinerate and do not consider other less

expensive disposal options.

4-3



Based on the engineering cost analysis, EPA anticipates the overall total annualized cost
for the selection option will be $92 million (Option 2: MACT floor with activated carbon
injection for MH, large entities comply and small entities landfill); under this option and set of

disposal choices, all small entities are affected at less than 1% revenues (Table 4-6).

For the lowest cost Option 1, the MACT floor where large entities comply and small
entities landfill (total annualized costs = $63 million), all small entities are affected at less than

1% revenue (Table 4-4).

For the highest cost Option 3, the MACT floor with activated carbon injection and
afterburners for MH units and small entities landfill (total annualized cost = $132 million). All

small entities are still affected at less than 1% revenue (Table 4-8).

Table 4-3. Option 1 Revenue Tests for Government Entities: All Entities Comply

Sample Statistic Small Large

Cost-Revenue-Ratios

Mean 1.1% 0.1%
Median 0.9% 0.1%
Minimum 0.1% 0.0%
Maximum 3.4% 1.0%
Number of Entities 18 69
Number of Entities > 1% 9 0
Number of Entities > 3% 2 0

Table 4-4. Option 1 Revenue Tests for Government Entities: Large Entities Comply and
Small Entities Landfill

Sample Statistic Small Large

Cost-Revenue-Ratios

Mean —0.6% 0.1%
Median —0.2% 0.1%
Minimum —2.6% 0.0%
Maximum 0.7% 1.0%
Number of Entities 18 69
Number of Entities > 1% 0 0
Number of Entities > 3% 0 0
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Table 4-5. Option 2 Revenue Tests for Government Entities: All Entities Comply

Sample Statistic Small Large
Cost-Revenue-Ratios
Mean 1.6% 0.2%
Median 1.2% 0.1%
Minimum 0.5% 0.0%
Maximum 4.4% 1.2%
Number of Entities 18 69
Number of Entities > 1% 13 2
2 0

Number of Entities > 3%

Table 4-6. Option 2 Revenue Tests for Government Entities: Large Entities Comply and
Small Entities Landfill

Sample Statistic Small Large
Cost-Revenue-Ratios
Mean —0.6% 0.2%
Median -0.2% 0.1%
Minimum —2.6% 0.0%
Maximum 0.7% 1.2%
Number of Entities 18 69
Number of Entities > 1% 0 2
Number of Entities > 3% 0 0

Table 4-7. Option 3 Revenue Tests for Government Entities: All Entities Comply

Sample Statistic Small Large
Cost-Revenue-Ratios
Mean 1.9% 0.3%
Median 1.3% 0.2%
Minimum 0.6% 0.0%
Maximum 6.0% 1.2%
Number of Entities 18 69
Number of Entities > 1% 16 2
Number of Entities > 3% 3 0
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Table 4-8. Option 3 Revenue Tests for Government Entities: Large Entities Comply and
Small Entities Landfill

Sample Statistic Small Large
Cost-Revenue-Ratios
Mean —0.6% 0.3%
Median -0.2% 0.2%
Minimum —2.6% 0.0%
Maximum 0.7% 1.2%
Number of Entities 18 69
Number of Entities > 1% 0 2
0 0

Number of Entities > 3%
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SECTION 5
HUMAN HEALTH BENEFITS OF EMISSIONS REDUCTIONS

5.1  Synopsis

In this section, we provide an estimate of the monetized benefits associated with reducing
particulate matter (PM) for the proposed Sewage Sludge Incinerator (SSI) New Source
Performance Standard (NSPS) and Emissions Guidelines (EG). For this rule, the PM reductions
are the result of emission limits on PM, emission limits on PM; 5 precursors such as NOy and
SO,, as well as emission limits on other pollutants. The total PM, s reductions are the
consequence of the technologies installed or waste diversion to meet these multiple limits. These
estimates reflect the monetized human health benefits of reducing cases of morbidity and
premature mortality among populations exposed to the PM; 5 precursors reduced by this
rulemaking. Using a 3% discount rate, we estimate the total monetized benefits including energy
disbenefits of the proposed SSI NSPS and EG to be $130 million to $320 million in the
implementation year (2015). Using a 7% discount rate, we estimate the total monetized benefits
including energy disbenefits of the proposed SSI NSPS and EG to be $120 million to $290

million in the implementation year. All estimates are in 20088$.

These estimates reflect EPA’s most current interpretation of the scientific literature.
Higher or lower estimates of benefits are possible using other assumptions; examples of this are
provided in Figure 5-2. Data, resource, and methodological limitations prevented EPA from
monetizing the benefits from several important benefit categories, including benefits from
reducing hazardous air pollutants, ecosystem effects, and visibility impairment. The benefits
from reducing other air pollutants have not been monetized in this analysis, including reducing
2,900 tons of CO, 96 tons of HCI, 3.0 tons of Pb, 1.6 tons of Cd, 5,500 pounds of mercury (Hg),
and 90 grams of total dioxins/furans (CDD/CDF) each year.

5.2 Calculation of PM, s Human Health Benefits

This rulemaking would reduce emissions of PM; 5, SO, and NO,. Because SOy and NO;
are also precursors to PM; 5, reducing these emissions would also reduce PM, s formation, human
exposure, and the incidence of PM; s-related health effects. For this rule, the PM reductions are
the result of emission limits on PM, emission limits on PM, s precursors such as NOy and SO,, as
well as emission limits on other pollutants. The total PM, s reductions are the consequence of the
technologies installed or waste diversion to meet these multiple limits. Due to analytical
limitations, it was not possible to provide a comprehensive estimate of PM, s-related benefits.

Instead, we used the “benefit-per-ton” approach to estimate these benefits based on the

5-1



methodology described in Fann, Fulcher, and Hubbell (2009). The key assumptions are
described in detail below. These PM; 5 benefit-per-ton estimates provide the total monetized
human health benefits (the sum of premature mortality and premature morbidity) of reducing one
ton of PM, 5 from a specified source. EPA has used the benefit per-ton technique in several
previous RIAs, including the recent NO; NAAQS RIA (U.S. EPA, 2010b). Table 5-1 shows the

quantified and unquantified benefits captured in those benefit-per-ton estimates.

Table 5-1. Human Health and Welfare Effects of PM, s

Pollutant / Quantified and Monetized Unquantified Effects
Effect in Primary Estimates Changes in:
PM; ;5 Adult premature mortality Subchronic bronchitis cases
Bronchitis: chronic and acute Low birth weight
Hospital admissions: respiratory and Pulmonary function
cardiovascular Chronic respiratory diseases other than chronic
Emergency room visits for asthma bronchitis
Nonfatal heart attacks (myocardial infarction) Non-asthma respiratory emergency room visits
Lower and upper respiratory illness Visibility
Minor restricted-activity days Household soiling
Work loss days
Asthma exacerbations (asthmatic population)
Infant mortality

Consistent with the Portland Cement NESHAP (U.S. EPA, 2009a), the PM; 5 benefits
estimates utilize the concentration-response functions as reported in the epidemiology literature,

as well as the 12 functions obtained in EPA’s expert elicitation study as a sensitivity analysis.

* One estimate is based on the concentration-response (C-R) function developed from
the extended analysis of American Cancer Society (ACS) cohort, as reported in Pope
et al. (2002), a study that EPA has previously used to generate its primary benefits
estimate. When calculating the estimate, EPA applied the effect coefficient as
reported in the study without an adjustment for assumed concentration threshold of 10
pg/m’ as was done in recent (2006-2009) Office of Air and Radiation RIAs.

» One estimate is based on the C-R function developed from the extended analysis of
the Harvard Six Cities cohort, as reported by Laden et al. (2006). This study,
published after the completion of the Staff Paper for the 2006 PM, s NAAQS, has
been used as an alternative estimate in the PM, s NAAQS RIA and PM, s benefits
estimates in RIAs completed since the PM, s NAAQS. When calculating the estimate,
EPA applied the effect coefficient as reported in the study without an adjustment for
assumed concentration threshold of 10 pg/m’ as was done in recent (2006-2009)
RIAs.
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= Twelve estimates are based on the C-R functions from EPA’s expert elicitation study
(IEc, 2006; Roman et al., 2008) on the PM; s -mortality relationship and interpreted
for benefits analysis in EPA’s final RIA for the PM, s NAAQS. For that study, twelve
experts (labeled A through L) provided independent estimates of the PM; s -mortality
concentration-response function. EPA practice has been to develop independent
estimates of PM; s -mortality estimates corresponding to the concentration-response
function provided by each of the twelve experts, to better characterize the degree of
variability in the expert responses.

