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'ENYIRONMENTAL PROTECTION -
AGENCY

. 40 CFR Part 60
[AD-FRL-2489-1]

Standards of Performance for New
Stationary Sources; industrial-
Commercial-Institutional Steam

. Generating Units

AGENCY: Environmental Protection
Agency (EPA). :
ACTION: Proposed rule and notice of
public hearing.

SUMMARY: This proposal would revise
Subpart D of 40 CFR Part 80 as it
currently pertains to emissions of
particulate matter and nitrogen oxides
from industial-commercial-institutional
steam generating units. The proposed
-standards would limit emissions of
particulate matter and nitrogen oxides
from all new, modified, and
reconstructed industrial-commercial-
institutional steam generating units
capable of combusting more than 29
MW (100 miilion Btu/hour) heat input.
Under the proposed standards,
emnissions of particulate matter and
nitrogen oxides would be reduced by an
estimated 22,000 to 46,000 Mg (24,000 to
51.000 tons) per year and an estimated
11,000 to 28,000 Mg [12,000 to 31,000
tons) per year, respectively, from new,
modified, and reconstructed industrial-
commercial-institutional steam
generating units built in the next 5 years.
Revised sulfur dioxide emission
standards are currently under
development for industrial-commercial-
institutional steam generating units and
will be the subject of a separate
rulemaking action, Consequently, the
sulfur dioxide emission standards under
Subpart D of 40 CFR Part 60 would
remain in effect for industrial-
commercial-institutional steam
generating units larger than 73 MW (250
" million Btu/hour) heat input capacity
until revised sulfur dioxide standards
are proposed. Similarly, emissions of
particulate matiter from oil-fired
industrial-commercial-institutional
steam generating units with heat input
capacities greater than 73 MW (250
million Btu/hour} would also continue to
be regulated by Subpart D of 40 CFR
Part 80 until revised standards for
" particulate matter emissions from oil-
fired steam generators are proposed as
part of the rulemaking to revise the
sulfur dioxide emission standards.
Electric utility steam generating units
larger than 73 MW (250 million Btu/
hour} heat input capacity would not be
covered by the proposed standards.
They would continue to be subject to

separate standards under 40 CFR Part
60, Subpart Da, '

The proposed standards would
implement section 111 of the Clean Air
Act and are based on the
Administrator’s determination that
industrial-commercial-institutional
steam generating units cause, or
contribute significantly to, air pollution
which may reasonably be anticipated to
endanger public health or welfare, The
intent of this rulemaking it to require
new, modified, and reconstructed
industrial-commercial-institutional
steam generating units to achieve
emission limits reflecting the best
demonstrated technological system of
continuous emission reduction,
censidering costs, nonair quality health
and environmental impacts, and energ
requirementa. .

A public hearing will be held to
provide interested persons an
opportunity for oral presentation of
data, views, or arguments conceming:
the proposed standards.

' DATES: Comments: Comments must be

received on or before September 17,
1984. Public Hearing: A public hearing
will be held on August 1, 1984, beginning
at 16:00 a.m. Persons wishing to present
oral testimony must notify Ms. Shelby
Journigan at the address below by July
28, 1984. ‘

ADDRESSES: Comments: Comments
should be submitted (in duplicate if
possible) to: Central Docket Section
{LE~131), Attention: Docket Number A-
79~02, U.S. Environmental Protection
Agency, 401 M Street, SW., Washington,
D.C. 20480, y

Public Hearing: A public hearing will
be held at the ERC Auditorium, Corner
of Highway 54 and Alexander Drive,
Research Triangle Park, N.C. Persons
wishing to present oral testimony muat
notify Ms. Shelby Journigan, Standards
Development Branch (MD-13), U.S.
Environmental Protection Agency,
Research Triangle Park, North Carolina
27711, telephone number (919) 541-5624.

Background Information Documents:

. "The background information documents

(BID’s) for the proposed standards may
be obtained from the Superintendent of
Documents, U.S. Government Printing
Office, Washington, D.C. 20402, -
telephone number (202) 783-3238 (GPQ
stock number 055-000-00216-3). The
background infermation documents
include EPA-450/3-82-006a ''Fosail Fuel
Fired Industrial Boilers—Background
Information Vaolume 1: Chapters 1-8,"
EPA—450/3-82-008b “Fossil Fuel Fired
Industrial Beilers—Background
Informatitn Volume 2: Appendices,”
and EPA-450/3-82-007 “Nonfossil Fuel
Fired Industrial Beilers—Background

_Iil. Rationals

Information.” The price of the three-
volume set ig $28.00.
The cost reports for steam generating

-units and control devices may be

obtained from the National Technical
Information Service, U.S. Department of
CGommerce, Springfield, Virginia 22161,
telephone number {703) 4874650 (NTIS
stock number PB~-83-119438). The cost

reports include EPA—450/3-82-021
"*Costs of Sulfur Dioxide, Particulate

Matter, and Nitrogen Oxide Controls on
Fossil Fuel/fired Industrial Boilers”
{NTIS stock number PB-83-119438), and
EPA-450/3-83-004 “Costs of Particulate
Matter Controls for Nonfossil Fuel-fired
Boilers™ (NTIS stock number PB—83-
19365). The price is $20.50 and $13.00,
respectively, for each voluma in printed
copy, or $4.50 for a microfiche copy of
each volume.

Information on spreader stoker steam
generating units gathered in a three-

- volume joint study by the American

Boiler Manufacturing Association
(ABMA), Department of Energy (DOE},
and Environmental Protection Agency
{EPA) may also be obtained from the
National Technical Information Service
{INTIS stock number DE81030284-Vol. 1;
DEB81030265-Vol. 2; DES10302668~Vol. 3).
These reports include DOE/ET/10386-
T1 (Volumes 1, 2, and 3) “Emissions and
Efficiency Performance of Industrial
Coal Stoker Fired Boilers.” The price is
$26.50 each for volumes 1 and 2 and is
$35.50 for' volume 3 (printed-copy). The
cost of a microfiche copy of each volume
is $4.50.

Docket: Docket Number A-78-02,
containing supporting information used
in developing the proposed standards, is
available for public inspectionand -
copying between 8:00 a.m. and 4:00 p.m.,
Monday through Friday, at EPA's
Central Docket Section, West Tower
Lobby, Gallery 1, Waterside Malil, 40t M
Street, SW., Washington, D.C. 20460. A
reasonable fee may be charged for
copying.

FOR FURTHER INFORMATION CONTACT:
Mr. Fred Porter or Mr. Walter
Stevenson, Standards Development
Branch, Emission Standards and
Engineering Division (MD-13), U.S.
Environmental Protection Agency,
Research ﬁiangle Park, North Carolina
27711, telephone number (919) 541-5624.

SUPPLEMENTARY INFORMATION:

Preamble Qutline

1 Proposed Standards

II. Summary of Environmental, Energy, and
Economic Impacts ‘

A. Selaction of Source Category
B. Selection of Pollutants, Fuels, and
Affected Facilittes
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C. Selection of Formats for Emission Limits
D. Selection of Demonstrated Emission
Control Technology and Emission Limits
1. Nitrogen oxides . ) .
2. Particulate matter : .
3. Consideration of demonstrated control
technology costs
E. Belection of Regulatory Alternatives
1: Consideration of economic impacts - N
2. Consideratjon of national impacts
F. Selection of Best System of Continuous
Emission Reduction
G. Performance Teat Methods and
Monitoring Requirements - ]
1. Particulate matter
2. Nitrogen oxides _
IV. Modification and Reconstruction
Provisions :
V. Analysis of Information Requirements
V1. Regulatory Flexibility Analysis
VIL Public Hearing
VIIL Docket
IX. Reguest for Comments
X. Miscellaneous

L. Proposed Standards

Standards of performance for new
sources estahlished under Section 111 of
the Clean Air Act reflect:

* * * application of the bast technological
sysiem of continuous emission reduction
which (taking into consideration the cost of
achieving such emission reduction, any
nonair quality heaith and environmental
impact and energy requirements) the
Administrator determines has been
adequately demonstrated (section 111{g)(1)).

The proposed standards would revise
the particulate matter and nitrogen
oxides emission limits in Subpart D of 40
CFR Part 60 for indusirial-commercial-
institutional steam generators over 73
MW (250 million Btu/hour] heat input
capacity and would set new standards
for industrial-commercial-institutional
steam generating units larger than 29
MW (100 million Btu/hour) heat input
capacity. The proposed standards would
not revise the standards for sulfur
dioxide currently included in Subpart D
of 40 CFR Part 60. The sulfur dioxide
standards in Subpart D will continue to
apply io industrial-commercial-
institutional steam generating units of
greater than 73 MW (250 million Btu/

- hour) heat input capacity.

The proposed standards apply to all
new, modified cr reconstructed
induatrial-commercial-institutional
steam generators which have a capacity
of more than 29 MW (100 million Btu/
hour) heat input and which fire coal, oil,
natural gas, wood, or municipal-type
solid waste and mixtures of these fuels
with and without other fuels. Electric
utility steam generating units with
greater than 73 MW (250 million Btu/
hour) heat input capacity will continue
ta be covered under Sabpart Da of 40
CFR Part 60.

Only those steam ‘generating inits

- with a heat input capacity of greater
- than 20 MW {100 million Btu/hour) for

which construction, modification, or
reconstruction is commenced after June

- 18, 1984 would be affected by the

proposed standards. “Construction” is
defined by 40 CFR 60.2 to mean
“fabrication, erection or installation of
an affected facility.” Sierra Pacific
Power Co. v, EPA, 847 F.2d 80 (9th Cir.
1981). The affected facility for this
standard is the steam generating unit as
defined in the proposed standards

(8 60.41b). “Commenced" is defined by
40 CFR 60.2 to mean “than an owner or
operator has undertaken a continuous

. program of construction or modification

or that an owner or operator has entered
into a contractual obligation to '
undertake and complete, within a
reasonable time, & continuous program -
of construction or modification.” The
phrase “contractual obligation™ means a
contractual obligation that cannot be

- cancelled without incurring significant

liability. Potomac Electric Bower Co, v.
EPA, 650 F.2d 509, 513-515 {4th Cir,

.1981),

Particulate metter standards are

" proposed for coal-, wood-, and

municipal-type solid waste-fired steam
generating units, as well as for steam
generating units firing mixtures
including these fuels. For coal-fired
gteam generating units, the proposed
particulate matter standard is 22 ng/]
(0.05 Ib/million Btu) heat input. For

steam generating units which fire wood

or municipal-type solid waste, the
proposéd particulate matter standard is
43 ng/] (0.10 Ib/million Btu) heat input.
For steam generating units which fire
coal with wood, solid waste or other
fuels, applicability of the proposed
standard would be determined based on
the amount of coal combusted relative
to ather fuels, Steam generating units.
which have an annual capecity factor
for wood, solid waste or other fuels
greater than 5 percent and which have
an enforceable Federal, state or local
operating permit which specifies that
while the unit is operated, an annual
capacity for wood, solid waste or other
Fuels is to be maintained above 5
percent, would be subject to the
proposed particulate matter standard of
43 ng/] (0.10 Ib/million Btu) heat input, If
a8 ateam generating unit combusts ¢oa)
but has an annual capacity factor for
wood, solid waste, or other fuel of 5
percent or less, or if there is no Federal,
state or local operating permit, the :
proposed particulate matter standard of
22 ng/] {0.05 Ib/million Btu) heat input
would apply. . )
Steam generating vnits in the 29
through 73 MW (100 through 250 million

' Btu/hour) heat input capacity range that -

would have an annual capacity factor of
30 percent or less, based upon the
combustion of coal, wood, or municipal-
type solid waste, and which have an
enforceable Federsl, State or local

" operating permit limiting the annual

capacity factor of the steam generating
unit for these fuels to 30 percent or less
on an annual basis, would be subject to
& particulate matter standard of 86 ng/}
(0.20 Ib/million Btu) heat input.

The annual capacity factor for

. determining the applicable particulate

matter standard would be calculated by
dividing the actual annua} heat input to
the steam generator from firing coal,
wood, solid waste or mixtures of these
fuels by the potential annual heat input
to the steam generating unit from al
fuels. The potential annual heat input is
defined as the product of the maximum
rated heat input capacity (MW or
million Btu/hour) times 8.760 hours per
year. .

The proposed opacity standard for &}l
steam generating units firing coal, wood,
or solid waste is 20 percent opacity {six-
minute average).

Performance tests to determine
compliance with the particulate matter
emission limits would be conducted
using Reference Method 5 or 17,

" Reference Method 3 would be used for

gas analysis and Reference Method 1 for
the selection of sampling points.
Reference Method 9 (a 8-minute average
of 24 chservations} would be used to-
determine compliance with the opacity

‘standard. Continuous opacity

monitoring wouid be required for all
steam generators. Semiannual reports of
excess opacity would be required if any
excess emissions are monitored during a
8-month period. '

Nitrogen oxide (NQ,) standards are
proposed for industrial-commercial-
institutional steam generating units with
& heat input capacity above 26 MW (100
million Btu/hour) which fire natural gas,
oil, coal or mixtures of these fuels with
or without other fuels.

The proposed NO, emission limits are
301 ng/J {0.70 1b/million Btu) heat input
for pulverized coal-fired steam
generating units, 258 ng/] (0.60 Ib/
million Btu} heat input for spreader
stoker coal-fired steam generaling units,
and 215 ng/J (0.50 Ib/million Btu) for
mass-feed stoker coal-fired steam
generators, For lignite-fired steam
generating units, the proposed NO, -
standard is 258 ng/J (0.60 Ib/million Btu)
heat input, except for lignite mined in
North Dakota, South Dakota, or
Montana that is combusted in a slag tap
type furnace for which the propoaed
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standard is 340 ng/] {0.80 Ib/million Btu)
heat input.

For natural gas-fired steam generating
units and distillate cil-fired steam
generating units, the proposed NO,
standard is 43 ng/] (0.10 1b/million Btu)
heat input. For steam generating units
firing mixtures including more than 5
percent (by heat input) natural gas or
distillate oil on an annual basis with
either wood or municipai-type solid
waste, the proposed standard is 120 ng/]
{0.30 Ib/million Btu) heat input.

For steam generating units firing
residual oi] with a fuel nitrogen content
. 0f 0.35 weight percent or less, the
proposed NO, standard is 129 ng/] {0.30
1b/million Btu} heat input. The proposed
NO, standard is 172 ng/J (0.40 Ib/million
Btu) heat input for affected steam
generating units firing residual oil with a
fuel nitrogen content greater than 0.35
weight percent.

The proposed nitrogen oxides -
emission limits for steam generating
units burning mixtures of coal, eil, or
natural gas would be determined by
proration of the NO, standards, based
on the respective amounts of sach fuel
combusted. For steam generating units
which fire coal, oil, or natural gas in a
mixture containing other fuels {except
for mixtures of natural gas with wood or
municipal-type solid waste] and for
which the annual ¢apacity utilization
factor based on coal, oil, or natural gas
or a mixture of these fuels is greater
than 5 percent, the steam generating unit
would be required to meet the NO,
standard for coal, oil, of natural gas, as
applicable.

Under the proposed standards,
gaseous or liquid byproducts and wastes
that are produced during industrial
processes and are combusted in steam
generating units, whether for heat
recovery or for dispoaal, are treated as
either natural gas or residual oil.
Gaseous byproducts or wastes are
included in the definition of natural gas
and affected facilities firing these
substances are subject to the proposed
NO, emission limit of 43 ng/] (0.10 1b/
million Btu) heat input, Liquid
byproducts or wastes are included in the
definition of residual oil and are subject
to an emission limit based on their fuel
nitrogen content. Affected facilities
firing liquid byproducts and wastes
having a fuel nitrogen content of 0.35
weight percent or leas are subject to the
proposed standard of 129 ng/J (0.30 1b/
million Btu) heat input. Steam generating
units combusting liquid byproducts and
wastes having a fuel nitrogen content of
greater than 0.35 weight percent are
subiect to a proposed standard of 172
ng/] (0.40 Ib/million Btu) heat input.

Steam generating unit specific NO,
emission limits could be established for
steam generating units combusting fuel
mixtures containing nonhazardous high
nitrogen content by-products/wastes if
the owner or operator can demonstrate
to the Administrator's satisfaction that
the applicable NO, standard cannot be
achieved due to the nitrogen content of
the by-product/waste. Unit specific NO,
emigsion limits could also be
established for steam generating units
combusting fuel mixtures containing by-
products/wastes classified as hazardous
under the Resource Conservation and
Recovery Act [RCRA) due to their
toxicity, reactivity, or corrosivity if the
owner or operator can demonstrate to
the Administrator’s satisfaction that
applicable Federal, State or local permit
requirements for thermal destruction of
these by-product/wastes would prevent
achievement of the NO, emission limits.

The proposed NO, emission limits
would not apply to modified steam
generating units. These limits also
would not apply to affected facilities
which combust 5 percent or less {(by heat
input) coal, oil; or natural gas with other
fuels, on an annual basis, and which are
subject to an enforceable Federal, State

- or local permit requirement limiting the

annual capacity of the steam generating
unit for these fuels to 5 percent or less.
Steam generating units {iring coal, oil
or natural gas which have annual
capacity utilization factors for coal, oil,
natural gas, or mixtures of these fuels
greater than 5 percent would be subject
to the nitrogen oxides emission limits
and would be required to conduct a
performance test to determine
compliance with the NO, emission
limits: Affected facilities with an annual
capacity factor between 5 percent and
30 percent would be required to conduct
g 30-day perfoermance test when the |
steam generating unit begins operation.
Following the initial compliance test,
steam generating unit operating
conditions would be monitored.
Affected facilities having an annual
capacity factor for coal, oil or natural .
gas of greater than 30 percent (0.30}
would be required to operate a
continucus nitrogen oxides emissions
monitor. The continuous monitoring
system would be used to conduct the
initial éompliance test. Subsequently.
data from the cortinuous NO,
monitoring system would be used to
determine a 30-day rolling average NO,
emission rate each day, calculated as
the arithmetic average of the hourly NO,
values available for the preceding 720
hourg of steam generating unit
operation, This 30-day average would be

used to determine compliance on a
continuous basis.

Steam generating units subject to the
proposed nitrogen oxides standards and
with an annual capacity factor for coal,
oil, or natural gas between 5 and 30
percent would be required to menitor
steam generating unit operating
conditions. The owner or operator of an
affected facility would submit a
monitoring plan for review by EPA.
Manufacturers of steam generating units
may develop monitoring plans and
provide them to owners or operators of
steam generating units. The monitering
plans could subsequently be submitted
by the owner or operator of the affected
facility. '

The conditions to be monitored under
this plan are to be indicative of nitrogen
oxides emissions control. The results
from this monitoring will be recorded
and used to determine when the
nitrogen oxides emissions controls are
operating properly or when some failure
or malfunction in those controls indicate
that a performance test should be
conducted. :

Owners or operators of steam
generating units cdpable of firing more
than 29 MW {100 million Btu/hour) heat
input would be required to maintain
records of the annual fuel consumption

- by fuel type. For oil-fired steam .

generating units, fuel oil records
indicating the amount and nitrogen
content of oils fired would also be
maintained. Fuel specification data from
the oil supplier may be used to-
determing fuel oil nitrogen content. If
fuel oil blends are being fired,
specifications may be prorated based on
the ratio of the oils of different nitrogen
content in the fuel blend. In all cases,
records would be maintained for 2
years, after which they could be
discarded. Records of continuous NO,
emission data also must be maintained
for 2 years.

Steam generating unit owners or
operators would be required to submit
certain reports. The proposed regulation
would require that EPA be notified-of
the intent to initiate operation of a new,
modified, or reconstructed steam

.

- generator and that EPA be provided

with the results of the initial
performance test and performance
evaluation of the continuous monitoring
system, if applicable. In addition,
semiannual reports of excess opacity
and NO, emissions (for those affected
facilities employing continuous nitrogen
oxides monitoring) would be required if
any exceedance occurred during a
semiannual period. . .




Federal Register / Vol. 49, No. 119 / Tuesday, June 19, 1984 / Proposed Rules

25105

Il. Summary of Envirenmental, Energy, |
and Economic Impacts .

The environmental, energy, and
economic impacts of the proposed
standards are expressed as incremental .
differences between the impacts for
industrial-commercial-industrial steam
generators complying with the proposed
standards and steam generators -
complying with current emission

regulations (referred to as the baseline}. _

These impacts vary considerably
depending on the assumptions made
with regard to future fuel prices. If future
natural gas prices are assumed to be
low relative to coal prices, a large -
proportion of the new industrial-
commercial-institutional steam -
generator population would be expected
to fire natural gas or oil. On the other
- hand, if future natural gas prices are
assumed to be high relative to coal and
oil prices, a large proportion of the new
industrial-commerical-institutional
steam generating units are expected to
fire coal. Because coal combustion has
the potentia) of emitting larger
quantities of particulate matter and NO,
than natural gas or oil combustion, the
greater the number of coal-fired steam .
generators projected to be sibject to the
proposed standards, the greater the
environmental, energy, and economic
impacts associated with the standards.
Because the number of coal fired steam
generating units projected varies with
the price of natural gas, the national
impact projections are discussed in
terms of a range rather than as a single
value, - . ‘
The primary environmental impact
resulting from the proposed standards is
a significant reduction in the quantity of
particulate matter and nitrogen oxides
emitted from new industrial-
commercial-institutional steam
generators. It is estimated that between
1983 and 1888 approximately 808 new
steam generators will be constructed
that would be subject to the propesed
standards. Depending on the mix of new
natural gas-fired, oil-fired, and coal-fired
sleam generators, baseline emiseions

from new sleam generators greater than

28 MW (100 million Btu/hour) heat input
capacity would range from 35,000 to
71,000 Mg (39,000 to 78,000 tons) of
particulate matter per year and from
71,000 to 127,000 Mg (78,000 to 140,000
tons) of nitrogen oxides per year in 1988,
The proposed standards would reduce
baseline particulate matter emissions
from these rew industrial-commercial-
institutional steam generating units by
22,000 to 46,000 Mg (24.000 to 51,000
tons) and nitrogen oxides emissions by
11,000 to 28,000 Mg (12,000 to 31,800
tons) in 1988, This represents about a 60

percent reduction in the growth of :
particulate matter emissions and about
& 10 to 40 percent reduction in the
growth of nitrogen oxides emissions
from new industrial-commercial-
institutional steam generating units. The
increase inliquid waste generation as a -
result of the proposed standard would
be negligible. Solid waste generation
would increase by less than 5 percent -
over baseline. Becausa of the ‘
availability of existing solid waste
disposal methods, no adverse
environmental impacts resulting from
the disposal of solid waste are
anticipated. :

The economic impacts of the proposed
standards have been evaluated in terms
of the nationwide capital expenditures
for pollution control equipment, the
increase in the annualized cost of
producing steam, the resulting rise in the
price of products produced by operators
of steam generators, and the impact on
the avajlability of capital to the firms
purchasing steam generators. ‘

In analyzing potential product price,
profitability, and capifal availability
impacts associated with the proposed
standards, industries likely to

experience the severest impacts and the

-

conditions which would produce the
most adverse impacts were chosen for
examination. The proposed standards
were found to have no significant
adverse economic impacts on any of
these industries under these conditions. .
On the national level, assuming
increases in annualized costs are passed
forward to product consumers and not
absorbed by industry, the proposed
standards would result in a projected
average increase of no more than a 0.05
pergentage point increase in the product

.. price for any major steam user group

examined with smaller increases for
industries using less steam. For those
selected industries which have been
judged likely to be most affected by the
proposed standards, product prices
could increase by 0.05 to 0.40 percent in
1¢88. This projected product prica
increase is based on a “worst cage"
analysis assuming full cost pass-
through. If no cost pass-through and full
cost absorption by industry are
assumed, no product cost increase
would result, and the return on assets
would decrease by 0.01 to 0.60
percentage point under the proposed
standards. Impacts on any given plant
would likely be much less than these
worst case examples under either
assumption. :

On & national basis, the proposed
standards wonld increase the capital
eost for new steam generators by a
negligible amount. It is projected that

- the nationwide increase in annualized

costs for producing steam from new
generators subject to the proposed
standards would range from about $30
to $62 million in 1988. This represents an
increase of less than 0.7 to 1.4 percent
over bassline annualized costs for
producing steam from new generators,
The energy impacts of the proposed

-standards have been analyzed in terms

of the impact on demand for coal as an
industrial-commercial-institutional
steam generator fuel and in terms of
overall energy requirements of steam
generator and pollution control -
equipment operation. Steam generating
units that would be affected by the

- proposed standards are projected to -

demand approximately 580 million GJ
{550 trillion Btu} of fossil fuels in 1968.
Depending on the relative cost of natural
gas and oil versus coal, it is projected
that coal use In industrial-commercial-
institutional steam generating units
would range from 25 percent to 75
percent of this fossil fuel energy demand
under baseline conditions. The wide
range of projected coal penetration
levels results from the sensitivity of fuel
selection to projected natural gas and oil
prices. Coal use in new industrial-

‘commercial-institutional steam

generating units under the proposed
standards is projected to decrease by
less than 5 percent of the total fossil fuel
demand as compared to baseline levels

- over the full range of natural gas and oil
_prices considered.,

The proposed particulate matter
standards would increase the national
elegtric energy requirements of new
steam generating units by sbout 130 to
190 GWh/yr in 1988, This increased
electrical energy requirement to operate
air pollution control equipment could be
met by combusting an additiona) 2.1
miflion GJ (2 trillion Btu) of fossil fuel at
an electric utility power plant. This
increased fuel use would be partially
offset by fuel savings associated with
low excess air operation, as required
under the proposed NQ, standards.
Without considering the potential
energy savings resulting from low-
excess air operation, the projected 2.1
million GJ (2 trillion Btu) per year
Increase in fossil fuel use wouid
represent less than one half of one
percent increase in the overall fue}
consumption for new industrial-
commercial-institutional steam
generators,

HI. Rationale
A. Selection of Source Category

On August 21, 1979, a priority list for
development of future new source
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performance standards was published in
accordance with sections 111{b)[1)(A}
and 111{f)(1) of the Clean Air Act .
Amendments of 1977. This list identified
59 major stationary source categories for
which new source performance
standards would be established in the
future. Fossil fuel-fired industrial steam
generating units ranked sleventh on this
pricrity list of sources judged to

- contribute significantly to air pollution
which could reasonably be expected to
endanger public health or welfare.

Of the 10 sources rariked above fossil
fuel-fired industrial steam generating
units on the priority list, 9 were major
sources of volatile organic compound
{VOC) emissions. Given the - :
nonattainment status of many areas
with respect to the national ambient air
quality standard for ozone, major
sources of VOC emissions were
accorded a very high priority. The
remaining source category ranked above
fossil fuel-fired industrial steam
generating units wag stationary interna]
combustion engines, a major source of
nitrogen oxides emigsions. .
Consequently, fossil fuel-fired mdustnal
steam ganerating units was the highest
ranked source category for particulate
matter and sulfur dioxide emissions and
the second highest ranked source -
category for nitrogen oxides emissions
on the priority list of source categories
not regulated by NSPS,

However, a separate proposal is being
made today to amend the priority list to
include nonfossil fuel-fired steam
generating units of all types (including
incinerators with heat recovery) and
commercial and institutional.steam
generating units, Analyses of emissions
from existing steam generating unita and
future trends in steam generating unit
fuel use indicate that emissions from
coal combustion will be a significant
source of pollution from new steam
generating units due to future
widespread use of coal as a steam
generator fuel. Analyses also show that
wood and solid waste are the most
widely used nonfossil fuels in steam
generating units and, therefare, could -~
potentially be significant contributors to
futura air pollution. In addition, studies
also show that large commercial and
institutional steam generating units have
essentially the same design, fuel
capability, and emissions potential as
industrial steam generatars. )
Consequently, the proposed standards
would cover both fossil and nonfossil
fuel-fired steam generating units, as well
a8 industrial, commercial and
institutional steam generating units.

Fossil and nonfossil fuel-fired steam
generators are a significant source of

emissions of three major pollutants:
particulate matter (PM]}, sulfur dioxide
(50a), and nitregen axides (NO,). As
discussed In "Priorities for New Source
Performance Standards Under the Clean
Air Act amendments of 1977 (EPA—450/
3-78-019), in the absence of the
proposad standards, emissions from
industrial-commercial-institutional
steam generators with a heat input
capacity of 3 through 73 MW (10 through
250 million Btu/hour) would contribute
18 percent of the total national
particulate matter emissions from major
sources and 24 percent of the total
national nitrogen oxides emigsions from

. Mmajor sources in 1990,

The expected corstruction of new
coal-, wood-, and solid waste-fired
steam generators ag a result of plant
expansions and replacement of natural
gas- and oil-fired steam generators is the
principal reason for the large growth in
emissions from steam generators, New
steam genérators with heat input
capacities greater than 29 MW (100
million Btu/hour) are expected to
increase total additional fossil fuel
demand by approximately 580 million GJ
{550 trillion Btu) by 1988. Many of these
new facilities will fire coal, creating an
increased coal demand of 140 to 430

million GJ {130 t0 410 trillion Btu) -

annually, or-approximately 5 to 18

. million Mg (5 to 20 million tons) of coal

per year, over existing coal combustion
levels. Combnation of other solid fuels
(wood and solid waste) is also rapidly
increasing.due to their lower cost. These
developments could result in significant
increases In emissions if standards of ~
performance are not sstablished.
National ambient air quality
standards have been established for
particulate matter, sulfur dioxide, and
nitrogen oxides because of their known -
adverse effects on public health and
welfare. Impacts of these pollutants

have been documented in criteria
documents prepared under section 108
of the Clean Air Act. These effects are
the primary basis for the determination
that emissions from industriai-
gommercial-institutional steam

#

- generating units constitute a patential

danger to public health and welfare.
Also significant in this determination is
the finding that many steam generating
units will continue to be located in
urban areas where a large population
will be exposed to the emissions. From
25 to 50 percent of the projectednumber
of new steam generating units will be
replacements for existing natural gas-or
oil-fired steam generating units, and
many of the remaining steam generating
units, representing new steam
generating unit capacity, will also be
located at existing plant sites. Therefore,
the present concentration of steam
generating units in industrialized urban
areas will continue to confribute to local
and regional air poilution. For these
reasons the source category of
industrial-commercial-institutiongl
steam generating units was selected for
development of standards of
performance.

B. Selection of Pollutants, Fue!s, and
Affected Facilities

Particulate matter (PM) and nitrogen
oxides (NO,) would be the pollutants
regulated under the proposed standards.
Other pollutants emitted from steam
generating units, including sulfur dioxide
(SQ:], carbon monoxide {CO},
hydrocarbons (HC), and other trace

substances would not be covered under

these proposed standards.

Table 1 indicates the uncontrolled
quantity of pollutants emitted through-
the combustion of each of the fuels
examined in the development of the
proposed standards.

TABLE 1.—TYPICAL UNCONTROLLED EMISSION FACTORS FOR STEAM GENERATOR FUELS, NG/J
. (LB/MILLION BTU) HEAT INPUT

Fuel Type PM NG, 50, co HC Trace matals *
Coalt , 1,092 (2.54) | 387 (090) |- 2450 (570)| 13(0.09) | 2 ro.008) 4 10.009)
Obt {residuafl® e eiccsres moarimsosms] 86 (0.23) | 4170 (D.28) 1.400 (3.22) | . 14 {(0.09) _3 {0.01) 0.07 {0.0002)
Ol (CiAtHBHEN e soon| voopzn | 2oEsn| 161004 | 3000 b
NSl Q2B 4001 | 4100 (0.29) 0aoon | 702 | 1o 0 ()
- Wood 2,100 (4.88) 111 {0.25) 9 (0.02) -
Salid Wasts o] 1,400 322y | 139 (0.9%) 210 (0.49)

* Sasad on high—mrmr (3.5 percant by weight), high-ash (10.8 percent by waight) coal bumed in a spreader stokar coal-fired

steam generating un
*Based on Ngh-sumr oil (3.0 percemt by weight),
'Basadcm low-sulfur oif (0.5. percent by waight).
¢ Assumes. no.combustion air preheat,

'Bmdmhadmumnugenemhmmnumahmmmm

Steam gﬁnerating units constitute a
major stationary source of particulate
matter emissions. Because particulate

matter is a criteria pollutant and
becausa of the large potential emission
rate, it has been selected for regulation
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under the proposed standards of-

performance. Similarly, nitrogen oxides
have been selected for regulation under
the proposed standards of performance.

Sulfur dioxide emissions from
industrial-commercial-institutional
steam generating uriits have been
selected for regulation under & separate
proposal. As part of the deliberations on
reauthorization of the Clean Alr Act,
amendments were introduced in the 97th
Congress that would have changed the
definition of standard of performance.
Development of sulfur dioxide standards
for industrial-commercial-institutional
eteam generating units was suspended
shortly after the start of the 97th
Congress in 1981, pending the outcome
of the Clean Air Act amendments.
However, amendments to the Act have
not been adopted by Congress to date
- and, rather than continue to defer
development of new source performance
standards for sulfur dioxide, analysis of
stendards for sulfur dioxide emissions
has been resumed. Sulfur dioxide
emission standards for industrial-
commercial-institutional steam
generating units will be proposed as a
separate rulemaking, :

The potential impacts associated with
this “phdsed” approach to preposing
particulate matter and nitrogen oxides
standards now and proposing sulfur
dioxide standards in the future have
been considered. There appears to be no
reason for delaying the proposal of
emission standards for particulate .
matter and nitrogen oxides while

waiting for the sulfur dioxide standards

to be developed. State sulfur dioxide
standards now in effect would not
interfere with compliance with today's
proposed standards for particulate
matter or nitrogen ox{des. Similarly,
when standards are proposed for sulfur
dioxide, they would not be retroactive
and would affect only new steam
generating units built after that date.
Since the standards will not affect
steam generating units which have
commenced construction prior to that
time, this will assure thatno

. unreasonable impacts occur. Any
unforeseen impacts a sulfur dioxide
standard may have on particulate
matter and nitrogen oxides emissions
contral will be addressed at the time
sulfur dioxide standards are proposed.
In the interim, the present standards of
performance limiting sulfur dioxide
emissions from large fossil fuel-fired
steam generating units (40 CFR Part 60,
Subpart D} will remain in effect. No
potential problems have been identified
which might result from proposal of
standards for particulate matter and
nitrogen oxides today and proposal of
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standards for sulfur dioxide in the
future,

Carbon monoexide and hydrocarbons
were not selected for regulation due to
their relatively low emission raies and
the lack of any control technology for

thése pollutants which is reasonable in .

cost. Trace metals have not been
selected for regulation under thae

proposed standards because of the lack

of information on the performance of
alternative control technologies to
reduce these emissions. It is anticipated
that the proposed particulate matter
standard would result in significant

. reductions in {race metal emissions.

Trace amounts of radionuclides
present in coal are also emitted by
industrial-commercial-institutional
steam generating units but are not a
direct subject of these proposed

- regulations. Control of particulate .
-matter emissions from coal-fired steam

generating units to low levels is
expected to bring about a corresponding
reduction in emissions of radionuclides,
Further discussion of the control of
radionuclides from coal-fired steam -
generating units can be found in the
Federal Register (48 FR 15085, April 8,
1983) as part of recently proposed
standards for radionuclides under
sectionA12 of the Act. .

The proposed standards would limit
emissions from steam generating units
firing natural gas, residual and distillate
oil. coal, wood, solid waste and fuel
mixtures containing any of these fuels.
Steam generating units or incinerators
with heat recovery firing only municipal-
type solid waste or steam generating
units firing only wood {5 percent fossil
fuel or less on an annual basis) would
be covered by the proposed particulate
matter standards, but not by the
proposed nitrogen oxides standards,
Similarly, steam generating units firing

only oil or natural gas would be subject —

to the proposed standard for nitrogen
oxides, but not to the proposed
standards for particulate matter
emissions. Emissions of particulate
matier from the combustion of natural
gas are low and therefore the costs of
further emission control would be
unreasonably high. Control of
particulate matter from oil-fired steam
generating units will be considered in
the development of the sulfur dioxide
standards.

The proposed standards would cover
only industrial-commercial-institutional
steam generating units with heat input
capacities of greater than 26 MW (100
million Btu/hour). Analyses of the
projected new steam generating unit
population indicate that nearly all new’
steam generating units larger than 29

MW (200 million Btu/hour) heat input
capacity will be industrial-type steam
generating units with only a few

"~ comunercial and institutional steam

generating units in this size range. The
steam generating unit size limit of 29
MW (100 million Btu/hour} heat input
capacity would, thus, include only the
largest commercial and institutional
steam generating units and would
concentrate the scope of the proposed
standards on industrial-type steam
generating units,

In addition to differences in. _
application, the type of steam generating
unit fuels which are combusted in steam
generating units above 29 MW (100
million Btu/hour) heat input capacity is
markedly different from the type
combusted in steam generating units
below this size. Depending on future
energy pricing scenarics, from 25 to 75
percent of all new steam generating
units larger than 29 MW (100 million
Btu/hour) heat input capacity are
expected to combust coal as the primary
steam generating unit fuel. For units less.
than 29 MW (100 million Btu/hour} up to
90 percent of the fuel is expected to be
natural ges or fuel oil. Additionally, the
use of firetube-type steam generating
units becomes rmore common for units of

'29 MW (100 million Btu/hour} heat input

capacity or lesss Watertube-type steam
generating uhits predominate among
steam generating units larger than 29
MW (100 million Btu/hour} heat input
capacity.. .

Development of new source
performance standards limiting
emissions of sulfur oxides, nitrogen
oxides, and particulate matter from

- steam generating units smaller than 29

MW (100 million Btu/hour) heat input
capacity is planned. In this small steam
generator size range, the type of unit

" used, the physical design characteristics

of these units, the cost impacts of
emission contral systems on steam
production costs, and the steam
generation applications are often
different than for larger steem
generating units. Because these factors

" have been found to be materially

different, a separate study for these
smaller steam generating units is
appropriate. This will agsure that an
adequate evaluation is conducted on the
technical and economic factors
associated with applying emission
controls to smaller steam generating
units.

C. Selection of Farmats for Emission
Limits
Threk possible formats were

considered for the emission limits in the
proposed standards: {1} Concentration,
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{2) emissions per unit of steam
generating unit energy output, and (3)
emissions per unit of steam generating
unit heat input, The criteria used for
selecting the format were: (1) The ability
of the format chosen to reflect the
application of the best system of
emission reduction, and (2) the ease of
monitoring and compliance testing.

A concentration format measures the
ability of the control system to reduce
the level of pollutants relative to the
volume of flue gas and provides a direct
measure of the performance of the
control equipment, There is, however,
the potential that the effectiveness of a
concentration standard can be reduced
by dilution of the exhaust gases
discharged to the atmoaphere with
excess combustion air, thus lowering the
concentration of pollutants emitted but
not the total mass emitted. This problem
can be corrected by using a
concentration standard at a reference
carbon dioxide or oxygen level. Use of
such a correction, however, renders this
format functionally equivalent to a mass
per unit of heat input format with
respect to measurements needed to
determine compliance. Thus, a
concentration format was not selcted for
the proposed standards.

A format of emissions per unit of
steam generating unit energy output
would make the process of determining
compliance with the pfoposed standards
very complicated. A format of this type
would require measurement of polliztant
emissions followed by calculation of the
steam generating unit energy output
which would require measurements of
the steam production rate, steam
quality, and condensate return )
conditions. The cumulative effect of
requiring all these measurementa would
be to complicate compliance testing and
monitoring, increase the likelihood for
errar, and increase costs for compliance
testing and monitoring without
significant benefits.

It is suggested that this format would
create an incentive to purchase more
efficient steam generating units and to
increase operational efficiency. . '
However, an incentive to purchase more -
efficient steam generating units would
exist in any case because less efficient
steam generating units would have to
combust more fuel and use a larger
emission control device compared to
more efficient steam generating units
which would produce the same amount
of steam while firing less fuel. .

. Using a mass per unit of energy output
format, standards which are based on
best systems of emissions reduction
applied ta less efficient steam
generating units may not reflect the best
system of emissions reduction when

-

compared to more efficient steam
generating units. This outcome may not
be consistent with the basic
requirements of section 111 of the Clean
Air Act that standards of performance
reflect the application to all affected
facilities of the best systems of |
contintuous emission reduction
considering costs and other impacts.
Adjusting standards in some manner to
reflect application of the best systems of
emission reduction on all steam
generating units would render this
format functionally equivalent to a mass
per unit of heat input format. Therefore,
a format of emissions per unit of energy
output was not selected for the proposed

. standards; however, this would not in

any way discourage the use of higher
efficiency steam generating units.

