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ENV]RONMENTAl 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 60 as it 
currently pertains to emissions of 
particulate matter and nitrogen oxides 
from industial-commercial-institutional 
steam generating units. The proposed 
standards wotdd 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 million Btu/bo•r) heat input. 
Under the proposed standards, 
emiss•uns 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 esthnated 
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 subieet 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 
mtilinn Btu/hour) heat input capacity 
until revised sulfur dioxide standards 
are proposed. Similarly, emissions of 
particulate matter from oil-fired 
industrial-conuneraial-institutional 
steam generating Units with heat input 
capacities greatsr than 73 MW 
mifiion Btu/hour) would also continue to 
be regulated by Subpart D of ,10 CFR 
Part 00 until revised standards for 
particulate matter emissions from oil- 
fired steam generators are proposed as 
part of the mlemaking to revise the 
sulfur dioxide emission standards. 
Electric utility steam generating units 
larger than 73 MW {230 million Btu/ 
hour] heat input capacity would not be 
covered by the proposed standards. 
They would continue to be subieet 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 
industH at-co mmemial-institutional 
steam generating hnits to achieve 
emission limits reflecting the best 
demonstrated technological system of 
continuous emission reduction, 
considering costs, nonair quality health 
and environmental impacts, and energy 
requirements. 

A public hearing will be held to 
provide interested persons an 
opportunity for oral presentation of 
data, views, or arguments concerning 
the proposed standards. 
OA'rt=s: Comments: Comments must be 
received on or before September 
1984. Public HIen."./noo: A public hearing 
will be held on August 1, 1984, beginning 
at 10:00 a.m. Persons wishing to present 
oral testimony must notify Ms. Shelby 
Journigan at the address below by July 
26, 1984, 

ADORESSESt Coln•'nents: Cormnents 
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. 204•0• 

Public Hearing: A public hearing will 
be held at the ERC Auditorittm, Corner 
of Highway 54 and Alexander Drive, 
Research Triangle Park, N.C. Persons 
wishing to present oral testimony must 
notify Ms. Shelby Ioumigun, Standards 
Development Branch (folD-13), U.S. 
Environmental Protection Agency, 
Research Triangle Park, North Carolina 
27711, telephone number I919} 541-5624, 
Background InJ•ormotion 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 (2o2) 783-3238 (GPO 
stock number o55-o00-0021•-9}. The 
background information documents 
include EPA-450/3-SZ-006a "Fossil Fuel 
Fired Industrial Boilers--Background 
Information Volume 1: Chapters I-9)' 
EPA-•ISO/3.-.82-OO6b "Fossil Fuel Fired 
Industr/al Boilers---Background 
InformatiSn Volume 2: Appendices," 
and EPA-450/3-•2-O07 "Nunfossil Fuel 
Fired Industrial Boilers--Backgrotmd 

Information." The price of the three- 
volume set is $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 
Commerce, Springfield. Virginia 22161, 
telephone number {703). 487-4S60 {NTIS 
stock numbdt 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" 
iNTIS'-stock number PB-83-119438), and 
EPA--460/3-83-004 "Costs of Particulate 
Matter Controls for Nonfossil Fuel-fired 
Boilers" (NTIS stock number PB-83- 
19305}. The price is $20.50 and $13.00, 
respectively, for each volume 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 Mannfacturing Association 
(ABMA), Department of Energy (DOE), 
and Environmental Protection Agency 
(EPA} may also be obtained from the 
NationaITechnical Information Service 
{NTIS stock number DE81030264-VoL 1; 
DE81030265--VoL 2; DE8103026•-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 
$23.50 each for volumes I and2 and is 
$35.50 fqr'volnme 3 {printed•copy }. The 
cost of a microfiche copy of each volume 
is 

Doct•et: Docket Number A-79-02, 
containing supporting information used 
in developing the proposed standards, is 
available for public inspection and 
copying between 8:00 a.m. and 4:00 p.m., 
Monday through Friday, at FDA's 
Central Docket Section, West Tower 
Lobby, Gallery 1, Waterside Mall, 401 M 
Street, SW., Washington, D.C. 20•60. A 
reasonable fee may be charged for 
copying. 
FOR FURTHER INFORMATION CONTACT: 
Mr. Fred Porter or Mr. Waiter 
Steve.n_son, Standards Development 
Branch, Emission Star/dards and 
Engineering Division {MD-13), U.S. 
Environmer}.tal Protection Agency, 
Research Triangle Perk North Carolina 
27711, telephone number (919} 54•-5624. 

SUPPLEMENTARY INFORMA'rlON: 

Preamble Outline 

I, Proposed Standards 
If. Summary of Environmental, Energy, and 

Economic Impacts Ill. Rationals 
A, Selection of Source Categor-/ 
B. Selection of Pollutants, Fuels, and 

•tected Facilities 
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C. Selection of Formats for Emissioi• Limits 
D, Selection of Demonstrated Emission 

Control Technology end Emission Limits 
1, Nitrogen oxides 
2. Particulate matter 
3. Consideration of demonstrated control technology costs 

E. Selection of Regulstory Alternatives 
1• Consideration of economic/mpacts 
2. Consideration of national impacts 

F. Selection of Best System of Continuous 
Emission Reduction 

G. Performance Test Methods and 
Monitoring Requirements 
1. Particulate matter 
2. Nitrogen oxides 

IV. Modification and Reconsu'uction 
Provisions 

V. Analysis of Information Requirements 
VI. Regulatory Flexibility Analysis 
VII. Public Heanng 
VIII. Docket 
IX. Request for Comments 
X. Miscellaneous 

L Proposed Standards 

Standards of performance for new 
sources established under Section 111 of 
the Clean Air Act reflect; 

application of the best technological 
system of continuous emission reduction 
which [taking into consideration the cost of achieving such emission reduction, any 
nonsir quality health and environmentm 
impact and energy requirementsl the 
Administrator determines 

has been 
adequately demonstrated {section 111{al{ll}. 

The pr0po•ed standards would revise 
the particulate matter and nitrogbn 
oxides emission limits in Subpart D of 40 
CFR Part 60 for industrial-commercial- 
institutional steam generators over 73 
MW {250 million Btu/hour] heat input 
capacity and would set new standards 
for industrial-commerciul.institutionul 
steam generating units larger than 29 
MW {I00 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 to industrial-commercial- 
institutional steam generating units of 
greater th•n 73 MW (250 million Btu/ 
hour} heal input capacity. 

The proposed standards apply to all 
new, modified or reconstructed industrlul-commercial-institutiunal 
steam generators which have a capacity of more than 29 MW (100 mill/on Btu/ 
hunrJ 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 (2.50 million Btu/ 
hour} heat input capacity will continue 
to be covered under Sobpart Da of 40 
CFR Part 60. 