The effect coefficients are drawn from epidemiology studies examining two large
population cohorts: the American Cancer Society cohort (Pope et al., 2002) and the Harvard Six
Cities cohort (Laden et al., 2006)." These are logical choices for anchor points in our presentation
because, while both studies are well designed and peer reviewed, there are strengths and
weaknesses inherent in each, which we believe argues for using both studies to generate benefits
estimates. Previously, EPA had calculated benefits based on these two empirical studies, but
derived the range of benefits, including the minimum and maximum results, from an expert
elicitation of the relationship between exposure to PM; s and premature mortality (Roman et al.,
2008).? Within this assessment, we include the benefits estimates derived from the concentration-
response function provided by each of the twelve experts to better characterize the uncertainty in
the concentration-response function for mortality and the degree of variability in the expert
responses. Because the experts used these cohort studies to inform their concentration-response
functions, benefits estimates using these functions generally fall between results using these
epidemiology studies (see Figure 5-2). In general, the expert elicitation results support the

conclusion that the benefits of PM; s control are very likely to be substantial.

Readers interested in reviewing the general methodology for creating the benefit-per-ton
estimates used in this analysis should consult Fann, Fulcher, and Hubbell (2009). As described in
Fann, Fulcher, and Hubbell (2009), benefit-per-ton estimates are developed for selected
pollutant/source category combinations. The per-ton values calculated therefore apply only to
tons reduced from those specific pollutant/source combinations (e.g., SO, emitted from electric
generating units; NO, emitted from mobile sources). In this analysis, we apply the national
average benefit-per-ton estimate for a 2015 analysis year and multiply it by the corresponding
emission reductions of directly emitted PM» 5, SO, and NOXx to quantify the benefits of this rule.
The benefit-per-ton estimates found in Fann, Fulcher, and Hubbell (2009) reflect a specifc set of

key assumptions and input data. As we update these underlying assumptions to reflect the

'"These two studies specify multi-pollutant models that control for SO,, among other pollutants.
?Please see the Section 5.2 of the Portland Cement proposal RIA in Appendix 5A for more information regarding the
change in the presentation of benefits estimates.
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scientific literature, we re-estimate the benefit-per-ton estimates and post the updated estimates

at http://www.epa.gov/air/benmap/bpt.html. In addition, we adjust these estimates to match the

currency year for the costs in this analysis.

These models assume that all fine particles, regardless of their chemical composition, are
equally potent in causing premature mortality because there is no clear scientific evidence that
would support the development of differential effects estimates by particle type. Directly emitted
PM, SO, and NOx are the primary PM, s precursors affected by this rule. Even though we
assume that all fine particles have equivalent health effects, the benefit-per-ton estimates vary
between precursors because each ton of precursor reduced has a different propensity to form
PM, s. For example, NOx has a lower benefit-per-ton estimate than direct PM; 5 because it does
not form as much PM, s, thus the exposure would be lower, and the monetized health co-benefits

would be lower.

The benefit-per-ton coefficients in this analysis were derived using modified versions of
the health impact functions used in the PM NAAQS Regulatory Impact Analysis. Specifically,
this analysis uses the benefit-per-ton method first applied in the Portland Cement NESHAP RIA
(U.S. EPA, 2009a), which incorporated three updates: a new population dataset, an expanded
geographic scope of the benefit-per-ton calculation, and the functions directly from the
epidemiology studies without an adjustment for an assumed threshold.” Removing the threshold
assumption is a key difference between the method used in this analysis of PM benefits and the
methods used in RIAs prior to Portland Cement, and we now calculate incremental benefits

down to the lowest modeled PM, s air quality levels.

EPA strives to use the best available science to support our benefits analyses, and we
recognize that interpretation of the science regarding air pollution and health is dynamic and
evolving. Based on our review of the current body of scientific literature, EPA now estimates
PM-related mortality without applying an assumed concentration threshold. EPA’s Integrated
Science Assessment for Particulate Matter (U.S. EPA, 2009b), which was recently reviewed by
EPA’s Clean Air Scientific Advisory Committee (U.S. EPA-SAB, 2009a; U.S. EPA-SAB,
2009b), concluded that the scientific literature consistently finds that a no-threshold log-linear
model most adequately portrays the PM-mortality concentration-response relationship while
recognizing potential uncertainty about the exact shape of the concentration-response function.
Since then, the Health Effects Subcommittee (U.S. EPA-SAB, 2010) of EPA’s Council

3The benefit-per-ton estimates have also been updated since the Cement RIA to incorporate a revised VSL, as
discussed on the next page.



concluded, “The HES fully supports EPA’s decision to use a no-threshold model to estimate
mortality reductions. This decision is supported by the data, which are quite consistent in
showing effects down to the lowest measured levels. Analyses of cohorts using data from more
recent years, during which time PM concentrations have fallen, continue to report strong
associations with mortality. Therefore, there is no evidence to support a truncation of the CRF.”
In conjunction with the underlying scientific literature, this document provided a basis for
reconsidering the application of thresholds in PM, s concentration-response functions used in
EPA’s RIAs. For a summary of these scientific review statements and the panel members
commenting on thresholds since 2002, please consult the Technical Support Document (TSD)
Summary of Expert Opinions on the Existence of a Threshold (U.S. EPA, 2010c), which is
provided as an appendix to this RIA.

Consistent with this recent scientific advice, we are replacing the previous threshold
sensitivity analysis with a new “Lowest Measured Level” (LML) assessment. This information
allows readers to determine the portion of population exposed to annual mean PM; s levels at or
above the LML of each study; in general, our confidence in the estimated PM mortality
decreases as we consider air quality levels further below the LML in major cohort studies that
estimate PM-related mortality. While an LML assessment provides some insight into the level of
uncertainty in the estimated PM mortality benefits, EPA does not view the LML as a threshold
and continues to quantify PM-related mortality impacts using a full range of modeled air quality
concentrations. It is important to emphasize that we have high confidence in PM, s-related effects
down to the lowest LML of the major cohort studies. Just because we have greater confidence in
the benefits above the LML, this does not mean that we have no confidence that benefits occur
below the LML.

For this analysis, policy-specific air quality data is not available due to time or resource
limitations. For these rules, we are unable to estimate the percentage of premature mortality
associated with this specific rule’s emission reductions at each PM; 5 level. However, we believe
that it is still important to characterize the distribution of exposure to baseline air quality levels.
As a surrogate measure of mortality impacts, we provide the percentage of the population
exposed at each PM, s level using the most recent modeling available from the recently proposed
Transport Rule (U.S. EPA, 2010e). It is important to note that baseline exposure is only one
parameter in the health impact function, along with baseline incidence rates population, and
change in air quality. In other words, the percentage of the population exposed to air pollution
below the LML is not the same as the percentage of the population experiencing health impacts

as a result of a specific emission reduction policy. The most important aspect, which we are
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unable to quantify for rules without air quality modeling, is the shift in exposure associated with
this specific rule. Therefore, caution is warranted when interpreting the LML assessment. For
more information on the data and conclusions in the LML assessment for rules without policy-
specific air quality modeling, please consult the LML TSD (U.S. EPA, 2010d), which is

provided as an appendix to this RIA. The results of this analysis are provided in Section 5.4.

As is the nature of Regulatory Impact Analyses (RIAs), the assumptions and methods
used to estimate air quality benefits evolve over time to reflect the Agency’s most current
interpretation of the scientific and economic literature. For a period of time (2004-2008), the
Office of Air and Radiation (OAR) valued mortality risk reductions using a value of statistical
life (VSL) estimate derived from a limited analysis of some of the available studies. OAR arrived
at a VSL using a range of $1 million to $10 million (2000$) consistent with two meta-analyses of
the wage-risk literature. The $1 million value represented the lower end of the interquartile range
from the Mrozek and Taylor (2002) meta-analysis of 33 studies. The $10 million value
represented the upper end of the interquartile range from the Viscusi and Aldy (2003) meta-
analysis of 43 studies. The mean estimate of $5.5 million (20003$)* was also consistent with the
mean VSL of $5.4 million estimated in the Kochi et al. (2006) meta-analysis. However, the
Agency neither changed its official guidance on the use of VSL in rule-makings nor subjected
the interim estimate to a scientific peer-review process through the Science Advisory Board

(SAB) or other peer-review group.

During this time, the Agency continued work to update its guidance on valuing mortality
risk reductions, including commissioning a report from meta-analytic experts to evaluate
methodological questions raised by EPA and the SAB on combining estimates from the various
data sources. In addition, the Agency consulted several times with the Science Advisory Board
Environmental Economics Advisory Committee (SAB-EEAC) on the issue. With input from the
meta-analytic experts, the SAB-EEAC advised the Agency to update its guidance using specific,
appropriate meta-analytic techniques to combine estimates from unique data sources and
different studies, including those using different methodologies (i.e., wage-risk and stated
preference) (U.S. EPA-SAB, 2007).

Until updated guidance is available, the Agency determined that a single, peer-reviewed
estimate applied consistently best reflects the SAB-EEAC advice it has received. Therefore, the
Agency has decided to apply the VSL that was vetted and endorsed by the SAB in the Guidelines

* After adjusting the VSL to account for a different currency year (2008%) and to account for income growth to
2015, the $5.5 million VSL is $7.9 million.



for Preparing Economic Analyses (U.S. EPA, 2000)° while the Agency continues its efforts to
update its guidance on this issue. This approach calculates a mean value across VSL estimates
derived from 26 labor market and contingent valuation studies published between 1974 and
1991. The mean VSL across these studies is $6.3 million (2000$).° The Agency is committed to
using scientifically sound, appropriately reviewed evidence in valuing mortality risk reductions
and has made significant progress in responding to the SAB-EEAC’s specific recommendations.