A mass per unit of heat input format
wag selected for the proposed standards
since this format directly relates the net
quantity of pollutants emitted to the
amount of fuel fired in the steam
generating unit. Monitoring and
emission testing used to determine
compliance with standards written in
this format would be based on
established methods. Additionally, this
format is consistent with other
standards established for steam
generators {Subparts D and Da of 40
CFR Part 80). The major feature of this
format, however, is that the required
degree of emission control would be the
same for all similar steam generating
units burning the same amounts of fuel,

Emission credits for cogeneration

. systems and for combined cycle units

were alsc considered and are discussed
under the Cageneration Steam .
Generators—Emission Cradits and the
Combined Cycle Steamn Generators—
Emission Credits sections of this
preambie (See REQUEST FOR COMMENTS
section).

D. Selection of Demonstrated Emission
Control Technology and Emission
Limits Nitrogen Oxides -

" 1. Introduction

Nitrogen oxides (NO,) formed dunng
fuel combustion are composed of
thermal NO, and fuel-nitrogen NO,.
Thermal NO, is formed througha
reaction between the nitrogen and
oxygen present in the combustion air. In
contrast, fuel-nitrogen NO; is the resuft -
of a reaction between nitrogen present
in the fuel and oxygen present in the
combustion air.

Nitrogen and oxygen in the
combustion gir can combine to form
thermal NO, at the elevated
temperatures found in steam generating
unit flames. Increased formulation is due
to two factars; high combustion

temperatures and high concentrations of
oxygen in the presence of nitrogen.
Boiler operating and design conditions
which elevate combustion temperatures
include increasing design heat release
rates, full load operation, and preheating
combustion air. Fuel moisture, on the

_other hand, will lower combustion

temperatures. This lower temperature is
a result of the cooling effect created by
the evaporation of the moisture as the
fuel burns. High concentrations of
oxygen in the presence of nitrogen
exposed to the high combustion
temperatures are generally associated
with the use of large amounts of excess
air introduced early in the combustion
zone, ' '

The fuel nitrogen component of NO,
emissions is generated by the reaction
of nitrogen in the fuel with oxygen in the
combustion air. The two steam
generating unit operating conditions
which contribute most to fuel-nitrogen
NQ, formation are increased fuel
nitrogen content and the presence of
large smounts of excess air in the
combustion region where the fuel
nitrogen evolves from the fuel.

Because of the influence of fuel
nitrogen content, various fuels fired in
steam generating units have widely
differing NO, characteristics, For
example, natural gas and distillate oils
contain little, if any, fuel nitrogen. As a
result, nearly all of the NO, emissions

produced by the combustion of tiese

fuels is thermal NO,. Accordingly, the

.uncontrolled emissions from firing these

low nitrogen fuels are generally much
lower than from ﬁrmg residual oils and
coal.

Residual oils and nonfossﬂ fuels are
characterized by varying, but generally
greater, amounts of fuel nitrogen than
natural gas or distillate oil. As a result
of these higher fuel nitrogen levels, total

-NOQ, emissions from firing residual oils

are comprised of both thermal NQ, and
fuel-nitrogen NO,. Uncontrolled
emissions from residual oil combustion

- are generally higher than for natural gas

and distillate oil, but less than for coal.
Nonfossil NO, emissions are generally
in the same range as those from gas and
distillate oil fuels.’ : '
Coal containg a subatantial amount of
fuel nitrogen relative to natural gas and
oil. Consequently, NO, emisgions
resulting from coal combustion typicaily

.include both thermal NO, and

significant quantities of fuel-nitrogen
NO,. The level of NO, emissions

- generated by coal combustion is also

dependent on steam generating unit
type. In arder of increasing NO,
emissions, the three basic steam
generating unit types used to fire coal
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are: mass-feed stokers; spreader stokers,
" and pulverized coal-fired steam
generating units, The differences in NO,
emission characteristics are due
primarily to the different combustion
mechanisms employed in each steam
generating unit type, _
Mass-feed stoker coal-fired steam
. generaling units (e.g., underfeed stokers
and chaingrate stokers) generally have
the lowest uncontrolled NO, emissions.
In this steam generating unit type, the
coal [approximately 2 cm (% in) in
diameter] is pushed directly into a coal
bed positioned in a retort or on a grate.
All combustion occurs in the coal bed.
Compared to the other two steam

generating unit types, coal combustion is-

less intense and occurs relatively slowly

in mass feed stokers. The reduced

- combustion intensity reduces
combustion temperature and tends to

' result in lower NO, ernissions. -
Considerable burning ocours in the
interior of the fuel bed where oxygen is
locally deficient. This reduced oxygen
availablility also reduces combustion
intensity and further contributes to the
lowering of NO, emissions.

Spreader stoker steam generating
units also employ coal beds for
‘combustion; however, the coal
[epproximately 0.8 cm {% in) in
diameter} is introduced by a. mechanism
above the grate which throws the coal
onto the grate. Coal combustion occurs

in suspension above the grate as well as -

on the grate. Suspension burning tends
to be more intense and results in higher
NO, emissions. In this regard, the
combustion characteristics of spreader .
stokers are & hybrid of both the mass-
feed stokers and pulverized coal-fired
steam generating units. The NO,
emissions of spreader stokers are
greater than those of mass-feed stokers
but less than those of pulverized coal-
fired steam generating units, reflecting
this hybrid combustion characteristic,

Pulverized coal-fired steam generating
units burn finely powdered coal {more
than 75 percent of the ¢oal is less than
75p (005 in) in diameter) in burners
similar to a natural gas- or oil-fired
burner. Combustion cours in
suspension in the steam generating unit
firebox. This combustion is relatively
intense compared to stoker steam °*
generating units, and uncontrolled NO,
emissions from pulverized coal-fired
steam generating units are the highest of
all coal-fired steam generating ynit
types. '

In summary, NO, emission rates are
influenced by both steam generating unit
design and operating conditions and by
fuel praperties. The steam generating
unit design and operating conditions
that influence NO, emissions most

.significantly are suspension-vs-grate

combustion, levels and location of

- combustion air introduction, heat

release rates, steam generating unit
load, and degree of combustion air
preheat. The fuel properties that
influence NO, emissions most -

" significantly are fuel type, nitrogen

content, and moisture content. The
proposed NQ, standards were -
developed with careful consideration
given to these and other factors. .
Demonstrated Control Technigues. A
variety of methods can be employed to

control NO, emissions. The lowest cost

and most widely used techriques
modify the combustion process to
minimize NO, formation. Other less
commeon NC; control techniques remove
NO, from the flue gas after its formation
(flue gas treatment).

Flue {or combustion) gas treatment
was reviewed as a'NO, control
technique during development of the
propesed standards. The flue gas NO,
cleanup technique currently receiving
the most attention is selective catalytic
reduction (SCR), in which combustion
Bases are passed over a catalyst to
reduce NO, emissions back to elemental
nitrogen {N:) and oxygen [Oz).

SCR is quite costly compared to
combustion modification contrel
techniques. Also, SCR has not yet been
epplied in.the United States to fuil-scale
steam generating units firing coals and
high nitrogen oils which have the
highest NO, emissions potential.
Technical and economic questions exist
concerning the application of SCR to
steam generating units which preclude a
conclusion. at this time that SCRis &
universally demonstrated technology for
the purpose of developing standards of
performance limiting NO, emissions
from steam generating units.

Combustion modification control
techniques have been applied to
industrial-commercial-institutional
steamn generating units. The principal
combustion modification NQ, control
techniques which have received the
most development are low. excess air
and low excess air/staged combustion.
Other NO, control techniques, however,
such as reduced air preheat and flue gas
recirculation have also been applied to
industrial-commercial-institutional
gteam generating units.

Reduced combustion air preheat is a
form of combustion modification that -
reduces NO, formation, At present,
steam generating units using preheated
combustion air, heat the combustion air
by heat exchange with the hot flue gas
exiting the steam generaiing unit,
thereby improving steam generating unit
efficiency and thereby reducing fuel
costs. As combustion air preheat

temperature is increased, NO, emissions
generally increase because of increased -
flame temperatures. Reduced

combustion air preheat reduces flame
temperatures and thus serves to control
the formation of thermal NO, emissions.

Data from uncontrolled natural gas-
fired steam generating units indicate
that direct use of unheated ambient air
achieves NO, emission reductions in the
range of 30 to 40 percent from NO,
emission levels where combustion air is
preheated to 150°C (300°F). The
technique of reduted combustion air
preheat, however, is generally much less
effective on coal- and residual oil-fired
steam generating units where a large
percentage of the NO, emissions may be -
derived from the fuel-nitrogen content,
and not from the thérmal formation.

One ares of concern with the use of
reduced combustion air preheat as a
NO; contro] technique, however, is the.
potential energy perialty associated with
certain applications. 'The costs
associated with an-energy penalty
largely depend on whether a steam
generating unit feedwater heater
(economizer) can be used in the place of
a combustion air preheater. Similar to
combustion air preheaters, economizers
increase steam generating unit

“efficiency by recovering heat from steam

generating unit flue-gases and using il to”
preheat the steam generating unit
feedwater instead of preheating the inlet
combustion air, THis method of
recovering waste heat improves steam
generating unit efficiency without
raising flame temperatures or increasing
NQ, emissions,

If steam generating unit flue gas heat
is recovered in an economizer rather
than in 8 combustion air preheater, no
costs would be associated with use of
reduced (or no} air preheat as an NO,
control technique. The capital costs of
economizers and combustion air
preheaters are similar, Also, any loss in
overall steam generating unit efficiency
due to reduced combustion air preheat
is offset by a gain in steam generating
unit efficiency.due to the preheating of
steam generating unit feedwater, with - -
no net change in efficiency.

Reduced combustion air preheat,
however, could result in & cost penalty
where alternative sources of waste heal
are available in excess of the energy
utilization capacity of preheating the
steam generating unit feedwater. This
situation may occur in large industrial
plants with integrated energy systems
such as petroleum refineries and

" chemical plants. In these instances, the

most effective use of the available
energy may require the use of both
economizers to preheat feedwater and
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. combustion air preheaters. Therefore,
where large quantities of waste heat ar
available, the use of reduced ‘
combustion air preheat for NO,
emission control could preclude the
recovery of waste eneray. In such cases
the cost-effectiveness of applying -

* reduced combustion air preheat as an
NO, control technique can be quite poor
for natural gas-fired steam generating
units. As a result, while the proposed
standard would not preclude the use of
combustion air preheaters, the use of
thiz contro! technigue was not
considered a reasonable basis for
developing standards of performance
when cost and energy impacts are taken
into consideration. _

Flue gas recirculation (FGR) is another
form of combustion modification which
has received some application to
industrial-commercial-institutional
steam generating units as a means of
recucing NO, emissicns. This control
technique involves extracting a pertion
of the flue gas and returnjng it to the
steam generating unit firebox. FGR
raduces the oxygen concentration in the
combustion air by using oxygen-
depleted flue gas as a portion of the
combustion air and thereby reduces the
combustion temperature. Experience

"suggests that FGR is most effactive in
suppressing thermal NO, formation and
has less effect on fuel-nitrogen NO,
formation. Consequently, FGR appears
more suitable for steam generating units
firing low nitrogen fuels, such as natural
gas and distillate oil than for residual
oil- and coal-fired steam generating
units.

FGR systems are offered by one
manufacturer of gas- and oil-fired steam
generating units and one manufacturer
of stoker coal-fired steam generating
units. Each manufacturer has retrofitted
several industrial-commercial- -
institutional steam generating units with
FGR systems. Very limited data on two
small gas- and oil-fired steam generating
units [2.5 MW and 15 MW (8.8 and 50
million Btu/hr) heat input], however,
appears to indicate that FGR achieves
little NO, reduction beyond the NO,
emission reduction capability of another
and much more widely employed
control technique referred to as low -
excess air (LEA), which is discussed
below. Similarly, very limited data on
one coal-fired spreader stoker steam
g2nerating unit also appears to indicate
that FGR achieved minor NO, emission
reduction beyond that associated with
the use of LEA alone on modem coal-
fired spreader stoker generating units.
FGR, on the other hand, appears to cost
somewhat more than LEA. As a result,
attention focused primarily on the use of

LEA rather than FGR as an NO, control
technique to serve as the basis of
standards of performance.

As mentioned above, one of the most
common forms of combustion
modificatior which is widely used in
industrial-commercial-institutional
steam generating units is operation of
the steam generating unit at low excess
air levels (LEA), With LEA, less oxygen
is available in the flame zone and thus
formation of both thermal and fuel-
nitrogan NO, is diminished. Although
effective on both types of NO,
emissions, experience indicates that
LEA is considerably more effective in
reducing thermal NQ,. There is,
however, a practical limit to the use of

- LEA. At extremely low air settings,

problems may cccur with combustion
stability, and smoking could result from
incomplete combustion. When firing
coal, another potential problem resulting
from unreasonably low excess air levels
is coal ash slagging which can lead to
steam generating unit operating
constraints or maintenance problems.
Within practical low excess air limits
for good steam generating unit
operation, however, LEA can
significantly reduce NO, emissions for
any steam generating unit. )

LEA control can be implemented by
manual or automatic control (trim) of the
steam generating unit combustion air
{windbox) controls to maintain an
appropriate air-to-fue!l ratio at each
steam generating unit load condition.
LEA control can also be enhanced for
steam generating units burning liquid or
gaseous fuels by use of low excess air
burners, which promote complete and
stable combustion at very low excess air
levels, '

LEA exhibits two features which have
encouraged its use on all types of coai-,
oil-, and natural gas-fired steam
generating units. The first fzature is_
increased steam generating unit
efficiency, which occurs because lesa
excess combustion air is required to be
heated in the steam generating unit
during the combustion process.

The second feature is the ability of
LEA ta reduce NO, formation in steam
generating units firing a variety of fossil
fuels, including natural gas, oil and coal
and & variety of fossil fuel blends with
wood and solid wastes. This versatility
allows steam generating unit ownrers or
operators to swikch fuels or to fire
various fuel mixtures and still obtain the
energy and environmental benefits of

Generally, data from natural gas,
distillate oil and stoker coal firing
indicate the/LEA achievea NO, emission
reductions of up to 30 percent depending

.

on steam generating unit fuel and steam
generating unit type. Consequenily, LEA
is considered a demonstrated NO,
control technique for the develepment of
standards of performance limiting NO,
emissions from industrial-commercial-
institutional steam generating units.

The final combustion modification
technique evaluated was staged
combustion {SC). Although SC is most
effective in reducing fuel-nitrogen NO,
formaticn, SC is also effective in
reducing thermal NO, formation. -
Because of this broad influence on NO,
formation, SC has found application in a
broad range of steam gererator
categories.

SC supresses NO, emission formation
by separating the combuation process
into multiple stages, each varying by the
availability of combustion air, With SG,
the oxygen availability during the

- critical stages of combustion in

minimized and the conversion of both
atmospheric-nitrogen and fuel-nitrogen
to NO, is reduced. SC also delays a
portion of the combustion process,
thereby reducing the peak flame
temperature and the formation of
thermal NO,. The application of low
excess air plus staged combustion
(LEA/SC) compounds the reduction of
thermal NO, and fuel-nitrogen NO,
emissions, thereby resulting in effective
reduction of total steam generating unit
NO, emission. e

SC controls can be implemented by
two methods. One method, known as
overfire air (OFA), involves diverting a
fraction of the combustion air away
from the burner, and injecting it into the
flame from secondary air ports. These
secondary air ports are typically located
in the side of the siream generating unit
downstream from the burners.

OFA controls are currently offered by
several industrial-commercial institution
stearn generating unit manufacturers.
Over the past several years, OFA
controls have received limited
application to natural gas and distillate
oil fired sieam generating units and
wide application to pulverized coal- and
residual oil-fired steam generating units.

_Due to this wide application of OFA to
" pulverized coal and residual oil fired

steam generating units, the NO, _
emission reduction capabilities of OFA
controls are well documented for firing
of these fuels and OFA controls are
considered the preferred technology for
achieving SC on pulverized coal- and
residual oil-fired steam generating units.
The second method for achieving SC
is through the use of staged combustion
burners (SCB), which are often referred
to as “low-NOQ," burners. SCB achieve
staging of the combustion process by
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SC control techniques have been
shown to be a very effactive NO, -~
emission control technique for natural .
gas-, oil-,-and pulverized coal-fired
‘steam generating units. The OFA.

~method of 8C has seen limited _
application on-'natural gas- and distillate
but are based on these staged oil-fired steam generating units and has
combustion principles. In addition to seen widespread application for several
reducing NO; emission, SCB also greatly years on residual oil- and ‘pulverized
relduces the senaitivity of NO, coal-fired steam generating units. OFA
emissions from natural gas- and 1is, therefore, considered a demonstrated
distillate oil-fired steam generating units = -control technique for purposes of
to combustion air preheat. developing standards of performance
5CBs are a relatively new NO, control  limiting NO, emissions from natural gas-
technology and are the result of several = . distillate oil-, residual oil- and
years of very active research and -pulverized coal-fired steam generating
development. In addition, this _ units. SCB, although a newer technology,
 technology will continue to be an area of has been the focus of much recent SC
active development and rapidly activity, particularly for distillate oil-
expanding application. This research ~ - and natural gas-fired steam generating
. and development has pursued SCB - units, SCB is.considered a demonstrated
technology for all fuels fired with contro} technigue for the purpase of
burners, including pulverized coal. - developing standards of performance
. However, the greatest emphasis has limiting NO, emissions from natural gas-
been on the development of SCB for the  and distillate oil-fired steam generating
control of NO, emissions from natural units. For residual oil- or pulverized
gas--and distillate oil-fired steam coal-fired steam generating units-SCB
generating units in response to technology is under active development
significant envircnmental problems " but does not appear 1o have reached the
occurring in locations such as California  point where it.can be considered
where natural gas and distillate oil fuels demonstrated and available for
are commenly used. As a result of the universal-application to industrial- ...
rapid development of SCB, there are commercial-institutional steam
now a limited number of SCB applied to  generating units. - :
natural gas- and distillate gil-fired When LEA is applied in conjunction
- industrial-eommercial-institutional ‘with SC, LEA/SC compounds the -~
steam generating units installed and " effectiveness of each technology,
operating in the U.S. Furthermore, there  resulting in from 25 to 60 percent NO,
are four steam generating unit emission reductions-from fossi] fuel-
manufacturers and four burner - fired steam generating units,
manufacturers offering SCB's for field- Consequently, LEA and LEA/SC are
erected and packaged steam generating  considered demonstrated control
units, Performance guarantees are being  techniques for the purpose of developing
offered for SCB application to the standards of performance limiting NO,
combustion of natural ges and distillate  emissions from industrial-commercial-
oil. ‘ institutional steam generating units.
Althought SCB for residual oil-fired NO, Emission Limits. As discussed
steam generating units are commercially  above, after evaluating a number of NO,
available from three vendors, the control technologies currently in
application of SCB to residual oil- and existence, the low excess air (LEA) and
pulverized coal-fired steam generating the low excess air-staged combustion
units has largely been limited to pilot (LEA/SC) modification techniques are
and demonstration applications. The considered to.be.demonstrated control
establishment of performance technologies for the purpose-of
capabilities for SCB on residual oil- and  developing standards of performance for
pulverized coal-fired units is - industrial-commercial-institutional
complicated by the wide variability in steam generating units. The emission’
composition exhibited by these twe reduclion capability and achievable
fuels. Because of these performance emission limit for each combination of
data limitations performance guarantees fuels and major type of steam generating
for SCB when applied to residual oil- units were determined based on the use
and pulverized coal-fired steam of these control techniques. .
generating units are limited, although - Natural Gas/Distillate Oil-Fired
one vendor will generatee NO, Steam Generating Units. The evaluation
emissions of 129 ng/J (0.30:1b/million of conibustion modification controls for
Blu) heat input for residual oil with low  natural gas- and distillate oil-fired steam
nitrogen content. ' genetrating units focussed on two NO,

creating a core flame that is-either
oxygen or fuel deficient. The remaining -
air or fuel required to camplete the
combustion process is introduced by the
burner in a cylindrical zone around the
core flame. The specific mechanical
designs of SCB vary by manufacturer,
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emission control technologies; LEA and
LEA/SC. Because natural gas and
distillate oil are both low nitrogen.fuels,
fuel-nitrogen NQ, formation is minimal
and thermal NO, formation composes
the major source of NO, emissions from-
firing these fuels. LEA has been-shown
to be quite-effective in controlling -
thermal NG, formation:and
consequently is quite effective in

-Teducing NC, -emissions from-steam

generating units firing natural gas and
distillate oil. However, in‘the.last:two-
years LEA/SC controls.in the'form: of

staged combustion burners:{SCE) have

" 'been the focus of most' NO, emission .

control technology demonstration and
application activities, SCB,, when
combined with LEA, has been shown to
be more effective than LEA alone in
reducing NO, emissions from: natural
gas and distiilate oil combustion.

A large amount of NO, emission data
covering a wide range-of conditions was
collecied on the performance of LEA
applied to natural gas- and distillate oil-
fired steam generating units. Over 250
short-term test results were collected for
approximately 24 natural gas- and
distillate oil-fired steam generatirg
units, These data were gathered using a

-continuous NO, analyzer

{chemiluminescent} with each test

_period ranging from a few minutes to

several hours. The natural gas-fired
steam generating units ranged in size.
from 6 to'117 NW (22 to 400 million Btu/
hour) heat input capacity. The distillate
oil-fired steam generating units ranged
from 8 to 73 MW (22 to 230 million Btu/
hour) heat'input capacity. Some steam

_generating units had preheated

combustion air, while others did not. -
Thus, the temperature of the combustion
air entering the steam generating units
ranged from 16°C to 360°C (80°F to
680°F). Boiler loads ranged from 18
percent to nearly 106 percent of rated
capacity and excess oxygen levels
ranged from 0.2 to 14.5 percent {1 to 200
percent excess air}. Under these
conditions, resulting short term NO,
emissions ranged from 13 to 237 ng/J
(0,03 to 0.55 1b/million Btu) heat input.
The wide variability in the test data is
due primarily to wide variations in
steam generating unit test conditions. In
some cases, the test conditions were not
representative of adverse NO, formation
conditions such as high loads and high
combustion air preheat temperatures. In
other cases, the.amount of excess air
used was above the'level that is
consistent with reasonable LEA control.
In order to characterize each steam
generating unit's emissions under LEA
controls, a-method was developed
which matched the emission data to
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their associated set of LEA operating
conditions and then predicted NO,
emission. This method relied on
statistical regressions that established a

relationship between NO, emissions and

heat release rate {load}, excess air level,
and combustion air temperature (degree-
of combustion air preheat). After
identifying the relationship, operating
conditions were specified to represent
LEA controls and high potential NO,
emissions [full load and maximum
preheat temperature) and the NO,
emission level for steam generating unit
under LEA control was estimated.,

For natural gas- and distiliate oil-fired
steam generating units not using
combustion air preheat, LEA reduced

"NO, emissions to less than 69 ng/] (0.16
Ib/million Btu) heat input. For steam
generating units firing the same fuels but
employing combustion air preheat, LEA
reduced average NQ, emissions to less
than 120 ng/] (0.28 1b/million Btu).heat
input under worst case operating
conditions. )

These NG, emission levels represent
the mean performance of LEA under
operating conditions which are
conducive to high NO, emissions,
However, day-to-day variation around
this mean can be expected. One method
ta address this variation is to average
the data from more than one day of

-operation. NO, emissions averaged over
30 days, for example, show much less
variation than NO, emissions averaged
on’'a 24-hour basis,

Short-term variations in NO, emission
levels can be minimized by averaging
emissions, but not eliminated
completely. By performing time series
analysis of long-term NO, emission data
from individual steam generating units,
it is possible to quantify the amount of
long-term variation remaining after
averaging. No long-term NO, data are
available for the application of LEA o
watertube natural gas- and distillate oil-
fired steam generating units; however,
long-term NO, date were availabie and
were analyzed for the application of
LEA/SC to watertube residual oil-fired
stearn generating units. Since the
compesition of natural gas and distillate
oil fuels are generally more consistent
than residual oils, the analysis based
upon residual oil represents a worst
case gituation and the variation in NO,
emissions resulting from the use of LEA
would be smaller for steam generating
units firing natural gas or distillate oil.

The long-term NO, data for
application of LEA/SC to residual oil-
fired steam generating units (discussed
in next section) indicate that variations
above and below the mean NO,
emiszion level would be expected to be
less than 8 percent when an averaging

period of 30 days is used to analyze the
data. This meang that an NO, emission
level 8 parcent higher than the mean
NO, emission level could be met
congsistently when using a 30-day period
to average NO, emission data.

Applying the results of this analysis of
NO, emission variation to the
application of LEA to natural gas- and
distillate oil-fired steam generating units
leads to the conclusion that LEA is
capable of reducing NO, emissions from
natural gas- and distillate oil-fired steam
generating units without preheated
combustion air to 88 ng/] (0.20 It/
million Btu) heat input or less on & 30-
day rolling average basis. Similarly, LEA

_ 18 capable of reducing NO, emissions

from natural gas- and distillate oil-fired
steam generating units with preheated
combustion air to 129 ng/] (0.50 b/

- million Btu) heat input or less on a 30-

day rolling average basis.

To evaluate the performance of LEA/
SC NO, emission controls on natural
gas- and distillate oil-fired steam
generating units, performance data was
collected on both LEA/OFA and LEA/
SCB systems. NO, emission data were
tollected from two natural gas-fired
steam generating units equipped with
LEA/OFA controls, All data were
gathered witit a continuous NQ, )
emission monitor (chemiluminescent).
The two-steam generating units had heat
input capacities of 165 MW and 236 MW ~
{567 and 800 million Btu/hour) and were
capable of combusting both natural gas
and residual oil fuels (no residual oif
data were available, however). A series
of twelve short term tests ranging in
length from 8 minutes to 25 minutes
were conducted on each steam
generating unit. NO, emissions during
these tests averaged 37 ng/] and 38 ng/]
(0.086 and 0.08¢ Ib/million Btu) heat
input, reapectively,

NO, emission test data was also
collected from five natural gas-fired
gteam generating units equipped with
LEA/SCB. All data were gathered with a
continuous NO, analyzer

. (chemiluminescent). The five steam

generating units rangéd in size from 19
MW to 29 MW (65 to 100 millien Btu/ .
hour) heat input capacity. Two of the . -
steam generating units were designed to
fire only natural gas and three of the
steam generating units were designed
for both natural gas and distillate oil
firing. Finally, four of the five units were
packaged units and the fifth unit was a
field erected unit. .
The NO, emission data consisted of
three or more short term tests conducted
on each of the five steam generating
units at full load conditions. These data
indicate that average NO, emissions
ranged from 30 ng/] to 38 ng/J (.07 to .09

lb/millien Btu) heat input for natural gas
firing and 43 ng/J {0.10 lb/million Btu)
heat input for distillate oil firing.

The manufacturers of LEA/SCB and
of steam generating units equipped with
LEA/SCB were also contacted to
determine what NO, emission
performance guarantees they offered.
Four of the five manufacturers contacted
are providing guarantees for their LEA/
SCB units. Two of the guarantees
offared were for achieving sustained
NOQ, emission levels of 17 to 34 ng/}
{0.04 to 0.08 1b/million Btu) heat input
when firing natural gas. The other two
manufacturers are providing guarantees
that their LEA/SCB units are capable of

" achieving sustained NO, emission levels

of 43 ng/] (0.10 1b/million Btu) heat input
for natural gas firing. Finally, one
manufacturer is also providing
guarantees that their LEA/SCB are
capatle of achieving sustained NO,
emission levels of 43 ng/] (0.10 Ib/
million Btu} heat input for distillate oil-
fired steam generating unit applications.

All emission control technologies
exhibit some sensitivily to changes in
combustion conditions, which result in
variations in emission performance.
However, these sensitivities ta
combustion conditions are greatly
reduced when LEA/SC controls are
applied to natural gas- and distillate oil-
fired units due to the consistently high
quality of these fuels and the
combustion characteristics of LEA/SC
controls. Any variations in NO,
emissions when LEA/3C controls can be
further reduced by averaging the
emission data for more than one day of
operation. NO, emissions when
averaged over a 30-day period, exhibit
much less variation than NO, emissions
averaged over a 24-hour period.

This analysis and assessment of the
NO, emission performance capabilities
of the application of LEA/SC to natural.
gas- and distillate oil-fired steam
generating units, the rapid development
and continuing improvement in the
performance characteristics of this
technology, and the availability of NO,
emission performance guarantees from
the vendors of this technology, indicates
that LEA/SC will reduce NQ, emissions
from steam generating units firing
natural gas or distillate oil to 43 ng/]
(0.10 Ib/million Btu) heat.input on a 30-
day rolling average basis. -

Residual Oil-Fired Steam Generatin
Units. The composition of residual oils
varies considerably, Some residual oils
contain very little fuel nitrogen, while
athers, derived from heavy crude oils,
may have fuel nitrogen levels exceeding
0.5 weight percent. However, most
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residual oils have fuel nitrogen contents
in the range of 0.1 to 0.4 weight percent.

The control technique most effective
in reducing NO, emissions from residual
cil-fired steam generating units depends
on the fuel nitrogen content of the oil.
For residual oils with low fuel nitrogen
levels, thermal NO, predominates and
LEA is the most effective NO, control
technique. At this fuel nitrogen level
LEA/SC does not generally result in a
further reduction in emissions. For
residual oils with intermediate or high -
fuel nitrogen contents, fuel-nitrogen NO,
predominates and LEA/SC is distinctly-
the most effective contral technique, =

The data gathered for assessment of
LEA and LEA/SC as control techniques
for NO, emissions from steam
generating units firing residual oils
consist of results from both short-term
and long-term emission tests. These
" data were gathered using a continuous
NO, analyzer (chemiluminescent). The
short-term test periods ranged from 30
minutes to 6 hours in duration: The long-
term test data were-collected from a
residual oil-fired steam generating unit
over a 29-day period. ' '

The short-term NO, data consist of
over 150 tests (each test was less than 6
hours) performed on 12 residual oil-fired
industrial steam generating units. Five
steam generating units were tested
under LEA/SC controls using overfire
air ports (OFA). OFA has been the
perferred technique for achieving LEA/
5C on residual oil-fired steam generating
units. These data were gathered in order
to analyze the effect of LEA and LEA/
5C on NO, emissions from firing
residual oil of varying fuel nitrogen
contents using varying degrees of
combustion air preheat. The steam
. generating units tested ranged in size
from 6 to 59 N'W (22 to 200 million Btu/
hour) heat input capacity. Some of the
steam generating units used preheated
combustion air,'while others did not.
Thus, the temperature of the combustion
air entering the steam genérating unit
ranged from 16°C to 310°C (60°F to
59G°F). The steam generaling units were
operated at stem generating unit loads
from 20 to 84 percent. The residual oil
fired during these tests had fuel nitrogen
levels ranging from 0.14 to 0.77 weight
percent, The flue gas oxygen levels
ranged from 0.9 to 13.3 percent (5 to 150
percent excess air). Under these
conditions, NO, emissions ranged from
60 to 335 ng/j (0.14 to 0.78 Ib/million
Btn) heat input.

These data were analyzed in the same
manner as that employed to analyze the
LEA data base for the natural gas- and
distillate oil-fired $team generating unit
data. Statistical regressions were
performed to relate NO, emissions to

key steam generating unit operating

conditions. These analyses showed that .

by far the most pronounced factor -

-affecting the performance of LEA and

LEA/SC was the fuel nitrogen centent of
the residual oil fired. From these
analyses a strong correlation was
established between the effectiveness of

LEA and LEA/SC in reducing NO,

emissions and the fuel nitrogen content

- of the residual oil fired. When LEA is

used alone, NO, emissions are reducéd
but tend to increase in an almost linear
fashion as the fuel nitrogen content of
the residual oil increases. Thus. as the
fuel nitrogen content of the residual oil

- increases, the effectiveness of LEA

alone decreases.

When SC is used in combination with
LEA, NO, emissions also increase as the
fuel nitrogen content of the residual oil
increases, but at a much slower rate.
Ultimately, there is little further increase
in NO, emissions as the residual oil fuel
nitrogen content exceeds 0.4 weight -
percent. These relationships are

- consistent with the general view that
- LEA is quite effective in reducing

thermal NO, formation, but is much less
effective in reducing fuel-nitrogen NO,

- formation; and that SC in combination

with LEA is very effective at reducing
both thermal and fuel-nitrogen NO,
formation. .

The regressions were used to match
each of the short-term tests to a common
set of stéam generating unit operating
conditions representing high NO,
emission potential and the use of LEA or
LEA/SC, as applicable. For steam
generating units firing low nitrogen
residual oil (less than 0.2 weight percent
fuel nitrogen) and employing LEA, 30-
day average NO, emissions did not -
exceed 116 ng/] {0.27 lb/million Btu)

heat inpul. At this level of fuel nitrogen

LEA/SC does not generally result in e
further reduction in emissions. For -
steam generating units firing a medium
nitrogen residual oil (0.2 to 0.35 weight
percent fuel nitrogen) and employing.
LEA, average NO, emissions were 158
ng/J (0.37 1b/million Btu} heat input or
less, Using LEA /SC while firing a
medium nitrogen residual oil resulted in
30-day average NO, emissions which -

- did not exceed 122 ng/J (0.28 Ib/million

Btu) heat input. Finally, for steam
generating units firing a high nitrogen
residual oil (greater than 0.35 weight
percent fuel nitrogen) and employing
LEA/SC, 30-day average NO, emissions
did not exceed 124 ng/] (0.29 lb/million -
Btu) heat input.

In addition to short-term NO,
emission test data, long-term NQ, ‘
emission data were also gathered on the
performance of LEAand LEA/SC in
reducing NO, emissions from residual

oil-fired steam generating units. The
long-term data were collected with a
continuous NO, analyzer '
(chemiluminescent) from a 286 MW (100
million Btu/hour) heat input capacity .
steam generating unit over a 29-day
périod. During this test period, the steam
generating unit fired residual oil having
a fuel nitrogen content of 0.3 - weight .
percent and was operated between 45

_and 95 percent of steam generating unit

capacity. For 16 days of the test period,
this steam generating unit was .
controlled using LEA alone, with flue

gas oxygen levels ranging from 6 to 11

. percent (40 to 100 percent excess air).

For the remainder of the period, LEA
continued to be used while SC was
implemented by removing one of the
burners from service and by using the
part for overfire air. This test provides a
good indication of the preformance of

" LEA/SC. A new steam generating unit

which is specifically designed for SC,
however, would be expected to achieve

" even greater reductions in NQ,

emissions because of the flexibility to
locate staging air ports in optimal
positions. NO, emissions from this
sleam generating vnit averaged 125 ng/]
(0.29 1b/million Btu) heat input using
LEA alone. With the addition of SC,
average NO, emissions were reduced to
99 ng/] (0.23 lbo/million Btu) heat input.
These long-term NO, data were
analyzed to examine the ability of the
30-day averaging period to raduce the
variation in NO, emissions. Using time |
series analysis, the variation in NO, |
emissions remaining after using a 30-da
rolling average to calculate NG, .
emission levels was found to be 8
percent. Using this factor to increase the
average NO, emission levels resulting
from the analysis of the short-term NO,
emission data is sufficient to ensure that
NO, emissions calculated using a 30-day
rolling average would be consistently .
under this level. As a result, this
analysis indicates that for steam
generating units firing residual oils with
less than 0.35 weight percent fuel
nitrogen, LEA/SC will reduce NO,

* emissions to 12¢ ng/J (0.30 Ib/million

Btu) heat input or less when using & 30- .
day rolling average to calculate
emiasions. Some low fuel nitrogen
residual oils will be able to meet this
emission level using LEA controls, For
steam generating units firing residual oil
having a fuel nitrogen content greater
than 0.35 weight percent, LEA/SC will
reduce NO, emissions to 172 ng/] (0.40
Ib/million Btu) heat input or less when
using a 30-day rolling average to
calculate emissions.

Coal-Fired Mass-Feed Stoker Steam
Generating Units. The analysis of NO,




23114

Federal Register / Vol. 49, No. 119 / Tuesday, June 19, 1984 / Proposed Rules

amissions data from coal-fired mass-
feed stoker steam generating units
examined the emission reduction
potential of LEA. In general, SC has not
been applied to mass-feed stoker steam
generating units. The available data
consist of approximately 150 short-term
tests on 7 steam generating units. The
steam generating units varied in heat
input capacity from 16 ta 79 MW (56 to
269 million Btu/hour).

During these tests, loads ranged from
32 to 104 percent of capacity. Coals fired
varied in fuel nitrogen from 0.94 to 1.55
weight percent and moisture content
varied from 2.7 to 12.3 percent. One
steam generatmg unit employed a
combustion air preheater which heated
combustion air to 107° C (225° F}; the
remainder used ambient combuastion air.
At flue gas oxygen levels of 5.0 to 14
percent (30 to 170 percent excess air),
NO; emissions as measured by a
continuous NO, analyzer
(chemiluminescent) varied from 73 to
224 ng/] (0.17 to 0.52 1b/million Btu) heat
input.

Statistical regressions were used to
corralate NQ, emissions with steam
generating unit operating conditions.
This regression analysis differed from
that used in the naturai gas- and oil-
fired steam generating unit analysis
discussed earlier in that correlations
were developed for each individual
steam generating unit rather than for the
data set as a whole. Individual steam
generating unit regressions were more
apropriate because the response of NO,
emissions to changes in operating
conditions was found to be more
specific to individual steam generating
unit design.

The steam generating unit specific
correlations indicate that NO, emissions
are related primarily to excess air level
and grate heat release rate (or steam
generating unit load}. While the data
base for mass-feed stoker steam
generating units is insufficient to
investigate the effect of other operating
variables, such as combustion air
preheat and coal fuel nitrogen levels,
statistical analysis of the NO, data base
for coal-firad spreader stoker steam
generating units {discussed below),
which are similar to mass-feed stoker
steam generating units, concluded that
the effect of these other variables is

‘relatively insignificant.

The correlations predicted average
NO, emissions for each steam _
generating unit at maximum grate heat
release rate (i.e., full load) under LEA .
conditions. This analysis predicted
average NO, emissions would range
from 85 to 194 ng/] (0.22 to 0.45 b/
million Btu) heat input.

Based on this analysis, LEA operation
will reduce average NO, emissions from
mass-feed stoker steam generating units
to 194 ng/] (0.45 Ib/million Btu) heat
input or less. Although no long-term NO,
data from mass-feed stoker steam
generating units are available, two long-

term NO, tests on spreader stoker ateam,

generating units are available. The
variability in NO, emissions from coal-
fired mass-feed stoker and spreader
stoker steam generating units is
expected to be similar. As discussed
below, analysis of these long-term data
indicates that the long-term variation in
NO, emissions is about 7 percent when
using a 30-day rolling average to
calculate NO, emissions. Using this
factor to increase the average NO,
emisston levels resulting from analysis
of the short-term NO, data from mass-
feed stoker steam generating units
indicates that NO, emissions calculated
using a 30-day rolling average would be
consistently below 215 ng/] (0.5 b/
million Btu) heat input. As a result, this

analysis concludes that LEA will reduce .

NO, emissions from mass-feed stoker
steam generating units to 215 ng/} (0.50
lb/million Btu) heat input or less, using a

' 30-day rolling average to calculate

emissions.

Coal-Fired Spreader Stoker Steam
Generating Units. LEA has been the
primary control technique employed on
spreader stoker steam generating units
to reduce NO, emissions. SC controls
have been employed on several
spreader stoker steam generating units
by diverting a greater portion of the
undergrate combustion air to the
overfire air ports located above the
grate. Available NO, emission data,
however, do not indicate significant
emission reductions beyond those
achieved using LEA alone. For this
reason, the analysis of spreader stoker
NO, emission control concentrated on
LEA alone.