Onlythose steam generating thuits 
with a heat input capacity of greater 
than 29 • [100 million Bin/hour] for 
which construction, modification, or 
reconstruction is commenced after June 
19, 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. ErA, 647 F,2d 60 (gth Cir. 
1981). The affected facility for this 
standard is the steam generating unit as defined in the proposed standards 
(§ 60.41b}, "Comr•enced" 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 operatnr has entered 
into a comractual obligation to 
undertake and complete, within s 
reasonable time, a continuous program 
of construction or modification.•' The 
phrase "contractual obligation" means a contractu•l obligation that cannot be 
cancelled without incurring sigrfificant 
liability. Potomac Electric Power Co, v. EPA, 650 F.2d 509, 513-•1• (4th Cir. 

Particulate matter standards are proposed for coal-, wood-, and 
manicipul-type solid waste-fired steam 
generating units, as well as for steam 
generating unit• • mixtures 
including thas• fuels. For coal-fired 
s•eam generating units, the proposed 
particulate matter standard is •2 ng/• 
{0,05 lb/million Btu heat input. For 
steam generating units which fire wood 
or municipal-type solid waste, the 
proposed particulate matter standard is 
43 ng/J (0.1o lb/millinn Btu) heat input. 
For steam generating units which fire 
coal with wood, solid waste or other 
fuels, applicability of the proposed 
s•andard would be determined based on the amount of coal combusted relative 
to other fuels, Steam generating units 
which have an annual capacity factor 
for wood, solid waste or other fuels 
greater than • percent and w.hich have 
an enforceable Federal, state or local 
operating permit which specifies that 
while the unit is operated, an annuul 
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 lb/million Btu) heat input. If 
a steam generating unit combusts coal 
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 
2• ng/• (0.0• lb/million Btu] heat input 
would apply. 

Steam generating units in the 29 
through •3 MW [100 through Z.50 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 whichhave an 
enforceable Federal, 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 
a particulate matter standard of $0 ng/J 
{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 annual heat input to 
the steam generator from Firing coal, 
wood, solid w•ste or mixtures of these 
fuels by the potential annual heat input 
to the steam generating unit from all 
fuels. The polenfial annual heat input is 
defined as the product of the maximum 
rated beat input cap•city (MW or million Btu/hour} times 8.760 hours per 
year. 

The proposed opacity 
standar• 

for all 
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 S or 17. 
Reference Method 3 would be used for 
gas analysis and Reference Method I for 
the •election of sampling points. 
Reference Method 9 (a S-minute average of 24 observations} would be used to 
determine compliance with the opacity 
standard. Continuous opacffy 
monitoring "•'ould be required for all 
steam generators. Semiannual reports of 
excess opacity would be required if any 
exsess emissions are monitored during a 6-month period. 

Nitrogen'oxide {NO,.} standards are proposed for industrial-commercial- 
institutional steam generating units wffh 
a heat input capacity above 29 MW {100 
million Btu/hour} which fire natural gas, oil, coal or mixtures of these fuels with 
or without other.fuels, 

The proposed NOx emission limits are 
301 ng/J {0.70 Ib/million Btu} heat input 
for pulverized coal-fired steam 
generating units, 258 ng/J {0.60 ib/ 
million Btu} heat input for spreader 
stoker coul-fired steam generating units, 
and 215 ng/J •0..50 ib/millian Btu} for 
massofeed stoker coal-fired steam gener•.turs. For lignite-fired steam 
generating units, the proposed NO• 
standard is 2.58 ng/J {0.60 ib/mlllion 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 proposed 
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standard is 340 ng/J (0.80 lb/million Btu) 
heat input. 

For natural gas-fired steam generating 
units and distillate oil-fired steam 
generating units, the propoaed 
standard is 43 ng/J (0.10 lb/miilion Btu] 
heat input. For steam generating units 
firing mixtures including more than 5 
percent (by heat inputl natural gas or 
distillate oil on an annual basis with 
either wood or municipal-type solid 
waste, the proposed standard is 129 ng/J 
(0.30 [b/million Btu} heat input. 

For steam generating units firing 
residual oil with a fuel nitrogen content 
of 0.35 weight percent or less, the 
proposed NO• standard is 129 ng/J (0.30 
[b/million Btu} heat input. The proposed 
NO• standard is 172 ng/I {0.40 [b/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, oil, or 
natural gas would be determined by 
proration of the NO= standards, based 
on the respective amounts of each 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-typ• solid waste} and for 
which the annual Capacity utilization 
factor based on coal, oil; or natural gas 
or a mixture of these fuels is greater 
than 5 percent, the steam generating un).t 
would be required to meet the NO, 
standard for coal, oil, or natural gas, as 
applicable. 

Under the proposed standards, 
gaseous or liquid byproducts and wa•tus 
that are produced during industrial 
processes and are combusted in steam 
generating units, whether for heat 
recovery or for d/spoeal, are trbated 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 
NOr emission limit of 43 ng/J {0.I0 
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 less are subject to the 
proposed standard of 129 ng/'J (0.30 Ib! 
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 
subject to a proposed standard of 172 
ng/J (0.40 lb/'milliun 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 NOx standard cannot be 
achieved due to the .nitrogen content of 
the by-product/waste. Unit specific NO• 
emission limits could also be 
established for steam generating units 
cnmbusting fuel mixtures containing by- 
products/wastes classified as hazardous 
under the P,esource Conservation and 
Recovery Act (RCP.A} due to their 
toxicity, reactivity, or corrusivity if the 
owner or operator can demonstrate to 
the Administrator's satisfaction that 
app!-icab[e Federal, State or local permit 
requirements for thermal destruction of 
these by-product/wastes would prevent 
achievement of the NOx emission limits. 

The proposed NOr emission limits 
would not apply to modified steam 
generating units. These limits also 
would not apply to affected facilities 
which combust 5 percent O r less (by heat 
input} coal, niP, 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 firing coal, oil 
or natural gas which have annual 
capacity utilization factors for coal, oil, 
natural gas, or mixtures of .these fuels 
greater than S percent would be subject 
to the nitrogen o)ddes emission limits 
and would be required tu conduct a 
performance test to determine 
compliance with the NOx •missinn 
limits; Affected facilities with an annual 
capacity factor between 5 percent and 
30 percen! would be required to conduct 
a 30-day performance test when the 
steam generating unit begins operation. 
Following the initial compliance tes!, 
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 perce•tt {0.30.1 
would be required to operate a 
continuous nitrogen oxides emissions 
monitor. The continuous monitoring 
system would be used to conduct the 
initial Compliance test. Subsequently, 
data from the continuous NOr 
monitoring system would be used to 
determine a 30-day rolling average NO• 
emission rate each day, calculated as 
the arithr•etin average of the hourly NO• 
values available for the preceding 720 
hours of steam generating unit 
operation. This 30-day average woul d be 

used in 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 monitor 
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 monitoring 
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 contrdls indicate 
that a performance test should be 
conducted. 
Owners or operators of steam 

generating units c•pable 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-flred steam 

gener ating units, fuel oil records 
indicating the amount and nitrogen 
content of oils Frred would also be 
maintained. Fuel specification data from 
the oil supplier may be used to- 
determine fuel oil nitrogen content, If 
fuel dil blends are being fired, 
specifications may be prorated based on 
the ratio of the oils of different nitrogen 
cob.tent in the fuel blend. In all cases, 
records would be maintained for 2 

years, after which they could be 
discarded. P,ecords of continuous NO:, 
emission data also must be maintained 
for 2 years. 