Figure 5-1 illustrates the relative breakdown of the monetized PM; s health benefits.

Other 1%

Hospital Admissions, Resp
0.04%

Asthma Exacerbation 0.01%

Acute Bronchitis 0.01%

UpperResp Symp 0.00%

Lower Resp Symp 0.00%

ERVisits, Resp 0.00%

Figure 5-1. Breakdown of Monetized PM; s Health Benefits using Mortality Function from
Pope et al. (2002)*

This pie chart breakdown is illustrative, using the results based on Pope et al. (2002) as an example. Using the
Laden et al. (2006) function for premature mortality, the percentage of total monetized benefits due to adult
mortality would be 97%. This chart shows the breakdown using a 3% discount rate, and the results would be
similar if a 7% discount rate was used.

Tables 5-2 and 5-3 provide a general summary of the all units comply assumption and

large entities comply and small entities landfill assumption results by pollutant, including the

’In the (draft) update of the Economic Guidelines (U.S. EPA, 2008), EPA retained the VSL endorsed by the SAB
with the understanding that further updates to the mortality risk valuation guidance would be forthcoming in the
near future. Therefore, this report does not represent final agency policy.

%In this analysis, we adjust the VSL to account for a different currency year (2008$) and to account for income
growth to 2015. After applying these adjustments to the $6.3 million value, the VSL is $9.1 million.
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emission reductions and monetized benefits-per-ton at discount rates of 3% and 7%.” Table 5-4
provides a summary of the reductions in health incidences as a result of the pollution reductions
for the large entities comply and small entities landfill results. In Table 5-5, we provide the
benefits using our anchor points of Pope et al. and Laden et al. as well as the results from the

expert

Table 5-2. Summary of Monetized Benefits Estimates for Proposed SSI NSPS and EG in
2015 (2008$) (large entities comply and small entities landfill)?

Benefit Benefit per Total Total
Emissions Benefit per Benefit per er ton tonp Monetized Monetized
Pollutant  Reductions ton (Pope, ton (Laden, P Benefits Benefits
(Pope, (Laden, i~ .~
(tons) 3%) 3%) 79%) 79%) (millions (millions
2008$ at 3%) 2008$ at 7%b)
Direct PM, 5 254 $230,000  $560,000 $210,000 $500,000 $58 to $140 $52 to $130
— PM, s Precursors
c
-%_ SO, 2,298 $29,000 $72,000 $27,000 $65,000 $68 to $170 $61 to $150
O NO, 824 $4,900 $12,000 $4,400 $11,000 $4.0 to $9.8 $3.6 to $8.8
Total  $130 to $320 $120 to $290
g Direct PM, 5 254 $230,000 $560,000 $210,000 $500,000 $58 to $140 $52 to $130
o
‘8 PM,; Precursors
O
5 SO, 2,298 $29,000 $72,000 $27,000 $65,000 $68 to $170 $61 to $150
(5]
é NO, 824 $4.,900 $12,000 $4,400 $11,000 $4.0 to $9.8 $3.6 to $8.8
o
x Total  $130 to $320 $120 to $290
Direct PM, 5 254 $230,000  $560,000 $210,000 $500,000 $58 to $140 $52 to $130
o PM, s Precursors
c
-%_ SO, 2,298 $29,000 $72,000  $27,000  $65,000 $68 to $170 $61 to $150
o NO, 824 $4,900 $12,000 $4,400 $11,000 $4.0 to $9.8 $3.6 to $8.8

Total  $130 to $320 $120 to $290

"To comply with Circular A-4, EPA provides monetized benefits using discount rates of 3% and 7% (OMB, 2003).
These benefits are estimated for a specific analysis year (i.e., 2015), and most of the PM benefits occur within that
year with two exceptions: acute myocardial infarctions (AMIs) and premature mortality. For AMIs, we assume 5
years of follow-up medical costs and lost wages. For premature mortality, we assume that there is a “cessation”
lag between PM exposures and the total realization of changes in health effects. Although the structure of the lag
is uncertain, EPA follows the advice of the SAB-HES to assume a segmented lag structure characterized by 30%
of mortality reductions in the first year, 50% over years 2 to 5, and 20% over the years 6 to 20 after the reduction
in PM, 5 (U.S. EPA-SAB, 2004). Changes in the lag assumptions do not change the total number of estimated
deaths but rather the timing of those deaths. Therefore, discounting only affects the AMI costs after the analysis
year and the valuation of premature mortalities that occur after the analysis year. As such, the monetized benefits
using a 7% discount rate are only approximately 10% less than the monetized benefits using a 3% discount rate.
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* All estimates are for the implementation year (2015), and are rounded to two significant figures so numbers may
not sum across columns. All fine particles are assumed to have equivalent health effects, but the benefit per ton
estimates vary because each ton of precursor reduced has a different propensity to form PM, 5. The monetized
benefits incorporate the conversion from precursor emissions to ambient fine particles. These results include 2
new FB incinerators anticipated to come online by 2015. These estimates do not include energy disbenefits valued
at $0.5 million at a 3% discount rate for CO, emissions.

elicitation on PM mortality. Figures 5-2 through 5-4 provide a visual representation of the range

of benefits estimates and the pollutant breakdown of the monetized benefits.
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Table 5-3. Summary of Monetized Benefits Estimates for Proposed SSI NSPS and EG in
2015 (2008$) (all units comply)?

Total Total
Benefit Benefit  Benefit Monetized Monetized
Emissions per ton Benefit per perton perton Benefits Benefits
Reductions (Pope, ton(Laden, (Pope, (Laden, (millions2008$ (millions 2008%
Pollutant (tons) 3%) 3%) 7%) 7%) at 3%) at 7%)
Direct PM, s 209 $230,000 $560,000 $210,000 $500,000 $48.0 to $120.0 $43.0 to $110.0
— PM, s Precursors
é— SO, 2,193 $29,000 $72,000  $27,000 $65,000 $65 to $160 $59 to $140
o NO, 5 $4,900 $12,000 $4,400  $11,000 $.02 to $.06 $.02 to $.05
Total  $110 to $270 $100 to $250
‘; Direct PM, s 209 $230,000 $560,000 $210,000 $500,000 $48.0 to $120.0 $43.0 to $110.0
'%_ PM, 5 Precursors
.(; SO, 2,193 $29,000 $72,000  $27,000 $65,000 $65 to $160 $59 to $140
qé NO, 5 $4,900 $12,000 $4,400  $11,000 $.02 to $.06 $.02 to $.05
ng_ Total  $110 to $270 $100 to $250
Direct PM, s 209 $230,000 $560,000 $210,000 $500,000 $48 to $120 $43 to $110
o PM, s Precursors
-é_ SO, 2,193 $29,000 $72,000  $27,000 $65,000  $65 to $160 $59 to $140
o NO, 5 $4,900 $12,000 $4,400  $11,000 $.02 to $.06 $.02 to $.05

Total  $110 to $270 $100 to $250

* All estimates are for the implementation year (2015), and are rounded to two significant figures so numbers may
not sum across columns. All fine particles are assumed to have equivalent health effects, but the benefit per ton
estimates vary because each ton of precursor reduced has a different propensity to form PM, 5. The monetized
benefits incorporate the conversion from precursor emissions to ambient fine particles. These results include 2
new FB incinerators anticipated to come online by 2015. These estimates do not include energy disbenefits valued
at $0.5 million at a 3% discount rate for CO, emissions.
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Table 5-4. Summary of Reductions in Health Incidences from PM, s Benefits for the
Proposed SSI NSPS and EG in 2015°

Option 1 Proposed: Option 2 Option 3
Avoided Premature Mortality
Pope et al. 14 14 14
Laden et al. 36 36 36
Avoided Morbidity
Chronic Bronchitis 10 10 10
Acute Myocardial Infarction 23 23 23
Hospital Admissions, Respiratory 3 3 3
Hospital Admissions, Cardiovascular 7 7 7
Emergency Room Visits, Respiratory 14 14 14
Acute Bronchitis 23 23 23
Work Loss Days 1,900 1,900 1,900
Asthma Exacerbation 250 250 250
Minor Respiratory Symptoms 11,000 11,000 11,000
Lower Respiratory Symptoms 270 270 270
Upper Respiratory Symptoms 210 210 210

All estimates are for the analysis year (2015) and are rounded to whole numbers with two significant figures. All
fine particles are assumed to have equivalent health effects, but each PM, 5 precursor pollutant has a different
propensity to form PM, 5. Confidence intervals are unavailable for this analysis because of the benefit-per-ton
methodology. These results include 2 new FB incinerators anticipated to come online by 2015 and the large
entities comply and small entities landfill assumption.



Table 5-5. All PM, 5 Benefits Estimates for the Proposed SSI NSPS and EG at Discount
Rates of 3% and 7% in 2015 (in millions of 2008$)?