NO, emission data were gathered
from approximately 350 short-term tests
(less than 3 hours per test) on 11
spreader stoker steam generating units

- to determine the effectiveness of LEA in

reducing NO, emissions. All data were
gathered with a continuous NO,
analyzer (chemﬂmmnescant] The short-
term NO, emission data gathered from 6
of the 11 spreader stoker steam
generating units were gathered in a ]omt
study by the American Boiler
Manufacturing Association (ABMA),
Department of Energy (DOE), and EPA.
The results of this joint study were
published recently by the ABMA in a
three-volume document entitled
“Emissions and Efficiency Performance
of Industrial Coal Stoker Fired Boilers."

(See Background Information
Documents for details.)

The overall conclusions drawn in this
joint study confirm the NO, emission
trends discussed in the data base
contained in the Background
Information Document. The study
concluded that NO, emissions increased

" with load and that this increase could be

. offset by lowering excess air levels as

:

load is increased. The amount of NO,
emission decrease associated with
lowering excess air varied from @ to 29
ng/] (0.021 to 0,067 1b/million Btu) heat
input for each 10 percent decrease in
excess air at a fixed load. The study
also concluded that staged combustion
(8C) did not result in significant
reductions in NQ, emissions for
spreader stoker steam generating units
and that variations in coal nitrogen
contents from 0.75 to 1.5 weight percent
alsa had no measurable effect on NO,
emissionas.

The 11 spreader stoker steam
generating units tested ranged in size
from 28 to"105 MW (97 to 358 miilion
Btu/hour) heat input capacity and were
operated at loads from 30 to 100 percent
during the tests, Coal nitrogen contents
ranged from 0.82 to 1.8 weight percent
and coal moisture ranged from 1.5 to
25.0 weight percent. Two steam
generating units employed combustion
air preheat, operating with combustion
air temperature of 158°C {315°F) in one
case and 148°C [300°F) in the other case.

As in the analysis for mass-feed
stoker steam generating units, statistical
regressions were developed for each
individual steam generating unit
correlating NO, emissions to steam
generating unit operating conditions.
These corralations indicate that NQ,
emissions are related primarily to
excess air level and grate heat release
rate (i.e., Btu/hour-ft3, In addition, these
correlations also indicate that no
significant relationships exist between
NO; emissions and combustion air
preheat level, coal fuel nitrogen content,
or any other operating parameters of
these spreadar stoker-fired ateam
generating units. _

Usmg these correlauons. average NO,
emissions at maximum grate heat
release rate (i.e., full load) wers
predicted for each steam generating unit
under LEA conditions consistent with .
proper steam generating unit operation.
Predicted average NO, emissions for all
steam generating units except one were
in the range of 148 ta 232 ng/] (0.34 to
0.54 lb/million Btu) heat input. Predicted
emissions from the other spreader stoker
steam generating unit were much higher
at 340 ng/] (0.79 lb/million Btu) heat
input. )

pl
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An investigation whs conducted to

determine the cause of the 2nomalous .

- emission characteristics of the one
steam generating unit, A site visit was
-conducted and the investigation
revealed that a number of opérational
changes have been made to this steam_
generating unit to improve its operation
since the NO, data were originally
gathered. These changes improved
steam generating unit operation and
reduced NO, emissions considerably.
Additional continuous, long-term NO,
data were obtained for this steam
generating unit and for an indentical

. companion steam generating unit
covering a 1-month period. These new
data show that NO, emissions from

these two steam generating units, after -

steam generating unit improvements,
_varied from 40 to 150 ng/] (0.11 to Q.40
1b/million Btu) heat input, A statistical
correlation based on these data predict
average NO, emissions at maximum -
grate heat release rate to be 168 ng/]
10.39 Ib/million Btu) heat input for each
of the two steam generating units under
LEA operating conditions.

The analyses indicate that LEA will
reduce average NO, emissions from
spreader stoker steam génerating units
to 232 ng/j {0.54 Ib/million Btu) heat
input or less. To determine the variation
in NO, emissions, long-term NO, ‘
emissions data were collected from two
spreader stoker steam generating units
using a continuous NO, analyzer
(chemiluminescent). The first steam
generating unit was tested over a 30-day
period at average daily loads between
55 and 80 percent of the 37 MW (125
million Btu/hour) rated heat input.
capacity, A coal analysis indicated an
average fuel nitrogen content of 1.3
weight percent and an avérage coel
meisture of 7 weight percent. The
combustion air was not preheated.
During the test period, NO, emissions
using LEA ranged from 155 to 189 ng/]
(0.36 to 0.44 Ib/million Btu) heat input:

The second spreader stoker steam
generaling unit was tested during a 20-
day period with daily average loads .
between 32 and 60 percent of thé 59 MW
(200 million Btu/hour) rated heat input
capacity. Coal analysis indicated an -
average fuel nitrogen content of 0.8
weight percent and an average moisture
of 23 weight percent. This steam
generating unit employed a combustion
air preheater designed to heat
. combustion air to 177 °C (350 °F). Actual
combustion air temperature during
testing, however, was not recorded.
During the test periods when LEA was
applied (approximately 8 hours per day),
* NO, emissions ranged from 189 to 232

ng/] (0.44 to-0.54 Ib/million Btu) heat
input, - - 7 _
A time series statistical analysis was
conducted on thée long-term NO,.’
emission data from the above twg”
spreader stoker steam generating units
and from the previously discussed two
spreader stoker steam generating units ~
that underwent operational changes.
This statistical analysis determined the
variability in NO, emissions remaining
after use of 30-day rolling average to
calculate emissions. This analysis
indicated a variability in NO, emissions

- of about 7 percent. Using this factor to

adjust the average NOQ, emissions
resulting from the analysis of the short-
term NO, data, NO, emissions
calculated using a 30-day rolling average
are consistently below the proposed
emission level,. As a result, the analysis
indicates that LEA will reduce NO,
emissions from spreader stoker steam
generating units to 258 ng/j (0.60 Ib/
million Btu) heat input or less, using a
30-day rolling average to caloulate

~ emissions. . .

Pulverized Coal-Fired Steam
generating units. To assess the
performance of LEA/SC in reducing NO,

- emissions from pulverized coal-fired

steam generating units, 2 years of
continuous NO, emission data were
gathered using a continuous NO,
analyzer (chemiluminescent) from two
relatively new 88 MW (300'million Btu/
hour) heat input capacity steam
generating units having a single stack.
During this long-term NQ, emissions
test, steam generating unit loads for the
two sleam generating units ranged from
31 to 93 percent of rated capacity and
averaged 78 percent for one steam
generating unit and 58 percent for the
other. A typical coal analysis showed a
coal nitrogen content of approximatsly
1.6 weight percent and a moisture
content of approximately 7 weight
percent. Both steam generating units
employed combustion air preheaters,
and although actual combustion air
temperatures were not recorded, each
preheater was designed to heat
combustion air to 272* C (522* F). During
the 2-year test period, the daily NO,
emissions from this facility ranged from
130 to 335 ng;/J (0.30 ta 0.78 1b/million
Btu) heat input. The monthly average
NO, emissions were all below 258 ng/]
(0.6 Ib/miltion Btu) heat input. Overall
NO, emissions for the entire 2-year test
period averaged 228 ng/J {0.53 [b/million
Btu) heat input, .

Data were also analyzed for two
pulverized coal-fired steam generating
units tested over a 1-month period. For
the 156 MW (535 million Btu/hour) heat
input capacity steam generating unit,

load ranged from 41 to 90 percent of °
capacity and stack 0; levels ranged from
6.1 t0 9.8 volume percent (44 to 84
percent excess air). For the 234 MW (800
million Btu/hour) heat input capacity '
steam generating unit, load ranged from
51 to 96 percent of capacity and stack Gz
levels ranged from 3.0 to 7.1 volume
percent {17 to 54 percent excess air).
NO, emissions as measured
by a continuous NO, analyzer
{chemiluminescent) ranged from 120 to
297 ng/J (0.28 to 0.69 1b/million Btu) for
the two steam generating units,
respectively. Over the 1-month time
pericd, NO, emissions averaged 203 ng/]
and 220 ng/J {0.47 and 0.51 Ib/million
Btu). respectively. IR

A time series statistical analysis of

. the data from the two year test was

conducted to determine the variability
in NO, emissions remaining after use of
a 30-day rolling average to calculate

_emissions and reduce this variation.

This analysis indicated a variability in
NO, emissions of about 69 ng/J (0,16 1b/

- million Btu). Using this factor to adjust

the average NO, emissions for each of
the above four steam generating units

.provides an NO, emission level .

achievable on a 30-day rolling average
basis. This analysis showed that LEA/
SC can reduce NO, emissions from
industrial sized pulverized coal-fired
steam-generators to 300 mg/] (0.70 b/
million Btu) heat input or less when NO,
emissions are calculated on a 30-day
rolling average basis. _ :
The long-term NOQ, data collected are
representative of the performance of °
LEA/SC in reducing NO, emissions from
pulverized coal-fired steam generating
units under adverse operating _
conditions. For example, the coal fired
in these steam generating units had a
high nitrogen eonient (i.e., 1.8 weight
percent compared to 0.5 to 1.5 weight
percent for most coals) and a low
moisture content (i.e., 7 weight percent
compared to 3 to 30 weight percent for
most coals). Both of these coal
properties would contribute to high
uncontrolled NQ, emissions from
pulverized coal-fired steam generatin
units, thus representing adverse :

-conditions in terms of the ability of

LEA/SC to reduce NO, emissions.
Examination of the data at different
loads indicates on trends with respest to

higher NO, emissions at higher loads.
This can be explained by the lower
excess air levels feasible at higher
loads. At high loads, steam generating
unit combustion conditions are
characterized by greater turbulence and
correspondingly bétter mixing of fuel
and air. Under these conditions,
complete fuel combustion and safe

steam generating unit operation can be
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maintained at lower excess air levels. In
addition, both steam generating units
incorporate combustion air preheat,
reflecting relatively adverse operating
conditions with respect to thermal NO,
formation.

‘The analyses, therefore, show, that

LEA/SC can reduce NO, emissions from

industrial-sized pulverized coal-fired
steam generating units to 301 ng/} (0.70
Ib/million Btu) heat input or less when
emissions are calgulated on a 30-day
rolling average basis.

Fogsil Fuel Mixtures. NO, contral
technigues are compatible and.
frequently employed in combination
with one another to reduce NO,
emissions from firing of fossil fuels. This
is especially the case with LEA and
LEA/SC. These techniques are as
applicable to steam generating units
firing several foasil fuels simultaneously
aa they are to steam generating units
firing fossil fuels individually. Therefore,
the "mix" of LEA and SC employed to
reduce NO, emissions is directly related
to the amount of each fossil fuel fired.

Because of the compatability of LEA
with SC and because the required "mix"
of these two control techniques is
directly related to the amount of each
fuel fired, NO, emissions from steam
generating units firing mixtures of fossil
fuels can be controlled to levels
proportionate to the NO; emission limits
for each fossil fuel alone. Thus, the NOy
emission limit for a specific fossil fuel
mixture would be calculated as a
weighted average, based on the
percentage of fossil fuel heat input to the
steam generating unit and the NOQ,
emission limits for each fosail fuel fired.

Fossil Fuel and Chemical By-Product/

. Waste Fuel Mixtures. Chemical by-
products and wastes are frequently
combusted in steam generating units
used in the chemical and refining
industries. These waste materials are
not generaily combusted alone but are -
fired in combination with fosasil fuels.
Chemical by-products and waste are
combusted in steam generating units to
dispose of these waste materials and to
recover their heating valte. The term
“chemical by-products and wastes”
includes refinery or process gas, .
combustible by-products, dand various
combustible wastes that may or may not
be classified as hazardons under the
Resource Conservation and Recovery
Act [RCRA). NO, emission data were
analyzed for three categories of by-
product/wasie fuels fired in mixtures
with fossil fuels: refinery or process gas;
low nitrogen content liquid wastes; and
high nitrogen content liquid wastes.

Refineries and chemical plants
typically burn a blend of natural gas and
nonhazardous by-product/waste gases

which is characteristically termed
“procass gas” or “refinery gas.” NO,
emission data was collected from seven
steam generating units firing fossil fuel
and process gas mixtures comprised of
up te 50 volume percent by-product/
waste gases. The capacities of these
steam generating units ranged from
approximately 18 to 170 MW (53 to 580
million Btu/hour) heat input with loads
ranging from 48 to 113 percent of rated
capacity. Five steam generating units
had no combustion air preheat while
two steam generating units had
combustion air preheat temperatures
ranging from 216°C to 321°C (420°F to
810°F). The approximate heating vaiues
of the process gases fired in these steam
generating units ranged from 30 to 84
M]/ra® (800 to 1,700 Btu/SCF) which
compares to a natural gas heat value of
approximately 40 M]/m3 (1,050 Btu/
SCF).

Flue gas from the seven processg gas-
fired steam generating units contained
oxXygen concentrations ranging from 1.2
to 12.0 percent by volume (5 to 130
percent excess air) and NO, emission
rates ranging from 58 to-280 ng/} (0.13 to
0.65 Ib/million Biu} heat input. Data
were collected using a continuous NO,
analyzer {chemiluminescent). Analysia
of the NO, emission data reveals a
strong correlation between the higher
NO, emission rates and the higher

combustion preheat temperatures and "

flue gas oxygen concenlrations (excess
air). These relationships ate
characteristic of thermal NG, formation
and are the same relationships exhibited
by natural gas-fired steam generating
units. (Thermal NO, formation and
control are discussed above in detail in
the section an NO, emission limits fot
natural gas- and distillate oil-fired steam
generating units.) When NO, emissions
[rom the seven process gas-fired steam
generating units were compared to the
NO, emissions from more than 30
natural gas-fired steam generating units
under the same operating conditions,
there were no discernible distinctions
between the NO, emissions from the
two fuels. All 37 steam genarating units
responded in a like manner to LEA
controls revealing that NO, emissions
from bath fuels are generated by similar
mechanisms and respond similarly to a
given NO, emission control technique.
The similar responses of both natural
gas and process gas NO, emissions to
combustion conditions are attributabla
to both being comprised of thermal NQ,.

Thus, the NO, control techniques which -

are effective in reducing thermal NO,
emissiong from steam generating units
firing natural gas, will also he effective
in reducing thermal NO, emissions from
steam generating, units firing process

gas. Similarly, the NO, control
techniques which are effective in
reducing thermal NO, emissions from

 steam generating units firing a mixture

of natural gas and other fossil fuels, will
also be effective in reducing thermal
NO, emissions from steam generating
units firing mixtures of process gas with
fossil fuels. The proposed standards,
therefore, would limit NO, emissions
from steam generating units firing
process gas to the same level as steam
generating units firing natural gas.
Additionally, the proposed standard for
steam generating units firing mixturas of
process gas and foassil fuels would limit
NO, emissions to the same levels as
steam generating units firing mixtures of
natural gas and other fossit fuels,

Liquid by-products/wastes are
generally cofired in steam generating
units with natural gas. Data were
collected from two steam generating
units firing mixtures of natural gas and
low nitrogen liquid by-products/wastes.
One steam generating unit was rated at

- 25 MW (85 million Btu/hour) heat input

capacity and the other rated at 73 MW
(250 million Btu/hour) heat input
capacity. The test data covered steam
generating unit load ranging from 103 to
125 percent capacity in one case and 78
to 114 percent capacity in the other.
Neither steam generating unit was
equipped for aperation using staged
combustion (SC] and neither used
preheated combustion air. However,
both steam generating units applied
various degrees of low excess air (LEA).
Flue gas O; content ranged from 1.2 to
3.4 percent.(6 to 9 percent excess air) for
the 25 MW (85 million Btu/hour} heat
input capacity steam generating unit and
from 2.0 to 4.8 percent {10 to 27 percent
excess air} for the 73 MW {250 million
Btu/hour) heat input capacity steam
generating unit.

Data were collected for the
combustion of natural gas alone and for
the combustion of mixtures of natural
gas and these liquid by-products/
wastes. The mixtures contained 4 to 13
percent of the waste on a total heat
input basis. The waste had a heating
value of 48 k]/g {20,000 Btu/tb) and was
composed primarily of C; to Cio alkanes,
alkenes, and dienes..

Analysis of NO, emissions both with
and without cofiring of the liquid by-
product/waste with natural gas
indicates that the presence of the waste
had little effect on NO, emission levels,
nor on the ahility of LEA controls to
reduce NO, formation. In all cases
whers this waste was cofired with
natural gas, including tests using LEA
controls, NO, emissions were identical
to those that would be generated by the
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correspending mixture of natural gas
and low nitrogen residual oil.

When combusting low nitrogen liquid
. by-products/wastes, as with the '
- combusting of low-nitrogen residual oil, -
NO, emissions are composed primarily
of thermal NQ,. As discussed earlier,
the factors which impact thermal NO,
formation most are combustion

temperature and excess oxygen levels,

* Because the majority of low nitrogen
liquid by-product/waste fuels will have
heat contents analogous to or lower -

~ then residual oil (i.e., less than 40 ki/g
{18,000 Btu/lh), the majority of these _
fuels will result in combustion
temperaturgs and, hence, thermal NO,
emissions similar to or lower than NO,
emissions from low-nitrogen residual oil
combustion. Similarly, NO, emission

control techniques which are effective in

the reduction of thermal NO, emissions
from low-nitrogen residual il .
combustion will also be effective in the
reduction of thermal NO, emissions
from low nitrogen liquid by-product/ .
waste fuel combustion. .

Consequently, NO, emissions
resulting from cofiring low nitrogen
content liquid chemical by-products/
wastes with fossil fuels are not
significantly different from NO,
emissions resulting from firing low-
" nitrogen residual oil alone or with other
fossil fuels. Similarly, the firing of these
liquid by-products/wastes with fossil .
fuels does not reduce the effectivéness
of NO, control techniques in limiting
NO, emissions. R
*  As aresult, NO, emissions from low
nitrogen liquid chemical by-products/
wastes cofired with fossil fuels can be
reduced to the same NO, emission
levels as would be required for steam
generating units firing low-nitrogen
residual oil or cofiring mixtures of low-
nitrogen residual oil with other fossil . -
fuels. o

Data on the combustion of natural gas
and & high nitrogen liquid by-product/
waste were also collected. These data
were collected on the same two natural
gas steam generating units described
above which cofired natual gas with low
nitrogen chemical by-product/waste.
The nitrogen content of the high nitrogen
liquid by-product/waste was 11.5 weight
percent. These wastes had a heating
value of 26.7 k] /g (11,500 Btu/lb) and
were composed primarily of
nitrobenzene, benzene, and aniline, The
test data covered steam generating unit
loads ranging from 95 to 126 percent
capacity for the 25 MW (85 million Btu/
hour) heat input capacity steam -
generating unit and 64 to 114 percent -
capacity for the 73 MW (256 million Btu/
‘hour) heat imput capacity steam
generating unit. Flue gas O, content .

ranged from 1.2 to 3.6 percent (6 to 20 .

percent excess air) and from 1.7 to 5.9
percent (8 to 39 percent excess air) for
the two steam generating unis,
respectively. - : s
When cofiring natural gas with this
high nitrogen liquid by-product/waste,
NO; emissions increased significantly
compared to NO, emissions when
natural gas was fired alone. NO,
emissions ranged from 159 to 228 ng/]
{0.37 t0 0.53 ib/million Btu) heat imput,
while cofiring this waste with natural

" gas in concentrations of 3 to § percent

(based on heating value).

As shown by these data, the presence
of nitrogen in liquid by-product/waste -
fuels increases NO, emissions in a
manner similar to the effect of nitrogen
in residual oils. The relationship of
nitrogen content and NO, emissions has
been well established for residua} oils,
with higher fuel nitrogen contents
resulting in higher NO, emissions. This

- relationship is discussed above in the

section on NO, emission controls for
residual cil-fired steam generating units.
Nitrogen present in liquid by-product/
waste fuels in general contributes to
NO, formation according to similar
chemical reactions and mechanisms as
nitrogen in residual oils, Thus, the same

- NO; control techniques which are

effective for reducing NO, emissions
from steam generating units cofiring
mixtures of high nitrogen residuat oils
with other fossil fuels are effective for
sieam generating units cofiring high
nitrogen liquid by-products/wastes with
fossil fuel, ' ‘
To ensure that the standards for high-
nitrogen liguid by-product/wastes based
on high-nitrogen residual oils are not
unreasonable, provisions are included

‘within the standards for petitioning the

Administrator to establish an
individually tailored NO, standard for
specific steard generating units, where it
can be shown to the Administrator's
satisfaction that NO, emissions from
firing such specific mixtures in the
steam generating unit cannot be reduced
to the levels necessary to comply with
the proposed standard.

Under RCRA, waste materials may be
listed as hazardous due to corrosivity,
reactivity, flammability, or toxicity.
Enforcement guidelines for the
combustion of hazardous waste-derived
fuels in steam generating units were
recently published (Federal Register, 48
FR 11157, March 18, 1983). These
guidelines distinguish between recycling
and disposing of hazardous wastes in
steam generating units, Combustion in
steam generating units of hazardous
wastes having a heating value
comparable to or greater than that of
low energy commercial fuels, such as

wood or low-grade subbituminous coal,
constitutes recycling and presently

~ would not be subject to RCRA

requirements. The combustion in steam
generating units of hazardous wastes'
with lower heating values, however,
canstitutes disposal and would be
subject to RCRA provisions requiring
99.99 percent destruction of hazardous -
wastes. '

Wastes listed as hazardous due to

‘corTosivity or reactivity are not likely to
- be fired in"steam generating units

because of the destructive threat they
present to the steam generating unit and
to its downstream equipment. Wastes
classified as hazardous due to
flammability alone are easy to combust
due to their flammable properties and
are candidate fuels for cofiring with
fossil fuels. Additionally, wastes
classified as hazardous due.to both
flammability and toxicity may also have
relatively high heating values and under
preper steam generating unit operating
conditions would not require

combustion at unusually high
temperatures or high excess oxygen
levels to ensure complete destruction ..
(Federal Register, 48 FR 11160, March 16,
1983, Appendix A). For these reasons,
the.impact on NO, emissions of firing
hazardous wastes with fossil fuels in
steam generating units would, in most

* cases, be no different than the impact on

NQ, emissions of firing nonhazardous
wastes with foasil fuels in steam
generating units,

Some toxic wastes may be difficult to
destroy by thermal means and, asa
result, may require high combustion
temperatures and high excess air levels
to ensure complete destruction. These
combustion-conditions would preclude
the application of demonstrated NO,
control-technigues, In these cases,
however, incinerators are generally
better suited to achieving these
combustion conditions and ensuring
complete toxic waste destruction than
are stearnh generating units. Steam
generating units are designed to provide
steam for various end uses and are not
designed specifically to destroy wastes
although high destruction efficiencies
can frequently be achieved in steam
generating units, Incinerators, on the
other hand, can be designed specifically
to achieve whatever combustion
conditions are necessary to ensure high
destruction efficiencies. As a result, in
many cases hard to destroy toxic wastes
may need to be disposed of in
incinerators, rather than steam
generating units, to ensure complete
thermal destruction.

Since many hazardous wastes which

. will be combusted in steam generating
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units are not any more difficult to
destroy than nonhazardous wastes and
the combustion of many hazardous
wastes in steam generating units
constitutes recycling which would not
be subject to specific RCRA destruction
requirements at this time, the proposed
standards would limit NC, emissions
from steam generating units firing
mixtures of hazardous wastes and fossil
fuels to the same levels as steam
generating units firing mixturss of
nonhazardous wastas and fossil fuels.
To ensure that these standards are not
unresonable or do not have any adverse
effects, however, provisions ars
included within the standards for
petitioning the Administrator to
establish an individually tailored NO,
standard for specific steam generating
units firing mixtures of toxic, corrosive,
. or reactive hazardous wastes and foessil
fuels, where it can be shown, to the :
Administrator's satisfaction, that NO,
emissions cannot be reduced to the
levels necessary to comply with the
proposed standards while
simultanzously complying with other
applicable Federal, State, or local
requirements for achieving specific
waste destruction efficiencies,

Nonfossil Fuels and Fossil/Nonfossil
Fue! Mixtures. Becausa of the generally
lower nitrogen content and lower
combuation temperature of most
nonfossil fuels, the formation of NQ, .
during the combustion of these fuels is
characieristically less than that
experienced in coal-fired steam
generating units. The lower nitrogen
content results in-less fuel-nitrogen NO,
formation. The lower combustion
temperature results in lower thermal
NOQ, formation. Theses two factors
combine to reduce uncorntrolled NO;
emissions from nonfossil fuel firing to
considerably lower levels than those
emitted by coal-fired steam generating
units and most residual cil-fired steam
generating units. Emissions levels are
similar to uncontrolled NO, emissions
from natural gas-fired steam generating
units.

Nonfossil fuel-fired steam generating
units can experience flame stability
problems due to the high moisture
content of the fuel, the variable heating
value of the fuel, and other factors. In

order to compensate for these prablems, -

nonfossil fuel-fired steam generating
units are typically operated at higher
excess air levels than fossil fuel-fired
steam gensrating units. Since
combustion modification techniques,
such as LEA, could aggravate the flame
stability problems associated with firing

of nonfossil fuels; they have not’
reccived wide application to such steam
generating units ta reduce NO,
emissions. As a result, NO, control -
techniques are not propased for steam
generating units firing nonfosail fuels
alona,

Nonfossil fuels and fossil fuels,
however, are frequently cofired in
industrial-commercial-insitutional steam
generating units, and it is expected that
many new steam generating units, and it
is expected that many new steam

generating units will be capable of firing.

a mixture of such fuels. As tha
proportion of fossil fuels in a fuel
mixture increases, the NO, emission *
characteristics of the steam generating
unit tend to resemble those of fossil fuel-

- fired steam generating units and also

become more amenable to NO, control
through combustion medification
technigues, such aa LEA and LEA/SC.
To determine the effectiveness of
combustion modification on reducing
NO, emissions from the cofiring of
nonfossil fuel and natural gas, NO,
emission data were gathered on two
spreader stoker steam gengrating units
equipped with LEA firing wood and
natural gas. Emission data were
obtained on these steam generating
units using continuous NO; monitors
{chemiluminescent) over a period
renging in length from 1 to 10 hours. In
addition, test data were also obtained
using Reference Method 7. The two
steam generating units were 220 and 238
MW (752 and 806 million Btu/hour) heat
input capacity in size, and they were
operated at 54 to 104 percent of steam

-generating unit load capacity during the

tests, The natural gas/wood fusl
mixtures fired ranged from 1 to 40
percent natural gas on.a heat input -
basis. The wood nitrogen contents
ranged from 0.10 to 0.14 weight percent

‘and the wood moisture contents ranged

from 42 to 50 percent. Both steam

- generating units preheated combustion

air to approximately 280° C (500* F). At
excess air levels of 17 to 78 percent, NO;
emissions varied from 82 to 128 ng/] .
{0.19 to 0.32 1b/million Btu) heat input:
However, if only data obtained while
the steam generating unit was operated
under LEA conditions are considered,
NO, emission levels ranged from 82 to
120 ng/] (0,19 to 0.28 |b/million Btu) heat
input. These data show that NO,
emissions from wood/natural gas

mixtures can be controlled to a level of ‘

129 ng/] (0.30 Ib/million Btu) heat input-
or lesas. -

No steam generating units have been
identified that cofire distillate oil/

nonfossil fuel mixtures. However, all
NO, emission tast regults indicate that
distillate oil and natural gas form similar
NO, emissions and that these emlissions
respond similarly to LEA conbrols, NO,
emiassions from combustion of nonfossil
fuel/distillate oil mixtures in steam
generating units therefore, can be
controlled to NO, levels similar to NO,
emission levels for nonfossil fuel/
natural gas mixtures, or to a level of 129
i‘lg” (0.30 Ib/million Btu) heat input or
ess. : .
Similarly no data are available on
steam generating units firing mixtures of
nonfossil fuels and residual oil with NO,

- controls such as LEA or 8C. As

discussad above and below, howsver,
NO, control techniques are as
applicable to steam generating units
firing nonfossil/fossil fuel mixtures as
they are to steam generating units firing
fossil fuel alone. Therefors, NO,
emission control techniques are capable

.of reducing NO, emissions from steam

generating units firing mixtures of
nonfossil fuel and low nitrogen residual
ofl to 129 ng/] [0.30 Ib/million Btu) heat
input and from units firing mixtures of
nonfossil fuels and high nitrogen
residual oil to 172 ng/T (0.40 Ib/million
Btu)} heat input, _
NO, emission control techniques have
also been applied to steam gensrating
units firing mixtures of coal and
nonfossil fuels. Tests were conducted on
& 45 MW (153 million Btu/hour] heat
input capacity spreader stoker steam
generating unit firing a wood/bark
mixture with coal to determine NO,
emissions from mixed fuel-firing and the
performance of LEA in reducing these
emissions. These NO, emission data
were obtained using a continuous NO;
monitor (chemilumineacent). The steam

' generating unit load was 85 to 97

percent during testing. The wood/bark
nitrogen content varied from 0.18 to 0.21
weight percent and the coal nitrogen
content varied ffom 1.33 to 1.49 weight
percent. The wood/bark moisture
content varied from 52 to 61 weight
percent and the coal moisture content
varied from 7.4 to 7.5 weight percent.
NO, emissions from this steam
generating unit were 163 ng/] (0.39 b/
million Btu} heat iriput when fired with a
mixture of 20 percent wood/bark and 80
percent coal {based on heat input). NO; -
emissions increased as the percentage of
coal in the fuel mixture increased. At
normal operating excess air lavels, the
highest NO, emissiona occurred when
only coal was fired In the steam
generating unit and were 232 ng/] (0.54
Ib/million Btu) heat input. These tests
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also showed that for the mixture of
approximately 20 percent wood/bark

- and 80 percent coal {based.on heat -
input) the use of LEA resulted in a
reduction in NO, emissions, For )
example, reducing the excess air level
from about 80 percent to.an LEA level of
about 50 percent reduced NO, emissions
from 250 ng/] (0.58 Ib/million Btu) heat
input to a level of 122 ng/] (0.28 Ib/
million Btu) heat input.

- Data on NO, emissions were also
obtained on two spreader stoker steam
generating units firing mixtures of coal .
and sclid waste in the form of refuse-
derived fuel (RDF). Emission data were
obtained using Reference Method 7. The

steam generating units are located at the .

same site and are 43 and 56 MW (146
and 191 million Btu/hour) heat input
capacity in size. They were operated at
loads from 59 to 98 percent during
testing. These two steam generating
units fired different coals and the same
RDF. The average coal maoisture _
contents were 11 and 18 weight percent
and the average RDF moisture content

wasg 23 weight percent. The average RDF -

nitrogen content was (.42 weight
percent, The coal nitrogen contents were
not measured. Both steam generating
units used ambient temperature
combustion air. The excess air levels
during testing ranged from 40 to 128
percent, i

The results from these tests show that
as the percentage of heat input to the
steam generating unit from the sclid
waste increases, NO, emissions
decrease. This change is due to the
decrease in combustion temperatures
caused+by the lower heat content of the
solid waste and the evaporation of
moisture contained in the solid waste.
Average NO; emissions from these two
steam generating units ranged from 8¢ to
133 ng/] {0.19 to0 0.31 ib/millicn Btu) heat
input when no RDF was fired with the
coal. When heat input mixtures of 16 to
32 percent RDF were fired, average NO,
emissions were reduced to 76 to 131 ng/]
(0.18 to 0.30 lb/million Btu) heat input,
When the percentage of RDF was
increased to a range of 40 to 88 percent
of the heat input, average NO, ernissions
were reduced to 50 to 108 ng/] (0.12 ta
0.25 lb/million Btu) heat input..

"Analysis of these data on NO,
emissions from steam generating units
firing nonfossil fuel/coal mixtures
indicates that NO, emissions from steam
generating vnits firing such fuel mixtures
are lower than emissions from steam
genereting units firing coal alone. In
addition, analysis of these data also -
confirms that NO, control techiques are
as applicable to steam generating units
firing coal/nonfossil fuel mixtures as

Y
they are to steam generating units firing
coal alone. Therefore, it is concluded -
that NO, emissicn controls will reduce -
NO, emissions from steam generating

" units firfng mixtures of nonfossil fuels

and coal to 215 ng/] (0.501b/million Btu)
heat input for mass/feéd stoker steam
generating units, 258 ng/] (0.60 1b/
million Btu) heat input for spreader
stoker-steam generating units, and 301
ng/] {0:70 Ib/million Btu) heat input for
pulverized coal-fired steam generating
units. : )
Nonfossil fuel fired steam generating -
unite may have auxiliary burners to fire

* natural gas or oil and in some cases, to
fire pulverized coal. Generally, the
"primary purpose of these burners is to

serve as 4 “pilot” flame during
combuation, if necessary, in order to
maintain flame stability, or toprovide
additional heat input into the steam
generating-unit if sufficient nonfossil
fuel'is unavailable to provide the
desired level of heat input. Additionally,
these burners may be used to muintain
steam production if the nonfossil fuel
firing system is inoperative. For

nonfossil fuel fired steam generating

units in which fossil fuel is used to
maintain flame stability, the amount of

-fossil fuel fired is quite small in

comparison to the amount of nonfossil
fuel fired. In such cases, the fossil fuel
fired frequently represents less than 5 -
percent of the annual heat input
capacity of the steam generating unit, In
addition, since the fossil fuel is being

" fired to maintain flame stability, the

application of NO, control techniques,
which generally ageravate flame
stability problems, is frequently not
possible. Consequently, the proposed
NO, standards include an exemption for
nonfosasil/fossil fuel fired steam
generating units with an annual heat
input capacity factor, based on the
combustion of fossil fuel (i.e. fossil fuel
heat input divided by total heat input),
of less than 5 percent. .
Summary. In summary, LEA or LEA/
SC are considered demonstrated
systems of continuous NO, emission
teduction for the range of steam
generating unit types and fuels covered

by the proposed standards. The specific

technological basis for the proposed
NO, standards and the applicable NO,
emission limits depends on the
particular fuel or fuel mixture
combusted, Table 2 summarizes the
technology. on which the proposed NO, -
standards are based and their
corresponding NO, emission levels for
each-steam generating unit type and fuel
covered.

TABLE 2.~SUMMARY OF DEMONSTRATED No,-
Control Techniques and Achievable - Emis-
sion Limits . ’

F."’°.P°9|'.’d.
Fuat/steam generator | Demonstrated amunss:g?mm:
: P8 technology | 5 el ha
input
Natural gas/distilate ofl.,. | 43 {0.10).
.Low nirogen residual 128 {0.30).
oil*,

. High nitrogen residual o, 172 {0.40),
Mass-leed stoker.coal ... -l 215 (0.50)
Spreader stoker coal®...... -..| 258 {0,80).
Pulverized coal (other LEA/SC memirinarnas| 301 (0.70).

than tignite).
F zed.lighita, LEA/SS 258 (0.50).
Pulverized.lignite mined | LEA/SC...ouueln| 340 (0.80).
In North-Dakota,
South Dakota, or :
Momana and fired in a
alag tap furnaca,
Nonfossil/fossil fusi | Applicabt Applicab
mixtures. © lachnology valuea lor
for foxsil fual. foasl fual,

" Residual oil with a luel nitrogen conten of D.35 weight
percent or less,
_ * Inciudes lluidized bad combustion.

2, Particulate Matter

Introduction. An important aspect of
the development of the proposed
perticulate matter standards is the
recognition that the design and
controlled emission characteristics of .

" various steam generating units differ

substantially, Different steam generator
fuels contain different levels of ash and
the design of the firing mechanism i
coal-fired units affect the amount of fly
ash generated and carried from tha

-steam generating unit by entrainment in
- the flue gas stream.

Of the major steam genzrator fusls,
natural gas inherently emits less
particulate matter than others. The
uncontrolled particulate matter
emissions from firing natural gas
without controls are less than 9 ng/]
{6.02 lb/million Btu) heat input.

The particulate emission
characteristics of most fuel oils are
greater than for natural gas and vary
with the ash and sulfur content of the

- oil, the carbon residue formed during

combustion, and the firing mechanism of

" the steam generating unit. The

uncontrolled pariiculate matter
emissions from the cormbustion of
distillate oil are most similar to those for
natural gas-fired steam generating units,
however, for residual oil (such as a
typical Number 8 fuel oil) the ash
content of the oil is usually higher and
the uncontrolled particulate matter
emissions are greater than for distiilate
oils. Also, the uncontrolled emissions
from oil-fired steam generating units are
significantly affected by burner design
and operation.

Cosl and nonfossil fuels have
significantly higher uncontrolled
particulate matter emissions than either
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natural gas or oil. The firing of these
fuels c‘laractensncally results in
emissions of from 860 to 2000 ng/J (2o 7
Ib/million Btu} heat input, depending on
the type of steam generating unit, the
quatity of the fuel, and the operating
load conditions. A pulverized goal-fired
steam generating unil, for instancs,
typically has particulats matter
amiasions three timas as high as a mass-
feed stoker unit firing the same guantity
of a similar coal. If the ash content of
the coal is raised, the uncontrolled -
particulate matter emissions from either
type of steam generator would be
increased. Similarly, uncontrofled
particulate matter emissiong from
nonfossil fuel-fired stzam generating
units will increase substantially if the
moisture or ash content of the fuel is
increased.

In summary, uncontrolled particulate
matter emissions are significantly
influenced by both fuel charactleristics
and steam generating unit
characteristics. Important fuel
characteristics include fuel type, ash
content, sulfur content, and moisture
content. Characteristics which can
significantly influence uncontrolled,

particulate matter emissions from steam -

generating units include unit design,
excass air setting, and operating load.

Demonstrated Control Technologies.
Flue gas cleaning is the most widely
employed approach used for the control
of particulate matter emigsions. Flue gas
cleaning techniques employed to control
particulate matter emissions from steam
generating units include various types of
mechanical collectors, sidestream
separators, wet scrubbers, elactrostatic
granular bed filters, electrostatic’
precipitators, and fabric fiiters.

Mechanical collection is a well-
established technology which uses
centrifugal separation to remove
particles from a gas stream. Mechanical
collectors have been widely used for
years to control particulate matter
emissions from steam generating units
firing coal and wood. More recently,
they have been unsed as flue gas
precleaning devices located upstream of
more efficient particulate matter control
devices.

Most mechanical collectors consist of
multiple small cyclone collectors
connected in a paralell arrangement
{multiclone). A variation of this
technology consists of two mechanical
collectors connected in series. This
latter configuration is frequently
referred to as a double mechanical
collector. This arrangement typically
achieves lower particulate matter
emission levels than a smale mechanical
collector,

The eifectiveness of mechanical
collectors is highly variable depending
on collector design, steam ganerator
operating lead, uncontrelled emission
level, particle size, collector
maintenance, fly ash properties.
Machanical collector performance can
deteriorate significantly under low load
operating conditions and when the
device is not properly maintained.
Operation at low loada results in
reduced flue gas velocity through the
collectar tubes, which reduces
centrifugal separation eifects, and,
consequently, lowers the particulate
matter coliection efficiency. This lower
collection efficiency is of congern
because industrial-commercial- _
institutional steam generating units are
not commonly operated at constant full
load conditions.

Mechanical collectors must also be
protected from temperature excursions
below the dew point with as much care
as would be required for more
scphisgticated particulate collection
technologies. If the flue gas temperature
in the collector falls below the dew
point, the mechanical collector tubes
can become plugged from the bridging of
damp fly ash particies. If this would
happen the mechanical collector rapidly
fills with fly ash and the collection
efficiency quickly and substantially
deteriorates.

To maintain the collection efficiency
of mechanical collectors, frequent
maintenance is often needed due to air
leakage into the ductwork and erosion

_ of the internal mechanical collector

structute by the abrasive fly ash. Air
leakage and erosion of the internal
structure tend to disturb the cyc!omc
flow pattern which s vital to ~
mechanical collector performance. Air
leakage may also lead to reentrainment
of particles previously collected. In both
cases, the particulate matter control
efficiency of the mechanical collector {s

“significantly reduced.

Particulate matter emissions data
indicate that single mechanical
collectors applied to coal-fired and
nonfossil fuel-fired steam generating
units generally show reductions of 50 to
80 percent. However, these removal
efficiencies are principally agsociated
with particles larger than 10 microns.
Mechanical collectors are relatively
ineffective for collection of smaller
particles, typically achieving reductiona
of only 25 to 50 percent for particles
with mean diameters smaller than 10
microny. These sizes of particles are in
the inhalable range and, therefore, have
the greatest potent:al for adverse health
1mpacts : .