Stehm generating unit owners or 

operators would be required to submit 
certai/t 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. 
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II. Summary of Enviranmental, 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 prdposed 
standards and steam generators complying with current emission 
regulations [referred to as the baselineJ. 
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 gleam 
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 r•ew 
industrial-comrnerical-institu tional 
steam generating units are expected to 
fire coal. Because coal combustion has 
the potential of emitting larger 
quantities of particulate matter and 
than natural gas or oil combustion, the 
greater the number of coal-fired steam 
generators projected to be stthject to the 
proposed standards, the greater the 
environmental, energy, and economic 
L'npacts associated with the standards. 
Because the number of coal fired steam 
generating traits projected varies with 
the price of natural gas, the n,•tionul 
impact projections are discussed in 
terms of a range rather then 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 1988 approximately 800 new 
steam generators will be constructed 
that would be subject to the pz:opesed 
standards. Depending on the mix of new natural gas-fired, oil-fired, and coal-fired 
steam generators, baseline emissions 
from new steam generators greater than 
29 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 end from 
71,000 to 127,000 Mg [78,000 to 140,000 
tons) of nitrogen oxides per year in 3.988. 
The proposed standards would reduce 
baseline particulate matter enfissinns 
from these new 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 26,000 Mg {12,000 to 31,000 
tons) in 1988. This represents about a 60 
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percent reduction in the •rowth of 
particulate matter emissions and about 
a 10 to 40 percent reduction in the 
growth of nitrogen oxides emissions 
from new indus trial-commer civil- 
institutional steam generating units. The 
increase in liquid waste generationas 

a. 
result of the proposed standard would 
be negligible. Solid waste generation 
would increase by less than 8 percent 
over baseline, Because 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 equ!pment, the 
increase in the annuallzed cost of 
producing steam, the resulting rise in the 
price of products produced by operators 
of steam generators, and the impact on the.eva!lability of capital to the firms 
purchasing steam generators. I•., analyzing potential product price, .proatability, and capRal availability 
unpacts associated with the proposed 

the nationwide increase in annualized 
costs for producing steam from new 
generators subject to the proposed 
standards would range from about $30 
to $82 million in 1988. This represents an 
increase of less than 0.7 to 1.4 percent 
over baseline armuallzed costs for 
producing s!eam 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 c6ntrul 
equipment operation. Steam generating 
units that would be affected b:I/the 
proposed standards are projected to 
demand approximately 580 million GJ 
{550 trillion Btu) of fossil fuels in "].988. 
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.tu 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 standards, industries likely to selection to projected natural gas and oil experience the severest impacts and the prices. Coal use in new industrial. conditinns which would produce the commercial-institutional steam 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 annuallzed 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 0.08 
percentage 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 0.08 to 0.40 percent in .1988. This projected product price 
Increase is based on a "worst case" 
analysis assuming tall cost pass- through, If no cost pass-through and fall 
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 he much less than these 
worst case examples under either 
assumption. 

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

generating units under the proposed 
standards is proiected to decrease by 
less than 8 percent of the total fossil fuel 
demand as compared to baseline levels 
over the full_range of nature! gas and oil 
prices considered. 

The proposed particulate matter 
standards would increase the national 
electric energy requirements of new 
steam generating units by about 1.30 to 
190 GWh/yr in 1988. This increased 
electrical energy requirement to operate 
air pollution control equipment could be 
met by combusfing an additional 2.1 
mfllinn 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 NOx standards. 
Without considering the potential 
energy savings resulting from low- 
excess air operation, the projected 2.1 
million G}" {2 trillion Btu} per year 
increase in fossil fuel use would 
represent less than one half of one 
percent increase in the overall fuel 
consumption for new industrial- 
commercinl-insfitutional steam 
generators. 
IIL Rationale 

A. Selection of Source Category 
On August 21, 1979, a priority list for 

deve]oproent of future new source 
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performance standards was published in 
accordance with sections 
and 111{0(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 eleventh on this 
priority 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 ranked above fossil 
fuel-fired industrinl steam generating 
units on the priority list, 9 were major 
sources of volatile organic compound 
(VOC) emissions. Given the 
nonatminment 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-tired industrial steam 
generating units was stationary interna 
combustion engines, a major source of 
nitrogen oxides emissions. 
Consequently, fossil fuel-fired industrial 
steam generating 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 o• source categories 
not regulated by NAPS. 
However, a separate prvposal is being 

made today to amend the priority list to 
include nonfoasil fuel-tired 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 units and 
future trends in steam generating unit 
•uel use indicate that emissiune from 
coal combustion will be a signiticant 
source of pollution from new steam 
generating units due to future 
widespread use oFcual as a steam 
generator fuel. Analyses also show that 
wood and solid waste are the most 
widely used nonfosail fuels in steam 
generating units and, therefore, could 
potentially be significant contributors to 
future air pollution, In addition, studies 
also show that large commercial and 
/nstitutional steam generating units have 
essentially the same desi•, fuel 
capability, and emissions potential as 
industrial steam generators. 
Consequently, the proposed standards 
would cover both feast and non.fossil 
fuel-tired steam generating units, as well 
aa industrial, commercial and 
institutional steam generating units. 

Fossil and nortfosail fuel-Rred steam 
generators are a significant source of 

emissions of three major pollutants: have been documented in criteria 
particulate matter (PM}, sulfur dioxide documents prepared under section 105 
{SO•) and nitrogen oxides {NOx}. As of the Clean Air Act. These effects are discussed in "Priorities for New Source the primary basis for the determination 
Performance Standards Under the Clean that emissions from industrial- 
Air Act amendments of 1977" IEPA--450/ commercial-institutional Steam 
3-78-019}, in the absence of the generating units constitute a potential proposed standards, emissions from danger to public health and we{fare. 
industrial-commercial-institutional Also significant In this determination is 
steam generators with a hear'input the finding that many steam generating 
capacity of 3 through 73 MW {10 through units will continue to be located in 
250 million Btu/hour} would contribute urban areas where a large population 
18 percent of the total national will be exposed to the emissions, From particulate matter emissions from major 25 to 50 percent of the projected-number 
sources and 24 percent of the total of new steam generating units will be 
national nitrogen oxides emissions from replacements for existing natural gas-or major sources in 1990. oil-tired steam generating units, and The expected corrstruction of new many of the remaining steam generating coal-, wood-, and solid waste-fired 
steam generators as a result of plant units, representing new steam 

generating unit capacity, will also be expansions and replacement of natural located at existing plant sites. Therefore, 
gas- and oil-fired, steam generators is the the present concentration of steam p•acipal reason for the large growth in 
emissions from steam generators. New generating units in industrialized urban 

steam generators with heat input areas will continue to contribute to local 
capacities greater than 29 • {I00 and regional air pollution. For these 
million Btu]hour} are expected to 

lessons the source category of 

increase total additional fossil fuel industrial-commercial-institutional 
demand by approximately Sg0 million GJ steam ganersting units was selected for 