. Proposed: .
Option 1 . Option 3
Option 2
3% 7% 3% 7% 3% 7%

Benefit-per-ton Coefficients derived from Epidemiology Literature

Pope et al. $130 $120 $130 $120 $130 $120
Laden et al. $320 $290 $320 $290 $320 $290
Benefit-per-ton Coefficients Derived from Expert Elicitation
Expert A $340 $300 $340 $300 $340 $300
Expert B $260 $230 $260 $230 $260 $230
Expert C $260 $230 $260 $230 $260 $230
Expert D $180 $160 $180 $160 $180 $160
Expert E $420 $380 $420 $380 $420 $380
Expert F $230 $210 $230 $210 $230 $210
Expert G $150 $140 $150 $140 $153 $139
Expert H $190 $170 $190 $170 $190 $170
Expert | $250 $230 $250 $230 $250 $230
Expert J $210 $190 $210 $190 $210 $190
Expert K $51 $46 $51 $46 $51 $46
Expert L $190 $170 $190 $170 $190 $170

All estimates are rounded to two significant figures. Estimates do not include confidence intervals because they
were derived through the benefit-per-ton technique described above. The benefits estimates from the Expert
Elicitation are provided as a reasonable characterization of the uncertainty in the mortality estimates associated
with the concentration-response function. These results include 2 new FB incinerators anticipated to come online
by 2015 and the large entities comply and small entities landfill assumption. These estimates do not include
energy disbenefits valued at $0.5 million at a 3% discount rate for CO, emissions.
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Figure 5-2. Total Monetized PM, s Benefits for the Proposed SSI NSPS and EG in 2015

* This graph shows the estimated benefits at discount rates of 3% and 7% using effect coefficients derived from the
Pope et al. study and the Laden et al study, as well as 12 effect coefficients derived from EPA’s expert elicitation
on PM mortality. The results shown are not the direct results from the studies or expert elicitation; rather, the
estimates are based in part on the concentration-response function provided in those studies. These results include
2 new FB incinerators anticipated to come online by 2015 and the large entities comply and small entities landfill
assumption. These estimates do not include energy disbenefits valued at $0.5 million at a 3% discount rate for
CO, emissions.
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Figure 5-3. Breakdown of Monetized Benefits for the Proposed SSI NSPS and EG by
PM; s Precursor Pollutant and Source
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Figure 5-4. Breakdown of Monetized Benefits for the Proposed SSI NSPS and EG by
Subcategory

5.3  Energy Disbenefits

Electricity usage associated with the operation of control devices is anticipated to
increase emissions of pollutants from utility boilers that supply electricity to the sewage sludge
incinerators. For example, increased scrubber pump horsepower and sorbent injection controls
may cause slight increases in electricity consumption. We estimate that the increased electricity
consumption associated with the proposed option would be 12 million kWh if all entities
comply, and 12 million kWh if the small entities landfill. Using national emission factors from
eGRID for electrical generating units (EGUs), we estimate the increased emissions to be 19,000
tpy of CO, for the proposed option assuming that small entities landfill.* Since NOx and SO, are
covered by capped emissions trading programs, we are only estimating the CO, emission

increases from the increased electricity demand. The methodology used to calculate these

¥ Option 3 has additional energy disbenefits associated with the supplemental fuel required to run the afterburners,
which results in additional emissions of CO,, CO, and NOx. The CO, energy disbenefits for Option 3 are
shown in Tables 5-7 and 5-8. The additional NOx disbenefits (as a precursor to PM, s using the methodolology
described in Section 5.2) for Option 3 are $0.4 million to $0.9 million, which do not affect the rounded benefits
results.
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emission increases is described “Secondary Impacts of Control Options for the Sewage Sludge

Incineration Source Category”, which is available in the docket.

5.3.1 Social Cost of Carbon and Greenhouse Gas Disbenefits

EPA has assigned a dollar value to reductions in carbon dioxide (CO,) emissions using
recent estimates of the “social cost of carbon” (SCC). The SCC is an estimate of the monetized
damages associated with an incremental increase in carbon emissions in a given year. It is
intended to include (but is not limited to) changes in net agricultural productivity, human health,
property damages from increased flood risk, and the value of ecosystem services due to climate
change. The SCC estimates used in this analysis were developed through an interagency process
that included EPA and other executive branch entities, and concluded in February 2010. EPA
first used these SCC estimates in the benefits analysis for the final joint EPA/DOT Rulemaking
to establish Light-Duty Vehicle Greenhouse Gas Emission Standards and Corporate Average
Fuel Economy Standards; see the rule’s preamble for discussion about application of SCC (75
FR 25324; 5/7/10). The SCC Technical Support Document (SCC TSD) provides a complete

discussion of the methods used to develop these SCC estimates.’

The interagency group selected four SCC values for use in regulatory analyses, which we
have applied in this analysis: $5, $21, $35, and $65 per metric ton of CO, emissions'’ in 2010, in
2007 dollars. The first three values are based on the average SCC from three integrated
assessment models, at discount rates of 2.5, 3, and 5 percent, respectively. SCCs at several
discount rates are included because the literature shows that the SCC is quite sensitive to
assumptions about the discount rate, and because no consensus exists on the appropriate rate to
use in an intergenerational context. The fourth value is the 95th percentile of the SCC from all
three models at a 3 percent discount rate. It is included to represent higher-than-expected impacts
from temperature change further out in the tails of the SCC distribution. Low probability, high
impact events are incorporated into all of the SCC values through explicit consideration of their

effects in two of the three models as well as the use of a probability density function for

? Docket ID EPA-HQ-OAR-2009-0472-114577, Technical Support Document: Social Cost of Carbon for
Regulatory Impact Analysis Under Executive Order 12866, Interagency Working Group on Social Cost of
Carbon, with participation by Council of Economic Advisers, Council on Environmental Quality, Department of
Agriculture, Department of Commerce, Department of Energy, Department of Transportation, Environmental
Protection Agency, National Economic Council, Office of Energy and Climate Change, Office of Management
and Budget, Office of Science and Technology Policy, and Department of Treasury (February 2010). Also
available at http://www.epa.gov/otag/climate/regulations.htm

' The interagency group decided that these estimates apply only to CO, emissions. Given that warming profiles and
impacts other than temperature change (e.g. ocean acidification) vary across GHGs, the group concluded
“transforming gases into CO,-equivalents using GWP, and then multiplying the carbon-equivalents by the SCC,
would not result in accurate estimates of the social costs of non-CO, gases” (SCC TSD, pg 13).

5-16



equilibrium climate sensitivity. Treating climate sensitivity probabilistically results in more high

temperature outcomes, which in turn lead to higher projections of damages.

The SCC increases over time because future emissions are expected to produce larger
incremental damages as physical and economic systems become more stressed in response to
greater climatic change. Note that the interagency group estimated the growth rate of the SCC
directly using the three integrated assessment models rather than assuming a constant annual
growth rate. This helps to ensure that the estimates are internally consistent with other modeling
assumptions. The SCC estimates for the analysis years of 2015, in 2008$ are provided in Table
5-6.

When attempting to assess the incremental economic impacts of carbon dioxide
emissions, the analyst faces a number of serious challenges. A recent report from the National
Academies of Science (NRC, 2008) points out that any assessment will suffer from uncertainty,
speculation, and lack of information about (1) future emissions of greenhouse gases, (2) the
effects of past and future emissions on the climate system, (3) the impact of changes in climate
on the physical and biological environment, and (4) the translation of these environmental
impacts into economic damages. As a result, any effort to quantify and monetize the harms
associated with climate change will raise serious questions of science, economics, and ethics and

should be viewed as provisional.

The interagency group noted a number of limitations to the SCC analysis, including the
incomplete way in which the integrated assessment models capture catastrophic and non-
catastrophic impacts, their incomplete treatment of adaptation and technological change,
uncertainty in the extrapolation of damages to high temperatures, and assumptions regarding risk
aversion. The limited amount of research linking climate impacts to economic damages makes
the interagency modeling exercise even more difficult. The interagency group hopes that over
time researchers and modelers will work to fill these gaps and that the SCC estimates used for
regulatory analysis by the Federal government will continue to evolve with improvements in

modeling. Additional details on these limitations are discussed in the SCC TSD.

In light of these limitations, the interagency group has committed to updating the current
estimates as the science and economic understanding of climate change and its impacts on
society improves over time. Specifically, the interagency group has set a preliminary goal of
revisiting the SCC values within two years or at such time as substantially updated models

become available, and to continue to support research in this area.
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Applying the global SCC estimates to the estimated increases in CO, emissions for the
range of policy scenarios, we estimate the dollar value of the climate-related disbenefits captured
by the models for each analysis year. For internal consistency, the annual disbenefits are
discounted back to NPV terms using the same discount rate as each SCC estimate (i.e. 5%, 3%,
and 2.5%) rather than 3% and 7%."" These estimates are provided in Tables 5-7 and 5-8.

Table 5-6. Social Cost of Carbon (SCC) Estimates (per tonne of CO;) for 2015 ?