Mechanical collectors are a
demonstrated particulate matter
emission contro! technology. Howevar,
even the most lenient existing air
pollution control regulations limit
particulate matter emissionz to levels
that require use of single mechanical

" collectors. In fact, many existing State

cr local air poliution control regulations
limit particulate matter emissions to
levels that can only be met through the
use of more efficient particulate matter
control technologies, such as
electrostatic precipitators or fabric
filters. Consequently, aingle mechanical
collectors were considered as the
"baseline” against which the .
incremental costs and benefits of
standards bagsed on more efficient
particulate matter emission control
technolegies were analyzed and
assessed. Double mechanical collectors
are a demonstrated contro] technology
for purposes of establishing proposed
particulate matier standards; however,
due to their limited effectiveness.in -
controlling particulate matter emissions
compared to other demonstrated
technologies, the application of double
mechanical collectors is considered
appropriate only in limited
circumstances,

Sidestream separators (a technology
also known as hopper evacuation) are
modified mechanical collectors in which -
a fraction of the flue gas stream {about

"20 percent) is withdrawn from the

mechanical collector ash hopper and is
pasased through a small fabric filter. By
drawing flue gases from the ash hopper,
fly ash reentrainment from the ash
hopper is reduced. Application of
sidestream separator control technology
has generally been limited to retrofitting
of existing steam generating units which
are equipped with mechenical collectors
and provides a means of upgrading
mechanical collector performance.
Sidestream separators have been
applied to a limited nuruber of new
steam generating units, and they are
now being offered as a single, integrated
control system by at least one vendor.
The available particulats matter .
emission control performance data for
sidestream separators appiied to stokar
steam generating units firing coal
indicate an improvement in performante
in comparison to mechanical collectors.
For typical stoker bituminous goals
containing 4 to 10 percent ash, collection
efficiency can be improved to between
90 and 97 percent through the use of a
sidestream separator arrangement.
Sidestream separators result in mora
efficient removal of small particles than
mechanical collectors. The limited
particle size data available indicate
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sidestream separators remove
approximately 70 to-80 percent of
_ particles with a mean diameter of less
than 10 microns. In addition, sidestream
_separators can be operated with a
constant air flow level through the fabric
filter, thereby increasing the ratio of gas
through the baghouse at reduced load
and offsetting any deterioration in
mechanical collector performance
characteristics. Over the full operating
range, sidestream separators represent a
method of improving mechanical
collector performance; however, the
mechanica] collector component of a
sidestream separator must be well
maintained to assure low overall
emission rates. The small fabric filter
used in the sidestream separator
arrangement cannet offset poor
performance of inadequately maintained
mechanical collectors. )
Although the effectiveness of
sidestream separators has been .
demanstrated in applications to coal-
fired stoker steam generating units, -
sidestream separators have not been
applied on the several other types of
steam generating units that would be
. regulated by the proposed standards
(i.e., pulverized coal-fired units, wood-
fired units, or solid waste-fired units).
Sidestream separator performance on
- the coal-fired stoker steam generating
units tested would not be expected to be
representative of performance on
pulverized coal-fired units due to the
differences in particulate matter =~
emission characteristics of pulverized
coal-fired units compared to stoker
units. Changes in factors that may affect
the reentrainment and capture of the
particles being evacuated from the
mechanical collector hopper, such as
uncentrolled particulate matter emission
rates, the size distribution of the steam
generating unit fly ash, and the particle
composition could alter sidestream
separator performance. Because mass
loadings, particle size distribution, and
particle composition, are not the same
for all steam generating unit types, it is
difficult to extrapolate the performance
of this technology to pulverized coal-,
wood-, or solid waste-fired steam
generating units. Consequently,
sidestream separators can only be
considered a demonstrated particulate
matter emission control technology for
the purpose of developing standards of
performance limiting emissions from
coal-fired stoker steam generating units.
A wet scrubber uses an agueous
stream to remove particulate matter
from a gas stream. Wet particulate
mater scrubber systems {venturi
scrubbers) may use water as a
scrubbing medium for controlling

particulate matter emissions from steam
generating units firing wood, or mixtures
of wood and coal containing limited
amounts of coal. Wet scrubbers using -
alkaline scrubbing liquids (flue gds
desulfurization systems) can be used on
coal-fired steam generating units. Even
if used for particulate matter emission

* control alone, an alkaline scrubbing

* liquid is necessary for coal-fired steam .

' generating units to neutralize the sulfur
- dioxide or sulfur trioxide removed by

the scrubber. Without neutralization, the

-recycled scrubbing liquid would become

increasingly acidic.and could lead to
scrubber corrosion problems. Steam -
generating units firing mixtures of coal

~ and wood do not have to adjust
scrubber alkalinity/acidity (pH) with as

much care because the fly ash from
wood combustion is alkaline and, within
limitations, will neutralize the sulfur -
dioxide or sulfur trioxide removed.

The wet scrubber is usually preceded
by a mechanical collector to minimize
scrubber erosion, to reduce the total
particular matter collected as sludge, -
and to improve the overall particulate
matter collection efficiency of the .

“control system.

A disadvantage of wet particulate
matter scrubbers relative to dry
collection systems is the generation of a
liquid waste stream which must be
disposed of properly. However,
environmentally acceptable methods of
waste stream disposal are currently in
use. Wet scrubbers are considered a’
demonstrated particulate matter
emission contro] technology for the
purpose of developing standards of
performance to limit particulate matter
emissions from industrial-commercial-
institutional steam generating units
firing wood, coal and mixtures of these
fuels.

Electrostatic granular filtration (EGF)
is a technology in which particulate
matter is collected as the flue gas passes
through & bed of electrically charged
gravel. The electric field helps to collect
particulate matter on the surface of the
gravel. ’ .

- There are approximately 10
electrostatic granular filters (EGF's) in
operation on wood-fired or wood/coal-
fired steam generating units at nine
different facilities. Based on an
evaluation of the limited particulate
matter test data available, EGF's in
combination with mechanical collectors
are capable of reducing uncontrolled
particulate matter emissions from wood-
fired units by up to 98.5 percent. To date,
users of EGF's have not reported any
major operating or maintenance
problems. The performance of EGF’s on
wood-fired steam generating units is

- comparable to that of electrostatic

precipitatora. -

EGF's have been applied io a few
steam generating umnits firing fuela other
than wood, such as municipal solid
waste and coal. However, limited
particulate matter emission data are
currently available for EGF's applied to
steam generating units firing any fuel
other than wood. Therefore, for the -

_ purpose of developing standards of

performance, EGF's are considered a
demonstrated particulate matter

* emission control technology only for

wood-fired steam genersling units.

Electrostatic precipitators {ESP's) are
in commercial use for the control of
particulate matter emissions from
industrial steam generating units firing
coal, oil, wood and, mere recently, from -
steam generating units firing muanicipal-
type solid waste, ESPs remove
particulate matter from steam
generating unit flue gases by electrically
charging the suspended particles and
precipitating them onto & collection
plate.

ESP's have been shown in particulate
matter emission tests to achieve -
reductions in uncontrolled particulate
matter emissions up to 99.5 percent.

Such reductions have been achieved on

.. & wide range of steam generating unit

types and fuels, including difficult

-applications such as the collection of

high resistivity fly ash from low sulfur
coal combustion, ,

A principal design factor affecting the
performance of ESP's is the specific
collection area, expressed as the ratio of -

- the collector plate surface area to the

flue gas flow rate. For any given steam
generating unit and fuel type, a larger
collection area will provide improved
ESP particulate matter collection
efficiency. For a given ESP design, the
ratio of collection area to steam
generating unit flue gas flow will
increase under reduced steam generator
load operating conditions. ESP*s with
adequate collector areas for high steam
generating unit loads, therefore, will
perform efficiently at low loads es well.
Thus, the particulate matter emission
control performance of ESP's tends to
increase as operating load decreases.
The performance of ESP's is
significantly superior to mechanical
callectors and sidestream separators,
especially with respect to control of
smaller particles. Tests of two
pulverized coal-fired steam generatora
firing low sulfur coal, for example,
showed ESP's to have removal
efficiencies of 99 percent for particulate
matter with a mean particle diameter of
less than 10 microns. In addition, ESP's
offer considerable operating flexibility
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to steam generating unit owners and
operators whao may wish ta retain the
capability to combust fuel mixtures,
such as wood/coal, wood/oil, coal/solid
waste, or other fossil/nenfossil fuel
mixtures, ESP's are applicable to each of
these fuels and fuel mixtures. ESP's
therefore, are considered a
demonstrated particulate matter
emission control technology for the
nurpose of developing standards of
performance limiting such emissions.

Fabric filters (also known as
baghouses) are a particulate matter
control technology that has been used
on an increasing number of steam
generating units in recent y=ars. A fabric
filtration system is one which directs
particle-laden flue gas through a number
of Fabric bags where the particulates
tollect as a filter cake on the bag
surface. Since the late 1960's, over 100
fabric filters have been installed on
pulverized and spreader stoker coal-
fired steam generating units. Fabric
Flters have had limited application to
wood-fired units (approximately seven
steam generating units) and have only
been used in one pilot project on a
municipal-type solid waste-fired unit.

On coal-fired steam generating units,
fabric filters can achieve particulate
matter emissions reductions of 99.5
percent or more over uncontrolled
particulate matter emission levels for a
wide range of steam generator designs,
operating conditions, and fuel
characteristics. Fabric filters have also
been shown to be one of the moat
efficient of the particulate matter control
techniques in controlling small particles,
achieving more than 99 percent removal
efficiency for particles smaller than 10
microng in diameter. Fabric filters have
been shown to be onte of the most
versatile high efficiency particulate
matter emission control technologies
and can readily be applied to steam
generating units firing a wide range of
coals. For coal-fired steam generating
units equipped with fabric filters, fuel
flexibility is limited to a greater extent
by steam generator design constraints
than by fabric filter limitations.

A principal design factor affecting the
performance of fabric filters is the air-to~
cloth (A/C) ratio, which represents the
volume of flue gas treated in relation to
the total surface area of the filters.
Generally, the operating pressure drop
and fabric filter bag life improves as the
A/C ratio decreases. For a given total
cloth area, the A/C ratio will decrease
as flue gas flow is decreased under
reduced load operating conditions. Thus,
fabric filters with adequate cloth areas
for high loads will perform as well or
better at low loads.

Fabric filters, therefcre, area |
demonstrated particulate matter control
technology for the purpose of developing
standards of performance for coal-fired
steam generating units.

Particulate Matter Emission Dala.
After evaluating a wide range of
particulate matter emisaion control
technologies, fabric filters, electrostatic
precipitators, wet scrubbers,
electrostatic granular filters, and.
sidestream separators are the five
technologies considersd demonstrated
for the purpose of developing standards
of perfarmance limiting particulate
matter emissions from industrial-
commercial-institutional steam
generating units. Based on these
technologies, the emission reduction
capability and achievable smission
limits for each combination of fuel and
steam generator design were -
determined.

Natural Gas-fired Steam Generating
Units. The uncontrolled particulate

matter emissions from the combustion of .

natural gas in steam generators are very
low, Uncontrolled particulate matter
emission levels of less than 9 ng/J (0.02

Ib/million Btu) heat input are typical of

natural gas-fired steam generating units.
Because of these low uncontrolled
particulate matter emission levels, the

-application of any particulate matter

control technology to natural gas-fired
steam generating units would entail
unreasonable costs, and no further
consideration was given to the -
development of standards of
performance to limit particulate matter
emissions from units firing natural gas.
Qil-fired Steam Generating Units. The
uncontrolled emissions of particulate -
matter ffom oil-fired steam generating
units very depending on the:
characteristics of the oil being fired. For
distillate oil, which typically has a low
ash content, the unconirelled particulate
matter emigsion levels are similar to

‘those of natural gas-fired steam

generating units. For higher ash residual
oils, uncontrelled particulate matter
emission levels are typically in the
range of 10 to 85 ng/] (0.02 to 0.15 1b/
million Btu} heat input, although some -
residual oils, particularly those with

high sulfur contents, have considerably -

higher uncontrolled particulate matter
emigsion levels, up to 21 ng/J (0.5 b/
million Btn)] heat mput Uncontrolled
particulate matter emissions from firing
high ash residual oil, however, are about
an order of magnitude less than those

- associated with uncentrolled emissians

from.the firing of solid fossil fuels {such
as coal) or solid nonfossil fuels (such as
wood or solid waste). Although these
emissions. are sufficient to consider

development of standards of
performance, the application of “add-
on"” postcombustion particulata matter
controls to oil-fired steam generating
units is quite costly per unit of
particulate matter emissions collected
due to the relatively low uncontrolied
emission rate. Consequently, the most
cost-effective approach [and most
comimon approach} to the control of
particulate matter emissions from oil- .
fired units is the use. of a low ash, low
sulfur oil, The use of a low ash, low
sulfur oil is also presently considered ta
be the most cost-effective approach for
control of sulfur dioxide emissions from
oil-fired steam generating units.

As discussed earlier, sulfur dioxide

" standards for industrial-commercial-

institutional steam generating units are
being developed separately. Because of
the relationship between control of
particulate matter emissions and sulfur
dioxide emissions from cil-fired units
{i.e., control of both pollutants relies
primarily on the use of low ash, low
sulfur oils), consideration will be given
to standards of performance limiting
particulate matter emissions from oil-
fired steam generator during
development of the standards for sulfur
dioxide. In the interim, the current
particulate matter standards contained
in 40 CFR Part 60 Subpart D {or oil-fired
steam generating units above 73 MW
(250 million Btu/hour) heat input
capacity will remain in effect..

Coal-Fired Steam Generating Unils, In
order to assess the performance of
double mechanical collectors on coal-
fired stoker steam.generating units,
particulate matter emissions were
reviewed from nine units equipped with
double mechanical collectors. THese
data were gathered using Reference
Method 5 procedures. The steam
generating units ranged in size from 25
to 82 MW (84 to 211 million Btu/hour)
heat input capacity, and were operated
during the emiasions tests at loads
ranging from 33 to 100 percent of
capacity. Analyses of the coal fired in
seven of thege units showed-ash

. contents ranging from 4.8 to 10.3 weight

percent. Fuel analyses at.the remaining
two sites were not available. The
average particulate emissions ranged -
from 77 to 125 ng/] (0,18 to 0.28 th/
million Btu).

These data represent the performanca
of double mechanical collectors on coal-
fired stoker steam generating units at
both high and low.loads. Also, some of
these tests were performed while the-
ateam generatmg unit was operated
under swing loads. These data,
therefore, represent the performance of

.double mechanical collectors tested
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under the most adverse steam
generating unit conditions.

To assess the performance of
sidestream separators applied to stoker
boilers, particulate matter emissions
data were gathered by Reference
Method 5 on seven goal-fired stoker
boilers which ranged in heat input
capacity from 15 to 86 MW (50 to 225 -
million Btu/hour). During these tests,
boiler loads ranged from 33 percent of
capacity to over 100 percent of capacity.
The bituminous coal fired varied from
4.3 t0 10.0 weight percent and sulfur
content varied from 0.7 to 2.1 weight
percent. Average particulate matter
emissions ranged from 52 to 77 ng/J (0.12
to 0.18 1b/million Btu) heat input.

These datarepresent the performance
of sidestream separators on bituminous
coal-fired stoker bailers at both low and
high loads. At high loads the
uncontrelled particulate matter -
emissions are highest. At low loads the
mechanica) collector portion of the
sidestream separator is least efficient.
Thus, both high and lows loads may
present relatively adverse conditions
with respect to sidestream separator
performance. The test data are
" representative of both of these

conditions, _

In order to assess the performance ef
fabric filters on coal-fired stoker steam
generating units, particulate matter
emission data from four units equipped
with fabric filters were reviewed. These
data were gathered using Reference
Method 5 test procedures. These steam
generator ranged in size from 24 to 68
MW (80 to 227 million Btu/hour] heat
‘input capacity, were operated during the

-emissions tests at steam generating unit
loads ranging from 77 to 99 percent of
total capacity, and fired coal having ash
contents of 5.5 to 10.2 percent. At
operating fabric filter air-to-cloth ratios
of 1.2 to 1.8 em/s (2.3 to 3.6 ft/min), the
average particulate matter emissions
from each of these coal-fired stoker
units were less than 12 ng/] (0.03 1b/
million Btu) heat input.

. Inorder to analyze the effectiveness
of fabric filters in controlling particulate

matter emissions from industrial-
commercial-institutional pulverized

- coal-fired steam generating units,

particulate matter emission data
gathered by Reference Method 5 from
two pulverized coal-fired units were
evaluated. These units have capacities
of 94 to 88 MW {313 to 325 million Btu/
hour) heat input and were operated at
loads of 100 and 83 parcent,
respectively, during the testing, At

operating air-to-cloth ratios of 1.1 to 0.8

cm/s (2.2 to 1.7 ft/min}, the fabric filters
on these steam.generating units reduced
the average particulate matter emissions

to 8 and 18 ng/J (0.019 and 0.087 Ib/ ~
million Btu] heat input, respectively. -
These data represent the performance

*-of fabric filters on stoker and pulverized

coal-fired steam generating units at high
operating load coriditions. At high .
operating loads, the air-to-cloth ratio is
increased because a larger quantity of

" flue gas is introduced into the baghonse
- while the filter area remains constant. -
- . The operating loads presented in these

data, therefore, represent the _
performance of the fabric filters tested™ .

" under the most adverse load conditions,

Particulate matter emission data were
gathered using Reference Method § on
the performance of ESP’s on five coal-
fired stoker steam generating units
which ranged in size from 27 to 110 MW
{93 to 375 million Btu/hour) heat input
capacity. These units were tested at
operating load conditions of 52 to 106
percent of the steam generator capacity
and fired coal having sulfur contents of

-0.54 to 1.0 percent and ash contents of

5.4 to 12 percent. The operating specific
collections areas of the ESP's ranged
from 25.2 to 124.8 m?/{m?/s) (128 to 634

* ft*/1,000 acfm). Under these conditions,

the average particulate matter emissions

. from each of the five steam generating

units were less than 21 ng/] [0.05 Ib/
million Btu} heat input.

Particulate matter emission data were
also gathered by Reference Method 5
from ESP's applied to six different
industrial-commercial-institutional
pulverized coal-fired steam generating
units. These tests were conducted on

- units having a heat input capacity of 110

t0.158 MW (375 to-537 million Btu/hour)
and operating at 73 to 100 percent of the
steam generator capacity. The coals
fired in these teats were all similar and
averaged approximately 1 percent in
sulfur content and 12 percent in ash
conient. The ESP's had operating
specific collection areas of 18.9 to 71.6*
m?*/(m?s) (96 to 364 ft?/1,000 acfm).
Average particulate matter emissions
for each test were 21 ng/J {0.05 Ib/
million Btu} heat input or less. A seventh
pulverized coal-fired unit controlled by
an ESP was tested by Reference Method
5. This steam generating unjt had a heat
input capacity of 168 MW (537 million
Btu/hour). At loads of 95 to 98 percent of
capacity and an operating specific
collection area of 17.7 m?/{m?¥/s) (90 ft2/
1,000 acfm), average particulate matier
emissions from this steam generating
unit were 30 ng/] (0.07 lb/million Btu]
heat input. This higher level of
emissions is due to the very low specific
collection area of the ESP.

One characteristic of flue gas
particulate matter which can make
control and collection by ESP's difficult
is high electrical resistivity. As the

sulfur content of coal decreases, the
resistivity of the particulate matter in
the steam generating unit flue gas
increases, requiring a larger collection

_area for effective electrostatic

precipitation. The sulfur content of the
coal combusted during the tests reported
above was 0.54 to 1.0 percent by weight,
which represents low sulfur levels for
most industrial-commerciai-institutional
steam generating units. Further, the high
operating load conditions which were
included in many of these tests :
effectively lowered the-ratio of the flue
gas flow rate to the collection plate area
of the ESP. As this ratio is lowered, the
effectiveness of the ESP decreases.
Because the steam generating units
tested fired low sulfur content coal and
were operated at high loads; the test
results represent the performance of
ESP's under adverse conditions.

Fossil Fuel Mixtures, Fossil fuel
mixtures fired in steam generating units
include various combinations of coal,
oil, and natural gas. ESP's can be
applied to units firing coal with oil or
natural gas. Since oil and natural gas are
inherently cleaner burning fuels than
coal, the uncontrolled particulate matter
emissions from firing mixtures of coal -
with oil or natural gas or both are
reduced from the uncontrolled
particulate matter emissions from firing -
coal alone. The use of ESP's on steam
generating untis firing mixtures of coal
with oil or natural gas or both, therefore,
will reduce particulate matter emissions
to levels less than the emission levels
achieved through the use of ESP's on
units firing coal alone, ‘

Wood-Fired Steam Genarating Units.
The performance of double mechanical
collectors in reducing particulate matter
emissions from wood-fired steam
generating units was examined. Very
little emission test data are available,
however, to evaluate these systems on
waood-fired units. As a resuit, no
conclusions about their performance can
be made from & review of emissions
data collected under test conditions.

Based on a review of factors affecting

the gontrol of particulate matter
emissions from wood-fired units, the
performance of double mechanical
collectors is believed to be comparable
to the performance of these devices on
coal-fired steam generating units.
Therefore, for purposes of the proposed
standards, double mechanical collectors
are considered capable of achieving an
emission level of 129 ng/J {0.30 Ib/
million Btu) heat input on wood-fired
units. : ‘

To eveluate the performance of wet
scrubbers in reducing particulate matter
emissions from woced-fired steam
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generating units, particulate matter
emisssion tests were conducted using
Reference Method 5 on 13 spreader
stoker units firing 100 percent wood.
These untis ranged in size from 20 to 70
MW (57 to 230 miilion Btu/hour] heat
input capacity. The wood burned during
the tests included bark, wood scraps,
hog fuel (a wood/bark mixture),
sanderdust, and pulverized wood
residue. The reported fuel moisture
contents ranged from 45 to 85 weight
percent and the ash contents ranged
from 0.7 to 3.2 weight percent. During 11

of the tests, fly ash was reinjected from -

the mechanical collector precleaner
back to the generator firebox for
burnout. Nine of these tests were
canducted on low pressure draop-
impingement and fixed throat venturi
scrubbers with pressure drops of 1.5 to
2.0 kPa (6 to 8 inches of water) and.
loads which ranged from 56 to 104
percent of the steam generating unit
capacity. The other four teats wera
conducted on units operating at average
loads of 91 to 100 percent of design
capacity and controlled witk adjustable
throat venturi scrubbers operating at
medium pressure drops of 3.8 ta 8.5 kPa
(15 to 28 inches of water). The average-
particulate matter emissions from the
low pressure drop scrubhers tests-
ranged from 30 to 50 ng/] (0.07 to G.21
[t/ million Btu) heat Input. Average
particulate matter emissions from the
four tests on scrubbers using medium
pressure drops were. significantly lower,
ranging from 22 to 30 ng/J (0.05 to 0.07
lb/million Btu) heat input.

To evaluate the performance of ESP’a
on wood-fired steam generating units,
emissions tests. were performed on two
spreader stoker units using. Reference
Method 5. These steam generating units
fired 100 percent wood in the form of
bark, sanderdust, and hog fuel. The first
unit had a heat input capacity of 49 MW
(168 million Btu/hour) and fired bark
supplemented with sanderdust. During
testing, operating unit load conditiona
ranged from 64 to 67 percent of design
capacity. The moisture content of the |
fuel was not available. All of the fly ash
from the mechanical collector was
reinjected into the steam generator. The
average operating specific collection
area was 45.m2/(m3/s) (230 ft2 /1000
acfm). The average particulate matter
emissions were 30 ng/] (0.07 lb/million
Btu) heat input. The second steam
generating unit had a heat input
capamty of 238 MW (808 million Btu/
hour). During testing, the average load
ranged from 88 to 95 percent. and hog
fuel with a typical moisture content of
42 weight percent was fired. Fly ash
from the mechanical collector was

reinjected into the steam generating

- unit. The average operating specific

collection area was 89 m2/(m3/s) (453
ft2/1000 acfm). The average particulate.
emisisons were 26 ng/J (0.06 Ib/million
Btu) heat input.

Two spreader stoker steam generating

units firing wood/coal mixtures and

equipped with a single ESP were tested

using Reference Method &, Operating
loads during the test ranged from 84 to .

90 percent of the design capacities of 112

ang 151 MW (382 and 517 million Btu/
heur) heat input. These units fired a
mixture of 25 percent wood bark and 75
percent coal, and employed fly ash
reinjection, The wood bark had &
moisture content of 46 weight percent
and an ash eontent of 1.8 weight :
percent. The coal ash content was 11.7

" weight percent and the sulfur content

waa 0.81 weight percent. The ESE was
operated at an average collection area
of 83 m?*/(m?* s} (320 ft?/1000 acfm).
Controlled particulate matter emissions
from these steam generating units were
less than 22 ng/] (0.05 lb/rmlhon Bt)
heat input.

Two tests were also conducted on an
ESP applied to the comhined flug gas
streams of a pulverized cozl-fired steam
generating urit and a spreader stoker
unit which had heat input capacities of
56 MW (192 million Btu/hour} and 93
MW (320 million Btu/hour), respectively.
These steam generating units cofired
from 80 to 100 percent wood bark/
sawdust with coal. Average moisture
contents of the waod were 42 and 28
weight percent, and the ash contents
were 4.4 and 5.9 weight percent,
respectively, The ash content of the-cosal
was 7.1 weight percent for the first test
and 17.7 weight percent for the second
test. The sulfur content of the coal fired
was 0.7 percent for the first test and 0.5
weight percent for the second test. Fly
ash reinjectian was used on the
spreader stoker steam generating unit.
During the first test, operating loads for
this system were 48.ta 49 percent for the
pulverized coal unit and 87 to 88 percent
for the spreader staker. During the
second test, the steam generating units
were operated at 76.to. 88 and 45 to 52
percent of capacity, reapectively. At
average operating collection areas of 89

to 118 m %/{m?/s} (452 to 600 ft2/1000

acfm), particulate matter emissions fram
this combined system wera reduced to
less than 30 ng/] (0.07 Ib/million Btu)
heat input,

An ESP was also. tested on a 280 MW
(950 million Btu/hour) heat input
capacity spreader stoker steam -~
generating unit firing a mixture. of 64
percent bark/sawdust and 38 percent
residual oil. This test was performed at

a load of 76 percent of design capacity
and an ESP operating specitic collection
area of 90 m?/{m?fs) (456 ft2/1000 acfm}.

_ Fly ash reinjection was used during this

test. The average particulate matter
emissions were determined to be less
than 13 ng/J (0.03 Ib/million Btu) heat
input.

Particulate matter emissiorn test data
were collected for a woad-fired steam
generating unit controlled with dual
mechanical collectors followed by an:
electrostatic granular filter (EGF). The
steam generating unit was a 210 MW
{716 millionr Btu/hour) heat input
capacity spreader stoker steam
generating unit which operated at a unit
load range of 62 to 118 percent of rated
capacity. This unit fired wood and bark
with a moisture content of 49 to 58
weight percent and an ash content of 1.3
to 2 weight percent. Operating at :
average pressur# drops of 0.7 10 1.7 kPa
(3 tp 7 inches of water), the. EGF

- achieved average emission of ¢ to 17 ng/

} (0.02 to 0.04 Ib/million Btu).

Two sites with wood-fired steam
generating units which controlled
particulate matter emission using a
fabric filter were tested using Reference
Method 5. One gite had a single 11 MW
(38 million Btu/hour) heat input capacity:
spreader stoker unit operating at a load
of 73 to 77 percent and firing wood bark
with a moisture content of 47 weight
percent and an ash content of 2.7 weight
percent. The fabric filter on this steam
generating unit operated at an air-to-
cloth ratio of 1.9 cm/s (3.68 ft/min).
There was no fly ash reinjedtion during
this test. The average particulate matter
emissions from this steam generating
unit were less than 9 ng/7 (0.02 1b/
million Btu) heat input. The ather site
had three dutch oven-type wood-fired
units which fired salt-laden hog fuel.
These ateam generating units operated
at 86 to 99 percent of their combined 67
MW (230 million Btu/hour) heat input
capacity. Maisture content of the fuel
was §7 weight percent and the ash
content was 1.5 weight percent. The flue
gases of the three steam generating units
were combined and ducted through a
fabric filter for particulate matter
control. Fly ash reinjection was nat
used. At an average air-to-clath ratin of
1.5 cm/s (2.98 ft/min). the average.
particulate matter emissions from these
steam generating units were 9 ng/J {0.02
Ib/million Btu) heat input.

The particulate matter emission data
discussed above were abtained from
steam generating units firing wood, or
cofiring wood with other fuels, both with
and without fly ash reinjection. Fly ash
reinjection effectively indreases the
amount of particulate matter entering
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the steam generating unit, placing a
greater-demand on the capacity of the
particulate matier control device.

In addition, the effectiveness of the
particulate matter contral devices tested
is reduced in some instances by an
increase in emissions due to the high
moisture content of the wood, The -
highest moisture content of the wood
burned during these tests was

approximately 65 weight percent, which -

is the highest moisture content expected
of wood fired in steam generating units.
High moisture content in the wooed

results in an Increase in the gas velocity -

through the steam generating unit as
walter evaporafes from the fuel and
increases the flue gas exhaust
volumietric flow rate. This higher gas
velocity which results cause more
particles to be entrained in the flue gas,
which increeses the uncontrolled

. emission rate. In addition, high fuel
moisture content reduces the gas
temperature and lowers the thermal
efficiency of the steam generating unit,
requiring higher fuel feed rates {and

undergrate air intake) to maintain steam -

production. These two factors increase
particulate matter emissions by
increasing the concentration of particles
in the steam generating unit and
entraining them in the flue gas as air is
forced through the combustion zone,
Thus, conditions of fly ash reinjection
and high wood moisture content are
representative of the most adverse
conditions which are expected to be
encountered during the operation of -
wood-fired steam generating units.
Solid Waste-Fired Steam Generating
Units. ESP's are the most widely used
particulate matter control devices on
sleam generating units firing municipal
golid waste. Four Reference Method 5
particulate matter emission tests were
collected for steam generating units
ranging in heat input capacity from 14 to
85 MW (47 to 290 million Btu/hour)
which fire municipel solid waste and
which are controlled by ESP's. The tests
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on these four steam genersting units
were conducted at loads ranging from 76
to 90 percent of capacity. Moisture
contents of the solid waste fire at three
of the four steam generating units were
measured at 20, 27, and 27 percent,

respectively, and the ash contents were

22, 22, and 31 percent, respectively. No
fuel analysis was available for the
remaining steam generating nnit. The
steam generating units tested are
overfeed stoker units which are the only
large units commonly used to bumn
municipal solid waste, The ESF's i
showed a range of particulate matter
emissions from a high of 88 ng/J {0.20 Ib/
million Btu) heat input at.an average
specific collection area of 27 m?/m?/s)
(139 £t?/1000 acfm), down to 22 ng/] (0.05
lb/million Btu) heat input at an average
specific collection area of 113 m*/{m“? 8)
{570 £t2/1000 acfm). The data also
showed that particulate matter
ernissions decreased with increasing
ESP collection area and that with ESP

collection areas larger than 47 m?/(m3/s)

{240 ft?/1000 acfm), average particulate
matter emissions were 1ess than 43 ng/]
(0.10 Ib/million Btu) heat input.

A test to determine the performance
of ESP's on steam generating units firing
refuse-derived fuel (produced from
Processing and drying MSW) was
conducted using Reference Method 5.
The steam generating unit selected was
a spreader stoker with a heat input
capacity of 97 MW (332 million Btu/ ~
hour). The stearn generating unit was
operated at 72 to 82 percent of capacity
during the test. The solid waste fired in

- this unit was a wet pulp refuse-derived -

fuel having both a high moisture content
of 51 weight percent and a high ash
content of 7.9 weight percent. Operating
with a collection area of 64 m¥/{m?3/s)
(326 ft%/1000 acfm), the ESP reduced
particulate matter emissions from this
steam generating unit to an average of
30 ng/ (0.07 Ib/million Btu) heat input.
The above data indicate that ESP's
can reduce particulate matter emissions

TABLE 3.—SUMMARY OF VISIBLE EMISSIONS DATA

from steam generating units firing-
municipal-type solid waste and refuse--
derived fuels to levels below 43 ng/J
(0.10 lb/million Btu) heat input.
Particulate matter emission data
presented earlier also indicate that
ESP's can reduce particulate matter
emissions from coal-fired steam _
generating units to levels considerably
below 43 ng/] {0.10 1b/million Btu) heat
input. Controlling particulate matter
emissions from steam generating units
firing a mixture of these fuels presents
no greater problems than controlling -
emissions from steam generating umits
firing these fuels separately.
Consequently, ESP's can reduce

* particulate matter emissions from steam

generating units firing mixtures of these
fuels to less than 43 ng/J (0.10 Ib/million
Btu) heat input. » .
Visible Emissions. Data on the
opacity of visible emissions from
industrial-commercial-institutional
steam generating units' were gathered
from units firing coal, wood, solid waste,
and mixtures containing these fuels.
These visible emissions data were
gathered using both manual
observations (Reference Method 9) and
in-stack transmissometers. These data,
which are summarized in Table 3,
include coal-fired stoker steam
generators controlled by ESP's, fabric
filters, end sidestream separators;
pulverized coal-fired steam generators
controlled by ESP's and fabric filters;
wood and wood/coal cofired steam
generators controlled by ESF's and
fabric filters; and solid waste-fired
stoker steam generators controlied by
ESP's. Viaible emissions data from
steam generating units eguipped with
wet scrubbers are not included because
of the interference with opacity caused
by water droplets in the flue gas. Such
interference mekes visible emission
measurement ineffective as a technique
for menitoring the performance and

‘operation of a wet scrubbing system.

. Aver
Maximum

" Emission leval | E-mimue ‘m’f,%? Number of -

Steam generator type Controt system Tast.method ng/J {Ib/miflion. opacity ona minuts
) Btu) heat input serva. | OPSC | cosarvations*

ton " tions

Coai-fired stoket: Fabrie filler. EPA-msthad 9. o mcecnimn| 22 0.01~0.05) 8 01 30
Fabria AHer....... i) TTANSMISSOMEGLET ... | 4=17 {©.01-0.04) NR . Q10 NR
ESP. £PA method 9........ ¥ 4 (0.07) - [ I O
Sidestraam fo-l- 2t J—— | 43-68 {0.10-0.15) 15 [1]] 81
Sid am saparatar .| 52=77 (0.12-0.18) NR o4 NR
Pulverized coal-firad Fabric filttar, EPA mathod §... J 13=17 {0.03-0.04) o1 NR 10
. Tranarmissometar 4-13 (0.01-0.03). NR [} NR
¥yood/coal cofired sloker ESP | 9-26 (0.02-0.06) 18.8 01 75
Salt-laden wood dulch oven. Febric fifter 4=13 (0.01-0.03) 135 D4 eg
Solid wasta-fired stoker ESF . NR 14.4 04 80
Rotuse derived fusi-firad stoker ESP 17-26 (0.04=0.06) - 128 04 20

* No overlapping observations included, Twele minutes of opacity cata (45 observations) would provide 2 opacity observations {8 rninute average).

NA=Not reported.
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Analysis of these data focused on
identification of a level of visible
emissions which would provide a clear
indication of 8 malfunction or improper
operation and maintenance of the
- control device. Because of the relatively
low opacity levels achieved at all
facilities tested (individual 6-minute
average levels approaching zero percent
opacity for fabric filters on coal-fired
stoker units and up to 18.8 percent for
ESP’s on combination wood/coal-fired
stoker units), a single visible emissions
level of 20 percent opacity would be
appropriate to provide a clear indication

of a malfunction of improper operation
and maintenance or a particulate matter
control device.

Summary. In summary, ESP's have
been identified as a demonstrated
control technology for particulate matter
emissions from steam generating units
firing coal, wood, solid waste, and
mixtures of these fuels. In addition,
fabric filters have been identified as a
demonstrated technology for the control
of particulate matter emissions from
coal-fired steam generators, and wet
scrubbers have been identified as a
demonstrated technology for the control

of particulate matter emissions from
steam generators firing coal, wood, and
mixtures of these fuels. Electrostatic
granular filters are a demonstrated
technology for wood and sidestream
separators are a demonstrated control
technology for coal-fired stoker steam
generating units. Double mechanical
collectors are a demonstrated
technology for coal and for wood-fired
units. These technologies and the
emission reductions they are capable of
achieving are summarized in Table 4.

TABLE 4, —SUMMARY OF DEMONSTRATED PARTICULATE MATTER TECHNOLOGIES AND ACHIEVABLE EMISSION LEVELS

_ Achievable emisaion
lavels
ci

Fuel - Dermonatrated tachnology | ra/d (b7 gacam

mition Bi) it

heat Input | ninute

average)

Technical altamative i: .
Coal Sidesirenm separator/ 96 (0.20) 20
Low officiency ESP 86 {0.20) 20
Double mechanical 129 {0.30) 20
Wood Low pressure drop btar/ 88 (0.20) NA
- | Law efficlency ESP a8 (0.20) 20
Qoubla meshanical 129 (0.30) 20
. Solid waste I.uw efficiency ESP 5 88 {0.20) 20
Fual mixtures, préssuge drop scrubber/ 88 (0.20) - NA
Law emdenqr £5P b6 {0.20) 20
‘ Couble machanical collector. 129 {0.30) 20
Technical altarhative Il
Coal Fabric filter/ 22 (0.05) 20
High aificlancy ESF. 22 (0.05) 20
Wood Mediur p & drop scrubber/ 43 (0.10) NA
High efficisncy ESF. 43 (0.10) 20
Elactrastatic granuler fiters 43 (0.10) 20
Salid wasta High afficiency ESP. 4 {0.10) 20
Fual mixturea. High efficiency ESP. 43 (0.10) 20
NA==Not applicabla.

Ag shown in Table 4, these emission
control technologies lead to two
principal technical alternatives, either of
which could serve as the basis for
standards of performance. Technical
Alternative ] represents a lower cost,
moderate level of emission control, and
involves the use of sidestream
separators, double mechanical

collectors, low efficiency ESP's, and low -

pressure drop wet scrubbers for steam
generating units in the 29 to 73 MW (100
to 250 million Btu/heur) heat input
capacity range. Application of these
control technoelogies would result in
particulate emissions of 86 ng/J (0.20 Ib/
million Btu) heat input or less from
steam generating units firing coal, wood,
solid waste, or mixtures of these fuels,
excapt in the case of double mechanical
collectors where emissions of 129 ng/J
[0.30 !b/million Btu) heat input or less
would result.

Technical Alternative I represents a
higher cost, higher degree of emission
control, and involves the use of high
efficiency ESP's, fabric filters, medium

.

pressure drop wet scrubbers, or EGF's.
‘Application of these control
technologies would reduce particuiate
matter emissions to 22 ng/J (0.05 1b/
million Btu) heat input or less from coal-
fired steam generating units and 43 ng/]
{0.10 Ib/million Btu) heat input or less
from steam generating units firing wood,
solid waste, and mixtures of fuels
containing coal, wood, and solid waste.

3. Consideration of Demonstrated
Control Technology Costs

- Control technology dost impacts on
individual steam generating units were
evaluated in three ways. The first
analysis examined the increased capital
cost resulting from application of each
of the demonstrated technologies. The
second analysis examined the increased
annualized cost resulting from use of
these technologies. This impact included
annual fixed capital charges as well as
annual operating and maintenance
costs. The third way cost impécts were
evaluated was in terms of cost-
effectiveness, or the cost per ton of

pollutant removed. In each of these
three approaches, cost impacts were
analyzed for each demonstrated
technology in terms of the incremental
difference between costs required under
current regulations applicable to
industrial steam generating units {ie.,
the regulatory baseline) and costs
required for each demonstrated control
technology. -

The financial parameters used in the
analysis Include an amortization pericd -
of 15 years for the steam’generating unit
and control systems and a “real” cost of
capital of 10 percent in constant dollars.
A “real” rather than a "nominal” cost of
capital was used in the analysis in order
to avoid having to make adjustments for
varying inflation rates. For example, an
assumed inflation rate of 8 percent and
a 10 percent “real” cost of capital is
equivalent to an 18 percent “nominal”
cost of capital. All costs were calculated
in mid-1982 dollars.