(550 trillion Btu} by 1985. Many of these development of standards of 

new facilities will fire coal, creating an 
performance. 

increased coal demand of 140 to 430 B. Selection of Pollutants, Fue/s, and 
million GJ (130 to 410 trillion Btu] Affected Facilities 
annually, orapproximately 5 to 18 
million Mg [5 to •'0 million tons) of coal Particulat• matter [PM} and nitrogen 
per. y•ar, over existing coal combustion oxides (NOz} would be the pollutants 
levels. Combustion of other solid fuels regulated under the proposed standards• 
(wood and solid waste} is also rapidly Other pollutants emitted from steam 
increasing due to their lower cost. These generating units, Including sulfur dioxide 
developments could result in significant {SO.•J, carbon monoxide (CO}, 
increases in emissions if standards of hydrocarbons {HC], and other trace 
performance are not established, substances would not be covered under 

National ambient air quality these proposed standards. 
standards have been established for Table I indicates the uncontrolled 
particulate matter, sulfur dioxide, and quantity of pollutants emitted through- 
nitrogen oxides because of their known the combustion of each of the fuels 
adverse effects on public health and examined in the development of the 
welfare. Impacts of these pollutants proposed standards. 

TABL• t.•TYPfCAL UNCONTROLLED EMISS ON FACTORS FOR STEAM GENERATOR FUELS, NG/J 
(t.B/MILLION BTU HEAT iNPUT 

Steam g•nerating units constitute a matter is a criteria pollutant and 
major stationery source of particulate because of the large potential emission 
matter emissions. Because particulate 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 units have been 
selected for regulation under a separate proposal. As part of the deliberations on reauthorizatinn of the Clean Air Act, 
amendments were introduced in the 9;'th 
Congress that would have changed the 
definl!ion of standard of performance. 
Development of sulfur dioxide standards 
for industrial-commercial-institutional 
steam generating units was suspended 
shortly after the start of the 97th 
Congress in lgg:t, 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 
,standards for sulfur dioxide emissions 
has been resumed. Sulfur dioxide 
emission standards for industrial- 
commercial-institutional •team 
generating units will be proposed as a 
separate rulemaking. 

The potential impacts associated with 
this "phased" approach to proposing 
particulate matter and nitrogen oxides 
standards now and proposing sulfur 
dioxide standards in the future have 
been considered. There sppears 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 
metier or nitrogen oxides.- 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 •onstructJon prior to that 
time, this will assure that no 
unreasonable impacts occur. Any 
,unforeseen impacts a sulfur dioxide 
standard may have on particulate 
matter and nitrogen oxides emissions 
control will be addressed at •he time 
sulfur dioxide standards are proposed. 
In the interim, the present standards of 
performance limiting sulfur dioxide 
emis?i0ns 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 

standards for sulfur dioxide in the MW (100 million Btu/hour) heat input 
future, capacity will be industrial-type steam Carbon monoxide and hydrocarbons generating units with only a few 
were not selected for regulation due to commercial and institutional steam their relatively low emission •.es and generating units in this size range. The 
the lack of any control technology for steam generating unit size limit of 29 these pollutants which is reasonable in I'dW (100 million Btu/hour) heat input 
cost. Trace metals have not been capacity would, thus, •include only the 
selected for regulation under the 
proposed standards because of the lack 
of information •n 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 trace metal emissions, 

Trace amounts of radionuclides 
present in coal are also emitted by 
industrial-commercial-institutional 
steam generating units but are not a 
d•'ect 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 em/ssions of radionuclides. 
Further discussion of the control of 
radionuclides from coal-fired steam 
generating units can be found in the 
Federal Register {•18 FR 15085, April 6, 
1983} as part of recently proposed 
standards for radionuclides under 
section•112 of the Act. 

The proposed standards would limit 
emissions from steam generating units 
firing natural gas, residual and distillate 
oil. coal, wooci, solid w•ste and fuel 
mixtures containing any of these fuels. 
Steam generating units or incinerators 
with heat recovery firing only municipal- 
type solid wasre 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. 

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 scenarios, from 25 to 75 
percent of all new steam generating 
units larger than 29 MW {'I00 million 
Btu/hour} heat input capacity are 
expected to combust coal as the primary 
steam generating unit fuel. For units less 
than 29/vfW 1100 million Btu/hour} up to 
90 percent of the fuel is expected to be 
natural gas or fuel oil. Additionally, the 
use of firetube-type steam generating 
units becomes more common for units of 
29 MW 1100 million Btu/hour) heat input 
capacity or les• Watertube.type steam 
generating u•its 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 •I00 million Btu/hour} heat input 
capacity is planned..In this small steam 
generator size range, the type of unit Similarly, steam generating units firing used, the physical design characteristics only oil or natural gas would be subject of these units, the cost impacts of 

to the proposed standard for nitrogen emission control systems on steam oxides, but not to the proposed 
standards for particulate matter 
emissions. Emissions of particulate 
matter from the combustion of natural 
gas are low and therefore the costs of 
further emission control would be 
unreasonably high. Cpntrol 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 29 MW 
million Bin/hour}. An•ilyses of the 
projected new steam generating unit 
population indicate that nearly all new" 
steam generating units larger than 29 

production costs, and the steam 
generation applications are often 
different than for larger steam 
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 assure that an adequate evaluation is conducted on the 
technical and ecpnomic factors 
associated with applying emission 
controls to smaller steam generating 
units. 

C. Selects'on bf Formnts for Emis•:on 

Thre• possible formats were 
considered for the emission limits in the 
proposed standards: {I] Concentra lion, 
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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 !oval 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 effecti/,eness of a 
concentration standard can be reduced 
by dilutio n of the exhaust gases discharged to the atmosphere 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 ,•.it of 
steam generating unit energy output 
would make the procees of determining 
compliance with the proposed standards 
very complicated. A fbrmat of this type 
would require measurement of pollfitant 
emissions followed by calculation of the 
steam generating unit energy output 
which would reqttire measurements of 
the steam production rate, steam 
quality, and condensate return 
conditions. The cumulative effect of 
requiring all these measurements would 
be to complicaie compliance testing and 
monitoring, increase the likelihood for 
error, and increase costs for compliance 
testing and monitoring without 
significant benefits. 