Discount Rate and Statistic SCC estimate (2008%)
5% Average $5.9
3% Average $24.7
2.5% Average $39.9
3% 95%ile $75.6

*The SCC values are dollar-year and emissions-year specific. SCC values represent only a partial accounting of
climate impacts.

Table 5-7. Monetized SCC-derived Disbenefits of CO, Emission Increases in 2015
(all units comply, millions of 2008%$)*

Proposed:
Discount Rate and Statistic Option 1 Option 2 Option 3
24,900 tpy CO, 24,900 tpy CO, 126,000 tpy CO,
5% Average $0.1 $0.1 $0.7
3% Average $0.6 $0.6 $3.1
2.5% Average $1.0 $1.0 $5.0
3% 95%ile $1.9 $1.9 $9.5

?The SCC values are dollar-year and emissions-year specific. SCC values represent only a partial accounting of
climate impacts. These results include 2 new FB incinerators anticipated to come online by 2015.

Table 5-8. Monetized SCC-derived Disbenefits of CO, Emission Increases in 2015
(large entities comply and small entities landfill, millions of 2008%$)*

Proposed:
Discount Rate and Statistic Option 1 Option 2 Option 3
21,782 tpy CO, 21,782 tpy CO, 114,784tpy CO,
5% Average $0.1 $0.1 $0.7
3% Average $0.5 $0.5 $2.8
2.5% Average $0.9 $0.9 $4.6

"1t is possible that other benefits or costs of proposed regulations unrelated to CO, emissions will be discounted at
rates that differ from those used to develop the SCC estimates.
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3% 95%ile $1.6 $1.6 $8.7

*The SCC values are dollar-year and emissions-year specific. SCC values represent only a partial accounting of
climate impacts. These results include 2 new FB incinerators anticipated to come online by 2015.

5.4  Unquantified Benefits

The monetized benefits estimated in this RIA only reflect the portion of benefits
attributable to the health effect reductions associated with ambient fine particles. Data, resource,
and methodological limitations prevented EPA from quantifying or monetizing the benefits from
several important benefit categories, including benefits from reducing toxic emissions,
ecosystem effects, and visibility impairment. The health benefits from reducing hazardous air
pollutants (HAPs) and carbon monoxide have not been monetized in this analysis. In addition to
being a PM; s precursor, SO, emissions also contribute to adverse effects from acidic deposition
in aquatic and terrestrial ecosystems, increased mercury methylation, as well as visibility
impairment. The benefits from reducing other air pollutants that have not been monetized in this
analysis including 2,900 tons of carbon monoxide, 96 tons of HCI, 3.0 tons of lead, 1.6 tons of

cadmium, 5,500 pounds of mercury, and 90 grams of total dioxins/furans each year.

5.4.1 Carbon Monoxide Benefits

Carbon monoxide (CO) exposure is associated with a variety of health effects. Without
knowing the location of the emission reductions and the resulting ambient concentrations using
fine-scale air quality modeling, we were unable to estimate the exposure to CO for nearby
populations. Due to data, resource, and methodological limitations, we were unable to estimate
the benefits associated with the reductions of CO emissions that would occur as a result of this

rule.

Carbon monoxide in ambient air is formed primarily by the incomplete combustion of
carbon-containing fuels and photochemical reactions in the atmosphere. The amount of CO
emitted from these reactions, relative to carbon dioxide (COy), is sensitive to conditions in the
combustion zone, such as fuel oxygen content, burn temperature, or mixing time. Upon
inhalation, CO diffuses through the respiratory system to the blood, which can cause hypoxia
(reduced oxygen availability). Carbon monoxide can elicit a broad range of effects in multiple

tissues and organ systems that are dependent upon concentration and duration of exposure.

The Integrated Science Assessment for Carbon Monoxide (U.S. EPA, 2010a) concluded
that short-term exposure to CO is “likely to have a causal relationship” with cardiovascular
morbidity, particularly in individuals with coronary heart disease. Epidemiologic studies

associate short-term CO exposure with increased risk of emergency department visits and
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hospital admissions. Coronary heart disease includes those who have angina pectoris (cardiac
chest pain), as well as those who have experienced a heart attack. Other subpopulations
potentially at risk include individuals with diseases such as chronic obstructive pulmonary
disease (COPD), anemia, or diabetes, and individuals in very early or late life stages, such as
older adults or the developing young. The evidence is suggestive of a causal relationship
between short-term exposure to CO and respiratory morbidity and mortality. The evidence is also
suggestive of a causal relationship for birth outcomes and developmental effects following long-
term exposure to CO, and for central nervous system effects linked to short- and long-term

exposure to CO.

5.4.2 Other SO, Benefits

In addition to being a precursor to PM; 5, SO, emissions are also associated with a variety
of respiratory health effects. Unfortunately, we were unable to estimate the health benefits
associated with reduced SO, exposure in this analysis because we do not have air quality
modeling data available. Without knowing the location of the emission reductions and the
resulting ambient concentrations, we were unable to estimate the exposure to SO, for nearby
populations. Therefore, this analysis only quantifies and monetizes the PM; s benefits associated

with the reductions in SO, emissions.

Following an extensive evaluation of health evidence from epidemiologic and laboratory
studies, the U.S. EPA has concluded that there is a causal relationship between respiratory health
effects and short-term exposure to SO, (U.S. EPA, 2008). According to summary of the ISA in
EPA’s risk and exposure assessment (REA) for the SO, NAAQS, “the immediate effect of SO,
on the respiratory system in humans is bronchoconstriction” (U.S. EPA, 2009¢). In addition, the
REA summarized from the ISA that “asthmatics are more sensitive to the effects of SO, likely
resulting from preexisting inflammation associated with this disease.” A clear concentration-
response relationship has been demonstrated in laboratory studies following exposures to SO; at
concentrations between 20 and 100 ppb, both in terms of increasing severity of effect and
percentage of asthmatics adversely affected (U.S. EPA, 2009¢). Based on our review of this
information, we identified four short-term morbidity endpoints that the SO, ISA identified as a
“causal relationship”: asthma exacerbation, respiratory-related emergency department visits, and
respiratory-related hospitalizations. The differing evidence and associated strength of the
evidence for these different effects is described in detail in the SO, ISA. The SO, ISA also
concluded that the relationship between short-term SO, exposure and premature mortality was
“suggestive of a causal relationship” because it is difficult to attribute the mortality risk effects to

SO, alone. Although the SO, ISA stated that studies are generally consistent in reporting a
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relationship between SO, exposure and mortality, there was a lack of robustness of the observed

associations to adjustment for pollutants.

SO, emissions also contribute to adverse welfare effects from acidic deposition, visibility
impairment, and enhanced mercury methylation. Deposition of sulfur causes acidification, which
can cause a loss of biodiversity of fishes, zooplankton, and macro invertebrates in aquatic
ecosystems, as well as a decline in sensitive tree species, such as red spruce (Picea rubens) and
sugar maple (Acer saccharum) in terrestrial ecosystems. In the northeastern United States, the
surface waters affected by acidification are a source of food for some recreational and
subsistence fishermen and for other consumers and support several cultural services, including
aesthetic and educational services and recreational fishing. Biological effects of acidification in
terrestrial ecosystems are generally linked to aluminum toxicity, which can cause reduced root
growth, which restricts the ability of the plant to take up water and nutrients. These direct effects
can, in turn, increase the sensitivity of these plants to stresses, such as droughts, cold
temperatures, insect pests, and disease leading to increased mortality of canopy trees. Terrestrial
acidification affects several important ecological services, including declines in habitat for
threatened and endangered species (cultural), declines in forest aesthetics (cultural), declines in
forest productivity (provisioning), and increases in forest soil erosion and reductions in water
retention (cultural and regulating) (U.S. EPA, 2008d).

Reducing SO, emissions and the secondary formation of PM; s would improve the level
of visibility throughout the United States. Fine particles with significant light-extinction
efficiencies include sulfates, nitrates, organic carbon, elemental carbon, and soil (Sisler, 1996).
These suspended particles and gases degrade visibility by scattering and absorbing light. Higher
visibility impairment levels in the East are due to generally higher concentrations of fine
particles, particularly sulfates, and higher average relative humidity levels. In fact, particulate
sulfate is the largest contributor to regional haze in the eastern U.S. (i.e., 40% or more annually
and 75% during summer). In the western U.S., particulate sulfate contributes to 20-50% of
regional haze (U.S. EPA, 2009¢). Visibility has direct significance to people’s enjoyment of
daily activities and their overall sense of wellbeing. Good visibility increases the quality of life

where individuals live and work, and where they engage in recreational activities.

5.4.3 HAP Benefits

Due to data, resource, and methodology limitations, we were unable to estimate the
benefits associated with the hazardous air pollutants that would be reduced as a result of this

rule. Available emissions data show that several different HAPs are emitted from SSI. This rule
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is anticipated to reduce 96 tons of HCl, 3.0 tons of lead, 1.6 tons of cadmium, 5,500 pounds of
mercury, and 90 grams of total dioxins/furans each year. In the absence of air quality modeling
and/or concentration-response functions, we are unable to quantify the magnitude of the
reduction in human exposure to these pollutants associated with the emission reductions from

this rule.