Nitrogen Oxides. With respect to the
controi of nitrogen oxides, industrial-
commercial-institutional steam
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- generating units above 73 MW (250
million Btu/hour) hest input capacity
are regulated by existing standards of
performance under 40 CFR Part 60
(Subpart D). Far coal- and residual oil-
fired steam generating units above this
. size, the-demonstrated NO, control
technigues discussed earlier are
essentially the same as those currently
required to comply with the existing
Subpart D standards of performance.
The proposed standards for natural gas-
fired and distillate oil-fired steam
generating units are based upon the
.application LEA/SC technology, which
would represent a change in the current
basie for the NO, standards for umits
above 73 MW {250 million Btuf hour)
heat input capacity. However, as
discussed below, any cost increase
would be minimal. As & result, there
-would be little-or no cost associated
with the application of the demonstrated
NO, control techniques to natural gas-,
oik, or coal-fired steam generating units
above 73 MW (250 million Btu/hour)
heat input capacity. :

The analysis of the cost impacts of the
demonstrated NO, control techniques,
therefore, focused on steam generating
units abave 73 MW (250 million Btu/
hour) heat input capacity. In this size”
range, only five State implementation
plans (SIP's) currently limit NO,
emissions from fossil fuel-fired steam
generating units, Therefore, the
regulatory baseline was assumed to be
no NO, centrol. )

As discussed above, the contral
techniques considered to be
demonstrated for the purpose of
developing standards of performance for
industrial-commercial-institutional
steam generating units are LEA and
LEA/SC. Rather than being add-on
control technologies, LEA and LEA/SG
are combustion modification NO,
control techniques which require
continual monitoring and .adjustment of
steam generating unit operation. These
demonstrated NO, contre} techniques
call for close and continued attention to
steam generating unit operation and
frequent adjustment of such parameters
28 excess air levels .and the distribution
of either combustion air or fue] between
the primary and secondary combustion
zones within the firebax (i.e. staging of
the combustion precess) to ensure
effective NO, emission reduction in
response to changes in steam :generating
unit operation. As a result, the most
effective means of ensuring operation in
& manner consistent with optimat
control of NO, emissions is direct
measurement of emissions in the flue
gas with an NO, monitor.

For the purpose of developing
standards of performance, LEA is
considered the only demonstrated NO,
control techniques for reducing NO,
emissions from mass-feed and spreader

stoker coal-fired steam generating units.

The cest associated withuse of thig

-control technique would not have s -

major impact on the total capital or
ennualized cost of & new steam
generating unit using LEA controls. For -
example, the capital cost of an LEA
combustion gir trim system and a
continuous NO, monitoring system, .
including installation cost, is
approximately $80,000. Use of LEA,
therefore, would increase the $11.8
million capital cost of a new coal-fired -

44 MW (150 million Btu/hour) heat input -

capacity spreader stoker steam
generating unit about 0.7 percent.
The impact of the use of LEA to

‘reduce NQ, emissions on the annualized
costs of new spreader stoker steam

generating units firing coal varies
depending on the fuel saving achieved
by LEA. Since LEA decreases stack gaz
heat losses by minimizing excess
combustion air levels, itreduces fuel

- use. For example, the annualized ost of

a 44 MW (150 million Btu/hour) heat
input capacity spreader steker cpal-fired
steam generating unit {including fuel
costs) is about $8 million under the
regulatory baseline. The anmslized cost
to operate and maintain an LEA
combustion air rim system ad an NO,
monitoring system is about $50,000.

- Without taking potentiel fuel BAVIGS

into account, the use of LEA, therefore,
would result in a 0.8 percent increase in

-the annualized costs of these steam

generating units. if fuel savings are
taken into account, however, the net
annualized costs of the LEA rombustion
air trimn system and the NO, Imonitoring
system decrease to abett $25,000 for the
spreader-stoker coal-fired steam
generator. Thus, the overall impact of
the proposed standatds wonidbe 2 0.3

_percemt increase in the anrualizad costs

associated with a 44 MW {150 million
Btu/hour) heat inpul capacity soreader-
stoker ooal-fired steam generating unit.
For new steam generating umits firing
residual-oil, the anly NO, contre]

techniques considered demonstrated for

the purpose of developing standards of
performance are LEA/SC. in the case of
LEA/SC, certain design modifizations to
the steam generating wnit firebex in
addition to instaletion of SC
combustion air distribution systems may
be necessary to accommodate SC in
packaged high nitrogen residual oil-fired
steam generating units.

In order to meet rail car shipping size
limitations, packaged oil-fired steam

generating units are constrained with
respect to maximum firebox size. Use of _

LEA/SC, however, generally enlarges
- the size of the flame within a steam _

generating unit firebox. To
accommaodate the use of LEA/SC, some

 packaged residual oil-fired steam

generating units may need to be
redesigned or derated in order fo avoid
potential flame impingement problems.
The extent of the redesign of the firebox
or of the steam generating unit derating
required will vary considerably

~ depending on the existing steam

generating unit designs. Based on a
survey of packaged oil-fired steam
generating unit manufacturers and
vendors, in the absence of firebox
redesign most steam generating units

. would need to be derated by 15 percent

or less to accommodate SCA.
Agsuming a derating of 15 percent, the
use of LEA/SC, including the cost of

- LEA combustion air trim and staged

combustion air distribution systems in
addition to NO, 'monitors, would

. Increase the capitzal cost of & 44 MW -
(150 million Btu/hour) heat input

capacity packaged residusl oil-fired
steam generating unit by about $266,000..
This represents an increase of about 9
percent.in the approximately $3.0
million cost of this steam generating-
unit. The annualized cost impact for this
unit, however, wowd be much smaller.
Taking into account the fuel savings
associated with the use of LEA/SCA,
the annualized costs of the steam
generating units would be increased by

" about $32,000. Compared to annualized

costs of about $5.8 million for this steam
generating unit under the regulatory
baseline, this represents an increase of
only 0.5 percent.

. Other aiternatives, however, are
available for packaged residual oil-fired
steam generating units to reduce NO, -
emissions to levels equivalent to the use
of LEA/SC. One alternative is to
minimize the adjustments nesded in the
firebox dimensions by using staged
combustion burners (SCB's) rather than
over-fire air {OFA) to incorporate LEA/
SC into the steam generating unit. SCB's
can in most instances be incorporated
into steam generating unit designs with

‘minimal increases in firebox

dimensions. One manufacturer of small
packaged steam generating units has
indicated that currently available SCB’s
could be installed and operated with no
modification to firebox dimensions. A
second packaged steam generating unit
manufacturer has indicated that minima}
{30 to 60 cm (1 to 2 ft) increase in length)
changes in firebox dimensions would be
required.
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The only NO, control technique
considered demonstrated for the
purpose of developing standards of
performance for new pulverized coal-
fired steam generating units is also
LEA/SC. The potential cost impacts of
the use of LEA/SC on pulverized coal- -
fired steam generating units are legs
than those on residual oil-fired steam
generating units, The primary reason for
this is that pulverized goal-firing results
in a large flame in all cases and requires
a relatively large firebox even without
SCA. In addition, most pulverized coal-
fired steam generating units are larger

than 73 MW {250 million Btu/hour) heat .

input capacity and consequently are
subject to the existing standards of
performance under 40 CFR Part 60
{Subpart D). These standards weére
adopted in 1971 and manufacturers and
vendors of pulverized coal-fired steam
generating units have long since
incorporated the changes necessary to
accommodate LEA/SC into their basic
designs. As a result, the only additional
costs associated with the use of SC on
pulverized coal-fired steam generating
units are the costs aksociated with the
combustion air distribution system (i.e.,
ductwork, registers).

The use of LEA/SC, including the cost
of LEA combustion air trim and SC
combustion air distribution systems in
addition to an NO, monitor, would
increase the capital costs of a 44 MW
(150 million Btu/hour) heat input
capacity pulverized coal-fired steam .
generating unit by about $117,000. This
represents an increase in the $14 million
capital cost of this steam generating unit
under the regulatory baseline of about
0.8 percent. Taking into account the fuel
savings associated with the use of LEA/
SCA the annualized costs of this
pulverized coal-fired steam generating
unit would increase by about $52,000,
which is equivalent to a 0.8 percent
increase.

For new steam generating units firing
naturel gas and distillate oil, the NO,
control techniques considered
demonsirated for the purpose of
developing standards of performance
are LEA and LEA/SC. Both techniques
would require the use of oxygen trim to
optimize performance. The use of LEA/
SC would cost slightly more than the use
oELEA alone since the application of
LEA/SC to natural gas—and distillate
oil-fired steam generating units would
require the use of the more sophisticated
staged combustion burners (SCB).
Adjustments in firebox dimensions
required to apply SC through use of
SCB's would be minimal in most cases.

THe use of LEA or SCB's including the
cost of LEA combustion air trim, SCB's,

and NO, monitors would increase the
capital cost of a 44 MW {150 million

Biu/hour) heat input capacity packaged -

natural gas-fired steam generating unit
by about $77,000. This represents an
increase of about 2.8 percent in the
approximately $2.9 million cost of this
steam generating unit. When fuel
savings are taken into account, the costs
of the LEA trim, SCB's, and NO,
monitors are offset, resulting in
negligible overall cost impacts. Similar
impacts would occur in the case of
distillate oil-fired steam generatmg
units,

For all types of steam generating
units, the impact of the proposed NO,
standards on both the Gapital costs and
the annualized costs associated with
LEA or LEA/SC varies with the size of
the unit. The discussion above presents
costs for steam generating units with
heat input capacities of 44 MW (150
million Btu/hour). This represents the
mean size of the range of steam
generating unit sizes impacted by the
proposed standards. For steam
generating units above 4¢ MW {150
million Btu/hour) heat input dapacity,
the impact of the proposed standards on
the capital costs and the annualize@

' costs of the steam generating unity

would represent a smaller percentage of
steam generating unit costs. Similarly,
for steam generating units at the lower
end of the affected range, 23 MW (100
million Btu/hour} heat input capacity,
the impact of the proposed standards cn
the capital costs and the annualized
costs of the steam generating unit

increases slightly from costs presented

above. For example, capital and
annualized cost increases associated
with the use of LEA on a 29 MW (100
million Btu/hour) spreader stoker are 1.0
and 0.8 percent, respactively, as
compared to increases of 0.8 and 0.3
percent, respectively, for a 44 MW (150
million Btu/hour) spreader stoker.

The cost-effectiveness associated
with the use of the domonstrated NO,
control technologies was also examined.
For a 44 MW {150 million Btu/hour) heat
input capacity mass-feed or spreader-
stoker steam generating unit firing coal,
the cost-effectiveness of the use of LEA
to reduce NO, emissions ia less than
$510/Mg ($460/ton) of NO,. The fuel
savings associated with the use of LEA
and the costs associated with the LEA
combustion afr trim system, SCB's and
NO; monitor are included in this value.
The cost-effectiveness of the use of
LEA/SC to reduce NO, emissions from a
44 MW (150 million Btu/hour) steam
generating unit firing residual oil or
pulverized coal is about $790/Mg ($720/
ton) of NO, for residual oil and about

$450/Mg ($10/ton) of NO, for pulverized
coal. As above, the fuel savings
associated with the use of LEA and the
costs associated with the LEA
combustion air trim and the OFA system
or SCB's, including the costs of an NO,
monitor, are incorporated in these

" values. The cost-effectiveness of the use -

of LEA or LEA/SC to reduce NO,
emissions from a 44 MW (150 million
Btu/hour) steam generating unit firing
natural gas or distillate oil is negligible.
Included in this determination are fuel
savings associated with the use of LEA

. and costs asgociated with the LEA

combustion air trim system, the SCB's,
and a NO, monitor. Cost effectiveness is .
negligible because the fuel savings offset
the costs of control,

The cost-effectiveness of applying
these controt techniques to reduce NO,
emissions also varies with steam
generating unit size. As the size of the
steam generating unit increases, the
cost-effectivéness of these conirol
techmques improves. Conversely, as the
size of the steam generating unit
decreases, the cost-effectiveness of
these control techniques deteriorates.
Consequently, for steam generating
units above 44 MW {150 million Btu/
hour) heat input capacity the cost-

" effectiveness of NO; control associated

with the demonstrated NO, control
techniques improves above the values
cited above, For stream generating units
below 44 MW (150 million Btu/hour)
heat input capacity, however, the coat-
effectiveness detericrates from the
values cited above.

The cost-effectiveness of applymg

* these control techniques to reduce NO;.

emissions also varies with the annual
capacity factor of the steam generating
unit, As the annual capacity factor
increases, the cost-effectiveness of these
control techniques improves and as the
annual capacity factor decreases, the
cost-effectiveness deteriorates. In
particular, for steam generating units
with annual capacity factors less than
30 percent [0.30), the cost-effectiveness
of NO, control deteriorates rapidly, with
cost-effectiveness as high as $2,800/Mg

- ($2.500/ton) of NO, reduction for 29 MW

{100 million Btu/hr) heat input capacity
coal—, oilg~, or natural gas-fired units
with annual capacity factors of less than
30 percent (0.30). The principal factor
which would increase the cost-
effectiveness would be the relatively
constant cost for operation of the
continuogus NO, monitoring system,
independent of steam generating unit
operating levels,

Since the cost-effectiveness appears

- to be significantly greater for low

capacity factor steam generating units,
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an alternative to the use of NQ,
monitors is included in the proposed
standards for steam generating units
with low capacity factors. This .
alternative would allow low capacity
factor steam generating units to monitor
operating parameters of the steam
generating unit, rather than NO,
emissions. Monitoring NO, emissions
directly assures optimal NO, control
and compliance with NO, emission
limits. Although the monitoring of
operating parameters.such as flue gas
oxygen levels yields less exacting

results, emission levels will be reduced

by monitoring operating parameters and
maintaining these parameters within
certain narrow ranges. However, the full
reductions in NO, emissions will nat be
achieved by mcnitoring operating
parameters. As a result, this alternative
is only included in the proposed
standards where the use of NO,
monitors leads to high cost-affectiveness
values associated with NO, contrel.

Fariculate Matter. Existing State -
implementation plans (SIP's) limit
emissions of particulate matter from
most stearn generating units which
would be covered by the proposed
slandards. The level of particulate
malter control required by SIP's varies
considerably by steam generator size
and by State. The majority of States
have emission control requirements
which become more stringent as steam
generator size increases, Compliance
with SIP's however, requires the use of
mechanical collectors ag a minimum for
combustion of solid fuels. To reflect the
minimure level of ontrol uniformly
required by all States, the use of single
mechanical collectors was selected as
the regulatory baseline for considering
the cost impacts of various control
technologies on individual steam
generating units.

This assumiption illustrates the
comparative costs of different control
alternatives; however, it tends to
overstate the true cost impact of the
proposed standards in many instances.
In the case of more stringent SIP's, use
of fabric filters, ESP's, or medium
pressure drop wet scrubbers is required
at present. Also, many SIP's currently
require new wood-fired steam
generaling units to install medium
pressure drop wet scrubbers or ESP's in
order to meet existing State
requirements. For municipal-type solid
waste, ESP's are being installed almost
exclusively on all new steam generating
units to mest existing particulate matter
emission [imits, Altogether, several
hundred fabric filters, ESP's, and
medium pressure drop wet scrubbers -
have already been installed on -
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industrial-commercial-institutional
steam generating units of the size and

- type covered by this proposal to meet

State emission limits.

Site specific construction/opérating
permit requirements also limit emissions
of particulate matter from steam
generating units covered by the
proposed standards. For example, site
specific emission limits as determined
through prevention of significant
deterioration (PSD) and new source
review (NSR) requirements are often
more stringent than required under a
SIP. Based upon a review of the data -
available for recent PSD and NSR
permits for non-utility cosl-fired steam
generating units, nearly all riew units are
currently being required to install an
emission control technology more

" effectve than single mechanieal

collectars, and many units are being
required to meet emmission control
requirments as stringent as, or more
stringent than, the proposed standards.

As a reflection of actual permit
determinations, control levels derived
from PSD or NSR requirements could
also be used as a baseline for
considering the impacts of the proposed
standards. A baseline contro] level
based upon PSD or NSR requirements
would reduce the projected cost impact
of the proposed standards. In areas

. where site-specific PSD or NSR

requirements have been at least as

. stringent as the proposed standards,

negligible cost impacts would result
from the proposed standards. In fact, the
only significant cost impacts resulting
from the proposed standards would be
for those steam generating units having
less then 73 MW (250 million Btu/hour)
heat imput capacity where the use of -~
fabric filters, ESP's, wet scrubbers, or
sidestream separators would be .
required in lieu of mechanical collzctors,
In order to identify and appropriately
consider the cost of the proposed .
standards, the mechanical collector
baseline which is reflective of SIP

. regulations was used for the cost

analysis, o

As outlined earlier, two technical
alternatives for the control f particulate
matter emnissions could serve as the
basis for particulate matter standards,
and the costs presented in this analysis
reflect the costs associated with each
aliernative. Technical Alternative I ia
based on a moderate level of particulate
matter emisison control as achieved by
sidestream separators, low pressure
drop wet scrubbers, or low efficiency
ESP’s and is associated with an 86 ng/J
{020 Ib/million Btu) heat input emission
level. Technical Alternative I is baged
on a high level of particulate matter

control as achieved by high efficiency
ESP's, fabric filters, or medium pressure
drop wet scrubbers, and is associated

* with a 22 ng/] (0.05 Ib/million Btu) heat

input emission level for coal-fired steam
generating units and a 43 ng/J (0.10 Ib/
million Btu) heat imput emmission level
for wood-fired steam generating units,
solid waste-fired steam generating units,

“or'mixed fuel-fired steam generating

units, .

A typical coal-fired 44 MW (150
million Btu/hour) heat input capacity
steam generation unit costs
approximately $11.9 million with
minimum particulate matter controls
under the regulatory baseline. A wood-
fired 44 MW (150 million Btu/hour} heat
input capacity steam generating unit
costs approximately $8.9 million under
the regulatory baseline. To comply with
standards based on Technical
Alternative I, a 44 MW (150 million Btu/
hour) heat input capacity coal-fired
spreader stoker steam generating unit
would incur an addtitional captial cost
of $240,000 to install a sidestream
separator. A 44 MW (150 million Btu/
hout) heat input capacity wood-fired
steam generating unit would incur a
capital cost of 732,000 for a low
pressure drop wet scrubber. These

- increases represent a 2.0 percent and 8.2 .

percent increase, respectively, in the
capital cost of these steam generating
untits ag compared to the regulatory
baseline. oo

To comply with standards based on
Technical Alternative I, a $1.2 million
capital cost (over baseline) would be
incurred by a 44 MW (150 million Btu/
hour) heat input capacity coal-fired
spreader stoker steam generating unit
for fabric filter control. This represent a
10.1 percent increase in the capital cost
of the steam generating unit. In the case
of a.4¢ MW (150 million Btu/hour) heat
input capacity wood-fired steam
penerating unit, a capital cost of
$871,000 would be incurred for a high
energy wet scrubber and would
represent a 9.7 percent increase in the
capital cost of the steam generating unit
as compadred to the regulatory baseline.

In order to purchase and operate the
emission control technology based upon
Technical Alternative ], a 44 MW {150
miilion Btu/hour) heat input capacity
coal-fired spreader stoker steam
generating unit would incur en
additional annualized cost of $71,000 per
year, and a 4 MW (150 million Btu/
hour) heat input capacity wood-fired
steam generating unit would incur an
additional annulized cost of $264,000 per
year. For a coal-fired steam generating
unit, this repersents a 1.2 percent
increase in annualized costs over a
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regulatory baseline cost of $5.8 million
per year. For a wood-fired steam
generating unit, this represents a 4.9 to
7.7 percent increase in annualized cost
over a regulatory baseline cost of 33.4 to
$5.4 million per year depending on the
ecortomic value of wood waste (8/
million Btu). .

To comply with standards based on
Technical Aternative II, a 44 MW {150
million Btu/hour) heat input capacity
coal-fired spreader stoker steam .
generating unit would incur increased
annualized costs of $283.000 per year,
which is an increase of 4.9 percent over
the regulatory baseline. A 44 MW [150
million Btu/hour) heat input capacity
wood-fired steam generating unit would
incur increased annualized costs of
$318,000 per year, which is an increase
of 5.9 to 9.3 percent over the regulatory
baseline, depending on the wood fuel
value assumed.

The precentage increases in both
capital and annualized costs cited above
for Technical Alternative I and
Technical Alternative I are relatively
constant with respect to variations in
steam generating unit size. Thus, the
percentage increases presented above
are representative of the range of steam
generating unit sizes covered by the
proposed particulate matter standards.

Even though the percentage increases
in capital and annualized costs remain
relatively constant for all steam -
generating unit sizes, the incremental
cost-effectiveness of applying the
demonstrated particulate matter control
technologies to different size ateam
generating units varies significantly with
steam generating unit size. This variance
occurs because uncontrglled particoiate
matter emissons vary linearly with
steam generator size for a given steam
generator while the costs of particulate
matter control do not. In addition, the
cost-effectiveness of particulate matter
control is influenced by the different
steam generator designs representative
of different size steam generating units.

In the range of 29 to 73 MW (100 to
250 million Btu/hour) heat input
capacity, spreader stoker systems
represents the predominant design for
the combustion of solid fuel, although
some mass-feed units may be present.
Above 73 MW [250 million Btu/hour)
heat input capacity, pulverized coai-
fired steam generating units represent
the predominate design for coal firing,
although wood-fired steam generating
units continue to utilize the spreader
stoker design. With increasing steam
generating unit size, the increased fuel
consumption rate and fue! costs justify
the use of more complicated, more
expensive, and more efficient steam
generator designs.

. Due to the unique characteristics of
each of these steam generator designs, .
particulate matter emissions differ, with
the emissions from spreader stoker
steam generzting units being inherently
lower than those from pulverized coal-
fired steam generating units, Because
the cost-effectiveness cf air pollution

- control systems is measured in terms of

the cost [$} per Mg (ton) of pollutant
removed, the inherently different
baseline emissian characteristics of
each of these steam generator designs

“lead to significant differences in the

cost-effactiveness of particulate matter

" emission control.

The cost-effectiveness of particulate -
matter controls for various coal-fired
steam generating units is given in Table
5 for each technical alternative, Table 5
also compares the relative cost-
effectivenaesas for Tachnical Alternative I

and Technical Alternative II. Except for
steam generating unita with heat input
capacities greater than 73 MW (250
million Btu/hour], the cost per Mg (ton)
of particulate matter removed ia
generally lower for the less effective and
less costly control systems associated
with Technical Alternative I. For
pulverized coal-fired steam generating
units, which are characteristic of steam
generating units above 73 MW (250
million Btu/hdur) heat input capacity,
sidestream separators are not
demonstrated. For this reason,
Technical Alternative ! assumes the use
of an ESP, which is comparable in cost
to a fabric filter. As a result, the cost

effectiveness of Technical Alternative 1 -

and Technical Alternative I is
essentially the same for this size range.

.above 73 MW (250 million Btu/ hour}
heat 1nput capacity.

TABLE 5.—INCAEMENTAL COST-EFFECTIVENESS OF PARTICULATE MATTER CONTFIOLS ONM COAL-
FIRED STEAM GEMERATING UNITS

Stoam Technical aitemative | Technical aitemative l|
genarator (lowar levet of control) (righer tevel of control)
"t‘.',','«',;‘.‘.‘, Stear genarator type 7 Cosat-atfectivanass Cost-effectivansas
. - Dollars par | Dollars par | Dollars per | Dollars por
haat input milfon ton milbon L 1en
remaved remaved ‘removed removed
28 (100) | Sproader stoker, _ &30 ~{570) 1,542 (1,400)
44 (150) | Spreader stoker. 560 {510) 1,400 {1,300)
73 (250) | Spreader swker. 520 {470) 1,300 {1,200)
73 (250) | Pulverized coal-iirad 750 (680} 740 (870)
117 {400) | Pulvarized coakfirgd 580 {530) 660 (600)

E. Selection-of Regulatory ﬁ]tematives

Thae technology and cost
considerations discussed above lead to
two principal regulatory alternatives
which could serve as the basis for
standards of performance to limit
partculate matter and NO, emissions

" from industrial-commercial-institutional

stearn generating units.
The consideration of regulatory
alternatives focused on the 29 to 73 MW

(100 to 250 million Btu/hour) heat input

capacity size range. Thia size range
represents the “heart” of the coal-fired
industrial-commercial-institutional
steam generating unit population,

- To illustrate clearly the differences
between the regulatory alternatives
which could be selected as the basis of
the proposed standards of performance
for industrial-commercial-institutional
steam generating units, two specific
regulatory altermatives were analyzed in
depth for their environmental, energy,
and economic impacts. The principal
difference between thesa two
alternatives is the technical basis
selected for standards of performance
limiting emnissions of particulate matter
from steam generating units between 29

)

MW (100 million Btit/hour) and 73 MW
{250 million Btu/hour) heat input
capacity. Regulatory Alternative A is
the lower cost alternative and the
standards limiting particulate matter
emissions for steam generating units in
this size range would be based primarily
on Technical Alternative I (i.e., use of
sidestream separators, low efficiency
ESP's or low pressure drop wet
scrubbera). Regulatory Alternative B is
the higher cost alternative and the
standards limiting particulate matter
emissions from steam generating units
between 29 MW (100 million Btu/hour)

and 73 MW {250 million Btu/hour) heat

input eapacity would be based primarily
on Technical Alternative II {i.e., use of
fabrig filters, high efficiency ESP's or
high pressure drop scrubbers). In both
regulatory alternatives, the standards
for particulate matter would be based
on Technical Alternative Il for steam
generating units of greater than 73 MW
(256 million Btu/hour} heat unit
capacity.

In addition to the variations in the
cost-effectiveness of emission control
with steem generating unit size and
steam generating unit type that were
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discussed earlier, the cost-effectiveness
of emission control also varies with-
gteam generating unit operating level,
Some steam generating units are.
operated near full Gapacity while others
are operated at low capacity. Higher
fixed costs for emission control systems
-can Jead to higher costs per Mg (ton) of
pollutant removed for steam generating
units with relatively low levels of
operation. ’
- For particulate matter control, some

' steam generating units may fire mixtures

of fuels which contain only small
amounts of fuels which generate
particulate matter emissions, such as
coal, wood, or solid waste, with fuels,
such as natura] gas or distilate oil,
which do not generate significant -
particulate matter emissions. In each of
these cases, the cost-effectiveness of
. emisgion control will vary. The cast-
effectiveness of emission control on
steam generating units operated near
full capacity is more attractive than on
steam generating units operated at low -
capacity. Similarly, the cost- )
effectivéness of particulate matter on
steam generating units which fire
substantial amounts of fuels which
generate significant uncontrolled -
particulate matter emissions is more -
* attractive than on steam generating
units which only cofire limited amounts
of these fuels with other fuels.
Steam generating unit use is generally
- expressed in terms of an annual
capacify factor. This factor represents
the amount of fuel actually fired in
. relation to the amount of fue! the steam -
“generating unit is capable of firing on an
-annudl basis. The overall average
indusirial-commercial-institutional
steam generating unit annual capacity
factor is about 60 percent (0.60), This
average annual capacity factor was
employed to estimate all the annualized
costs and cost-effectiveness values

included in the cost analysis discussion .

presented above.

Steam generating units which operate
at less than 80 percent annual capacity
factor will experience less favorable
cost-effectiveness levels; steam
generating units which operate above 60
percent annual capacity factor wiil
experience improved cost-effectiveness
levels, Steam generating unit operation
at a 30 percent {0.30) annual capacity
factor would approximately double the
annualized cost per Mg {ton) of pollutant
removed compared to unit operation at
a 60 percent annual capacity factor.
Additionally, the same doubling effect
would occur in cases where an equal
mix of a fuel that does not generate
significant uncontrolled particulate
matter emissions (natural gas] is fired

. with & fuel that does "gen.er.ate a

significant uncontrolled particulate
matter emissions (wood). That is, &

. steam generating unit was firing a fue]

mixture of 50 percent natural gag and 50

- percent coal and operated at an overall

annual capacity factor of 80 percent
based on total heat input, the “effective”
capacity factor of this steam generating
unit would appear to be 30 percent when
tonsidering only those fuels that
generate significant uncontrolled
particulate matter emissions.

Given the difference in cost-

~ effectiveness of particulate matter

control between steam generaling units
which operate at low annual capacity
factors compared to steam generating
units which operate at high annual
capacity factors, regulatory alternatives
have been developed whichk would
provide special consideration for low
capacity steam generating units betwean
29 and 73 MW (100 and 250 million Btu/
hour) heat input capacity. Under both
regulatory alternatives. analyzed, coal-,
wood-, solid waste-, and mixed fuel-
fired steam generating units in this size
range with an annual capacity factor of
30 percent or less would be subject to a
less restrictive particulate matter
emission limit, For Alternative A (the
less stringent alternative}, the -
alternative standard would be 129 ng/]
(0.30 Ib/million Btu) heat input, and for
Alternative B (the more stringent

* alternative) would be of 86 ng/J (0.20 Ib/

million Btu) heat input. The 130 ng/]
{0.30 Ib/million Btu) heat input level
would be based on the use of double
mechanical collectors, low efficiency
ESP's, or low pressure drop wet

. scrubbers to control particulate matter

emissions. The 86 ng/] (0.20 tb/million

" Btu) heat input limit is based on the use

of sidestream separators, low efficiency
ESP's, or low pressure drop wet
scrubbers to control particulate mattér
_emissions. ' :

The NO, emissions limits are the
same under both Regulatory Alternative
A and Regulatory Alternative B. For

_residual oil and for cosl-fired steam
generating units, there is only one NO,
emission control technology which is

. demonstrated for each boiler type. For
natural gas- and distillate coal-fired
units, two technical alternatives are
available in LEA alone or LEA/SC.

LEA /SC technology however, would
achieve significantly greater emission
reductions compared to LEA alone at no
significantly greater cost. Therefore, the
environmental, energy, and economic
impacts of only one NO, regulatory
alternative (based an LEA/SC
technology} were analyzed.

. The proposed standards for NO, -
would be 301 ng/] (0.70 Ib/million Btu)
heat input for pulverized coal-fired =
steam generating units, based en the use
of LEA/SC alone; to reduce emissions; '
258 ng/] {0.60 1b/million Btu} heat input
for spreader stoker coal-fired steam
generating units, based on the use of low
excess air (LEA); and 215 ng/] (0.5 Ib/
million Btu), for mass-feed stoker coal-
fired steam generating units, based on -
the use of LEA alone. o

" The proposed NQ, staridards for .
distillate oil- and natural gas-fired steaim
generating units would be 43 ng/] (0.10
Ib/million Btu) heat input. The distillate
oil and natural gas standards are based

" on the use of LEA/SC. The use of SCB ~

technology would be expected for most
package natural gas and distillate-fired -
steam generating units. The NO, control
standards for residual vils vary
according to fuel nitrogen content. For
low nitrogen residual oils (nitrogen
content less than or equal to 0.35 weight
percent), the standard would be 129 mg/
] (0.30 Ib/ million Btu) heat input, and
for high nitrogen residual oils (nitrogen
content greater than 0.35 weight
percent}, the standard would be 172 ng/]
(0.40 Ib/million Btu) heat input, The
standards for low nitrogen and high -
nitrogen residual oils would be based on
the use of LEA/SC. ‘

" NO, standards would alse apply to

- steam generating units firing mixtures of

fossil fuels and wood, solid waste, or
byproducts/wasted, Mixtures of wood,
solid waste, or byproducts/wastes.
Mixtures of wood, sclid waste, and
fossil fuel would be subject to NO,
emission limits if the heat input from the
combustion of fossil fuel would exceed 5
percent on an annual bagis. Mixtures of
byproducts/wastes and fossil fuel would
be subject to an NQ, emission limit )
determined through the use of a
prorating formula. For the purpose of -
prorating, gaseous byproducts/wastes
would be subject to the same NO,
emission limits as natural gas, and
liquid byproducts/wastes would be
subject to the same NO, emission limits
as residual oils, depending on their fuel
nitrogen characteristics,

As with the control of particulate
matter emissions, the cost-effectiveness
of NO, emissions control varies with
steam generating unit operation. Some
steam generating units operate at high
capacity, while others operate of low
capacity. The cost-effectiveness of
emission control is less attractive for
steam generating units operating at low
capacities than for those operating at
high capacities. Similarly, the cost-
effectiveness of NO, control (including
emissions monitoring) is more attractive
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for steam generators which eofire
substantial amounts of fossil fuels than
for steam generators which cofire
limited amounts of fossil fuels in fossil-
nonfossil fuel mixtures because of the
higher uncontrolied emissions from the
combustion of fossil fuels.

As discussed above; an average

annual capacity factor of 60 percent was

employed to estimate all the annualized
costs and cost-effectiveness values
included in the cost analysis discussed
earlier, Steam generating units which
operate with annual capacity factors
above 60 percent would experience
more attractive cost-effectiveness
values than those discussed, and steam
generating units which operate with
annual capacity factors below 60
percent would experience less attractive
cost effectiveness values. Operation at a
capacity factor of 30 percent would
approximately double the cost per ton of
emission control compared to operation
at an annual capacity factor of 60
percent.

Given the difference in the cost-
effectivenessof NO, emission control
between steam generating units which
operate at low annual capacity factors .
" compared to those that operate at high
annual capacity factors because of
continnous NO, monitoring costs, both
regulatory alternatives would exempt
units which operate at low annual
capacity factors from the requirement to
install and operate continuous NO,
monitors. Instead, steam generating
units emissions which operate at an
annual capacity factor of 30 percent or
less based on fossil fuel consumption -
would be required to monitor various
operating conditions in lieu of NO,
emissions monitoring. To monitor
operating conditions rather than NO, -
emissions, a plan would be submitted
for approval outlining what conditions
wouid be monitored and what records of
these conditions would be maintained.
The NO, monitoring requirements for
low capacity units is discussed further
below in the Performance Test Methods
and Monitoring Requirement section,

1. Consideration of Economic Impacts

Introduction. A detailed analysis was
undertaken to assess the potential
economic impacts associated with
standards based on Ragulatory

.Alternative B. This alternative is mare
stringent than Regulatory Alternative A.
Consequently, while no analysis was
undertaken to assess the potential
economic impacts of standards based on
Regulatory Alternative A, the impacts
based on Alternative A would be less
than those discussed below for standard
based on Regulatory Alternative B,

Fossil Fuel Steam Cenerating Units.
Because 700 fossil fuel-fired steam
generating units could potentially be
affacted by the proposed standard, the
economic impacts of standards based on
Regulatory Alternative B on fossil fuei-
fired steam genherating units were
analyzed in two phases. The first phase
focused on aggregate economic impacts
for major steam-using industries and

. estimated the potential impact on steam

costs and product prices based on
industrywide averages for eight large
industry groups. The goups selected for
analysis account for approximately 70
percent of the total induatrial steam
consumption. These eight industry
groups were: Food; textiles; paper; -
chemicals; petroleum refining; stone,
clay, and glass; stee; and aluminum, -

To determine the potential product
price impacts of standards based on
Regulatory Alternative B, estimates
were made of steam consumption per
dollar of product sales by industry
group. Projected growth in product sales
and the resulting increased steam
demands were then estimated by
industry group. Next, steam cost
increases attributable to standards
based on Regulatory Alternative B were
estimated based on annualized steam
generating unit and pollution control
costs. Assuming “full cost pass-through™
of these increased costs to products
prices, the potential impact of standards
based on this regulatory alternative on
product prices was estimated.

Growth projections indicate that
about 1 to 9 percent of the steam

" congumption in the eight major steam-

using industries would be generated in
steam generating units subject to the
proposed standards by 19980. The lowest
percentage is projected for the paper
industry with one percent being steam
from affected facilities. The highest
percentage is projected for the cherdical

* industry with 9 percent being steam

from affected facilities.

The analysis indicates that average
steam costs in these industry groups
would increase from about $9.43 to
$9.54/GJ ($8.94 to $9.04/million Btu) of

" heat input, an increase of about 1

percent based on industrywide average
annualized costs. Assuming “full cost
pass-through” of increased steam costs,
product prices in the major industry
group would increase by less than 0.1
percent. This potential impact
represents a maximum product price
increase because of the “full cost pass-
through™-assumption with no cost
adsorption. In some instances, increased
gteam costs would not be completely
passed through to preduct prices, and,

therefore, the impact on product prices
would be less.

The second phase of the analysis of
the potential economic impacts of
standards based on Regulatory
Alternative B focused on the selected
industries which were considered likely
to be most affected by proposed
standards. Seven industries were
selacted due to the steam-intengive
nature of their operation, the low

" utilization of their steam generating unit

capacity, or their comparatively small
industry size. These industries were:
beet sugar refining, fruit and vegetable
canning, rubber reclaiming, automobile
manufacturing, petroleum refining, iron
and steel manufacturing, and liquor
distilling.

The economi¢ impact analysis
examined potential impacts on prices,

profitability, and capitsl availability.

This analysis was based on "model”
plants and "model” firms representative
of each industry.

Model planis were defined for each
industry based on historical plant
locations, fuel use, and steam generating
unit construction patterns. Annual plant
sales, plant product output, product
costs, and return on assety were
estimated for each model plant. Then,
based on recent trends in each industry,
a scenario was developed involving
existing steam generating unit
replacement, or construction of
additional steam generating unit
capecity for plant expansion at each
model plant. Based cn these scenarios,
increased steam costs imposed on model
plants by standards based en
Regulatory Alternative B as the result of

_ new sateam gensrating unit construction

were calculated, _
Agsuming “full cost pass-through” of
steam cost increases, the potential

- impact of standards based on

Regulatory Alternative B an product
prices could be estimated. To estimate
the potential impact on profitability, or
return on assets, an analysis was also
conducted assuming “full cost
absorption” of increased steam costs
with no pass-through. .

Based on scenarios involving -
replacement of from 25 to 100 percent of
existing steam generating unit capacity
with new steam generating unit capacity
at model plants for the seven industries
selected, product prices were projected
to increase by 0.001 to 0,15 parcent in
1988, assuming "full cost pass-through”
of increased steam costs. The lowest
increase was projected for the.
automobile manufacturing industry
based on an assumption that one of four
existing coal-fired steam generating
uniis at the model plant would be
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replaced by a coal-fired steam
generating unjt subject to standards
based on Regulatory Alternative B. The
highest percentage increase was
exhibited by the beet sugar refining
industry based on an assumption that .
three of four existing oil-fired steam -
generating units at the model plant
would be replaced by a new coal-fired
steam penerating-units subject to -
standards based on Regulatory
Alternative B. o

Based on the same scenarios as
above, but assuming “full cost -
absorption” of increased steam costs,
return on assets was projected to .
decrease by less than 0.01 to 0.51
percentage points as a result of
standards based on Regulatory -
Alternative B. Again, these potential
impacts represent "worst case”
projections because of the assumption of
- “full cost absorption” of the increased
steam costs. .

The analysis of potential impacts on
capital availability examined the impact
of standards based on Regulatory
Alternative B on the ability of “model”
firms to finance pollution control
expenditures, Corporate annual reports
and Securities and Exchange
Commission Forms 10-K were reviewed
to formulate a hypothetical financial
position and to identify the number of
operating plants for each model firm.
Each plant operated by the model firm
was assumed to be identical to the
corresponding model plant used in the
analysis discussed above. The potential
impact of standards based on
Regulatory Alternative B on each model
firm's cash flow coverage ratio and
debt/equity ratio under each of five
debt/equity financing strategies was
estimated based on the amount of
finencing needed to construct
replacement or expansion steam
generating units envisioned under-the
same scenarios used in the price and
profitability amalysis. :

Cash flow coverage ratios and book
debt/equity ratios showed essentially
no change for any of the model firms
under any of the five different debt/
equity financing strategies.
Consequently, standards based on this
regulatory alternative would not impair
the ability of firms to raise sufficiant
capital to construct fossil fuel-fired
steam generating units, .

Nonfossil Fuei-Fired Steam
Generating Units. The economic impact
analysis of standards based on
Regulatory Aliernative B for nonfossil
fuel-fired steam generating units was
essentially the same as that for the
second phase of the analysis for fossi}
fuel-fired steam generating units. The
principal difference is that the analysis

for nonfossil fuel-fired steam genérating
units examined potential impacts on
both model plants/medel firms and
municipalities. A number of
municipalities are expected to constmat
solid waste-fired steam generating units
in‘the future which would be covered by
the proposed standards.