It is suggested that this format w•uld 
create an incentive to purchase more 
efficient steam generating units and to 
increase operational efficiency. 
However, an incentive to purchaee 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 to 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. 
continuous 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 
was selected for the propoeed 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 standa'•'ds 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 OO}. The maier feature of this 
format, however, is that the required 
de•ee 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 also considered and are discussed 
under the Cogeneration Steam 
Generators--Emission Credits and the 
Combined Cycle Steam Genemtom-- 
Emisslon C•edits sections of this 
preamble (See Reouesr FOR COMMENTS 
section}. 
D. Selection of Demonstrated Emission 
Control Technology and Emission 
LlTaits Nitrogen Oxides 

1. introduction 
Nitrogen oxides {NO•,} formed durin• 

fuel combustion are composed of 
thermal NO• and fuel-nitrngen NO`'. 
Thermal NOx is formed through a 
reaetiun between the nitrogen and 
oxygen present in the combustion air. In 
contrast, fuel-nitrogen NO• is the result 
of a reaction between nitrogen present 
in the fuel and oxygen present in the 
combustion air. 

Nitrogen and oxygen in the 
combustion air can combine to form 
thermal NC• at the elevated 
temperatures found in steam generating 
unit flames. Increased formulation is due 
to two factors; high .dombustiun 

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 Ioad 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 
zoae. 

The fuel nitrogen component of NOx 
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-eitrngen 
NOx formation are increased •uel 
nitrogen content and the preeence of 
large amounts 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 tl/ese 
fuels is thermal NO`'. Accordingly, the 
uncontrolled emissions from firing these 
low nitrogen fu•Is are generally much 
lower than from firing residual oils and 
coal. 

Residual oils and nonfossil fuels are 

•, characterized by varying, but generally 
greater, amounts of fual nitrngen than 
natural gas or distillate oil. As a result 
of these higher.fuel nitrogen levels, total 
NOx emissions from Fining residual otis 
are comprised of both thermal NO., and 
fuel-nitrogun NO`'. Unchntrolled 
emissions from residual oil cbmbustion 
are generally higher than for natural gas 
and distillate oil, but less than for coal. 
Nonfossil NOz emissions are generally 
in the same range as those from gas and 
distillate oil fuels.. 

Coal contains a substantial amount of 
fuel nitrogen relative to natural gas and 
oil. Consequently, NO•, emissions 
resulting from coal combustion typically 
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 gdnerating unit 
type. hi order 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 
emission characteristics are due 
primarily to the different combustion 
mechanisms employed in each steam 
generating unit type. 

Mess-feed stoker coal-fired steam 
generating units {e.g., underfeed stokers 
and chningrate stokers] generally have 
the lowest uncontrolled NOx emissions. 
In this steam generating unit type, the 
coal {approximately 2 cm 13/4 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 !ess intense and occurs relatively slowly 
in mass feed stokers. The reduced 
combustion intensity reduces 
combustion temperature and tends to 
result in lower NO, emissions. 
Considerab!e burning occurs in the 
interior of the fue• bed where oxygen is locally deficient. This reduced oxygen availablility also reduces combustion 
intensity and further contributes to the 
lowering of NOz emissions. 

Spreader stoker steam generating 
units also empboy coal beds for 
combustion; however, the coal 
[approximately 0.0 cm IV4 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 
NOz emissions. In this regard, the 
combustion characteristics of spreader 
stokers are a hybrid of both the mass- 
feed stokers and pulverized coal-fired 
steam generating units. The NOz 
emissions of spreader stokers are g•eater 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 Imore 
than 75 percent of the Coal is less than 
75• C.005 in) in diameter] in burners 
similar to a natural gas- or nil-fired 
burner. Combustion occurs in 
suspension in the steam generatin 8 unit 
firebox. This combustion is relatively 
inieuse compared to stoker steam 
generating units, and uncontrolled NO• 
emissions from pulverized coul-fired 
steam generating units are the highest of 
all coul-fired steam generating unit 
types. 

In summary, NO• emission rates are influenced by both steam generating unit design and operating conditions and by 
fuel properties. 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 anit 
loadl and degree of combustion air 
preheat. The fuel properties that 
influence NO• emissions most significantly ere fuel type, nitrogen 
content, and moisture content. The 
proposed NO, standards were developed with careful consideration 
given to these and other factors. 
Demonstroted Control Techniques. A 

variety of methods can be employed to 
control NOz emissions, The lowest cost 
and most widely used techniques 
modify the combustion process to 
minimize NO, formation. Other less 
common NO:• control techniques remove 
NO, from the flue gas after its formation 
{flue gn• treatment}. 

Flue{or combustion) gas treatment 
was reviewed as a'NO, control 
technique,during development cf the 
proposed standards. The flue gas NO• cleanup technique currently receiving 
the most attention is selective catalytic 
reduction {SCR}, in which combustion 
gases are passed over a catalyst to 
reduce NO• emissions back to elemental 
nitrogen {N•} and oxygen 
SCR is quite costly compared to 

combustion modification control 
techniques, Also, SCR has net yet been 
applied Inthe United Stales to full-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 atthis time that SCR is a universally demonstrated technology for 
the purpose of developing standards of 
performance limiting NO• emissions 
from steam generating units. 

Combustion.modification centre techniques have been applied to 
industrial-commernial-iustitutional 
steam generating units. The principal 
combustion modification NO• c0ntrdl 
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 g•s 
recirculatiun have also been applied to 
industrial-commercial-institutional 
steam 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 cembustinn air 
by heat exchange with the hot flue gas exiting.the steam generating unit, thereby/mprnving steam generating unit 
efficiency and thereby reducing fuel 
costs,. As combustion air preheat 

temperature is increased, NOz emissions 
generally increase because of increased 
flame temperatures. Reduced 
combustion air preheai i'educes 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 amhient air 
achieves NO• emission reductions in the 
range of 30 to 40 percent from NO. 
emission levels where combustion air is 
preheated to 1507C {300"F}. The 
technique of reduced combustion air 
preheat, however, is generally much less 
effective on coal. and residual off-fired 
steam generating units where a large 
percentage of the NO• emissions may be 
derived from the fuel-nitrognn content, 
and not from the thermal formation. 