5.4.3.1 Mercury

Mercury is a highly neurotoxic contaminant that enters the food web as a methylated
compound, methylmercury (U.S. EPA, 2008d). The contaminant is concentrated in higher
trophic levels, including fish eaten by humans. Experimental evidence has established that only
inconsequential amounts of methylmercury can be produced in the absence of sulfate (U.S. EPA,
2008d). Current evidence indicates that in watersheds where mercury is present, increased sulfate
deposition very likely results in methylmercury accumulation in fish (Drevnick et al., 2007;
Munthe et al, 2007). The SO, ISA concluded that evidence is sufficient to infer a casual
relationship between sulfur deposition and increased mercury methylation in wetlands and
aquatic environments (U.S. EPA, 2008d).

In addition to the role of sulfate deposition on methylation, this proposed rule would also
reduce mercury emissions. Mercury is emitted to the air from various man-made and natural
sources. These emissions transport through the atmosphere and eventually deposit to land or
water bodies. This deposition can occur locally, regionally, or globally, depending on the form of
mercury emitted and other factors such as the weather. The form of mercury emitted varies
depending on the source type and other factors. Available data indicate that the mercury
emissions from these sources are a mixture of gaseous elemental mercury, inorganic ionic
mercury, and particulate bound mercury. Gaseous elemental mercury can be transported very
long distances, even globally, to regions far from the emissions source (becoming part of the
global “pool”) before deposition occurs. Inorganic ionic and particulate bound mercury have a
shorter atmospheric lifetime and can deposit to land or water bodies closer to the emissions
source. Furthermore, elemental mercury in the atmosphere can undergo transformation into ionic

mercury, providing a significant pathway for deposition of emitted elemental mercury.

This source category emitted about 3.1 tons of mercury in the air in 2008 in the U.S.
Based on the EPA’s National Emission Inventory, about 103 tons of mercury were emitted from
all anthropogenic sources in the U.S. in 2005. Moreover, the United Nations has estimated that
about 2,100 tons of mercury were emitted worldwide by anthropogenic sources in 2005. We

believe that total mercury emissions in the U.S. and globally in 2008 were about the same
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magnitude in 2005. Therefore, we estimate that in 2008, these sources emitted about 3% of the
total anthropogenic mercury emissions in the U.S. and about 0.15% of the global emissions.
Overall, this rule would reduce mercury emissions by about 5,500 pounds per year from current
levels, and therefore, contribute to reductions in mercury exposures and health effects. Due to
time and resource limitations, we were unable to model mercury dispersion, deposition,
methylation, bioaccumulation in fish tissue, and human consumption of mercury-contaminated
fish that would be needed in order to estimate the human health benefits from reducing mercury

emissions.

Potential exposure routes to mercury emissions include both direct inhalation and
consumption of fish containing methylmercury. In the U.S., the primary route of human
exposure to mercury emissions from industrial sources is generally indirectly through the
consumption of fish containing methylmercury. As described above, mercury that has been
emitted to the air eventually settles into water bodies or onto land where it can either move
directly or be leached into waterbodies. Once deposited, certain microorganisms can change it
into methylmercury, a highly toxic form that builds up in fish, shellfish and animals that eat fish.
Consumption of fish and shellfish are the main sources of methylmercury exposure to humans.
Methylmercury builds up more in some types of fish and shellfish than in others. The levels of
methylmercury in fish and shellfish vary widely depending on what they eat, how long they live,
and how high they are in the food chain. Most fish, including ocean species and local freshwater
fish, contain some methylmercury. For example, in recent studies by EPA and the U.S.
Geological Survey (USGS) of fish tissues, every fish sampled from 291 streams across the

country contained some methylmercury (Scudder, 2009).

The majority of fish consumed in the U.S. are ocean species. The methylmercury
concentrations in ocean fish species are primarily influenced by the global mercury pool.
However, the methylmercury found in local fish can be due, at least partly, to mercury emissions
from local sources. Research shows that most people’s fish consumption does not cause a
mercury-related health concern. However, certain people may be at higher risk because of their
routinely high consumption of fish (e.g., tribal and other subsistence fishers and their families
who rely heavily on fish for a substantial part of their diet). It has been demonstrated that high
levels of methylmercury in the bloodstream of unborn babies and young children may harm the
developing nervous system, making the child less able to think and learn. Moreover, mercury
exposure at high levels can harm the brain, heart, kidneys, lungs, and immune system of people

of all ages.
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Several studies suggest that the methylmercury content of fish may reduce these cardio-
protective effects of fish consumption. Some of these studies also suggest that methylmercury
may cause adverse effects to the cardiovascular system. For example, the NRC (2000) review of
the literature concerning methylmercury health effects took note of two epidemiological studies
that found an association between dietary exposure to methylmercury and adverse cardiovascular
effects.'” Moreover, in a study of 1,833 males in Finland aged 42 to 60 years, Solonen et al.
(1995) observed a relationship between methylmercury exposure via fish consumption and acute
myocardial infarction (AMI or heart attacks), coronary heart disease, cardiovascular disease, and
all-cause mortality.” The NRC also noted a study of 917 seven year old children in the Faroe
Islands, whose initial exposure to methylmercury was in utero although post natal exposures may
have occurred as well. At seven years of age, these children exhibited an increase in blood
pressure and a decrease in heart rate variability.' Based on these and other studies, NRC
concluded in 2000 that, while “the data base is not as extensive for cardiovascular effects as it is
for other end points (i.e. neurologic effects) the cardiovascular system appears to be a target for

methylmercury toxicity.”"

Since publication of the NRC report there have been some 30 published papers
presenting the findings of studies that have examined the possible cardiovascular effects of
methylmercury exposure. These studies include epidemiological, toxicological, and toxicokinetic
investigations. Over a dozen review papers have also been published. If there is a causal
relationship between methylmercury exposure and adverse cardiovascular effects, then reducing
exposure to methylmercury would result in public health benefits from reduced cardiovascular
effects.

In early 2010, EPA sponsored a workshop in which a group of experts were asked to
assess the plausibility of a causal relationship between methylmercury exposure and

cardiovascular health effects and to advise EPA on methodologies for estimating population

"2 National Research Council (NRC). 2000. Toxicological Effects of Methylmercury. Committee on the
Toxicological Effects of Methylmercury, Board on Environmental Studies and Toxicology. National Academies
Press. Washington, DC. pp. 168-173.

PSalonen, J.T., Seppanen, K. Nyyssonen et al. 1995. “Intake of mercury from fish lipid peroxidation, and the risk of
myocardial infarction and coronary, cardiovascular and any death in Eastern Finnish men.” Circulation, 91
(3):645-655.

“Sorensen, N, K. Murata, E. Budtz-Jorgensen, P. Weihe, and Grandjean, P., 1999. “Prenatal Methylmercury
Exposure As A Cardiovascular Risk Factor At Seven Years of Age”, Epidemiology, pp370-375.

National Research Council (NRC). 2000. Toxicological Effects of Methylmercury. Committee on the
Toxicological Effects of Methylmercury, Board on Environmental Studies and Toxicology. National Academies
Press. Washington, DC. p. 229.
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level cardiovascular health impacts of reduced methylmercury exposure. The report from that

workshop is in preparation.

5.4.3.2 Cadmium

Breathing air with very high levels of cadmium can severely damage the lungs and may
cause death. In the United States, where proper industrial hygiene is generally practiced, inhaling
very high levels of cadmium at work is expected to be rare and accidental. Breathing air with
lower levels of cadmium over long periods of time (for years) results in a build-up of cadmium
in the kidney, and if sufficiently high, may result in kidney disease. Lung cancer has been found
in some studies of workers exposed to cadmium in the air and studies of rats that breathed in
cadmium. The U.S. Department of Health and Human Services (DHHS) has determined that
cadmium and cadmium compounds are known human carcinogens. The International Agency for
Research on Cancer (IARC) has determined that cadmium is carcinogenic to humans. The EPA

has determined that cadmium is a probable human carcinogen.'

5.4.3.3 Lead

The main target for lead toxicity is the nervous system, both in adults and children. Long-
term exposure of adults to lead at work has resulted in decreased performance in some tests that
measure functions of the nervous system. Lead exposure may also cause weakness in fingers,
wrists, or ankles. Lead exposure also causes small increases in blood pressure, particularly in
middle-aged and older people. Lead exposure may also cause anemia. At high levels of
exposure, lead can severely damage the brain and kidneys in adults or children and ultimately
cause death. In pregnant women, high levels of exposure to lead may cause miscarriage. High-

level exposure in men can damage the organs responsible for sperm production.

We have no conclusive proof that lead causes cancer (is carcinogenic) in humans. Kidney
tumors have developed in rats and mice that had been given large doses of some kind of lead
compounds. The Department of Health and Human Services (DHHS) has determined that lead
and lead compounds are reasonably anticipated to be human carcinogens based on limited
evidence from studies in humans and sufficient evidence from animal studies, and the EPA has
determined that lead is a probable human carcinogen. The International Agency for Research on
Cancer (IARC) has determined that inorganic lead is probably carcinogenic to humans. IARC
determined that organic lead compounds are not classifiable as to their carcinogenicity in

humans based on inadequate evidence from studies in humans and in animals.