The industries selected for analysis -
reflected the major industry users of
nonfossil fuel-generated steam. The four
industries examined were: Wood
furniture manufacturing, sawmill lumber
products, plywood panel products, and
paper and allied products -
manufacturing. Each of the industiries
selected presently burns nonfossil fuels
for part or all of its steam requirements.

Based on various scenarios involving
replacement of 25 to 75 percent of
existing steam generating unit capacity

at the model plants developed for each - -

of the industries and assuming “full cost
pass-through” of increased steam costs,
product prices were estimated to ,
increase by less than 0.5 percent in all .
cases. Based on an assumption of "full
cost absorption,” return on assets was
estimated to decrease by 0.02 to 0.30
percentage points. Again, these
estimates of potential impacts on
product prices and return on assets
represent “worst case” estimates
because of the assumptions of “full aost
pass-through” and “full cos '
absorption.” - . :
Based on mode! firms developed for
each industry, incorporating the same
mode! plant and steam generating unit -
construction scenarios, cash flow
coverage ratios and book debt/equity
.ratios showed essentially no change
under any of five different debt/equity
financing strategies, Thus, standards
based on Regulatory Alternative B
would not impair the ability of firms te
raise sufficient capital to construct
nonfossil fuel-fired steam generating
"units, L . -
Four municipalities representing
different economic and steam generating
unit ownership situations were selected
for analysis. Municipalities were
selected to represent the following -
_Categories: Publicly owned steam
generating units in economically
distressed cities financed by State

" funds; publicly owned steam generating

units in economically distressed cities
financed by municipal funds; publicly
owned steam generating units in .
economically stable cities; and privately
owned and operated steam generating
units,

For the municipalities, the economic
impact analysis focused on the increase
in the cost of steam and on capital
availability te finance the incremental
costs imposed by standards based on

Regulatory Alternative B. The increase ..
in the average steam costs resulting
from compliance with standards based
on this alternative was estimated and
compared to steam costs in the absence
of such'standards to determine if the
increase would be significant. The
incremental ingrease in capital

‘requirements to finance new staam

generating unit construction was also
estimated and compared to capital
requirements in the absence of such
standards to determine if the increase
waa likely.to cause deferral of the
project or a change in the method of
financing. - . :

The analysis indicated little if any
impact on municipal solid wastefired
steam generating unit construction.
Capital requirements would generally
increase by about 0.3 percent and
average steam costs would increase by
about 1 percent. Neither of these
increases is considered substantial, and
the increased capital requirements
would not result in a deferral of the
project or a change in current methods
of financing. .

Conclusions. The economic impacts
analysis indicates that standards based
an Regulatory Alternative B would
increase product prices by substantially
less than 1 percent if all steam cost
increases were passed through to
product prices. In addition, assuming
ebsorption of all steam cost increases,
return on assets would decrease by
substantially less than 1 percent for all
firms, Cash flow coverage and book
debt/equity ratios showed essentially
no change as a result of standards based
on this regulatory alternative. Therefore, -
standards based on this alternative
would not impose any capital
availabilty constraints on firms. Ffor
municipalitfies, construction of solid
waste-fired boilers would not be
deferred or would not require different
forms of financing due to standards
based on Regulatory Alternative B.

As mentioned earlier, Regulatary .
Alternative B is more stringent than
Regulatory Alternative A. Consequently,

- the economic impacts of standards

based on Regulatory Alternative A
would be less severe than those based
on Regulatory Alternative B.
2. Consideration of National Impacts
The-potential incremental national
impacts associated with standards
based on each regulatory alternative
were analyzed. The analysis examined
the potential incremental national
environmental, energy, and cost impacts
of these alternatives in the fifth year

« following proposal of standards.

National enviornmental impacts were
examined by projecting air pollutant
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emissions and the level of solid and
liquid waste products that would be
generated under the regulatory baseline
and under each regulatory alternative.
In the case of particulate matter, the
national impact of standards based on
each regulatory alternative was
examined in terms of both total mass
emissions and inhalable particulate
matter emissions (less than 10 microns
diameter).

MNational incremental energy impacts
were examined from two viewpoints.
The first viewpoint was the potential
impact of standards on coal use in new
industrial-commercial-institutional
steam generating units. This impact was
estimated by projecting national coal
demand for new units under the
regulatory baseline and then under each
r;egulatory alternative. The relative
demand for coal versus that for natural
gas and oil was then examined, The
second viewpoint was the potential
impact of standards on the national
energy consumption of new steam
generating unit pollution controt
systems. This impact wags estimated by
projecting the national electrical energy
consumption of the pollution control
equipment required for compliance
under the regulatory baseline and then
under each regulatory alternative,

The analysis of incremental national
cost impact examined the potential
impact of atandards on the national
capital and annualized costs for new
steam generating units. These impacts
were estimated by projecting the total
national capital and annualized costs
associated with installation and
operation of the pollution control
equipment required for compliance
under the regulatory baseline and then
under each regulatory alternative.

National impacts were analyzed for
industrial steam generating units firing
fosail fuel (coal, oil, and natural gas)
through the use of a computer modal,
referred to as the Industrial Fuel Choic
Analysis Model (IFCAM). [IFCAM
simulales fuel choice decisions at the
steam generator level based ont he
after-tax present value of the cost of
generating steam over a 15-year
investment pericd. The model selects
the fuel/steam generator/emission
controt system combination with the
lowest after-tax present value which is
capable of complying with the
applicable emission standard.

Because the assumptions used in the
analysis to represent economic
conditions in future years have a
significant effect on the results obtained
from IFCAM, national impacts were
analyzed for two different economic
scenarios. Table @ presents the
assumptions used under each scenario.

TABLE 6.—ASSUMPTIONS EMPLOYED IN IFCAM
MNATIONAL [MPACTS ANALYSIS. FOR FOSSIL
FUEL-FIRED INDUSTRIAL STEAM GENERATING
UNITS )

Enargy Scenario | Energy Scenario |}

(lower natural gas {higher natural gas
price) price)
Regulatory State | State
baselins. implamentation implamentation

plant (SIPF) plan (1P
emigsion iimits emigaion limits
and existing New ang axisting New
Source Source
Performance Parformanca
Standards (MSPS} Standards

Natural gas, 1995: 4.27..
pricas {1982 | 1990: 515
S/ million 1908: 5.41..
Btu).

Qil prices 1685: 25.80.
(19982 $/bbh. | 1980: 31.00.

\ 1995: 48.50,

New hoiler 100 Coal....,

projections 580 QiIVNG ...

at baseling

(number of

units),

| 275 Gwna.

The effect of energy-related legislation

" is simulated in IFCAM by including

provisions of various laws or proposed
legislation relevant to steam generating
unit fuel choice. Energy Scenarios I and

1! both include provisions of the Energy

Tax Act of 1978 (ETA) and the Economic
Recovery Tax Act of 1981 (ERTA). The
ETA provides tax incentives for the use
of coal and alternative fuels, and the
ERTA revises the depreciation
schedules for capital investment. Energy
Scenario [ reflects natural gas prices
lower thai, but which tend to track, the
price of medium sulfur residual oil.
Alternatively, the natural gas prices
used in Energy Scenario iI are higher
than the price of distillate cil in most
regions. The two energy scenarios
reflect differing assumptions regarding
contract re-negotiations between natural
gas producers and pipeline companies,
The mix of fossil fuels selacted by
IFCAM, in conjunction with the
requirements of alternative standards,
determines the national incremental .
emission reduction as well as the .
national incremental cost impacts
associated with standards. Under
Energy Scenario II, (i.e., high natural gas
prices relative to coal and oil) ebout 70
percerit of the fossil fuel demand for
new steam generating units is projected
to be met by coal. Under Energy
Segenario I, {i.e., low natural gas prices
relative to coal and oil) only about 20
percent of the total fossil fuel demand is
projected to be met by coal.
Consequently, the national impacts
under Scenaric II will be much greater
than those under Scenario [, both in
terms of emissions reductions and in
terms of costs. Because it is impossible
to predict with certainty the economic
and regulatory conditions of the future,

the national impacts associated with
both Scenario I and Scenario Il are
discussed below. The "real” national
impacts most likely fall somewhere
within the range predicted by the two
scenarios,

The regulatory baseline in IFCAM
consists of State implementation plan
{SIP) requirements and the existing
standards of performance applicable ta.
large fossil fuel-fired steam generating
units (i.e., Subpart D of 40 CFR Part 60).
This means that in the absence of the
proposed standards, new steam
generating units with heat input
capacities of 73 MW (250 million Btu/
hour) ar less are assumed to meet
general SIP requirements. The national
cost impacts projected ta result from the
proposed standards for these units are
measured from the SIP baseline and, to
the extent that new steam generating
units would apply emission control
technology which are more efficient
(and more expensive) than required by
SIP's, the national cost impacts

projected by IFCAM may be overstated.

Other baseline control levels could be
used for national impact analyses. For
example, site-specific emission control
requirements for new steam generating
units as determined through prevention
of significant deterioration (PSD) and
new source review (NSR) regulations
could be used to define a baseline
control level for new units. Based on an
initial review of the data available for
recent PSD and NSR permits for non-
utility coal-fired steam generating units,
many units are being required to install
emission control technology as stringent,
or more stringent, than the proposed
standards. A baseline control level
based upon PSD and NSR requirements
would reduce the projected national
impacts of the proposed standards. In
cases where site-specific PSD and NSR
permit requirements are as stringent, or
more stringent, than the proposed
standards, negligible environmental,
energy, and economic impacts would
result from the proposed standards.

Although various baseline

"assumptions can be used to estimate

national impacts that would result from
the proposed standards, it is most
appropriate to assume a SIP baseline
control level for units with a heat input
capacity of 73 MW (250 million Btu/
hour} or less. The SIP baselina
represents minimal requirements and
thus will ténd to estimate the total cost
of air pellution corntrol being
experienced. [n addition, singe PSD and
NSR permits are site-specific, they do
not provide as clear a definition of the

baseline as existing State regulations for
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new steam generating units at other
sites, _ :
New industrial steam generating unit
demand in TFCAM is a function of ‘
growth in industriai fossil fuel demand
and replacement of existing capacity.
The former depends on the projected
growth in Industry adjasted for
projected conservation and projected
switching by industry to increased use
of nonfossil fuels and electricity. The
latter depends on the projected
" retirement rate of existing capacity. -
IFCAM uses both historical stearm
generating unit population data and
recen! sales data to estimate the size
distribution of new steam generators.
Based on IFCAM predictions, a total of
about 700 new fossil fuel-fired industrial
steam generating units of more than 29
MW {100 million Btu/hour) heat input
capacity are projected to initiate

- operation between 1983 and 1988.

For nonfessil fuel-fired steam
generating units, national impacts were
assessed through the use-of mode! units
of various sizes. Growth in nonfossil
fuel-fired industrial steam generating
unit capacity, in terms .of both the
numberand the size distiibution of
-these'units, is based on historical sales
data.and industry and vendor
projections for sales of new wond- and
municipal-type solid waste-fired steam
generators. A total of about 120 new
wood- and municipal-type solid waste- -
fire steam generating units of more the
28 MW {100 million Btu/hour) heat input
capacity are projected to be built by
1988. : .

‘Annualized costs of generating steam
were calculated over .a 15-year
investment perfod. In addttion, nonfossil
fuels were assumed to represent waste
fuels having no-economic valne. A cost
credit was also included for buraing

- municipal-type solid waste to reflect
savings achieved by avoiding the cost of
landfilling. _

Unlike JFCAM, the national impacts

" analysis for nonfeossil fuel-fired steam
generating units is not affected by
energy-related legislation. The
regulatory baseline for nonfossil fuel-
fired units is based on SIP requirements,
As discussed previously, using SIP
requirements a9 the regulatory baseline
may tend to oversiate the impacts
presented here. :

The total national impacts analysis
projects that abont 810 new fossil and
nonfossil fuel fired industrial-
commercial-institutional steam
generating units having heat input
capacities of greater than 29 MW (100
million Btu/hour) will be constructed
over the next 5 years under the
regulatory baseline. Under Energy
Scenario 1 {i.e., low natural gas prices],

this projected total would consistiof
about 580 natural gas- and oil-fired
units, about 100 coal-fired units, about
80 wood-fired units, and.about 50.s0lid
waste-fired units. Under Energy

Scenario II (Le., high natural gas prices),

the projected total would consist of

* about 270.natural gas- and ofl-fired
- units, about 420 coal-fired units, 70
~ wood-fired units, and 50 solid waste-

fired units, ,
Standards based an either Regulatory

Alternative A or B wauld not have a

large impact .on the total projected

" numbers of new steam generating units

expected although there would bea .

slight shift in the projected mix of coal-, .

oil-, and natural gas-fired units. Under
the less restrictive Regulatory :
Alternative A,.90 to 415.coal-fired units
and 600 to 275 natural gas- and oil-fired
units are projected under Energy .
Scenarios I and II, respectively. Under
the more restrictive Regulatory .
Alternative B, 75 to 380 .coal-fired units
and 615 to 315 natural gas- and ilfired
units are projected under Energy ~
Scenarios 1 and 11, respectively.

Similarly, standards based on either
Regulatory Alternative A -or B would not
have a large impact on the soal

penetration as a percentage of fossil fuel

demand. Under Energy Scenario 1, the
coal penetration at the baseline ig 24
percent of the total fossil fuel demand.
Coal penetration is reduced to 21 ° '
percent and 19 pekcent, respectively,
under Regulaiory Alternatives A and B.
Under Energy Scenario 11, coat N
penetration at the baseline is 75 percent
of the fossil fuel demand. Coal
penetration is reduced to 74 and 70
percent, respectively, under Regulatory
Alternatives A and B. The above
discussion indicates that the greatest
amount of fuel switching vecurs under
Energy Scepario I (low gas prices) and
Regulatory Alternative B. The least fuel

switching occurs under Energy Scenario

II (high gas prices) .and Regulatory
Alternative A, -
Table.? summarizes the national
incremental envirormental and cost
impacts of beth Regulatory Alternatives
A and B under Energy Scenario L. Table
8 summarizes the national impacts of
each alternative under Energy Scenario
iI. As expected, the greatest redycticn in

. particulate matter emissions under

either scenario would be achieved by
standards based on Regulatory
Alternative B; howsver, standards
based on this alternative would also
result in the highest national cost
impacts. For example, .as shown in
Table 7 for Energy Scenario I national
particiilate matter emissions would be
reduced by about 22,000 Mg (24,000 tons)
per year under Regulatory Alternative B,

compared-t0 a reduction of ehout 18,000
Mg (21,000 tons) under Regulatory
Alternative A, Similarly, national NO, -
emissions would be reduced by 28.000

" Mg {31,000 tons) per yearunder.

Regulatory Alternalive B, compered tc a
reduction af 26,000 Mg (29,000 tons)
under Regulatory Alternafive A. For
Energy Scenario L the tctal annualized
cost would be $30 million under
Regulatory Alternative B. comparedto a .
cost of $28 million under Regulatory
Alternative A. : :

- TABLE 7.—NATIONAL INCREMENTAL ENVIRON-

MENTAL AND COSTS IMPACTS ANALYSIS
. UNDER ENERGY SCENARIO 4 (LOWER -NATU-
RAL GAS PRICES)!

Flagul Regulat
Anainain A | Atammate's
Environmentsl impacts (thou- |
sand Mg.(thotaand tona))?
. NO, emisslons raduction...... 26 (29) 28 (1)
- PM emission Teduction._._... 18 (21) - 22 {24}
Phlio omigsions reduction..... 18.{17) CA2
‘Cost-impacts-{miliion $/yrid-+ | . B
Total annusiized.cont.. ... 28 . 30
Cont Electivenass {5/Mg {8/ |
' o)) i |-
. 230 (210) 180 (170)
«| 4,160 {1,050} | 1.150 (1,040}

! Veluas presented indicate incremental Impacts :over.regi-
[ bmﬁr'n fi:0., emissions reductions, increased cosls),
. @ Environmental impacts in the fitth year tollowing proposal
ol standarda,

' Annualized cost -in the fith .year loliowing proposal of
standards, .

TRBLE B.—MATIONAL INSREMENTAL ENVIRON-
MENTAL AND -COSTS IMPACTS ANALYSIS

UNDER ENERGY ScENARIO N {HIGHER NATWY-

RAL GAS Prices)!

-Regutatory

Regulatory
Alimmative. A | Altamative B

énvirunmerm] impacts ithau-

sand Mg (thousand tons))® | -

HNO, emissions reduction...... 8 (8 11 (12)

PM emissions raduction........ 97 (41) 46 (51}

PM.o smiasions -reduction..... 30:92) p<rl” vl
Cosgt Impachs -[milion Sy .

Totst annualized costi._..... A5 , 62
Cost :EHactiveness {37Mp 5/

tonp
e - A— e N AN ) A.700:(1.500) |
-1 ] FO— B80G (730 | 870 (330)

1 anﬁes presented indicate incremental impacis over regu.
Ialog beseling (e, emicsions requetions, increased costs).
1 Environmental impacis in-the fith year tolowing proposat
ot standards, ]
* Annualized cost in the fiftn year following proposs! of
slandards.

41882 dallars,

As.shown in Table 8, this came
general contrast in national impacts
between Regulatory Alternative A can
be seen under Energy Scenario II. The
magnitude of impacts under either
regulatory alternative is sensitive to

" natural gas price assumptions and the

resulting predictions ofnew coal-fired
steam generating unit capacity versus
natural gas- or oil-fired steam generator
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capacity. Betause of the relatively’
greater capacity and number of new
coal-fired steam generating units
predicted under Energy Scenario Il
(higher natural gas prices), the national
particulate matter emission reductions
and national costs of either regulatory
alternative would generally be greater
under Energy Scenario I than under
Energy Scenario . For example, for
Regulatory Alternative B, reductions in
particulate matter emissions under
Energy Scenario Il would be more than
twice the reduction achieved under
Energy Scenario I. This occurs because
of greater potential for achieving
emissions reductions from coal-fired
steam generating units. Although the
proposed NO, standards are the same
under both regulatory alternatives,
greater NO, emissions reductions are
expected under Energy Scenario 1.
Energy Scenario I would result in the
conskruction of a greater number of -
natural gas-fired steam generating units
which would employ staged combustion
burners for NQ, control. These units -
would yield greater NO, emissions
reductions than would be expected for
comparable sized coal-fired boilers
which would be constructed under
Energy Scenario II and which would
apply LEA/SCA.

Similarly, the total national
annualized cost of particulate matter
and NO, control would be greater under
Energy Scenario II than under Energy
Scenario I due to the greater number of
new coal-fired steam generators which
would be required to install particulate
matter control equipment. Since the cost
of NO; control techniques do not differ
substantially between coal- and natural
gas-fired units the total cost of NO,
control is essentially the same under
either energy scenario.

Under each regulatory alternative and
energy scenario, capital cost increasas
are less than would be expected. The
total national capital cost for emissions
control would be increased by less than
$50 million under Regulatory Alternative
A/Energy Scenario 1 and the capital
cost increases would be negligible for

the other three cases. Additional review

indicates that these nationial impacts are
realistic, however.

The small or negligible increases in
capital cost resulting from adoption of
standards can be explained by the fuel
switching predicted by IFCAM. The
capital cost of a coal-fired steam
generating unit is approximately four
times that of a natural gas- or oil-fired
unit. Moreover, the cost of a fabric filter
is only about one-sixth the cost of a
coal-fired steam generating unit, and the
cost of a sidestream separator is even a

smaller fraction of the steam generator -
cost. Thus, the cost of particulate matter
controls for the coal-fired steam
generating units predicted by IFCAM is
offset by the costs of other units
switching to natural gas firing. Under
Regulatory Alternative A and Energy
Scenario II, the economics of fuel
switching are least favorable due to the
relatively high natural gas prices and
relatively low cost of sidestream
separators. In this case, impacts of fuel
switching were not sufficient to offset
the increase in capital costs associated .
with sideatream separators, thus
resulting in an increased capital cost of
$50 million over the baseline cost.

Solid and liquid waste impacts
associated with standards based on
Regulatory Alternatives A or B under
either energy scenario are minimal. In
some cases, solid waste generation
actually decreases due to the fuel
switching predicted by IFCAM.
Similarly. the electrical energy demands
of standards based on Regulatory
Alternatives A or B under either energy
scenario are minor, increasing the fossil
fuel consumption for new industrial-
commercial-institutional steam

‘generating units by less than ore half of
one percent.

F. Salection of Best System of
Continuous Emission Reduction

The regulatory alternatives examined
for control of nitrogen oxides emissions
is the same under both Regulatory
Alternative A and Regulatory
Altarnative B. Under both alternatives,
low excess air is considered the most
effective NO, emissions control
technique for mass-feed and spreader
stoker coal-fired units, A combination of
low excess air and staged combustion is
considered the most effective NO,
emissions conlrol technique for
industrial-commercial-inistitutional
steam generators firing pulverized coal,

. residual oil, or natural gas. For coal- and

regidual cil-fired units a combination of
LEA and overfire air (OFA] is
considered the most effective NO,
emissions control technique. Staged
combustion burners (SCB's) are
considered the most effective NO,
emissions control technique for
industrial-commercial-institutional
steam generating units firing natural gas
or distillate oil. The impacts of
standards based on these control
techniques on industrial-commercial-
institutional ateam generating units
during the first § years following
proposal of standards are shown in
Tables 7 and 8, As stated abave, the
magmtude of emissions reductions and
costs varies according to energy price
assumptions.

The cost-effectiveness of control of
nitrogen oxides would range from $180
to $2,000/ Mg ($170 to $1,800/ton),
depending on which energy scenario
and regulatory alternative is assumed.
The national average cost-effectiveness
of particulate matter contral for Energy
Scenario I under either Alternative A or
Alternative B is about $1,160/Mg
($1,050/ ton): For Energy Scenario II, the
national average cost-effectiveness of
particulate matter control is about $800/
Mg ($730/ton) under Regulatory :
Alternative A and about $970/Mg ($880/
ton) under Regulatory Alternative B.
This difference in the cost impacts
associated with the two alternatives is
not compelling. Under neither
alternative does the coat of the
installation and operation of pollution
control equipment result in any
significantly adverse economic impacts.

In addition to national impacts, a
review of impacts on individual steam
generating units was conducted through
a model unit analysis. The cost impacts
on individual steam generating units

. varied depending on a number of

factors, including steam generating unit
size, fuel type, fuel cost, potential fuel

‘savings, regulatory requirements, and

compliance methods. As discussed

_ under the Economic Impact Assessment

gection and as presented in Tables 9
through 14 below, the cost effectiveness -
of particulate matter and nitrogen
oxides control on a model unit basis
varied from less than $110/Mg ($100/
ton) to more than $2,200/Mg ($2,000/ton)

_ of pollutant removed.

A comparison of the regulatory
alternatives in reducing particulate
matter emissions from industrial-
commercial-institutional steam
generating units shows that Regulatory
Alternative B is superior in controlling
both total particulate matter and the
inhalable particulates smaller than 10
microns in diameter. In terms of total
particulate matter control, standards
based on Regulatory Alternative B
would result in an approximate 20
percent greater emission reduction than
standards based on Regulatory .
Alternative A. Similarly, for inhalable
particulate matter emissions, standards’
based on Regulatory Alternative B
would also result in an approximate 20
percent greater emissions reduction than
standards based on Regulatory
Alternative A, The greater reduction in
emissions of pamculate matter smaller
than 10 microns in diameter which is
achievable under Regulatory Alternative
B is significant because particulate
matter less than 10 microns in size is
capable of being inhaled into the lungs.
Therefore, the cost impacts between
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‘Regulatory Alternatives A andBis a.
comparison between & less costly
alternative which principally removes
larger particles and a more costly
alternative which effectively removes
the inhalable particles which have the
most direct impact on human health.

An additional benefit associated wi
the selection of Regulatory Alternative B
as the best system of emission reduction
is that this regulatory alternative is more

consistent with the requirements of most -

. existing Federal and State regulatory
programs for controlling particulate
matter emissions from steam generating
units than is Regulatory alternative A.
Based on a survey of SIP regulations, it
is expected that over half of all new
coal-, wood-, and solid waste-fired
steam generating units above 29 MW
{100 million Btu/hour) heat input

- capacity weuld be required by existing
State regulations to install the same
emission control technology as that
which would be required by standards
based on Regulatory Alternative B. In -
addition, well over 90 percent of the
recent PSD determinations under
Federal and State Prevention of
Significant Deterioration and New -
Source Review procedures have
required the use of the same emission
control technologies as those required
by Regulatory Alternative B for steam
generating units larger than 29 MW (100
million Btu/hour} heat input capacity.

The selection of Regulatory Alternative

B, therefore, as the basis of the proposed
standards is consistent with existing

* State and Federal regulatory programs.
Regulatory Alternative B, therefore, has
been selected as the basis of the '
proposed standards.

Performance Test Methods and
Mounitoring Requirements. The
performance testing and emission .
monitoring requirements included in the
proposed regulation would apply to each
steam generating unit that is subject to -
either the proposed particulate matter or
the proposed NO, emission limits,

Particulate Matter, An initia)
performance test would be required for
all steam generating unita subject to the
proposed particulate matter emission
standard. For steam generating units
firing a mixture of fuels, the
performance test would be conducted
while the steam generating unit is firing
a fuel mixture representative of the
“‘worst case” (from the viewpoint of the
highest particulate matter emissions) the
owner or operator reasonably
anticipates might be fired in the future.
The performance test would he

conducted in accordance with Reference -

Method 5.or Reference Method 17 (40
CFR Part 80, Appendix A). Reference

- Methods 1 through 4 would be vsed for

determining the number and location of
sampling points, flue gas flow rates, flue
gas composition, and flue gas moisture
content. After the initial performance
test, subsequent performance tests may
be required by enforcement personnel,
All performance tests would consist of a
minimum of three Reference Method 5
or Reference Methed 17 runs at or near

. full-loed operating conditions. The

average particulate matter emission rate
of the three runs would be used to
determine compliance. Reference
Method 17 could be used in place of
Reference Method 5 for facilities
without wet FGD systems that have
stack gas temperatures of less than

_160°C (320°F). . _
Comments have been received which

state that Reference Method 5 and
Reference Method 17 are inappropriate
for measuring particulate matter
‘emissions from steam generating units
equipped with wet FGD systems. The
problems raised concerning the use of

- these methods stem from the

condensation of sulfuric acid in the flue
gas when coaled by a wet scrubber, and
the inclusion of this acid mist in the
measurement of particulate matter -
under Reference Method 5. This problem
is being studied and if it is.conciuded

- that an amendment to Reference Method

will be proposed in the future,

Continuous monitoring methods do
not presently exist for measuring -
particulate matter emission retes
directly. Therefore, the proposed
monitoring requirements include other
methods to indicate if the particulate
matter emission control system is
properly operated and maintained.
Opacity data would be recorded and
reduced to 6-minute averages.

The use of a transmissorneter to
menitor continuously the opacity of
visible emissions would serve as an
indicator of proper operation and
maintenance of the ¢ontrol device.

5 would be appropriate, such a change

- Periods of high opacity would provide a
strong indication that particulate matter .

emissions are in excess of the proposed
emission limits. Periods of high opacity,

. therefore, would indicate that a

performance test may be appropriate to
determine if the steam generating unit is
in compliance with the particulate
matter standards. :
Opacity standards are established at
levels consistent with-mass emission
standards to provide an inexpensive
indicator of a particulate matter control
system’s performance. To account for
factors such as unusually large diameter
stacks or unique fuel properties which
can influence cpacity, provisions are

available [40 CFR 60.11(e]] to obtain
site-specific opacity standards when a
facility is unable to comply with the
opacity standard but demonstrates
compliance with the mass emission

- standard.

Nitrogen Oxides. Under the proposed
standards, continuous NO, emission
monitoring would be required for all
Bleam generating units with heat input
capacities greater than 20 MW (100
million Btu/hour) and which have an
annual capacity factor for coal, oil, or
natural gas greater than 30 percent
{0.30). The first 30-day average of NO,
emissions after initial unit startup would
serve as the initial perfermance test
required under § 60.8. Thereafter, the
continuous monitoring data wotild be
used to determine a 30-day rolling
average NO, emission rate calculated as
the arithmetic average of the preceding
720 hourly NO, values. Owners and

. operators of steam generating units
would be required to submit exgess

emission reports semiannually if the
NO, standard wes exceeded for any 30-
day average during the reporting period
and the data may be used for
compliance purposes. Otherwise, no
reparts would be required. All
continuous NO, emission monitoring
records would have to be maintained at
the steam generating unit site for a
period of two years, . .

For steam generating unjts which have
an anpual heat input capacity between 5
percent and 30 percent {0.05 to 0.30) for
coal, oil, or natural gas, a continuous
NO, emission monitor would be used to
conduct a1i initial 30-day compliance
test. Thereafter, the owner or operator
of the facility could elect to monitor
either steam generating unit operating
conditions or NO, emissions. If
operating conditions are monitored,
operating conditions such as thalevel of
excess oxygen or the degree of staging
(i.e., ratio between primary air and
secondary and/or tertiary air) may be
selected for monitoring. Other steam

- generating unit operating conditions

may be monitored. The proposed
standards require that the owner or
operator of the facility submit a plan to
the Administrator with the notification
of construction or reconstruction
specifying what conditions are to be
monitored, the variation expected in
these conditions with operating load, the
data used to determine that these
conditions are indicative of nitrogen
oxides emission control, and the
procedures and formats to be followed
in monitoring and recordkeeping. Upon
receipt of the plan, the Administrator
shall approve or disapprove of the plan
within 45 days. Manufacturers of steam
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generaling units may develop and
provide monitoring plans for common
sieam generating unit designs,
Manufacturer developed plans would
subsequently be submitted by the owner
or operator of the steam generating unit.
Following approval, the owner or
operator of the facility shall maintain
records of the operating conditions,
including steam generating unit load,
identified in the plan. These records
shall be retained for 2 years.

IV. Modification and Reconstruction
Provisions

Existing steam generating units that
- are modified or reconstructed would be
subject to the requirements in the
General Provisions {40 CFR 60,14 and
60.15} which apply to all new source-
performance standards, with the
exception that modified steam
generating units would not be required
to meet the proposed NO, standards.
Few, if any, changes typically made to
existing steam generating units would
be expected to bring such steam
generating units under the propoged
particulate matter standards.

A modification is any physical or
operational change to an existing facility
which results in an increase in
emissions. Changes to an existing
facility which do not result in an
increase in emissions, either because the
nature of the change has no effect on
emissions or because additional
emission control tachnology is employed
to offset an increase in emissions, are
not considered modifications. In
addition, certain changes have been
exempted under the General Provisions
(40 CFR 80.14). These exemptions
include: routine maintenance, repair,
and replacement; production increases
achieved without any capital
expenditure; production increases
resulting from an increase in the hours
of aperation: addition or replacement of
equipment for emission control (as long
as the replacement does riot increase
emissions); relocation or change of
ownership of an existing faclhty. and
use of an alternative fuel or raw -
material if the existing facility was -
designed to accommodate it, In addition,
both section 111 of the Clean Air Act
asnd 40 CFR 60.14 of the General
Provisions exempt mandatory
conversions to coal.

Reconstruction of an existing facility
could make that facility subject to a new
source performance standard, regardless
of any change in the emission rate,
depending on the cost of the replaced
components and the feasibility of
mesting the standards. Rebuilt steam
generating units would become subject
to the proposed particulate matter

standards under the reconstruction
provigions, regardless of ¢changes in
emission rate, if the fixed capital cost of
reconstruciton exceeds 50 percent of the
cost of an entirely new steam generaling
unit of comparable design and if it is
technologicaily and economically
feasible to meet the applicable
standards. Coslta associated with steam
generatmg unit maintenance are not
included in determining recnnstructlon
costs.

Steam generating units which would
become subject to the standard as a
result of modification would be exempt

- from the NO, standards under the

proposed standards. Because
demonstrated NO; control systems must
he incorporated as part of the basic
design of the steam generating unit,
rather than installed as add-on flue gas
controls, it is unreasonable to require
that modified steam generating units be
subject to the proposed NO; control
requirements. These units are not
exemapted from the proposed particulate
matter standard because particulate
matter contral technologies, such as
fabric filters and ESP's, may be added to-
existing facility, where appropriate,
without requiring the alteration of the
steam generating unit itgelf.
Reconstructed units are not extended a
general exemption from the proposed
NO, standards because the provisions
of § 60.15 include a procedure for
considering the technolegical and

.economic feasibility of achieving the

standard in determining whether a
reconstructed unit would become
subject to the proposed standard.

‘V. Analysis of Information

Requirements

The proposed standards would .
require that EPA be notified of the initial
steam generating unit startup for all
affecfed facilities and of the planned
date for initial compliance testing.
Following the initial compliance test, a
report would be submitted summarizing
the compliance test results and the
performance evaluation of the
continuous monitoring system (if
applicable). Following startup, records
of certain steam generating unit
operating factors and emissions would
be maintained. As pmpusedr the types
of eperational and emissions records
required would depend primarily on the
type of fuel fired. Records would he”
maintained on site for at least 2 years.

The notification requirements
included in the General Provisions of 40
CFR Part 60 (i.e., §§ 60.7(a) and 80.8(a)),
which apply to all standards of
performance, would require submittal of
two types of notifications. First, a -
notification would be required informing

EPA of an owner or operator’s intention
to initiate operation of a new, modified,
or reconstructed steam generating unit,
This would include notification of
construction or reconstruction, data of
anticipated startup, and anticipated date
of demonstration of the continucus
emission monitoring syatema {if
appiicable). In the case of steam
generating units that are not field
erected (i.e., packaged steam generating
units), notification of the date when
fabrication commences wouid be
required. Following startup, a secand
notification would be required. This
notification would be a report of the
results of the initial particulate matter.
and NQ, performance test and initial
performance evaluations of the
continnous emission monitoring
systems, if applicable.

The proposed standards require that
the owner or operator of an affected

. Tacility ' which has an annual capacity

factor between 5 percent and 30 percent
(0.05 to 0.30) for coal. oil, or natural gas
continuously monitor either nitrogen
oxides emissions or other steam
generating unit operating conditions
which are indicative of the level of
nitrogen oxides emission control. If the
owner or operator ¢lects to monitgr
steam generating unit operating
conditions, the proposed standards
require that a plan for monitoring be
submitted with the notification of
construction or reconstruction which
specifies what conditions are to be
monitored, the variation in those
conditions expected with cflanges in
boiler load, the data supporting the
conclusion that those conditions are
indicative of nitrogen oxides emission
control, and the procedures and formats
to be followed in monitoring and
recordkeeping.

After initial startup, the proposed
regulation would require that various
records be kept and semiannual reports
of excess NO, emissions or opacity
levels, as applicable, be submitted if any
excess emissions occurred. The records
would vary with the type of fuel fired.
For example, minimal records would be
required for natural gas-fired steam
gerierating units and more extensive -
records would be required for
pulverized coai-fired steam generating
units. The proposed recordkeeping
requirements would require that at least -
one and at most four types of records be
maintained, First, the amount and type
of fuel fired in each calendar year would
be recorded. These data, in conjunction
with the steam generating unit capacity
rating, would be used to determine the
annual capacity factor of the steaam
generating unit, and, thuas, the ‘
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particulate matter standard to which the
steam generating unit is subject.

The second recordkeeping
requirement would require that records
of the data output of the continuous
emission monitoring systems, if
applicable, be maintained for 2 years.

* Opacity data would be reduced to &

minute averages. NO; emission data
would be reduced to 30-day rolling
averages, .

The third recordkeeping requirement
would require that records of the '

* amounts of fuels cofired in the steam

generating unit be maintained for those
fuels subject to the proposed NO,.
standard, Additionally, for residual oil-
fired steam generating units, records of
the fuel specifications would be
maintained to determine the residual oil

fuel nitrogen content. Fuel specification

sheets normally obtained with each
shipment of oil would comply with this
requirement. These records would be
used to determine the application NO,
emission limits,

The fourth type of recordkeeping
requirement would require that records
be maintained on the operation and :
maintenance of the continuous emission
monitoring systems. This provision
would require that records be kept
identifying any periods when continuous
monitoring data were not available due
to maifunction of the monitoring
systems, when repair of the system was
initiated, when repair of the system was
completed, and what repairs were made.
The records would also indicate if any
changes were made in the operation of

-the emission contral system during the

period in which monitoring data were -
unavailable. These records would
permit enforcement personnel to
determine if the continuous monitoring
system was being properly operated and
maintained during enforcement
inspections or audits.

Ali required records would be

retained for 2 years following the date of

such records, after which they could be
discarded. The reporting and
recordkeeping requirements in the
proposed regulation are necessary to
inform enforcement personnel as new i
steam generating units initiate
operation. In addition, they would
provide the data and information
necessary to ensure continued
cotnpliance of these steam generating
units with the proposed regulation, At
the same time, these requirements
would not impose an unreasonable
burden on steam generating unit owners
or operators.

The Paperwork Reduction Act (PRA)
of 1980 (Pub. L. 86-511) requires that the
Office of Management and Budget
{OMB} approve reporting and

recordkeeping requirements that qualify
as an “information collection request”
(ICR) before the reporting and
recordkeeping requirements are
promulgated as final. Reporting and
recordkeeping requirements qualify as

. anlICR if they satisfy the criteria in the

PRA's definition of “collection of
information.” For the purpose of
accommodating OMB's 2-year approval
period, a 2-year time period has been
used in the impact analysis for
estimating the burden on industry of the
reporting and recordkeeping
requirements included in the proposed
regulation, A

The information provisions-associated
with this propesed rule (46 CFR €0.7, 40
CFR 60.468) have been (or will be}
submitted far approval to the Office of
Management and Budget (OMB) under

“ the Paperwork Reduction Act of 1980

U.5.C. 3501 et seq. Comments on these
requirements should be submitted to the
Oftice of Information and Regulatory
Affairs of OMB-—marked Attention:
Desk Office for EPA. The final rule

‘package will respond to any OMB or

public comments on the information
collection provisions. )

The average annual industrywids
burden of the reporting and -
recordkeeping requirements associated
with the propesed regulation would be _
110 person-years, based on an average
of 162 respondents per year.

VI Regulatory Flexibility Analysis
The Regulatory Flexibility Act

_requires consideration of the impacts of

proposed regulations on small entities
including small businesses, -
organizations, and jurisdictions, A small
business is defined as any business
congern which is independently owned
and operated and not dominant in its
field as defined by the Small Business
Administration regulations under
section 3 of the Small Buginess

Act. Similarly, a small organization is
defined by the Small Business
Administration as a not-for-profit
enterprise, independently owned and
operated, and not dominant in its field.
A small jurisdiction is defined as any
governmenta] district with a population
of less than 50,000 people. Although the
minimum steam generating unit size
cutoff of 20 MW (100 million Btu/hour)
heat input capacity included in the
proposed regulation would exempt
almost all small entities, it is possible
that some small entities would be
affected, especially in the commercial
and institutional secters,

If &'substantial number of small
entities would be affected by a proposed
regulation, the Regulatory Flexibility Act
requires an analysis of the potential

impacts of the regulation. It is not
feasible to identify the number of small
businesses which could be affected by
the proposed standards, ‘Consequently, a
number of specific industries were
examined to determine whether a
typical smail business within that
industry could be significantly impacted
by the proposed regulations. These
specific industries were judged those
most likely to experience adverse cost-
related impacts due to a high ratic of

-steam consumption to production costs

in'steam intensive production processes,
seasonal steam requirements that result
in operation of & plant’s steam
generating units at low capacity factors,
and the likelihood of financial problems
where amall firms &re involved. An
additional criterion for selecting entities

_ with nonfossil fuel-fired steam

generating units for analysis was the
amount of nonfossil fuel presently
burned within the industry in relation to
total steam generating unit fuel
consumption. The municipalities were
chosen for the nonfossil fuel-fire steam:
generating unit analysis based on the
potential for adverse economic impaét

. on the municipal finance structure posed

by potential regulation. All of the
municipalities chosen either operate or
have the potential 1o operate mumicipal .
solid waste-fired steam generating units
for the disposal of solid wastes and for
the generation of steam or-electric

" power for use by the municipality or for

sale. .
Eleven industries were gelected to
determine if the impacts on small
businesses, as defined by the Small
Business Administration (SBA), were
significant, The eleven industries
selected for analysis were: Beet sugar,
reclaimed rubber, canneries, distilled
liquor, automobile manufacturing, iron

-and steel, petroleum refining, furniture,

sawmills, plywood, and paper. For
municipalities were also analyzed. The
5BA definition of small business firms
within each industry is based on the
number.of employees per firm. The
average number of employees for smal}
business firms within each industry
were determined using U.S. Census
Bureau data. :

The analysis indicates that small
busiresses within some of the selected
industries would be excluded from the
proposed regulation due to their small
gize and the 28 MW (100 million Btu/
hour) heat input capacity minimum
steam generating unit size cutoff
included in the proposed regulation. The
analysis also indicates that the impact
on produce prices for small business in
the remaining industries would not be
significant. Product price increases of 5
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percent or greater have been identified
as significant in guidelines issued under
Executive Order 12044, Improving

Federal Regulations (now superceded by.