One area of concern with the use of 
reduced combustion air preheat as s 
NO= control technique, however, is the 
potential energy pefialty associated with 
certain applications. The costs 
associated with an. energy penalty 
la.rgely 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 it to 
preheat the steam generating unit 
feedwater instead of preheating the inlet 
combustion air. T•is method of 
recovering waste heat improves steam 
generating unit efficiency without 
raising flame temperatures or increasing 
NO• emissions, 

If steam generating unit flue gas heat 
is recovered in an economizer rather 
than in a combustion air preheater, no 
costs would be associated with use of 
reduced {or no) air preheat as an NO• 
•ontrol technique. The capital costs of 
economizers and combustion aii' 
preheeters are similar. Also, any loss in 
overall steam generating unit efficiency 
due to reduced combustion air preheat 
is offset by again 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, cmild result in a cost penalty 
where alternative sources of waste heat 
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 are available, the use of reduced 
combustion air preheat for NO= 
emission control could preclude the 
recovery of •vaste energy. In such cases 
the cost-effectiveness of applying 
reduced combustion air preheat as an NOx central technique can be quite poor for natural gas-fired steam generating 
units. As a result, while the proposed 
standard would not precIude the use of 
combustion air prehaaters, the use of 
this control technique 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 
reducing NO. emissions. This control 
technique involves extracting a portion 
of the flue gas and refuting it to the 
steam generating unit firebox. FGR 
reduces 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 effective 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 unite with 
FGR systems. Very limited data on two 
small gas- and oil-fired steam generating 
units [2.5 MW and 15 tvlW (8.6 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 
exce•s air (LEA], which is discussed 
below. Similarly, very limited data on 
one coal-fired spreader stoker steam 
Generating unit also appears to indicate 
that FGR achieved minor NO, emission 
reduction beyond that associated with 
the use of LEA alone on modern coal- 
fired spreader stoker generating units. 
FGR, on the other hand, appears to cost 
somewhat more than LEA. As a result. 

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 
modification" which is widely used in 
industrial-commercial-institutional 
steam generating units is operation of 
the stcam 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- 
nitrogen NO. is diminished. Although 
effective on both types of NOx 
emissions, experience indicates that 
LEA is considerably more effective in 
reducing thermal NOx. There is, 
however, 

a practical limit to the use of 
LEA. At extremely low air settings, 
problems may occur with combustion 
stability, and smoking could result from 
incomplete combustion. When firing 
coal, another potential problem resulting 
from un.raasunably low excess air levels 
is coal ash slagging which can lead to 
steam generating unit operating 
constraMte 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 eir-to-fuel ratio a'• 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 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 coal-, 
oil-, and natural gas-fired steam 
generating units. The first feature is_ 
increased steam generating unit 
efficiency, which occurs because less 
excess combustion air is required to be 
he,.ted in the steam generating unit 
during the combustion process. 

The second feature is the ability bf 
LEA to reduce NO• formation in steam Due to this wide application of OFA to generating units firing a variety of fueeil pulverized coal and residual oil fired 
fuels, irmluding natural gas, oil and coal steam generating units, t•e NOx 

on steam generating unit fuel and steam 
generating unit type. Consequently, LEA 
is considered a demonstrated NO. 
control technique fur the development 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• 
formation, SC is also effective in 
reducing thermal NOt farina lion. 
Because of this broad influence on NO• formation, SC has found application in a 
broad range of steam generator 
categories. 

SC supresses NO= emission formation 
by separating the combustion process 
into multiple stages, each varying by the 
availability of combustion air. With SC, 
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. 

SC controls can be implemented by 
two methods. One method, kno,,wa as overfird 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 stream generating unit 
downstream from the burners. 
OFA controls are currently offered by 

several industrial-commercial institution 
steam generaiing unit mantffacturers. 
Over the past several years. OFA 
controls have received limited 
application to natural gas and distillate 
oil fired steam generating unite and 
wide application to pulverized coal- and 
residual oil-firad steam generating units. 

and a variety of fossil fuel blends with 
wood and "so!id wastes. This versatility 
allows steam generating unit owners or 
operators to switch fuels or to fire 
various fuel mixtures and still obtain the 
energy and environmental benefits of 
LEA. 

Generally,. data from natural gas, 
distillate oil and stoker coal firing 
indicate the,LEA achieves NOx emission 

attention focused primarily on the use of reductions of up to 30 percent depending 

emission reduction capabilities of OFA 
controls are well dot:umented 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 {S•2B}, which are often referred 
to as "low-NO." burners. SCB achieve 
staging of the combustion process by 
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creating a core fi•me that is'either 
oxygen or fuel deficient. The remaining 
air or fuei required to complete 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, 
but are based On these staged 
combustion principles, in addition to 
reducing NOx emission, SCB also greatly 
rekluces the sensitivity of NO. 
emissions from natural gas- and 
distillate oil-fired steam generating units 
to combustion air preheat, 
.SCBs are a relatively new NOx control 

technology and are the result Of several 
years of very active research and 
developmenL In addition, this 
technology will continue to be an 

ai:ea of 
active development and rapidly 
expanding application. This research 
and development has pursued SCB 
technology for all fuels fired with 
burners, including pulverized coal. 
However, the •reatest emphasis has 
been onthe development of SCB for the 
control of NO, emissions from natural 
gas-'und distillate oil-fired steam 
generating units in response to 
si•a/ficunl environmental problems 
occurring in locations such as California 
where natural gas and distillate oil fuels 
are commonly used. As a result of the 
rapid development of $CB, there are 

now a limited number of SCB appl/ed to 
natural gas- and distillate oil-fired 
industrial-commercial-institutional 
steam generetin 8 units installed and 
operating in the U.S. Furthermore, there 
are four steam generating unit 
manufacturers and four burner 
manufacturers offering SCB's for field- 
erected and packaged steam generating 
units. Performance guarantees are being 
offered for SCB application to the 
combustion of natural gas end distillate 
oil. 

Althought SCB for residual oil-fired 
steam generating units are commercially 
evailable from three vendors, the 
application of SCB to residual oil- and 
pulverized coal-fired steam.generating 
units has largely been limited to pilot 
and demonstration applications. The 
establishment of performance 
capabilities for SCB on residual oil- and 
pulverized coal-fired units is 
complicated by the wide variability in 
composition exhibited by these two 
fuels. Because of these performance 
data limitations performance guarantees 
for SCB when applied to residual oil- 
and pulverized coal-fired steam 
generating units are limited, although 
one vendor will generatee 
emissions of 129 ng/J (0.30:lb/millton 
Btu) heat input for residual oil with low 
nitrogen content, 

SC control techniqhes have been 
shown to be avery effective NO• 
emission control technique for natural 
gas-, oil-,.and pulverized coal-fired 
steam generating units. The OFA-- 
method of SC has seen limited 
application on natural gas- and distillate 
oil-fired steam generating units and has 
seen widespread application for several 
:years on residual oil-and:pulverized 
coal-fired 'steam generating units. OFA 