16 Agency for Toxic Substances and Disease Registry (ATSDR). 2008. Public Health Statement for Cadmium.
CAS# 1306-19-0. Atlanta, GA: U.S. Department of Health and Human Services, Public Health Service.
Available on the Internet at <http://www.atsdr.cdc.gov/PHS/PHS.asp?id=46&tid=15>.
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Children are more sensitive to the health effects of lead than adults. No safe blood lead
level in children has been determined. Lead affects children in different ways depending on how
much lead a child swallows. A child who swallows large amounts of lead may develop anemia,
kidney damage, colic (severe “stomach ache’), muscle weakness, and brain damage, which
ultimately can kill the child. In some cases, the amount of lead in the child’s body can be
lowered by giving the child certain drugs that help eliminate lead from the body. If a child
swallows smaller amounts of lead, such as dust containing lead from paint, much less severe but
still important effects on blood, development, and behavior may occur. In this case, recovery is
likely once the child is removed from the source of lead exposure, but there is no guarantee that
the child will completely avoid all long-term consequences of lead exposure. At still lower levels
of exposure, lead can affect a child’s mental and physical growth. Fetuses exposed to lead in the
womb, because their mothers had a lot of lead in their bodies, may be born prematurely and have
lower weights at birth. Exposure in the womb, in infancy, or in early childhood also may slow
mental development and cause lower intelligence later in childhood. There is evidence that these

effects may persist beyond childhood."

5.4.3.4 Hydrogen Chloride (HCI)

Hydrogen chloride gas is intensely irritating to the mucous membranes of the nose,
throat, and respiratory tract. Brief exposure to 35 ppm causes throat irritation, and levels of 50 to
100 ppm are barely tolerable for 1 hour. The greatest impact is on the upper respiratory tract;
exposure to high concentrations can rapidly lead to swelling and spasm of the throat and
suffocation. Most seriously exposed persons have immediate onset of rapid breathing, blue
coloring of the skin, and narrowing of the bronchioles. Patients who have massive exposures
may develop an accumulation of fluid in the lungs. Exposure to hydrogen chloride can lead to
Reactive Airway Dysfunction Syndrome (RADS), a chemically- or irritant-induced type of
asthma. Children may be more vulnerable to corrosive agents than adults because of the
relatively smaller diameter of their airways. Children may also be more vulnerable to gas
exposure because of increased minute ventilation per kg and failure to evacuate an area promptly

when exposed. Hydrogen chloride has not been classified for carcinogenic effects."®

17 Agency for Toxic Substances and Disease Registry (ATSDR). 2007. Public Health Statement for Lead. CAS#:
7439-92-1. Atlanta, GA: U.S. Department of Health and Human Services, Public Health Service. Available on
the Internet at < http://www.atsdr.cdc.gov/ToxProfiles/phs13.html>.

'8 Agency for Toxic Substances and Disease Registry (ATSDR). Medical Management Guidelines for Hydrogen
Chloride (HCI). CAS#: 7647-01-0. Atlanta, GA: U.S. Department of Health and Human Services, Public Health
Service. Available on the Internet at <http://www.atsdr.cdc.gov/Mhmi/mmg173.html>.
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5.4.3.5 Dioxins (Chlorinated dibenzodioxins (CDDs)

A number of effects have been observed in people exposed to 2,3,7,8-TCDD levels that
are at least 10 times higher than background levels. The most obvious health effect in people
exposure to relatively large amounts of 2,3,7,8-TCDD is chloracne. Chloracne is a severe skin
disease with acne-like lesions that occur mainly on the face and upper body. Other skin effects
noted in people exposed to high doses of 2,3,7,8-TCDD include skin rashes, discoloration, and
excessive body hair. Changes in blood and urine that may indicate liver damage also are seen in
people. Alterations in the ability of the liver to metabolize (or breakdown) hemoglobin, lipids,
sugar, and protein have been reported in people exposed to relatively high concentrations of
2,3,7,8-TCDD. Most of the effects are considered mild and were reversible. However, in some
people these effects may last for many years. Slight increases in the risk of diabetes and
abnormal glucose tolerance have been observed in some studies of people exposed to 2,3,7,8-
TCDD. We do not have enough information to know if exposure to 2,3,7,8-TCDD would result
in reproductive or developmental effects in people, but animal studies suggest that this is a

potential health concern.

In certain animal species, 2,3,7,8-TCDD is especially harmful and can cause death after a
single exposure. Exposure to lower levels can cause a variety of effects in animals, such as
weight loss, liver damage, and disruption of the endocrine system. In many species of animals,
2,3,7,8-TCDD weakens the immune system and causes a decrease in the system’s ability to fight
bacteria and viruses at relatively low levels (approximately 10 times higher than human
background body burdens). In other animal studies, exposure to 2,3,7,8-TCDD has caused
reproductive damage and birth defects. Some animal species exposed to CDDs during pregnancy
had miscarriages and the offspring of animals exposed to 2,3,7,8-TCDD during pregnancy often
had severe birth defects including skeletal deformities, kidney defects, and weakened immune
responses. In some studies, effects were observed at body burdens 10 times higher than human

background levels."

5.4.3.6 Furans (Chlorinated dibenzofurans (CDFs))

Most of the information on the adverse health effects comes from studies in people who
were accidentally exposed to food contaminated with CDFs. The amounts that these people were
exposed to were much higher than are likely from environmental exposures or from a normal

diet. Skin and eye irritations, especially severe acne, darkened skin color, and swollen eyelids

1 Agency for Toxic Substances and Disease Registry (ATSDR). 1999. ToxFAQs for Chlorinated Dibenzo-p-dioxins
(CDDs) (CAS#: 2,3,7,8-TCDD 1746-01-6). Atlanta, GA: U.S. Department of Health and Human Services, Public
Health Service. Available on the Internet at http://www.atsdr.cdc.gov/tfacts104.html.
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with discharge, were the most obvious health effects of the CDF poisoning. CDF poisoning also
caused vomiting and diarrhea, anemia, more frequent lung infections, numbness, effects on the
nervous system, and mild changes in the liver. Children born to exposed mothers had skin
irritation and more difficulty learning, but it is unknown if this effect was permanent or caused

by CDFs alone or CDFs and polychlorinated biphenyls in combination.

Many of the same effects that occurred in people accidentally exposed also occurred in
laboratory animals that ate CDFs. Animals also had severe weight loss, and their stomachs,
livers, kidneys, and immune systems were seriously injured. Some animals had birth defects and
testicular damage, and in severe cases, some animals died. These effects in animals were seen
when they were fed large amounts of CDFs over a short time, or small amounts over several
weeks or months. Nothing is known about the possible health effects in animals from eating

CDFs over a lifetime.?

5.5  Characterization of Uncertainty in the Monetized PM, 5 Benefits

In any complex analysis, there are likely to be many sources of uncertainty. Many inputs
are used to derive the final estimate of economic benefits, including emission inventories, air
quality models (with their associated parameters and inputs), epidemiological estimates of
concentration-response (C-R) functions, estimates of values, population estimates, income
estimates, and estimates of the future state of the world (i.e., regulations, technology, and human
behavior). For some parameters or inputs it may be possible to provide a statistical representation
of the underlying uncertainty distribution. For other parameters or inputs, the necessary

information is not available.

The annual benefit estimates presented in this analysis are also inherently variable due to
the processes that govern pollutant emissions and ambient air quality in a given year. Factors
such as hours of equipment use and weather are constantly variable, regardless of our ability to
measure them accurately. As discussed in the PM; s NAAQS RIA (Table 5-5) (U.S. EPA, 2006),
there are a variety of uncertainties associated with these PM benefits. Therefore, the estimates of
annual benefits should be viewed as representative of the magnitude of benefits expected, rather

than the actual benefits that would occur every year.

It is important to note that the monetized benefit-per-ton estimates used here reflect

specific geographic patterns of emissions reductions and specific air quality and benefits

20 Agency for Toxic Substances and Disease Registry (ATSDR). 1995. ToxFAQs™ for Chlorodibenzofurans
(CDFs). Atlanta, GA: U.S. Department of Health and Human Services, Public Health Service. Available on the
Internet at <http://www.atsdr.cdc.gov/tfacts32.html>.
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modeling assumptions. For example, these estimates do not reflect local variability in population
density, meteorology, exposure, baseline health incidence rates, or other local factors. Use of
these $/ton values to estimate benefits associated with different emission control programs (e.g.,
for reducing emissions from large stationary sources like EGUs) may lead to higher or lower
benefit estimates than if benefits were calculated based on direct air quality modeling. Great care
should be taken in applying these estimates to emission reductions occurring in any specific
location, as these are all based on national or broad regional emission reduction programs and
therefore represent average benefits-per-ton over the entire United States. The benefits-per-ton
for emission reductions in specific locations may be very different than the estimates presented

here.