Executive Order 12291}. These product
price increases would be less than 5
percent, The cost impact for the typical
small business is less then 1 percent. As
discussed in the foregoing section of this
preamble entitled “Consideration of
Economic Impacts” a similar evaluation
for municipalities leads to the same
conclusion. '

The analysis also considered capital
availability. The potential impact of the
proposed regulation on cash flow and
debt/equity ratios under a variety of
debt/equity financing strategies was
examined. The analysis indicates that
the proposed regulation would result in
no significant changes in these ratios.
Since the capital available to a business
ig at least equal to that required to
construct the new steam generating unit,
the proposed regulation would not
adversely impact capital availability.

The proposed regulation would only
apply to new steam genérating units. No
existing steam generating units are
expected to be reconstructed or
modified, and therefore existing units
would not be affected by the proposed
standards. Conaeguently, the proposed
regulations would not result in any
business closures. ,

Based on this analysis, the proposed
regulation would have no significant
adverse impacts on small entities.
Consequently, alternative regulations
under the Regulatory Flexibility Act are
not necessary to minimize potertial
impacts on small entities.

Vi, Public Hearing

A public hearing will be held to
discuss the proposed standards in
accordance with section 307(d){5} of the
Clean Air Act. Persons wishing to make
presentations should contact EPA at the

address given in the ADDRESSES section

of this preamble. Oral presentations
should be limited to 15 minutes each.
Any member of the public may flle a
written statement before or within 30
days after the hearing. Written
statements should be mailed to the
Central Docket Section at the address
given in the ADORESSES section of the
preambile. . ‘ .
A verbatim transcript of the hearing
and written statement will be available
for public inspection and copying during
normal working hours at EPA’s Central
Docket Section in Washington, D.C. (see
ADDRESSES section of this preamble).

VIIL Docket -

The docket is an organized and
complete file of all the information

submitted to or otherwise considered in
the development of this proposed
rulemaking. The principal purposes of
the docket are (1} to allow interested
parties to identify and locate documents
so that they can effectively participate

- in the rulemaking process and (2) to

serve as the record in case of judicial
review,

IX. Request for Comments

As prescribed by section 111 of the
Clean Air Act, proposal of standards of
performance for industrial-commercial-
institutional steam generating units was
preceded by the Administrator’s
determination {40 CFR 50.15, 44 FR
49222, August 21, 1979) that industrial-
commercial-institutional steam
generating units contribute significantly
to air pollution which may reasonably -
be anticipated to endanger public health
or welfare. In accordance with section
117-of the Act, publication of this

- proposal was preceded by consultation

with appropriate advisory committees,
independent experts, and Federal
departments and agencies. The
Administrator will welcome commants
on all aspects of the proposed
regulation, including economic and
technological issues, and on the
proposed test methods.

Several issues raised during
development of the proposed standards
warrant special consideration. The
background and a proposed approach to
each of these issues is presented in the
following discussion.

Cogeneration Steam Generators—
Emission Credits

Following adoption of the Public
Utility Regulatory Policies Act of 1978
(PURPAY), there has been increasing -

interest in the cogeneration of electricity -

at industrial, commercial, and
institutional sites. Under PURPA,
qualifying cogenerators may sell their
excess electrical power directly to
electric utility companies at the utility’s
avoided cost, which makes on-site
cogeneration economically attractive.

Cogeneration systems are defined as -
_energy systems that simultaneously

produce both electrical (or mechanical)
energy and thermal energy from the
game primary energy source.
Cogeneration systems are an efficient
electric/thermal energy production
technology and a number of different
types of cogeneration systems are
available, while others are being
developed. For the present, steam
generator-based. gas turbine-based. and
diesel-basad cogeneration systems are

. the only available technologies. In the

future, fuel cells and stirling engines

may also become available for
cogeneration systems.

In a steam generator-based
cogeneration system, the simultaneous
production of electric power and
process heat ia achieved by first
supplying the steam produced by the
steam generator to a steam turbine-
electric generator set for electric power
generation and then applying the steam
turbine exhaust in a process to provide
process heat. The actual steam
generator used for an on-site
cogeneration system would be slightly
larger than the conventional process
heat steam generator it replaced. but it

_waould still be small enough sc that the

total fuel use during cogeneration would
be less than the total of the displaced
power plant fuel use and displaced
process heat steam generator fuel use.
One particularly desirable feature of -
steam generator-based cogeneration
systema ig their ability to fire a wide
range of fuels, including coal, oil, natural
gas, wood, and even municipal-type
solid waste, Gas turbine- or diesel-
based cogeneration systems are
currently limited to firing either gaseous
fuels or liquid fuels.

The potential for regional energy
saving through the use of a steam

~ generator-based cogeneralion system,

compared to tha use of a separate steam
generator for electric power generation
and a separate steam generator for
process heat production, can range from
5 percent to almost 30 percent
depending on the specific industry using
the cogeneration system.
~ Reduced regional fuel consumption
achieved by cogeneration systems can
result in regional emission reductions.
For example, if a cogeneration system
reduces regional fuel use by 15 percent
and displaces & utility power plant and
a process heat steam generator that
were all subject to the same emission
limitation, regicnal emissions would be
similarty reduced by 15 percent. It has
been suggested, therefore, that the
proposed standards for industrial-
commercial-institutional steam
generating units should include some
type of “emission credit” for the higher
efficiencies achieved by cogeneration
systems. Such a credit, according to'its
proponents, would reduce the cost of air
poliution control at a cogeneration site,
result in equivalent regional emissions,
and encourage the use of cogeneration
gystems. .

If an emission credit were allowed for

_ cogeneration systems, it would adjust

(increase) the emission limitation for
cogeneration systems, and no regional
emission reduction would occur. For a
coal-fired steam generator subject to the
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proposed emission limit of 22 ng/] (0.05
Ib million Btu) heat input, a 15 percent
emission credit reflecting the potential
decrease in regional emissions would
increase the emiasion limit in the
proposed standards to 25 ng/] (0.06
million Ib Btu) héat input. :
In cases where different emission
standards are applicable to the.
displaced power plant than to the
cogeneration system, or different fuels
are fired in the displaced power plant
that in the cogeneration system, the
environmental and fuel use impacts of
copeneration becomes less clear and the
analysis becomes much more complex.
For example, in cases where a new
cogeneration system achieves emission
levels lower than an older power plant
" which s being displayed by
congeneration, a 15 percent regional

. energy savings may result in - more than
a 15 percent reduction in regional
emissions. On the other hand, in cases
where a new cogeneration system
achieves emission levels higher than a
new power plant which is being
displaced by cogeneration, g 15 percent
regional energy savings may result in
less than a 15 percent reduction in _
regional emissions. If hydro-electric or
nuclear power generation capacity is
being displaced by cogeneration,
regional emissions would increase. -

Similary, a 15 percent reduction in

regional energy'use does not guarantee
fuel savings of premium gaseous or
liquid fuels. In cases where the =
cogeneration system is firing coel and
displaces a coal-fired power plant, the
15 percenti regional-energy savings
would translate in a 15 percent

reduction in regional coal use. However, -

in cases where the new cogeneration
system fires natural gas or fuel oil and
displaces a coal-fired utility power plant
(or nuclear or hydro-electric plant), the
15 percent reduction in regional energy
use would.result in an increase in
natural gas or fuel oil consumption and
a decrease in coal consumption.

Relative to local emission, it should be
noted that a larger steam generator is
used for cogeneration than would be
used for process heat alone.
Consequently, local emissions at the
cogeneration site would increase in all
cases.

Ermission credits must also be
considered in relation to the overall
goals of new source performance
standards. Under section 111 of the
Clean Air Act, new source performance
standards :

shall reflect the degree of emission limitation
and the precentage reduction achieved
through application of the best technological
system of continuous emission reduction

* * * (leking into consideration the cost of

M . e
“achieving such emission reductions, and any

nenair quelity health and environmental
impact and energy requirements).

Emission credits for cogeneration
systemns would allow for the application
of less than the best technological
system of emisgion control without
offsetiing benefits in many cases and
would reduce the environmental .
performance of cogeneration gystems.
In summary, cogeneration systems
would reduce total regional energy use;
however, regional or local emission
reduttions are not guaranteed in all

cases. Environmental-benefits can result

from cogeneration, but whether such
benefits actually occur is totally

‘dependent on site-specific conditions,

and allowing emission credits for -
cogeneration may negate any potential
environmental benefits. :
The proposed standards, therefore,
are neutral and neither encourage nbr
discourage cogeneration systems. The
same standards would apply to steam
generators whether they are used for -
cogeneration or not. Thus, the proposed
standards would maintain any
environmental benefits that result
through the use of cogeneration,

Combined Cycle Steam Generators—
Emission Credits S

Combined cycle units represent
another type of cogeneration technology
and consist of a gas turbine connected
to a steam generator.-The steam
generator is used to recover heat from °
the gas turbine exhaust. Steam
generators uged in combined cycle units

. fall into one of three categories © - .

depending on how much fuel is fired in
the steam generator; unfired,
supplementary-fired, and fully-fired
arrangements, .

In the unfired arrangement, all of the
heat input to the steam generator is
supplied by the gas turbine exhaust. In
the supplementary-fired arrangement,
the gas turbine exhaust provides
approximately 70 percent of the heat
input to the steam generator, with the
remaining 30 percent being supplied by

- the fuel fired in the steam generator.
. Unfired or supplementally-fired units

typically use modular finned-type heat
exchangers to recover heat from the gas
turbine exhaust, Because of thermal
limitation of modular-type heat
exchangers, the amount of
supplementary fuel fired is necessarily
limited. Also, because of potential
fouling problems, only clean fuels such
as natural gas or fue! oil are used for
supplementary-fired steam generator
fuels. The supplemental firing of natural
gas or fuel oil is.accomplished by the
use of a “grid” burner installed in the
gas turbine exhaust duct. The gas

-~

turbine exhaust with its high oxygen
content (up to 15 percent oxygen by
vohune) is used to satisfy the
combustion air requirements of the grid
burner. . . '

Fully-fired units employ a
conventional steam generator for heat
recovery and the fuel firing rate in the
steam generator is not restricted by
thermal limitations. Sufficient fuel is
fired in the steam generator to reduce
the oxygen content of the gas turbine
exhaust to approximately 3 percent or
less, as typically achieved in -
conventional steam generators. In the
fully-fired arrangement, the gas turbine
exhaust provides approximately 25
percent of the heat input to the steam
generator, with the remaining 75 precent
being supplied by fuel fired in the steam
generator. N

To date, as a result of both technical
and economic considerations, both
supplementary-fired and fully-fired
combined cycle steam generators have
been constructed to fire either natural
gas or fuel oil. Coal has not been fired in
a combined cycle steam generator. The
combustion of coal in an atmosphere of
15 percent of less oxygen {gas turbine
exhaust} could lead to combustion
stability problems, Additionally, the
handling, preparation, and firing of coal
greatly increase the complexity and cost
of the combined cycle steam generator.
If coal were fired in a combined cycle
steam generator, it would be fired in a
fully-fired combined-cycle steam
generator rather than in a
supplementary-fited steam generator
because of the fouling and erosion
problems that would be experienced by
modular heat exchangers used in
supplementary-fired units.

It has been suggested that an emission
credit should be applied toward the

proposed standards for combined cycle-

steam generators based on the heat
input supplied to the steam generator by
the gas turbine exhaust. Such credits
would result in higher emission limits
for combined cycle steam generators
depending on the amount of gas-turbine
exhaust heat supplied to the steam
generator.

The magnitude of this credit would be
different for different fuels and
pollutants. For particulate matter, the
practical effect of such a credit would be
negligible. First, natural gas and fuel oil
are the only fuels which have been used
to date in combined cycle steam
generators. With the excaption of high
ash content residual oils, these fuels
result in negligible particulate matter
emiasions. No particulate matter
emisgion standards are proposed for
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these fuels; therefore, emission credits
would not apply in these cases.

For residual oil firing, where high ash
contents could potentially necessitate
particulate matter emission control, fuel
oil pretreatment or fuel oil blending for
suliur dicxide emiasion control
effectively reduces fuel ash content.
This results in control of both sulfur
dioxide and particulate matter
emissions and post-combustion
particulate matter emission control for
oil-fired steam generators is closely
associated with the development of
standards fer the control of sulfur
dioxide emissions. Consequently, any
decision on a particulate mattar
emission standard for residual oil-fired
gteam generators i3 being reserved for
consideration at the time sulfur dioxide
standards are developed. Thus, no
particulate matter emission standard for
" residual oil-fried steam generating units

is included in this proposal and emission
credits would not be applicable.

If any coal-fired combined cycle
steam generators were to be
constructed, particulata emission control
would be necessary. Although coal-fired
combined cycle steam generators have
not been built for both technical and
economic reasons, an analysis was
performed to determine the effects of
ailowing emission credits for gas turbine
heat input toward particulate matter
control requirements for coal-fired, fully-
fired combined cycle steam generators.
In fully-fired combined cycle steam
generator applications, the gas turbine

- exhaust would provide approximately
25 percent of the heat input into the
steam generator. The allowancs of the
suggested emission credits would
increase the allowed particulate matter
emissions from coal-fired combined
cycle steam generators by
approximately 25 percent. The emission
credit would effectively increase the
proposed particulate matter emission
standard for coal-fired combined cycle
steam generators from 22 ng/] (0.05 1b/
million Btu) heat input up to
approximately 29 ng/J (0.07 Ib/million

" Btu) heat input. If an electrostatic
precipitator were tsed for emission
control, emission credits for coal-fired
combined cycle steam generators would
reduce the annual costs associated with
emission control by leas than 5 percent.
This would improve the average cost-
effectiveness of emission control by less
than $45/Mg (550/ton) of particulate
matter removed.

For particulate matter standards, any -

benefit or cost savings resulting from the
use of emission credits for gas turbine
exhaust heat input appear to be °
thecretical, as natural gas or fuel oil will

1

in all likelihood continue to be the fuels .

fired in combined cycle steam
generators. Even if coal were to be fired
in combined cycle steam generators, the

average cost-effectiveness of particulate '

matter emission control to comply with
the proposed standards is less than

$450/Mg ($500/ton) of particulate matter

collected with or without an emission
credit and is considerad reasonable in
either case. The proposed standards for
particulate matter, therefore, do not
provide an emission credit for combined
cycle generators.

The proposed stanards do include
NO, emission limits for natural gas-, oil-,
and coal-fired steam generators. The
allowed use of emission credits would
effectively allow increased NO,
emissions from combined cycle steam
generators. Available NO, emissions
data from combined cycle steam

"generators, however, suggests that NO,

emission rates from these types of units
are less than what would be expected
for conventional steam generators. The
gas turbine exhaust with ifs low oxygen
content appears to have an effect

. similar to flue gag recirculation in -

suppressing NO, emissions resulting
from thermal NQ, formation. .
Consequently, combined cycle steam
generators firing natural gas or fuel oil
appear to have NO, emission levels

- comparable to or even lower than
"conventional steam generators with NO,

control. As a result, it appears that NO,
emission credits for combined cycle .
steam generators are unnecessary. )
If the effect of the gas turbine exhaust
on NO, formation in the combined cycle
steam generator is analogous to that of
flue gas recirculation, NO, emissions
from firing residual oils or coal in the
steam generator may require the
additional use of staged combustion air
(8C) to maintain low NO; emission-
rates. While flue gas recirculation is
effective in suppressing thermal NQ, .
formation, it is generally ineffective in
suppressing fuel nitrogen NO, formation.
Thus, combined cycle stearh generators:
firing higher nitrogen content residual

" oils or coal may have to employ SC to

reduce NO, emission. The limited NO,
emigsion data available for combined
cycle units indicates that SC can be
used In combined cycle steam
generators and that the proposed NO,
emission limits are achievable with
combined cycle steara genarators.
Emisaion credits for NO, emissions
would not significantly reduce NO,
control costs. As discussed earlier, the
principal cost of NO, control is-
associated with the NO, {or flue gas Os)
continuous monitoring system. Emission
credits would not reduce these costa,

Thus, emission credits would not result
in any cost savings nor improve the
cost-effectiveness of NO, control. _

In summary, the proposed standards
for particulate matter and NQ, do nat
include an emission credit for combined
cycle steam generators. This would have
no adverse impact on continued
applications of combined cycle gas
turbines.

Staged Combustion Burners

Site-specific permits for NO, contral
have resulted in the limited application
of staged combustion burners (SCB). As
decribed under the Demonstrated

‘Control Techniques—NO, section of this

preamble, rapid strides have been made
in development of SCB technology.
Comments are requasted on: {1) The

* current availability, performance, and

level of commercial demonstration of
SCB technology for natural gas-,
distillate oil-, residual oil-, and
pulverized coal-fired stsam generating
units and (2) on the reasonableness of
considering SCB technology as a basis
for NQ, emission standards for these
fuels: The praposed NO, emissiori
standards fcr natural gas- and distillate
oil-fired steam generating units are
based on the use of SCB technology, but
the proposed standards for residual oll-
and pulverized coal-fired unita are not
based on SCB technology. If the data are
submitted which support the application
of SCB technology to residual oil- and
pulverized coal-fired units, SCB
technology will be considered for the
basis of the flnal NO, emission
atandards for residual oil- and
pulverized coal-fired steam generating
units. If SCB technology is selected for
the basis of the final NO, standards,
then the effective date for the NO,
standards for residual oil- and _
pulverized coal-fired steam generating
units would be the date of promulgation
of the standards and not the date of
today’s proposal.

X, Miscellanaous

It should be noted that standards of
performance for new sources -
established under seqtion 111 of the
Clean Air Act reflect: - h

* * * application of the best technologlcal
system of continuous emission reduction
which (taking into consideration the cost of
achieving such emissions reduction, any
nonalr quality health and environmental
Impact and energy requirementa) the

" Administrator determines has been

adequately demonstrated (section 111{a}(1)).

Although there may be an emission
control technology available that can
reduce emissions below those levels
required to comply with standards of
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performance, this technology might not
be selected as the basis of standards of
performance due to costs associated .

with its use. Accordingly, standards of

performance should not be viewed as
the ultimate in achievable emission

control. In fact, the Act-requires [or has -

the potential for requiring] the
imposition of a more stringent emission
standard in several situations, For ‘
example, applicable costs do not
necessarily play-as prominent a role in
determining the “lowest achievable
emission rate” for new or modified .
sources located in nonattainment areas
-{l.e., those areas where statutorily-
mandated health and welfare standards
are being violated). In this respect,
section 173 of the Act requires that new
or modified sources constructed in an .
area where ambient pollutant
_ concentrations exceed the National
Ambient Air Quality Standard (NAAQS)
must reduce emissions to the level that
reflects the “lowest achievable emission
rate’ (LAER), as defined in section
171(3) for such category of source. The

statute defines LAER as therate of + -

emissions based on the following,
whichever is more stringent:

{a) The most stringent emission limitation
which is contained in the implementation
plan of any State for such class or calegory of
source, unless the owner or operator of the
proposed source demonstrates that such
limitations are not achievable, or

(b) The most stringent emission limitstion -
which is achieved in practice by such class or
category of source. . :

In no event can the emission rate exceed
any applicable new source performance
standard {section 171{3)].

- A similar situation may arise under
the prevention of significant
deterioration of air quality provisions of
the Act (Part C). These provisions
require that certain sources (referred to
in sectien 169(1)) employ "best available
control technology™ (BACT] as defined
in section 169(3) for all pollutanis
regulated under the Act, Best available
control technology must be determined
on a case-by-case basis, taking energy,
environmental and economic impadts

‘and other cosls into account, In no event
may the application of BACT result in
emissions of any pollutants which will
exceed the emissions allowed by any
applicable standard established
pursuant to section 111 (or 112) of the
Act. .
In all events, State implementation
plans {SIP's) approved or promulgated
under Section 110 of the Act must
provide for the attainment and
maintenance of NAAQS designed to

" protect public heaith and welfare. For

this purpose, SIP's rust, in some cases, -
require greater emission reduction than .
those required by standards of
performance for new sources. =
Finally, States are free under section
116 of the Act to establish ever more
stringent emission limits then those

- established under section 111 or those -

necessary to attain or maintain the
NAAQS under section 110. Accordingly,
new sources may in some cases be
subject to limitations more stringent
than standards of performance under
section 111, and prospective owners and
operators of new spurces should be
aware of this possibility in planning for
such facilities. '

The proposed standards would be
reviewed.-4 years from the date of
promulgation as required by the Clean
Air Act. This review would include an”
‘assesement of such factors as the need
for integration with other programs, the
existence of alternative methods,
enforceability, improvements in
emission control technology, and _
reporting requirements. The reporting

requirements in the proposed standards .

would be reviewed as required under
EPA's sunset policy for reporting
requirements in regulations.

' Economic Impact Assessmant

Section 317 of the Clean Air Act
requires the Administrator to prepare an
economic impact assessment for any
new source standard of performance

promulgated under section 111{b} of the

Act. An economic impact assessment
was prepared for the proposed
standards and for other regulatory
alternatives. All aspects of the
assessment were considered in the ..
formulation of the proposed standards
to ensure that the proposed standards -
would represent the best systam of
emission reduction considering costs.
Portions of the economic impact -
assessment are included in the

Background Information Documents and -

additional information is included in the
Docket.

Under Executive Order 12291, EPA is
required to judge whether a regulation is
judged to be a *major rule” and,
therefore, it is subject to certain
requirernents of the Order. This
regulation will result in none of the
econiomic effects set forth in Section 1 of
the Order as grounds for finding a
regulation to be a “major rule.” The net
annualized costs through the first 5
years of implementation, including
depreciation and interest, are projected
to be below the threshold cost for
defining a “major rule.” Only negligible
increases in product prices attributabie

to implementation of these standards
are expected. Therefore, this regulation
is pot & “major rule" under Executive
Order 12291,

The cost effectiveness of emission
control for individual industrial steam

- generating units that would be subject to

the proposed standards would differ
from the national average cost-
effectiveness levels. Tables ¢ through 14
present particulate matter and nitrogen

oxides emission control cost, emissions

reduction, average cost effectiveness,
and incrementa! cost-effectiveness data

_for a range of individual steam

generating units that would be covered
by the proposed standards, -
Specifically, Tables 9 and 10 contain
particulate matter emission control cost,
emissions reduction, and cost-
effectivenesa data for five sizes of coal-
fired steam generating units, two wood-
fired units and two municipal type solid
wagte-fired units. Tables 11 through 14
contain nitrogen oxides emissions

" . contro) cost, emissions reductions, .and

cost-effectiveness for three sizes of
steam generating units, three residual
oil-fired units, three distillate oil-fired
units, and three natural gas-fired units.
The cost-effectiveness levels of the

proposed standards are generally higher

than those experienced for previous
standards of performance.. The Agency
is examining what is an appropriate
cost-effectiveness cut-off level for
standards development purposes and
will resolve this issue befors this rule is
finelized. Comments are specifically
requested on the reasonableness of the
cost-effectiveness levels associated with
the proposed standards and on the
accuracy of the various cost estimates
presented in Tables & through 14.

- A major component of NO, control
costs for the proposed NO, standards ia
the continuous NO, emission menitoring
system cost {see Tables 11 through 13).
In developing the proposed NO,
standards, a technical assumption was
made- that continuous NQ, emisaion
monitoring systems are a necessary
component of all optimal NO, emission
control systems, It may be posaible that
for steam generating units which apply
NO, control systems based upon low
excess air (LEA) techriology, much of the.
fuel savings and NO, emissions
reduction achieved by en optimal LEA
system can be achieved through the
application of other less costly
monitoring techniques. The Agency
requests data and comments on other
alternative monitoring techniques that
may be applicable to steam generating
units applying LEA technology.

.\\
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TABLE 8.—ANNUALIZED COSTS AND INCREMENTAL COST EFFECTIVENESS OF ALTERNATIVE PM CONTROLS FOR LOW SULFUR COAL-FIRED STEAM
GENERATING UNITS {51,982)8b¢ -

Annualized coat ($1,000) Ernissions reduction Cost effectivaness {$/Ton)
over basaiine (tpy)
N Uncon- Average InGramantel
Steam generating unit typa/size (104 Bru/hn trolled
, ateam M oM 855 FF oM 585 3 N
generating - oM | ss3 | #F $sS FF
unit

SPRO 100 4,020 89 109 14 298 79 9 145 254 570 1,420 2,580 2,910
SPAD 150 5,610 119 148 180 402 118 138 n? 245 514 | 1,310 2130 2.850
SPRD 200 7200 1e8( 107 230 So1| 158 v1aa| 2eaf 247 a4es| 4220 1980| 2400
SPAD 250 8,800 177 226| 286 5971 197 230 561 243 474 1980] 1880 | 2370
PLVA 150 6,380 107 137 | 330 .387 177 | 4298 ars 168 | 923 750 | 42,000 o0
PLVA 250 9520 158 207 | 95| S73| 208| 44931 | 624 | 168 | c84 670 | 41,460 550
PLVA 400 _ 13,980 | 234 310| e85 | 837 473 | 788 | 909 | 161| ‘634 | €00 41,000 60

* Law Suttur Coal: HHY = 8600 Btu/it; S=0.6 wi.%; Ashm5.4 wt %.
* Annual Capacry Factor=60%,

*Key to abbraviations: SPAD=spreader stoker, PLVR=pulvarized coal, SH-singie machanical collector, OM=double mechanical collactor, SSS =sidastream saparator, FF=labric fiter,
ESPfemrmtaﬁc Pprecipiator. : . .

Vaiuea shown are for an ESP to achieve gmissions tovel of 0.20 [b/10° 8h. SSS are net appiicable to pulverized coalfired steam gensrating units,

TABLE 10.—ANNUALIZED COSTS AND INGREMENTAL COST EFFECTIVENESS OF ALTERNATIVE PM CONTROLS FOR WOOD- AND MUNICIPAL SOUD
. WASTE-FIRED STEAM GENERATING UNITS (§1,982) 2%

Annuaized cost {$1,000/y1) Reduction aver basefine (tmy) Cost eflectiveness $/tan

. Uncon- ' Averaga Incremental
Sleam,gemﬁgg‘fgg o SM/ | SM/ SM/ | SM/
typassize (1 ateam

SM | DM | el | wes | ESP1[ESP2 | OM ws1 | wea | ESP1 | ESP2

ener. SM/ | sMm/

S OM | ws1 | ws2 (&SP | ESP2 | G | 2N { ESPY | ESP2

unit ' : -
WQOD-150, — BE20[ 71| 234 | 435 489 - 9 ( 158 ( 197 . 680 | 1,670 | 1,810 3,719 1,150 :
WCOD—400... ~ 18770 | 381 | £38 805 | @85! 263 |- 421 | sz s00 1,010 | 860 1690 [ 760
M3W-150 .. -] 22,940 | 144 | 189 Jea | 423 153 315 | 355| 200 800 | 790 1,330 630
MEW—A0D oot nosinn] 49,070 | 321 | 438 - | 703 eas] 420 841 | wds | 270 450 540 840 | 1,260

- % Annugl capacity factor=60%. ‘ : ' ' ’
*Key to amr:waums: WOCD=100% wood-fired steam generaling unit, MSW 100% municipal solkd wasle-fired steam generating urit, SM=rsingle mechanical collector, OM=double
machamcelmt collector, WS1mwat sorubber with 7 pressure drop, WS2wwet scrubber with 127 prassure drop, ESP1 =low elficlancy electrasiatic precipitator, ESP2=high efficiency aisctrostatic
praciptator. . ) . . .

TABLE 11.,—ANNUALIZED COSTS AND COST EFFECTIVENESS OF NO, CONTROL FOR COAL- AND
RESIDUAL OIL-FIRED STEAM GENERATING UNITS (1982)®

' Annualized cost ($1,000/yr) Cot effectivenass (3/1on)
“Em
Othar | Grass | Net" Eiro":': Ex: Ex. dﬂ?g
Steam generating unit typa/ | Steam | £ | "o | i cluding | cluding | sav-
siza 104 Shu/hr 9:""‘ sav- mo?-n‘i- u(%, % ,uel re.%t:‘c- Nat fuelng No.g Ings
m‘g ings | tor | < | saw. { saw | (TFT) sav- | monk | and
raig) | ings) | ings) inga tor NO,
. moni
tor
SPAD-100 i 4,020 | . 1803 | 428 88| 484 329 37| ere| 1300 o 1% .
SPAD-1%0... 6670 | 244| as23| 89| 87| 253 55| 4e0| 00| - o] 130 .o
SPRD-250. i) B.800 | 40.7| 428 | 98| 524 w7 | 92| 30| s70 6| 100
PLVAS150 . i 6,350 | 244 | 428 234| 782 514 126 | 410| 600 70| 260
PLVA=260 e e 520 | 407 | 428 | 517 o045 S38| 210 200|480 50| 250
-~ PLVR=400 .| 13,080 ] 651 428 | 792| 1220| 589 308 170 360 Ww| 240
Residual cil:e .
RES100 i) 4010 | 551 428 200 71.8| 187 48| 3504 1,500 of a0
RES=150 i 5,040 | 828 428 510 08| 12 72| 180| 1,300 el 70

= Annual capacity factor=60% {coal) and 55% {reslduas il
* Kary to abbreviations: SPRD=spraader stokar, PLYA =pulverized coal, RES=residuat off,
lEmluignmﬁucﬂmbesadonuDAm. % nitrogen residual oll; costs assume a 7 percant derate.

~ -
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TABLE 12.—ANNUALIZED COST AND COST EFFECTIVENESS OF NO

« CONTROL FOR PULVERIZED COAL- AND RESIDUAL O1L-FIRED STEAM GENERATING
UNITS (1962)% % -

Annualized cost {$,000/yr) Emigsions - Cost stiectivaness {$/10n)
- reduction {tpy) : " "
LEA - g — tncluding fuet Excluding fuel Ex¢luding NO,
Sleam ganarating unit typa/size (10" Biu/hn R Oter |. savings savinga monitor rl:&rgl
. . Fuel NO, (02 CAc LEA -] sCa - SCA vs.
kav- | mom |y | 8 LEA | sca LEA | SCA | LEA | sca | Cea
ings tor ote} o
L]
Fulverized coal: . . - -
PLVA-150 24.4 428 69| 255 55.2 126.1 © 480 410 800 800 70 370
Residual oil: 4+ . . -
RES.1509 B2 42.8 50 460 128 723 160 3,700 1,300 770
AES-150+ 826 | 428 50| 460 128 1230 " 80 3,700 760 420

* Annual capacity lactar =60
® Key lo abbreviations: PLYR
* SCA technology incorporales both LEA and stag
“Based on a 0.4 wit % nitrogen oil.

*Based on a 0.6 wi. % nltrogen ofl.

=pulverized coal; RES

TABLE 13. ANNUALIZED COST AND COST EFFECTIVENESS OF NO,; CONTROL FOR NATURAL GAS- AND Di1ST

percent for coal: annual capacity factor="55 percent for oil, ) .
=residusl oil; LEA=low excess si; SCAm=staged combustion air.
ed combustion {SC) lechnology. Costs shawn for SCA are incramentsl costs ahove LEA costs.

ILLATE OIL-FIRED STEAM GENERATING UNIT

(31982 :
Annualized cost {$1,000/yr} Emlssio[nt; r;aducﬂon Cost Effectivaneas {$/ton)
- ¥
. . " Unean- : Including fuel savings | Excluding fuel savings .
Steam generating unil type/size : Ingra-
. 90100 B rolled Fual | LEA ND, | (Other O 5'-,'::8; Exciting | mentar
ganerat. savings moniter | trim, etc.) bumner LEA LNE LEA LNE LEA LNB monitor Lr;l_% ;s
g unit
Natural gas: - ’
NG-100..... 4,010 522 428 .42 1.7 10 36 Q o 4,700 1,490 <] 70
NG-150 5,830 783 428 50 1.7 15 54 o Q 3,180 920 1] 40
9,460 1306 428 6.6 1.7 25 80 . B 0 1,880 570 0 <]
Distiflate oit:
: 4,820 688 428 42 1.7 22 41 0 0 2140 1,200 0 %0
7,080 103.3 428 20 1.7 a3 8t 1] o 1,450 810 | 1] &80
_ 10,820 1721 428 - 6.8 171 .~ 55 102 [} 0. B0 500 1] 40
"* Annual capacity factor=55 parcen

t
*Key 1o abbraviations: NG=natural gas, DIST mdistilate

TABLE 14. ANNUALIZED COST AND Co

ofl, LEA=xlow excess air, LNB =low NO, bumer, LNB technology incorporates both LF.A and staged combustion {SC) technology.

ST EFFECTIVENESS OF NO, CONTROL FOR LOW CAPACITY FACTOR (20 PERCENT} NATURAL GAS- AND

+ DISTILLATE OIL-FIRED STEAM GENERATING UNITS {$1 982) -
Annualized cost ($1,000/yr) Ermissions reduction _ Cost Effectivenass (S/ton)
) : ot ) tue! savi Exciuding fuel savi Incre-
Steam generaling unit type/size (10° Btu/hn) Fuel tOlLEAD. . LNB* |, j Including fuel savings cluding aaangs nracrnzj
" ; her staged
RngS | wim, i) | bumer | LEA Lne LEA |. wNe LEA e | WEw
Natural gas: | . . :
NG-100 18.0 42 1.7 4 13 0 ] 1,080 450 180
NG-150. 288 50 1.7 5 20 [} L] 1,000 . 40 110
NG-250 ars 1) 1.7 g a3 0 ) 730 250 70
Distillata oit:
DIST-100 250 42 1.7 8 15 o 0 530 280 ‘240
DIST-150 37.6 50 1.7 12 22 [ [} 420 3 170
DIST-250 626 8.8 1.7 20 37 0 o 430 220 100

* Annuef capacity factorx22%
*Key to abbreviations: NG =Nalural gas, DIST =distlliate

List of Subjects in 40 CFR Part 60
Lt . |
Air pollution control, Aluminum,
" Ammonjum suifate plants, Asphalt,
Cement industry, Coal copper, Electric
power plants, Glass and glass products,
Grains, Intergovernmental relations,
Iron, Lead, Metals, Metallic minerals,
Motor vehicles, Nitric acid plants, Paper
and paper products industry, Petroleum,
Phosphate, Sewage disposal, Steel
sulfuric acid plants, Waste treatment
and disposal, Zinc, Tires, Incorporation
by reference, Can surface coating,
Sulfuric acid plants, Industrial organic

oil, LEA=low axcess air, LNBulow Né. bumner, LNB technology incorporates both LEA and staged combustion technology.

Subpart Dh~—Standards of Performance for
Industrial-Commercial-institutional Steam
Generating Units

chemicals, Organic éolvent cleaners, -
Fossil fuel-fired steam generators, _
_Fiberglass insulation, Synthetic fibers.

- Sec.
Dated: Juna 7, 1984. . 60.40b Applicability and definition of
Alvin L, Alm, - affected facility.
. - 60.41b Definitions.

Acting Administrator. 60.42b Standards for particulate matter,

. 60.43b Standards for nitrogen oxides,
PART 60—STANDARDS OF 60.44b Compliance and performance testing.
PERFORMANCE FOR NEW '- B0.45b Emission monitoring.
STATIONARY SOURCES 60.46b Reporting and recordkeeping

requirements.

Authority.—Sec, 111 and 301({a) of the
Clean Air Act, as amended [42 U.S.C. 7411,
7601(z}}, and additional authority as noted
below.

It is proposed that 40 CFR Part 60 be
amended by adding a new Subpart Db
as follows:
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Subgart Dh—Standards of
Performance for Industrial-
Commercial-Institutionai Steam
CGenerating Units

§80.40b Applicability and definition of
affected facility.

(a) The affected facility to which this
subpart applies is each industrial-
commercial-inatitutional steam
generating unit for which construction,
modification, or reconstruction is -
commenced after June 19, 1984 and
which has a heat input capacity from
fuels combusted in the steam generating
uiit of more than 29 MW (100 million
Btu/hour).

(b} Coal-fired industrial-commercial-
institutional steam generating units
mesting both the applicability
requirements under this subpart and the
applicability reguirements under
Subpart D (Standards of performance
for fossil fuel-fired steam generators;

§ 60.40) are subject to the particulate
matter and nitrogen oxides standards
under this subpart and the sulfur dioxide
standards under Subpart ) (§ 80.43).

(c) Oil-fired indusirial-commercial-
institutional steam generating units
meeting both the applicability
requirements under this subpart and the
applicability requirements under
Subpart D (Standards of performance
for fossil fuel-fired steam generators;

§ 60.40) are subject to the nitrogen
oxides standards under this subpart and

the sulfur dioxide and particulate matter -

standards under Subpart D {§ 80.42 and
§ 680.43). '

(d) Industrial-commereial-institutional
steam generating units meeting the
applicability requirements under this
subpart and the applicability
requirements under Subpart |
{Standards of performance for
petroleum refineries; § 60.104) are
subject to the particulate matter and
nitrogen oxides standards under this
subpart and the sulfur dioxide standards
under Subpart ] (§ €0.104).

{e) Steam generating units meeting the
applicability requirements under
Subpart Da {Standards of performance
for electric utility steam generating
units; § 60.40a) are not subject to this
subpart.

$ 60.41b DeflnHlons,

As used in this subpart, all terms not
defined herein shall have the meaning
given them in the Act and in Subpart A
of this part.

“Annual capacity factor” means the
ratio between the actual heat input 1o a
steam generating unit from the fuels
listed in § 80.42b(a) or § 60.43b(a), as
applicable, during a calendar year and
the potential heat input to the steam

genarating unit from all fuels had it been
cperated for 8,760 hours at the maximum
design heat input capacity.

“By-product/waste” means any
substance produced during an industrial
process which is not produced for the
primary purpose of being combuated,
but which is ultimately combusted in a
steam generating unit for heat recovery
or for disposal,

“Coal" means all solid fuels classified
as anthracite, bituminous,
subbituminous, or lignite by the
American Society of Testing and
Materials [ASTM Specification D 382
88). Coal-derived synthetic fuels,
including but not limited to solvent
refined coal, gasified coal and coal-
water mixtures, are included in this
definition for the purposes of this
gubpart.

“Combined cycle steam generating
unit” means a steam generation unit in

which exhaust gases from a gas turbine -

are introduced into a steam generating
unit..

“Distillate ci}" means fuel oils number
1 and 2, as defined by the American
Society of Testing and Materials (ASTM
burner fuel specification D 398). -

“Fluidized bed combustion steam
generating unit” means a steam

" generating unit which combusts fuel on

a bed of sorbent or inert material which
is suspended or fluidized by a stream of
air.

“Ful} capacity means operation of
the steam generating unit at 90 percent
or more of the maximum design heat
input capacity, .

"Heat input" means heat derived from
combustion of fuel in a steam generating
unit and does not include the heat input
{rom preheated gases, such as gas
turbine exhaust supplied to a steam
generator for heat recovery.

“Heat input capacity’* means the
ability of a steam generating unit to -
combuat a stated maximum amount of
fuel, as determined by the physical
design and characteristics of the steam
generating umnit,

“Industria}-commercial-institational
steam generating unit” neans any steam
generating unit not covered under
Subpart Da (Standards of performance
for electric utility steam generating
unitg), -

“Lignite" means a type of coal
classified as lignite A or lignite B by the
American Society of Testing and
Materials (ASTM Specification D 388-
86).

"Mass-feed stoker steam generating
unit” mezns a sleam generating unit
where s0lid fuel is introduced directly

. into a retort or is fed directly onto a

grate where it is combusted.