.is, therefore, considered a demonstrated 
control technique for purposes of 
developing standards of performance 
limiting NO= emissiuns• fromnatural gas- 
distillate oil•, residual oil- and 

pulverized Coal:fired steam generating 
units. SC, B, although a.newer technology, 
has been the focus of much recent SC 
activ/ty, part/calarly for distillate oil- 
and natural gas-fired steam generating 
units. SCB is. considered a demonstrated 
control technique for the purpose of 
developing standards of performance 
limiting NOx emissions from nature.1 gas- 
and distillate oil-fired steam generating 
units. For residual oil- or pulverized 
coal-fired sleam generating units,-SCB 
technologY is under active development 
but does not appear to have reached the 
point whbre it can be Considered 
demonstrated and available for 
universal-application to industrial 
commercial-institutional steam 
generating units. 
When LEA is applied in conjunction 

with SC. LEA,/,SC compounds the 
effectiveness of each technologY, 
resulting .in from 25 to 60 percent 
emission reductions:from fossil fuel- 
fired steam genereting units, 
Consequently,- LEA-and LEA/SC are 
considered demonstrated control 
techniquesfur the purI•ose of developing 
standards of performance limiting NO= 
emissions from industr/al-commercial- 
institutional steam generating units. 
NO= Emission Limits. As discussed 

above, after evaluating e number of NO= 
•ontroi technologies currently in 
existence, the low excess air (LEA) and 
the low excess air,staged combustion 
(LEA/SC] modification techniques.are 
considered to.be.demonstrated control 
technologies for the purpose of 
developing standards of performance for 
industrial-commercial-institutional 
steam generating units. The emission 
reduction capability end achievable 
emission limit for each combination of 
fuels end major type of steam generating 
units were determined based on the use 
of these control techniques. 
Natural.Gas/Distillate Oil-Fired 

Steam Generating Units. The evaluation 
of combustion modification controls for 
natural gas- end distillate oil-fired steam 
generating units focussed on two NO• 

emission control technologies; LEA.and 
LEA/SC. Because natural gas and 
distillate oil are both low mtrogen.faels, 
fuel-nitrogen NO= formation is minimal 
and thermal NO= formation composes 
the major source of NO=•emissions from- 
firing these fuels. LEA has been•shnwn 
to be quiteeffective in controllin• 
thermal NO= formation:and 
consequently is quite effective in 
reducing NO, emissions from-steam 
generating units:firing natural gas and 
distillate oil. However, in'the.last two 
years LEA/SCcontrols.in the:form.dr 
staged combustion burners: (SCB] have 
been the focasl 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, emissionsfrom:natural 
gas and distillate oil combustion. 

A large amount 0• NO• emission data 
covering a wide range•of cunditions was 
collected on the performance, of LEA 
applied to natural gas-and distillate oil- 
fired steam generating units.Over 250 
shortqerm test results were collected for 
approximately 24 natural gas- and 
distillate oil-fired steam generating 
units, These data were gathered using a 
oontinuousNO, analyzer 
{chemiluminescent) with each test 
.period ranging from a few minutes to 
several hours. The natural ges:fired 
steam generating units ranged in size 
from • toll7 NW (22 to 400 million Btu/ 
hour] heat inp¢t capacity. The distillate 
oil-fired steam generating units ranged 
from 0 to 73 MW [22 to 2•0 million Btu/ 
houri 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 15"C to 360°C (60°F to 
030°F]. Boiler loads ranged from •3 
percent to nearly 106 percent of rated 
capacity and excess oxygen levels 
ranged from 0.• to 14.5 percent {1 to •00 
percent excess air). Under these 
conditions, resulting short term NO• 
emissions ranged from 13 to 237 ng]J 
(0,03 to 0.55 th/million Btu] heat input. 

The wide variability in the test data is 
due primarily to wide variations in 
steam generating •nit 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 NOz emissions and 
heat release rate (load), excess air level, 
and co•nbnstiun air temperature Idegree 
of combustion air preheat). After 
identifying the relationship, operating 
conditions were specified to represent 
LEA controls and high potential NOx 
emissions Ifull load and maximum 
preheat temperature) and the NO, 
emission level for steam generating unit 
under LEA control was estimated. 

For natural gas- and distillate oil-fired 
steam generating units not using 
combuatinn air preheat, LEA reduced 
NOx emissions to less than 69 ng/J {0.18 
lb/million Btu} heat input. For steam 
generating units firing the same fuels but 
employing combustion air preheat, LEA 
reduced average NO• emissions to less 
than 120 ng/J (0.28 Ib/million Btu) heat 
input under worst case operating 
conditions. 

These NO, emission levels represent 
the mean performance of LF.,A under 
operating conditions which are 
conducive to high NO• emissions. 
However. day-to-day variation around 
this mean can be expected. One method 
to address this variation is to average 
tim data from more than one day of 
-operation. NOz 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 lung-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 af LEA to 
watertube natural gas- and distillate oil- 
fired steam generating units; however, 
long-term NO• data were available and 
were analyzed for the application of 
LEA/SC to watertube residual oil-fired 
steam generating units. Since the 
composition of natural gas and distillate 
oil fuels are generally more consistent 
than residual oils, the analysis based 
upon residual oil represents a worst 
case situation and the variation in NO• 
emissions resulting from the use of LEA 
would be smaller for steam geneS'sting 
units firing natural gas or distillate oil. 

The lung-term NO, data for 
application of LEA/SC to residual oil- 
fired steam generating units {discussed 
in next section) indicate that vari•.tions 
above and below the mean NO• 
emission level would be expected to be 
less than 8 percent when an averaging 

period of 30 days is used to analyze the 
data. This means thb.t an NOx emission 
level 8 percent higher than the mean 
NO• emission level could be met 
consistently when using a 30-day period 
to average NO,• emission data. 
Applying the results of this analysis of 

NOx 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/J I0.20 Ib] 
million Btu} heat input or less on a 38- 
day rolling average basis. Similarly, LEA 
is capable of reducing NO, emissions 
from natural gas- and distillate all,fired 
steam generating units with preheated 
combustion air to 129 ng/]' (0.30 ib/ 
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 unite, performance data was 
collected on both LEA/OFA and LEA] 
SCB systems. NO• emission data were 
collected from two natural gas-fired 
steam generating units equipped with 
LEA/OFA controls. All data were gathered with a continuous NO• 
emission monitor (chemiluminescent). 
The two steam generating units had heat 
input capacities of 105 MW and 230 MW" 
(507 and 800 million Btu/hour} and were capable of combusting both natural gas 
and residual oil fuels (no residual oil 
data were available, however}. A series 
of twelve short term teats ranging in 
length from 8 minutes to 25 minutes 
were conducted on each steam 
generating unit. NO• emissions during. 
these tests averaged 37 ng/I and 38 ng/J 
(0.088 and 0.089 lb/million Btu} heat 
input, respectively. 
NO• emission test data was also 

collected from five natural gas-fired 
steam generating units equipped with 
LEA/SCB. All data were gathered with a 
continuous NOx analyzer 
(chemiluminescent}. The five steam 
generating units rangdd in size from 19 
MW to •0 MW (88 to 100 million 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 desi•ued 
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 •f 
three or more short term tests conducted 
on each.of the five steam generating 
units •t full load conditions. These data 
indicate that a•erage NO, emissions 
ranged from 30 ng/J to 38 ng/J {.07 to .09 

lb/miIlion Btu) heat input for natural gas firing and 43 ng/J (o.lo lb/millinn Stu} 
heat input for distillate oil firing. 