PM, s mortality benefits are the largest benefit category that we monetized in this
analysis. To better characterize the uncertainty associated with mortality impacts that are
estimated to occur in areas with low baseline levels of PM, 5, we included the LML assessment.
Without policy-specific air quality modeling, we are unable to quantify the shift in exposure
associated with this specific rule. For this rule, as a surrogate measure of mortality impacts, we
provide the percentage of the population exposed at each PM, s level using the most recent
modeling available from the recently proposed Transport Rule (U.S. EPA, 2010e). A very large
proportion of the population is exposed at or above the lowest LML of the cohort studies
(Figures 5-5 and 5-6), increasing our confidence in the PM mortality analysis. Figure 5-5 shows
a bar chart of the percentage of the population exposed to various air quality levels in the pre-
and post-policy policy. Figure 5-6 shows a cumulative distribution function of the same data.
Both figures identify the LML for each of the major cohort studies. As the policy shifts the
distribution of air quality levels, fewer people are exposed to PM, s levels at or above the LML.
Using the Pope et al. (2002) study, the 85% of the population is exposed to annual mean PM, 5
levels at or above the LML of 7.5 pg/m’. Using the Laden et al. (2006) study, 40% of the
population is exposed above the LML of 10 pg/m’. As we model mortality impacts among
populations exposed to levels of PM; 5 that are successively lower than the LML of the lowest
cohort study, our confidence in the results diminishes. However, the analysis above confirms that
the great majority of the impacts occur at or above the lowest cohort study’s LML. It is important
to emphasize that we have high confidence in PM; s-related effects down to the lowest LML of
the major cohort studies. Just because we have greater confidence in the benefits above the LML,

this does not mean that we have no confidence that benefits occur below the LML.
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Above we present the estimates of the total monetized benefits, based on our

interpretation of the best available scientific literature and methods and supported by the SAB-
HES and the NAS (NRC, 2002). The benefits estimates are subject to a number of assumptions

and uncertainties. For example, for key assumptions underlying the estimates for premature

mortality, which typically account for at least 90% of the total monetized benefits, we were able

to quantify include the following:

1.

PM, s benefits were derived through benefit per-ton estimates, which do not reflect
local variability in population density, meteorology, exposure, baseline health
incidence rates, or other local factors that might lead to an over-estimate or under-
estimate of the actual benefits of controlling directly emitted fine particulates.

We assume that all fine particles, regardless of their chemical composition, are
equally potent in causing premature mortality. This is an important assumption,
because PM, s produced via transported precursors emitted from EGUs may differ
significantly from direct PM; s released from diesel engines and other industrial
sources, but no clear scientific grounds exist for supporting differential effects
estimates by particle type.

We assume that the health impact function for fine particles is linear down to the
lowest air quality levels modeled in this analysis. Thus, the estimates include health
benefits from reducing fine particles in areas with varied concentrations of PM; s,
including both regions that are in attainment with fine particle standard and those that
do not meet the standard down to the lowest modeled concentrations.

To characterize the uncertainty in the relationship between PM; s and premature
mortality (which typically accounts for 85% to 95% of total monetized benefits), we
include a set of twelve estimates based on results of the expert elicitation study in
addition to our core estimates. Even these multiple characterizations omit the
uncertainty in air quality estimates, baseline incidence rates, populations exposed and
transferability of the effect estimate to diverse locations. As a result, the reported
confidence intervals and range of estimates give an incomplete picture about the
overall uncertainty in the PM, s estimates. This information should be interpreted
within the context of the larger uncertainty surrounding the entire analysis. For more
information on the uncertainties associated with PM, s benefits, please consult the
PM, s NAAQS RIA (Table 5-5).

This RIA does not include the type of detailed uncertainty assessment found in the PM

NAAQS RIA because we lack the necessary air quality input and monitoring data to run the

benefits model. In addition, we have not conducted any air quality modeling for this rule.

Moreover, it was not possible to develop benefit-per-ton metrics and associated estimates of

uncertainty using the benefits estimates from the PM RIA because of the significant differences

between the sources affected in that rule and those regulated here. However, the results of the
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Monte Carlo analyses of the health and welfare benefits presented in Chapter 5 of the PM RIA
can provide some evidence of the uncertainty surrounding the benefits results presented in this

analysis.

56  Comparison of Benefits and Costs

Using a 3% discount rate, we estimate the total monetized benefits of the proposed SSI
NSPS and EG including energy disbenefits to be $130 million to $320 million in the
implementation year (2015). Using a 7% discount rate, we estimate the total monetized benefits
of the SSI NSPS and EG including energy disbenefits to be $120 million to $290 million. The
annualized costs are $92 million at a 7% interest rate.?! Thus, net benefits are $37 million to $220
million at a 3% discount rate for the benefits and $26 million to $190 million at a 7% discount

rate. All estimates are in 2008$.

Table 5-9 shows a summary of the monetized co-benefits, social costs, and net benefits
for the SSI NSPS and EG, respectively. Figures 5-7 and 5-8 show the full range of net benefits
estimates (i.e., annual co-benefits minus annualized costs) utilizing the 14 different PM; s
mortality functions at discount rates of 3% and 7%. In addition, the benefits from reducing 2,900
tons of carbon monoxide, 96 tons of HCI, 3.0 tons of lead, 1.6 tons of cadmium, 5,500 pounds of
mercury, and 90 grams of total dioxins/furans each year have not been included in these

estimates.

2! For more information on the annualized costs, please refer to Section 4 of this RIA. There are no estimates of
costs available at a 3% discount rate.
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Table 5-9. Summary of the Monetized Benefits, Social Costs, and Net Benefits for the SSI
NSPS and EG in 2015 (millions of 2008$)?

3% Discount Rate 7% Discount Rate
Proposed: Option 2
Total Monetized Benefits® $130  to  $320  $120 to  $290
Total Social Costs* $92 $92
Net Benefits $37 to  $220 $26 to  $190
26,000 tons of carbon monoxide
96 tons of HC1

5,500 pounds of mercury
1.6 tons of cadmium
Non-monetized Benefits 3.0 tons of lead
90 grams of dioxins/furans
Health effects from NO, and SO, exposure
Ecosystem effects
Visibility impairment

Option 1
Total Monetized Benefits® $130 to  $320 $120 to  $290
Total Social Costs* $63 $63
Net Benefits $66 to  $250 $55 to  $220
2,900 tons of carbon monoxide
96tons of HCI

820 pounds of mercury
1.6 tons of cadmium
Non-monetized Benefits 3.0 tons of lead
74 grams of dioxins/furans
Health effects from NO, and SO, exposure
Ecosystem effects
Visibility impairment

Option 3
Total Monetized Benefits $130 to  $310 $120 to  $290
Total Social Costs® $132 $132
Net Benefits -$5.4 to  $180 -$14  to  $150
26,000 tons of carbon monoxide
96 tons of HCI

5,500 pounds of mercury
1.6 tons of cadmium
Non-monetized Benefits 3.0 tons of lead
90 grams of dioxins/furans
Health effects from NO, and SO, exposure
Ecosystem effects
Visibility impairment
* All estimates are for the implementation year (2015), and are rounded to two significant figures. These results include 2 new FB
incinerators anticipated to come online by 2015 and the large entities comply and small entities landfill assumption.
®The total monetized benefits reflect the human health benefits associated with reducing exposure to PM, s through reductions of
directly emitted PM, s and PM, 5 precursors such as NO, and SO,. It is important to note that the monetized benefits include
many but not all health effects associated with PM, s exposure. Benefits are shown as a range from Pope et al. (2002) to Laden
et al. (2006). These models assume that all fine particles, regardless of their chemical composition, are equally potent in causing
premature mortality because there is no clear scientific evidence that would support the development of differential effects
estimates by particle type. These estimates include energy disbenefits valued at $0.5 million at a 3% discount rate for CO,
emissions.
¢ The annual compliances costs serve as a proxy for the annual social costs of this rule given the lack of difference between the two.
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Figure 5-7. Net Benefits for the Proposed SSI NSPS and EG at 3% Discount Rate ¢

*Net Benefits are quantified in terms of PM, 5 benefits for implementation year (2015). This graph shows 14 benefits
estimates combined with the cost estimate. All combinations are treated as independent and equally probable. All
fine particles are assumed to have equivalent health effects, but the benefit per ton estimates vary because each ton
of precursor reduced has a different propensity to become PM, 5. The monetized benefits incorporate the
conversion from precursor emissions to ambient fine particles. These estimates include energy disbenefits valued at
$0.5 million at a 3% discount rate for CO, emissions.
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Figure 5-8. Net Benefits for the Proposed SSI NSPS and EG at 7% Discount Rate *

*Net Benefits are quantified in terms of PM, 5 benefits for implementation year (2015). This graph shows 14 benefits
estimates combined with the cost estimate. All combinations are treated as independent and equally probable. All
fine particles are assumed to have equivalent health effects, but the benefit per ton estimates vary because each ton
of precursor reduced has a different propensity to become PM, 5. The monetized benefits incorporate the
conversion from precursor emissions to ambient fine particles. These estimates include energy disbenefits valued at
$0.5 million at a 3% discount rate for CO, emissions.
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