“Municipal-type waste" means paper,
wood, yard wastes, food wastes,
plastics, leather, rubber, and other

“combustible materials, and

noncombustible materials such as glass
and rock, or any mixture of these
materials. :

"Natural gas" means natural gas and
all gaseous byproducts/wastes which.
contain less than 10 percent carbon
monoxide (by volume).

"0Oil" meana a liguid fuel derived from
petroleum, including distillate and
residual oil. .

“Pulverized coal-fired steam
generating unit” means a steam
generating unit in which pulverized coal
is introduced into an air stream that
carries the coal to the combustion
chamber of the steam generating unit
where it is fired in suspension.

“Residual oil" means fuel oils number
4, 5 and 8, as defined by the American
Society of Testing and Materials (ASTM
burner fuel specification D 398). For tha
purposes of this subpart, residual oil
also includes all liquid by-products/
wastes, . . -

“Solid waste"” means any fuel which
contains more than 50 weight percent
municipal-type waste or combustible
material derived from municipal-type -
waste, '

“Spreader stoker steam generating
unit” means a steam generating unit in
which solid fuel is introduced to the
combustion zone by a mechanism that
throws the fuel onto a grate from above.

" Combustion take place both in

suspension and on the grate,

“Steam generating unit* means a
device which combusts fuel to produce
steam or heated water, including steam
generating units which combust fuel and
are part ofa cogeneration system, a -
combined cycle aystem, or an
incinerator with a heal recovery steam

. generating unit.

“Steam generating unit operating day”
means a 24-hour period between 12:01
a.m. and 12:00 midnight during which
any fuel ia combusted in the steam
genegating unit. It is not necessary for
fuel to be combusted continuously for
the entire 24-hour period. .

“Waet scrubber system” means any
emiasion control device which uses an
agqueous stream, or slurry injected into
the scrubbing chamber ta control
emissions of particulate matter or sulfur
dioxide.

"Wood'* means woad, wood residue,
bark, or any derivative fuel or residue
thereof, in any form, including but not
limited to, sawdust, sanderdust, wood

‘chips, scraps, slabs, millings, shavings,

and processed pellets mads from wood.
or other forest residues.
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§60.42b Standards for particulate matter.
{a) On and after the date on which the
performance test required to be
- conducted under § 60.8 is completed, no
owner or operator of an affected facility
which combusts coal, wood, or solid
waste, or simultaneously combusts
mixtures-of these fuels with or without
other fuels, shall cause to be discharged
into the atmosphere from that affected
facility any gases which contain
particulate matter in excess of the
~ following emission limits, except as
provided under paragraph {b) of this
section: . . .

T Particulate

matter
T emiasion limit
Steam generating unit fuet type _ W":m;’m“_
input (Ib/
mitlion Btu
heal input}y -
{1) Coal . 22 {0.05
R e R — 43 (0.10)
(3) Mixtures Including wood, coal, or sohid
waste, with or without other fuals, as
provided under paragraph (G} of this sec- | .
tion 43 {0.10)

{b) On and after the date on which the
performance test required to be
conducted under § 60.8 is completed, no
owner or operator of an affected facility
which has a heat input capacity of 73
MW (250 million Btu/hour) or less and
which combusts coal, wood, or solid
waste, or simultaneously combusts
mixtures of these fuels with or without
other fuels and which has an annual
capacity factor for coal, wood, or solid
waste, or any mixtures of these fuels of
30 percent (0.30) orless, and who has a
Federal, State, or local permit which
limits operation of the facility to an
annual capacity factor of 30 percent
(0.30) or less for these fuels or fuel
mixtures, shall cause to be discharged
into the atmosphere from that facility
any gases which contaln particulate
matter in excess of 86 nanograms per -
joule (0.20 Ib/million Btu) heat input.

(c) Except as provided under

_paragraph (b) of this section, on and.
after the date on which the performance
test required to be conducted under
§ 60.8 is completed, no owner or
operator of an affected facility which
combusts coal with wood, solid waste or
other fuels, which has an annual
capacity factor for wood, solid waste or
other fuels of more than 5 percent {0.05).
and which is subject to a Federal, State

. or local permit which specifies that

during the operation of the affected -
facility, the affected facility will achieve
an annual capacity facter for wood, -

solid waste, or other fuels of more than 5

percent (0.05), shall cause to be
discharged from that affected facility
any gases which contain particulate

matter in excess of 43 nanograms per
joule (0.20 Ib/million Btu) heat input, as
required by paragraph (a){3) of this
section. An affected facility which
combusts coal with wood, solid waste or
other fuels and which either has an
annual capacity factor for wood, salid -

. waste or other fuels of 5 percent {0.05) or

less, or which is not subject to a Federal,
State or local permit which specifies
that during the operation of the affested
facility, the affected facility will achieve
an annual capacity factor for wood,
salid waste, or other fuels of more than 5
percent (0.05}, is subject to the 22
nanograms per joule (0.05 Ib/million Btu)
heat input emission limit under
paragraph (a}(1) of this section.

{d} For the purposes of this section, -
the ennual capacity factor shall be

-determined by dividing the actual heat

input to the steam generating unit during
the calendar year from the combustion -
of coal, wood, or solid waste, or any
mixture of these fuels, by the potential
beat input from all fuels if the steam

-generating unit had been operated for

8,780 hours at the maximum design heat
input capacity. ‘

{e} On and after the date the
particulate matter performance test
required to be conducted under § 608 is
completed, no owrner or operator of an
affected facility subject to the
particulate matter emission limits under
paragraphs (a) or (b} of this section shall
cause to be discharged into the
atmosphere any gases which exhibit
greater than 20 percent opacity {6-
minute average}.

§ 60.43b Standards for nitrogen oxides,

{a) On and after the date’on which the
initial performance test required to be

conducted under § 60.8 is completed, no *

owner or operator of an affected facility
subject to the provisions of this section
which combusts coal, oil, or natural gas,
or simultaneously combusts mixtures of
these fuels with or without other fuels,
shall cause to be discharged into the
atmosphere from that affected facility
any gases which containnitrogen oxides
in excess of the following emission
limits, except as provided under
paragraph (e} of this section:

Nitrogen exida emission

Fuel/steamn generating unit Hrmits nanograms per joule
tgpe e . ~ heat inpnc.ﬁgtlblnﬁllion Btu
heal input)

{1) Naturai gas and distillate ocii..| 43 {0.10).
{2} Residual oil: )

1) 0.35 weight percant nitro- | 129 {0.30}.
gen of less. .

{ii) Greaiar than 0.35 weight | 172 (0.40).
parcant nitrogen.

(3) Coal._.(othar than lignite):

(i} Maas-tewd stoker__...........| 215 (0.50):

() Spreader stoker and fiuid- | 258 (0.60).
ized bad combustion.

i) Pulverzed coal....use.d 301 [0.70).

Hitrogen oxidé emission
limits nancgrems per joule
heat input (Ib/million Blu

Fuel/steam generating unit
. - typa L
heat input)

{4) Lignita, alt units except (5)....| 258 (0.60).

{5} Lignite mined in North | 340 (0.80).
Dakota, Socuth Dakots, or .
Montana and combusted in |
4 stag tap lumace

{6) Mixtures of naturel gas of
distillate ofl with wood of
salid wasia.

{7} Mixtures of ceal, oll. or nat-
ural gas with weod, solid
wasle, of any othar fuel
(other than {5)). .

128 (0.30),

Applicable  emission. Hmit
for coal, off, or natual
gas a9 fisted above or as
determinad pursiant o
paragraph {b}.

(b) On and after the date on which the
initial performance test required to be
conducted under § 80.8 is completed, no
owner or operator of an affected facility -
which simultaneously combusts
mixtures of coal, oil, or natural gas, with
or without any other fuel, shall cause to
be discharged into the atmosphere from
that affected facility any gases which
contain nitrogen oxides in excess of a
limit determined by use of the following
formula: .

ENQ,; = (431'13 +129Hu +1

72Hv + 215Hw +-256Hx +-301Hy + 340Hz)/

Ht :

where: .

Enoa i8 the nitrogen oxides emission limit
{nanograms per joule), ‘

Hs is the heat input from combustion of
naturai ges or oil subject to the 43
nanogram per joule atandard.

Hu is the heat input from combustion of oil or

‘mixtures of natural gas with wood or
solid waste subject to the 129 nanogram
per joule standard..

_Hv is the heat input from combustion of oil

subject to the 172 nanogram per joule
standard. ) .

Hw Is the heat input from combustion of coal
subject to the 215 nanogram per joule
standard.

. Hx is the heat input from combustion of ¢oal

subject to the 258 nanogram per joule
standard.

Hy is the heat input from combustion of
pulverized coal subject to the 301
nanogram per joule standard.

Hz is the heat input from combustion of
lignite subject to the 340 nanogram per
joule standard.

Ht is the total heat input to the steam
generating unit from combustion of coal,
oil, or natural gaa.

(c) On and after the date on which the
performance test required to be
conducted under § 60.8 is completed,
any owmner or operator of an affected
facility which simultaneously combusts

- coal, oil or natural gas in a mixture with

a liquid by-product/waste or with a
toxic, corrosive or reactive hazardous
waste (as defined by 40 CFR Part 261)
may petition the Administrator to
establish a nitrogen oxides emission
limit which shall apply specifically to
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that affected facility when the liquid by-
product waste or the hazardous waste is
combusted, The petition submitted by
the owner or operator of the affected
facility shall include sufficient and
appropriate data on nitregen oxides
emissions from the affected facility,
waste destruction efficiencies, waste
cemposition [including nitrogen
content), and combustion conditions to
allow the Administrator tc determine if
the affected facility is abls to comply-
with the nitrogen oxides emission limits
under paragraphs (a) and (b) of this
section when coal, oil or natural gas are
combusted in the steam generating unit,
but is unable to comply with the
emission limits in paragraphs (a} and (b)
of this section when:

(1) Liquid by-product/waste with a
high nitrogen content is combusted
under the same combustion conditions
which were used to achieve compliance
with the emission limits under
paragraphs (a) and (b) of this section
when coal, oil, or natural gas was fired:
or

(2) Toxic, corrosgive, or reactive -
hazardous waste is combusted in the
affected facility, pursvant to thermal
destruction sfficiency requirements for
hazardous waste as specified in an
applicable Federal, State or local permit
which requires combustion conditions
which preclude compliance with the
nitrogen oxides emission limits under
paragraphs {a) and (b) of this section.

If a site specific nitrogen oxide emission
limit is approved by the Administrator,
it will be established at the nitrogen
oxide emission level achieved when the
affected facility was firing liquid by-
product/waste at combustion conditions
which were used to achieve compliance

with the emisien limits under paragraph -

(a) or (b) of this sectrion when coal, 6il
or natural gas is fired, or at the nitrogen
oxide emission level achieved when
toxic, corrosive, ar reactive hazardous
waste is combusted in the affected
facility during a test burn to determine
the thermal destruction efficiency of
hazardous waste as specified in an
applicable Federal, State, or local permit
which requires thermal desttuction of
hazardous waste,

{d) Modification of a facility, as
defined in § 80.15, shall not, by itself,
subject the facility to the requirements
of this section limiting nitrogen oxides
emisajons.

(e) Any affected facility which has an .

annuaj capacity utilization factor for
coal, oil, or natural gas or any mixture of
these fuels of 5 percent (0.05) or less,
and which is subject to a Federal, State,
or local permit which limits operation of
the facility to an annual capacity factor

of 5 percent (0.05) or less for these fuels
is not subject to the requirements of thig
section. :

§ 60.446 Compliance and performance
testing.

(a) The particulate matter emission
standards under § 80.42b and the
niirogen oxides emission standards
under § 60.42b apply at all times except
during periods of startup, shutdows, or
malfunction.

(b) Compliance with the particulate
matter emission standards under -

§ 60.42b shall be determined through

. performance testing aa described in

paragraph (d) of this section. -

{c) Compliance witn the nitrogen
oxides emission limits under § 60.43b
shall be determined through
performance testing as described in
paragraph (e](1) or {e)(2] of this section,
as applicable. :

(d) The follewing procgdures and
reference methods are nsed to determine
compliance with the standards for
perticulate matter emissions under
§ 60.42h..

(1) Reference Method 3 is used for gas
analysis when applying Reference '
Method 5 or Reference Method 17.

(2) Reference Method 5 or Reference
Method 17 shall be used to measure the
concentration of particulate matter and
the associated moisture content as
followsa:

{i) Reference Method 5 shall be used
at affected facilities without wat
scrubber systems; and

(ii) Reference Method 17 shall be used _

at facilities with or without wet
scrubber systems provided that the
stack gas temperature at the sampling
location does not exceed an average
temperature of 160°C (320°F). -

{3) Reference Method 1 is used to
select the sampling site and the number
of traverse sampling points. The
sampling time for each run is at least 120
minutes and the minimum sampling
volume {3 1.7 dscm (60 dscf) except that
smaller sampling times or volumes,
when necessitated by process variables
or other factors, may hs approved by the
Administrator. _

(4) For Reference Method 5 the -
temperature of the sample gas in the

probe and filter holder ia menitored and

is maintained at 160°C (320°F).
(5) For determination of particulate
emissions, the oxygen or carbon dioxide

sample is obtained simultansously with -

each run of Reference Method 5 or
Reference Method 17 by traversing the
duct at the sampling location.

(8} For each run using Reference
Method 5'or Reference Method 17, the
emission rate expressed in nanograms
per joule heat input is determined using:

(i) The oxygen or carbon dioxide
measurerents and particulate matier .
measuraments obtained undar this
section,

{ii} The dry basis F, factar, and

(iit) The dry basis emission rate
calculatien procedure contained in
Reference Methed 18 {Appendix A).

(7) Reference Method 9 is used for
datermining the opacity of atack
emissions. -

fe) The following procedures are used
in performance testing to determine
compliance with the emission limits for
nitrogen oxidas required under § 80.43b:

{1) For affected facilities having an
annual capacity factor for the fuels
listed in § 80.43b(a) of 30 parcent {0.30)
or less, the owner or operator shall
conduct a 30-day performance test using
a chemiluminescent nitrogen oxides
monitor following the procedures
prescribed in § 60.8;

(2) For affested facilities having an
annual capacity factor for the fuels

+ listed in § 60.43b{a) greater than 30

percent (0.30), the owner or operator
ghall conduct the performance test as
required under § 60.8 using tha
continuous system for monitoring ‘
nitrogen oxides under § 60.45b{h}. The
nitrogen oxides emissions from the
steam generating unit shall be monitored
for 30 successive steam generating unit
operating days after initial startup and a
30-day average nitrogen oxide emission
rate is calculated hased on the hourly
nitrogen oxide emisgions recorded by
the monitoring system for the preceding
720 hours of beiler operation. :

§ 80.45b Emission monitoring.

(a) The owmer or operator of an
affected facility subject to the opacity
standard under § 60.42b shall install,
calibrate, maintain and operate a
continuous monitoring system for
measuring the opacity of emissions
discharged to the atmosphere and
record the output of the systam.

_.{b) Except as provided in paragraph

(g) of this section, the owner or operator
of an affected facility subject to the
nitrogen oxides standard of § 60.43b
shall install, calibrate, maintain, and
operate a continucus monitoring system
for measuring nitrogen oxides emissicns
discharged to the atmosphere and

record the output of the system.

(c} The continuous monitoring systems
required under paragraph {b) of this
section shell be operated and data
recorded during all periods of operation
of the aeffected facility, including periods
of startup, shutdown, or malfunction,
except for continuous monitoring system
breakdowns, repairs, calibration checks,
and zero and span adjustments.




25149 .

(d) The 1-hour average nitrogen oxide
emission rates measured by the
continuous nitrogen oxides monitor
required by paragraph (b} of this section
and required under § 60.13(h) shall be
expressed in nariograms per joule or 1bf
million Btu heat input and shall be used
‘to calculate the average emission rates
under § 80.43b. The 1-hour averages
shall be calculated using the data points
required under § 60.13(b). At least 4 data
" points must be used to calculate each 1-
hour average,

(#) The procedures under § 60.13 shall
be followed for installation, evaluation,
and operation of the conlinuous
monitoring systems.

(1) For affected facilities burning coal,
wood or solid waste, the span value for
& continuous monitoring system for
measuring opacity shall be between 60
and 80 percent,

" (2) For affected facilities burning coal,
oil, or natural gas, the span value for
nitrogen oxides is determined as
follows:

Span values for
Foasi tus) - nil n Gxdes
- )

Natural gas 500
Ot 500
Coal 1,000 -
Combination, 500 (x+y) + 1,000z
where:

x is the fraction of total heat input derived
from natural gas,

y is the fraction of total heat input derived
from oil, and

z is the fraction of total heat input derivad
from coal ¢

(3) All span values computed under
paragraph (h)(2) of this section for
burning combinations of regulated fuels
are rounded to the nearest 500 ppm.

(f) If emission data are net available
for more than one successive steam
generating unit operating day the owner
or operator of the affected facility shall
initiate servicing of the continuous
emission monitoring system within 5
calendar days and return the monitor to
operation in no more than 15 calendar
days from initial data loss. (Sec. 114,
CleanAir Act as amended {42 U.S.C.
7414).) :

(8} The owner or operator of an
affected facility subject to the nitrogen
oxides standard of § 60.43b and which is
subject to a Federal, State or local
permit requirement which limits
operation of the facility to an annual
capacity factor of 30 percent (0.30) or
less for coal, oil, or natural gas shall:

(1) Comply with the provisions of
paragraph (b) of this section, or

{2) Monitor steam generating unit
operation conditions specified in & plan
submitted under § 60.46b(c).
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$'€0.46b Hepdrting and recordkeepin§
ragquirernents. -

(a) The owner or operator of each
aifected facility shall submit notification

_of thre date of initial startup, as provided

by § 60.11, This notification shail
include: : .
. (1) Identification of the fuels to be

combusted in the affected facility, and

(2} The design heat input capacity and
the annual capacity factor at which the
OWIEr Or operator anticipates operating
the facility, ard, if applicable, a copy of
any Federal, State or local.permit which -

limits the annual capacity factor for any’.

fuel or mixture of fuels listed in

§ 60.42b(a) to 30 percent (0.30) or iess, or
for any fuel or mixture of fuels listed in
§ 80.43b(a) to 5 percent (0.05) or less.

(b} For facilities subject to the
particulate matter and nitrogen oxides
emission limits under § 60.42b and
§ 60.43b, the performance test data from
the initial performance test and the
performance evaluation of the
continuous monitors shall be submitted
to the Administrator by the owner or
operator of the affected facility.

(¢) The owner or operator of each
affected facility subject to the nitrogen
oxides standard of § 80.43b who seeks

-to demonstrate compliance with thase

standards through the monitoring of
steam generating unit operating
conditions pursuant to the provisions of
§ 80.45b{g)(2) shall submit to the
Administrator for approval a plan which
identifies the operating conditions to be
‘monitored under § 60.45b(g)(2) and the
records to be maintained under

§ 60.45b(i). This plan shall be submitted
to the Administrator for approval with
the notification of initial startup
required under paragraph {a} of this
section. The plan shall:

(1) Identify the specific operating
conditions to be monitored {and, if
appropriate, the variation in these
operating conditions with steam o
generating unit load over the range of 30

" 10 100 percent of the maximum design"

heat input capacity of the steam
generating unit) which are consistent
with maintaining nitrogen oxides

. emissions below the limits included in

§ 80.43b. Steam generating unit
operating conditions include, but are not
limited to, degree of staged combustion
{i.e., the ratio of primary air to
secondary and/or tertiary air} and-the
level of excess air {i.., flue gas OXygen
level). .

{2} Inglude the data and information
which the owner or operator used to
identify these operating conditions and
the relationship between these operating
conditions and nitrogen oxides
emissions; and

(3) Identify how these operating
conditions, including steam generating
unit load, will be monitored under

§ 80.45b(g) on an hourly basis by the

awner or operator during the period of
operation of the steam generating unit,
and the type and format of the records
of these operating conditions, including
steam generating unit load, that will be
maintained by the owner or operator
under § 60.46b(i),

The Administrator shall approve or
disapprove of the plan within 45 -
calendar-days following the submission
of the plan. Following approval of the
plan, the owner or operator shall
maintain records of the operating
conditions, including steam generating

- unit load, identified in the plan.

{(d) The owner or operator of an
affacted facility shall record and
maintain records of the amounts of all
fuels fired each calendar quarter and
calculate the annual capacity factor for
coal, oil, natural gas, wood and salid
waste. ’ .

(e] For facilities firing residual oil and
subject to § 80.43b(a)(2}(ii}, the owner or
operator shall maintain records of the
fuel oil nitrogen content fired in the
steam generating unit and calculate the
average fuel nitrogen content on a per
calendar quarter basis. Fuel
specification data obtained from fuel
suppliers may be used.

(f) For facilities subject to the opacity
standard under § 80.42b, the owner or
operator shall maintain records of
opacity. :

(g) For facilities subject to nitrogen
oxides standards under § 66.43b, the
owner or operator shall maintain
records of the following information for
each steam generating unit operating
day:

(1) Calendar date.

{2) The average hourly nitrogen oxides
emission rates (nanograms per joule or
Ib per million Btu heat input),

(3) The average nitrogen oxide
emission rates (nanogram per joule or Ib
per million Btu heat input) calculated at
the end of the steam generating unit
operating day from the average hourly
hitrogen oxide emission rates for the
preceding 720 hours of steam generating

"unit operation.

(4) Identification of the steam
generating unit operating days when the
average nitrogen oxide emission rates
determined under paragraph (g){3) are in
excess of the nitrogen oxides emissions
standards under § 60.43b, with the
reasons for such excess emisslons as
well as a description of corrective
actions taken,

(5) Identification of the steam
generating unit operating days for which
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rollutant data have not been obtained,
including reasons for not obtaining
sufficient dala and a description of
corrective actions taken.

(8] Identification of the times when .
emissions data have been excluded from
the calculation of average emission
rates because of startup, shutdown,
malfunctien, or other reasons, and the
reasons for excluding data at times
other than startup, shutdown, or
malfunction.

(7) Identification of *F" factor used for
calculations, method of determination,
and type of fuel combusted.

(8} Identification of the times when
the pollutant concentration exceeded

full span of the continuous menitoring
system.

{9) Description of any modifications to
the continuous monitoring system which
couid affect the ability of the continuous
monitoring system to comply with
Performance Specifications 2 or 3.

(h) The owner of operator of any
affectad facility subject to the opacity
standards under § 60.43b(e) or the
nitrogen oxides emissiens limits under
§ 60.43b shall submit a report for each
semiannual period during which excess
emissions occur. No exceas emissions
report shall be submitted for any
semiannual reporting period-duriag

" which the affacted facility did not

exceed either the opacity standards
under § 60.42b(e) or the nitrogen oxides
emissions slandards under § 60.43b,
notwithstanding the provisions of

§ 80.7(c)(4).

(i) All records required under this
section shall be maintained by tha
owner of operator of the affected facility

-for a period of 2 years following the date

of such record.

(Sec. 114, Clean Air Act as amended (42
U.8.C. 7414))

[FR Dac. 84-18099 Filed 6-10-8: 8:45 am)
BILLING COGE 8560-50-M
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EMVIRONMENTAL PROTECTICN
AGENCY

40 CFR Part 60

[AD-FRL~2489-2]

New Source Performance Standard;
Steam Generating Unlts

" AGENCY: Environmental Protection
Agency (EPA). .

ACTION: Advance notice of proposad
rulemaking,

SUERIMARY: In today’s Federal Registar,

- performance standards are being
proposed for the control of particulate
matter and nitrogen oxides {NQ,)
emisaions from industrial-commercial-
institutional steam generating units of
greater than 29 MW (100 million Btu/
hour} heat input capacity. The purpose
of this advance notice i3 to advise the
pubiic that regulatory activities are
being initiated for three other categories
of steam generating units. The first
category of regulatory activity is the
development of performance standards
to limit the emission of sulfur dioxide
{S0:) from industrial-commercial-
institutional steam generating units. The
second category of regulatory activity s
the development of performance
standards for steam generators of less
than 29 MW (100 millicn Btu/hour) heat
input capacity. The third category of
regulatory activity is a review of
performance standards for electric
utility steam generating units (§ 60.40a;
Subpart Da) which were adopted in
1979. Technical data and comments on
these activities are requested.

DATES: Comments must be received on
or before September 17, 1984,

. ADDRESS: Comumnents should be _
submitted to the Central Docket Section
{LE-131), U.8. Environmental Protection
Agency, 401 M Street, SW., Washington,
B.C., 20480. Comments and data related
to development of (SO,] performance
standards for industrial-commercial-
institutional steam generating units
larger than 29 MW {100 million Btu/
hour) heat input capacity should be
addressed to Docket Number A-83-27.

" Comments and data related to
development of performance standards
for steam generating units of less than
29 MW (100 millien Btu/hour) heat input
capacity should be addressed to Docket
Number A-83-48,

Comments and data related to review
of perfarmance standards for electric
utility steam generating units (§ 60.40a;
Subpart Da) should be addressed to
Dacket Number A-83+45. .

FOR FURTHER INFORMATION CONTACT:
- Fred L. Porter, Walter H. Stevenson, or

Larry G. Jones, Standards Development
Branch (MD~13), Emission Standards _
and Engineering Division, U.S.
Environmental Protection Agency, _
Research Triangle Park, North Carclina
27711, telephone {919} 541-5624.

SUPPLEMENTARY INFORMATION:

Background

In addition to today's proposal of
performance standsards for the control of
particulate matter and nitrogen oxides
{NO,) emissions from industrial-
commercial-inatitutional steam
generating units of greater than 29 MW
(100 million Btu/hour) heat input -

‘capacity, this advance notice is to

advise the public of regulatory activities
in three pther categories of steam
generating units.

The firat category of regulatory
activity is the development of
performance standards to limit the .
emissions of suifur dioxide (SO.) from
industrial-commercial-institutional
steam generating units of greater than 29
MW {100 million Btu/hour) heat input .
capacity. In developing the standards, a
wide range of N controt alternatives
are being investigated for basis of the
80, standards including, but not limited
to, low sulfur fuel, fuel pretreatment,
"dry" flue gas desulfurization, “wet”
flue gas desulfurization, and fluidized
bed combustion technalogy. The final

" selection of the technolegical basis of

the standard will be made in accordance
with the requirements of section 111 of -
the Clean Air Act as amended. Drafts of

" background documents describing SQ,

emission control techniques and their

. performance and costs are scheduled to

be available for public review and
comment in the fall of 19284,

The second category of regulatory
activity includes the development of
performance standards for steam
generating units of less than 29 MW (100
million Btu/hour) heat input capacity.
Steam generating units in this size range
would be expected to be principally
commercial-institutional in character
and to principally fire natural gas or fuel
oil. A limited amount of solid fuel would
be expected to be fired in this source
category. The development of .
performance standards for this category
will consider the control of particulate .
matter, 30; and NO, emissions. As
development work is completed for this
category of steam generating units,
documents describing the category,
emission contro! techniques,
performance level, and cost are )
expected to become available for review
and comment in the spring of 1986.

The third category of regulatory
activity is the 4-year review of the
performance standard for electric utility

steam generating units (40 CFR 60.40a;
Subpart Da). This standard was adopted
in 1979 and, as required by section 111
of the Clean Air Act, a 4-year review is
being initiated. Because of the typical §
to 7 year time period necessary to -
design and construct a new electric
utility steam generating unit, new utility
units subject to Subpart Da are-just now

. Initiating operation. Thus, the review
" will be constrained to some extent by

limitation in operating data available
from units subject to Subpart Da.
However, the review will address both
the particulate matter, SOz, and NO,
standards and the applicable emission
control technologies. Areas of particular
interest would include a review of the
progress that has been made in “dry”
flue gas desulfurization systam since
1979, particularly spray-dryer systems,
the use of adipic acid to improve flue
gas desulfurization system operability,
and the status of development of “low-
NO," burners (staged combustion
burners) for pulverized coal
applications. The review of Subpart Da
will algo include an investigation of
technical adjustments to the standards
such as performance test methods and
recordkeeping and reporting
requirements. As progress is made in tha
review of this standard, documents wiil
be made available for public review and
comment.

Request for Information

A gubstantial amount of information
on control of particulate matter, SO,
and NQ, emissions from steam
generating units was gathered in 1977-
1980; however, this information may
need to be updated to reflect recent
developments. Relative ta the '
development or review of standards of
performance for the three categories of
steam generating units, data and
comments are requested. Specifically,
performance and cost data are
requested for the application of flue gas
desulfurization technology to industrial-
commercial-institutionai steam
generating units of greater than 29 MW
{100 million Btu/hour) heat input
capacity. Information on all types of flue
gas desulfurization systems, including
dry injection, spray-dryer, wet scrubbing -

" systems, and fluidized bed combustor

systems, are solicited.

For steam generating units of less than
29 MW (100 million Btu/hour) heat input
capacity, technical and cost data are

- requested on the control of particulate

matter, SO and NO,. Specifically,
performance and cost information cn the
use of combustion air oxygen trim
gystems and on the application of staged
combustion burners (SCB) for NO,
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control is requested. Within the last 3
years, significant advancements appear
to have been made with these
technologies. g

For electric ntility steam generating
units (Subpart Da), performance and -
cost data are specifically requested on
dry injection, spray-dryer, and wet
scrubbing flue gas desulfurization
systems for 8O; control and on the
application of SCB technology for NO,
control of pulverized coal-fired steam
generating units. Comments on technical
amendments to general requirements
under Subpart Da, (such as monitoring,
recordkesping, and reporting) are also
requested.

In summary, regulatory develdpment
(or review) of standards of performance

for three categories of steam generating -

units is being announced, Interested

individuals are invited to submit =
information or comments relating to the
current status, performance, and costs
associated with various emission
control techniques for controlling..
emissions from these categories of
steam generating units.

Miscellaneous )
A regulatory flexibility analysis under

- 5 L8.,C. 801, et seq., is not required for

this notice. This notice would not
impose any new regulatory
requirements, nor would it impose any
additional costs. This notice is also
considered nonmajor under Executive-
Order 12291. '

List of Subjects in 40 CFR Part 60

Air polluiion control, Aluminum.
Ammonium sulfate plants, Asphalt,

Cement industry, Coal copper, Eleetric
power plants, Glass and glass products,
Grains, Intergovernmental relations,
Iron, Lead, Metals, Metallic minerals.

Motor vehicles, Nitric acid plants, Paper
and paper products industry, Petroleum,

Phosphate, Sewage disposal, Steel
sulfuric acid plants, Waste treatment
and disposal, Zine, Tires, Incorporation
by reference, Can surface coating,

. Sulfuric acid plants, Industrial organic
_ chemicals, Organic solvent cleaners,

Fossil fuel-fired steam generators,

Fiberglass insulation, Synthetic fibers.
Dated: June 7, 1984,

Alvin L. Alm,

Acting Administrator. ..

{FR Doc. 84-18070 Filed 6-18-84; 8:45 am)

BILLING CODE 6560-50-M
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 Standards of Performance for New

Stationary Sources; Proposed
Amendment
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EHVIRONMENTAL PROTECTION
AGENCY :

40 CFR Part 80
[AD~FRL-2488-8]

Standards of Performa_nce for New
Stationary Sources; Industrial Fossil
Fuzl-Fired Steam Generators

Agencey: Environmental Protection
Agency.
ACTION: Proposed amendment.

SUMMARY: This proposal would amend
the priority list for regulation of new
sources undar section 111 of the Clean
Air Act by expanding the source
category of industrial fossil fuel-fired
steam generators to cover all steam
generators, including both fossil fuel-
fired and nonfossil fuel-fired steam
generators, as well as steam generators
used in industrial, commercial, and
institutional applications. This
amendment is based on the
Administrator's determination that
steam generaling units contribute
significantly to air pollution which may
reasonably be anticipated to endanger
public health or welfare.

DATES: Comments. Comments must be
received on or before September 17,
1984, Public Hearing. A public hearing
will be held, if requested. Persons

wishing to request a public hearing must

contact EPA by June 28,1984, If a
hearing is requested, an announcement
of the date and place will appearin a
separate Federal Register notice.

ADDRESSES: Comments. Comments
should be submitted (in duplicate if

possible) to: Central Docket Section {A-

130}, Attenticn: Docket No. OAQPS A~
7602, U.S. Environmental Protection

Agency, 401 M Street, Washington, D.C.

204860, ;

Public Hearing. Persons wishing to
request a public hearing should notify
Ms. Shelby Journigan, Standards
Development Branch (MD-13]), U.S,
Environmental Protection Agency,
Research Triangle Park, North Carolina
27711, telephone (919) 541-5624,

Background Informatifon Documents, -

Docket Number OAQPS A-78-02,
containing information used in
development of the standards of
performance for steam generating units
is available for public inspection

between 8:00 a.m. and 4:00 p.m. Monday
through Friday at EPA's Central Docket

Section (A~130), West Tower Lobby,

Gallery 1, Waterside Mall, 401 M Street,

SW., Washington, D.C. 20460. Included
in the docket is a background .
information document for fossil fuel-
fired steam generators, EPA—450/3-82—-
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007, and a background information
document for nonfossil fuel-fired steam

. generators, EPA-150/3-83-007. These

documents provide a review of emission
-control technolegies and emission data
-for steam generators. They are available
as a set from the Superintendent of
Documents, U.5.G.P.0., Washington,
D.C. 20402, telephone [202) 783-3238, for
a purchase price of $28. The GPO stack
number is 055-000~00216-9,
FOR FURTHER INFORMATION CONTACT:
Mr. Fred Porter or Mr. Walter
Stevenson, Standards Development
Branch (MD-13}, Envircnmental
Pratection Agency, Research Triangle
Park, North Carolina 27711, telephone
(919) 541-5624, t
SUPPLEMENTARY INFORMATION; The
Clean Air Act establishes 4 program
under section 111 to develop standards
of performance for new stationary
sources which the Administrator

determines may contribute significantly

ta air pollution which may reascnably
be anticipated to endanger public health
or welfare. Section 111(f] of the Clearn
Air Act, added by the 1977 Clean Air
Act Amendments, requires that the
Adininistrator publish, and from time to
time revise, a list of categories of major
stationary sources for which standards .
of performance for new sources are to
be promulgated. - :
This list, which identifies major
source categories in order of priority for
development of regulations, was
proposed in the Federal Register on
August 31, 1978, and promulgated on
August 21, 1979 (40 CFR 60.16, 44 FR
49222). Of the 59 source categories on
the list, the category “Industrial Fossil
Fuel-Fired Steam Generators: Industrial
Boilers” is listed as number 11.
During the development of new source
_performance standards for this scurce
category, it became apparent that
substantial similarities exist between
steam generators (boilers) which firs
foasil fuels and those which fire
nonfossi! fuels or mixtures of these
fuels. For instance, the design of steam
generators which fire solid nonfossil

-—fuels, such as wood or solid waste, is

- substantially the same as the design of
boilers which fire solid fossil fuels, such
as coal. Also, since nonfossil fuel-fired
boilers are as large as fossil fuel-fired

boilers, their potential emission rates for

certain poliuvtarits can be comparable.
Becauge of the similarity in design and
emissions, the emission control
techniques which are applicable to foasil
fuel-fired boilers are generally
applicable to nonfossil fuel-fired boilers
as well.-In fact, any practical difference
between fossil and nonfossit fuel-fired
boilers has virtually disappeared as

many new boilers have interchangeable
fossil fuel, nonfossil fuel, and mixed fuel
capability.

Therefore, the source category for
"Fossil Fuel-Fired Steam Generators:
Industrial Boilers” is being expanded to
include steam generators firing nonfossil
fuels in recognition of the similarities
between fossil and nonfossil fuel-fired
boilers.

The Administrator has also
delermined that sufficient similarities

"exist between boilers serving industrial
" plants and those supplying steam to

commercial and institutional facilities to
support the inclusion of steam _
generators serving these laiter types of
facilities as a sub-class of the steam
generating unit source category. As with
nonfossii fuel-fired boilers, there are

- important similarities between the

operation and design of industrial
boilers and boilers serving commercial
and institutional facilities. Thege boilers
emit similar pollutants, fire the same
fuels, and may employ the same
emission control techniques. Their
impacts on human health and welfare
are similar, and the Administrator has
determined, pursuant to the provisions

of section 111(b)(1}{A), that the inclusion -

of industrial, commercial, and
institutional boilers in one source
category {3 warranted.

Although the Administrator has
determined that industrial, commercial,

. and institutional boilers should be

classified together as one squrce
category for the purpose of the priority
listing, the Administrator may also -
distinguish among classes, types, and
sizes of sources within categories for the
purpose of establishing standards. In
this instance, there are three distinctions
which are frequently cited in order to
differentiate between industrial boilers
and commercial and institutional
boilers. The first distinction is that
commercial and institutional boilers are
generally more common in the smaller
boiler size ranges. The second is that a
larger percentage of commereial and
institutional boilers fire less-polluting
fuels, such as natural gas and distillate
oil, than do industrial boilers, which are
predominantly coal-fired. Finally, the
financial structure of a commeércial or
institutional entity differs significantly
from that of an industrial concern, and
thus the economic impacts of a
performance standard may differ
significantly. In all three instances, thege
distinctions are of the type which are
more appropriately addressed in the
development of performance standarda

for these classes, types, and sizes of

steam generating units than in the
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definition of the scope ofa source
category. . :
It should be noted that this proposed

- revision to the priority listing would
result in this source category including
‘all steam {and hot water) generating
" units except electric utility steam
generating units larger than 73 MW (250
million Btu/hour) heat input capacity
which are subject to Subpart Da of 40
CFR Part 60, As proposed, the source
“calegory would cover fossil fuel-fired
and nonfossil fuel-fired steam (and hot
water) generating units used in
industrial, commercial, or institutional
installations, including steam generating
units used for onsite electrical power
production or cogeneration factlities not
covered by Subpart Da, Specifically,
small electric utility steam generating
units {73 MW (250 million Btu/hour)
- heat input eapacity or less) would be -
included in this source category.

It is also intended that this"
amendment will clarify the scope of this
source category with regard to steam
generating vnits. As amended, this
source category will include any device
ot system which combusts fuel which
results in the production of steam {or hot
water), including incinerators with heat
recovery, combined cycle steam
generators, cogeneration systems and

small electric utility- steam generating ‘
units. These types of steam generators
exhibit emission characteristics which

-are similar in quantity and type to the

emissions from boilers. Furthermore, the
emission control devices which have
been found ta be effective on boilers are
also effective in reducing emissions from
other steam generators. Therefore, the
scope of the source category is being
expanded to include all types of steam
generating units except those covered
under Subpart Da.

The Administrator previously found

" that the source catgory “Foasil Fuel-

Fired Steam Generators; Industrial -
Boilers” meets the significant
contributor test in section 111(b)(1)(A).

~40 CFR 60.16. The Administrator hereby

proposes to find that the source category
“Industrial-Commercial-Institutional
Steam Generating Units” meets the
same test.

In order to provide a coherent,
integrated regulatory structure for these
groups of boilers, the title of the source
category is being changed to “Industriai-
Commercial-Institutional Steam -
Generating Units.” This changes deletes
the reference to the type of fuel
combusted, to the distinction between
boiler applications, and to the.type of
steam generatar,

“List of Subjects in 40 CFR Part 60

Air pollution control, Aluminum,

 Ammonium sulfate plants, Asphalt,

Cement industry, Coal copper, Electric
power plants, Glass and glass products,
Grains, Intergovernmental relations, -
Iron, Lead, Metals, Metallic minerals,
Motor vehicles, Nitric acid plants, Paper
and paper products industry, Petroleum,
Phosphate, Sewage disposal, Steel
sulfuric acid plants, Waste treatment’
and disposal, Zinc, Tires, Incorporation .
by reference, can surface coating,
Sulfuric acid plants, Industrial organic
chemicals, Organic solvent cleaners,
Fossil fuel-fired steam generators,
Fiberglass insulation, Synthetic fibers.
(Secs. 111 and 301{a) of the Clean Air Act as
amended, 42 U.8.C, 7411 and 7601(b))

Dated: June 7, 1884 i
Alvin Alm,
Acting Adminisirator. .

It is proposed to amend 40 CFR Part
80, Subpart A, § 60.16 by revising item
11 as {ollows: )

§60.16 Priority list.
" .

] L] * * '

11. Industrial-Commercial-Institutional

Steam Generating Units.
B ] N

* r . .

[FR Doc. 8418071 Fllad 6-16-84; 8:45 am|]

BILLING CODE 6560~-50-M