The manufacturers of LEA/S•CB 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 
offered were for achieving sustained 
NO• emission levels of 17 to 34 
{0.04 to 0.08 lb/million Btu) heat input 
when firing natural gas. The other two 
manufacturers are pro•iding guarantees 
that their LEA/SCB units are capable of 
achieving sustained NO, emission levels 
of 43 ng/J (0.10 Ib/million Btu} heat input 
for natural gas firing. Finally, one 
manufacturer is also providing 
guarantees that their LEA]SCB are 
capable of achieving sustained NO, 
emission levels of 43 ng]J (0.10 ib] 
million Btu) heat input for distillate oil- 
fired steam generating unit applications. 

All emission control technologies 
exhibit some sensitivity to changes in 
combustion conditions, which result in 
variations in emission performance. 
However, these sensitivities to 
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 
control•. Any variations in NO• 
emissions when LEA/SC 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 NOx emissions 
averaged over a 24-hou.r 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 NO, 'emissions 
from steam generating units firing 
natural gas or distillate oil to 43 ng/J 
(0.10 Ib/million B•u} heat.input on a 
day rolling average basis. 
Residual Oil-Fired Steam Generating 

Units. The composition of residual oils 
varies considerably. Some residual oils 
contain very little fuel nitrogen, while 
others, derived from heavy crude oils. 
may have fuel nitrogen levels exceeding 
0.5 weight percent. However, most 
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residual otis have fuel nitrogen contents 
in the range of 0.1 to 0.4 Weight percent. 

The control technique most effective 
in reducing NOx emissions from residual 
oil-fired steam generating units depends 
on the fuel nitrogen content of the oil. 
For residual oils With low fuel nitrogen 
levels, thermal NOx 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 conteni• fuel-nitrogen NO• 
predominates and LEA/SC is distinctly. 
the most effective control technique. 

The data gathered for assessment of 
LEA and LEA/SC as control techniques 
for NOx 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 
NOx analyzer (chemiluminescent). The 
short-term test periods ranged from 30 
minutes to 6 hours/n duration, The long- 
term test data were collected from a 
residual oil-fired steam generating unit 
over e 29-day period. 

The short-term NOx 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 
perfurred technique for achieving LEA]' 
SC on residual oil-fired steam generating 
units, These data were gathered in order 
to analyze the effect of LEA and LEA/ 
SC on NOx 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 0 to 59 NW 122 to 200 million Biu]' 
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 generating unit 
ranged from 16°C to 310°C (00"F to 
590°F]. The steam generating units were operated at sterngenerating unit loads 
from 20 to 94 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 (6 to 150 
percent excess air]. Under these 
conditions, NO:` emissions ranged from 
60 to 335 ng]'J (0.14 to 0:78 lb/million 
Btu] 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 dteam generating unit 
data. Statistical regressions were performed to relate NOx emissions to 

key •team 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 c•'•tent of 
the residual oil fired. From these 
analyses a strong correlatinn was 
.established between the effectiveness of 
LEA and LEA/SC inreducing NO, 
emissions and the fuel nitrogen content 
of the residual oil fired. When LEA is 
used alone. NO, emissions are reduced 
but tend to increase in an almost linear 
fashion as the fuel nitrqgen 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 off 
increases, but at a much slower raze. 
Ultimately, there is little further increase 
in NO= enussions as the residual oil fuel 
nitrogen content exceeds 0.4 weight 
percem. These relationships are 
consistent with the general view that 
LEA is quite effective in reducing 
thermal NC• formation, but is much less 
effective in reducing fuel-nitrogen NO• 
formation, and that SC in combination 
with LEA is very effective al 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 steam generating unit operating 
conditions representing high NO• 
era•ssion potential and the use of LEA or LEA[SC. as applicable. For steam 
generating units firing low nit:rogen 
residual oil (less than 0.2 "weight percent 
fuel nitrogen] and employing LEA, 30- 
day average NO• emissions did not 
exceed 116 ng/J I0.27 lb/million Btu] 
heat input. At this level of fuel nitrogen 
LEA/SC d•es not generally result in a 
further red•ction in emissions. For 
steam generating units firing a medium 
nitrogen residual oil (0.2 to 0.35 weight 
percent fuel nitrbgen) and employing 
LEA, average NO• emissions were 158 
ng].J (0.37 lb/millinn Bin) 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 (0.26 lb]'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].J (0.29 lb].million 
Btul heat input. 

In addition to short-term NO, 
emiss•.on test data, long-term NO, 
emission data were also gathered on the 
performance of LEA "and LEA]'SC in 
reducing NO, emissions from residual 

oil-fired steam generating units. The 
long-term data were colJected with s 
continuous NOx analyzer 
[chemiluminescent) from a 29 MW [100 
million Btu/hourl heat input capacity 
s•eam generating unit over a 29-day 
period. During this test period, the steam 
generating unit fired residual oil having 
a fuel nitrogen content of 0.3 weight 
percem and was operated between 45 
and 95 percent of steam generating unit 
capacity. For 16 days of the test period. 
this steam generanng unit was 
controlled using LEA alone, with flue 
gas oxygen levels ranging from 6 to 11 
percent (40 to 100 percent excess a/r). 
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 
port for overfire air. This test provides a 
good indicalion of the preformance of 
LEA/SC. A new steam generating unit 
which is specifically designed for SC. 
however, would be expected to achieve 
even grea•er reductions in NO,, 
emissions because of the flexibility to 
locate staging air ports n optimal 
positions. NO:` emissions from this 
s•.eam generating unit averaged 125 ng]'J 
(0.29 lb]'million Bin) heat input using 
LEA alone. With the addition of SC. 
average NO• emissions were reduced to 
99 r•g/J I0.23 lb/millinn Btu) heat input. 

These long-term NO= data were 
analyzed to examine the ability of the 
30-day averaging period to reduce the 
variation in NO, em•ssinns. Using time 
series analysis, the variation in NO= 
emissions remaining after using a 30-day 
rolling average to calculate NO:, 
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 129 ng].l [0.30 th]'million 
Bin) heat input or less when using a 30- 
day rolling avei'age to calculate 
emi,•sione. Some low fuel niti'ogen 
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 0.36 weight percent, LEA/SC will 
reduce NO• emissions to 172 ng]'J (0.40 
lb]'million Btu) heat input or less when 
using a 30-day rolling average to 
calculate emissions. 

Coal-Fired Moss-Feed Stoker Steam 
Generating Units. The analysis of NO• 
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emissions data from coal-fired mass- 
feed stoker steam generaiing units 
examined the emission reductiou 
potential of LEA. In general. SC has not 
been applied to mass-feed stoker steam 
generating unite. 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 to 79 MW (56 to 
269 million Biu/hour). 

During these tests, loads ranged from 
32 to .104 percent of capacity. Coals fired 
varied in fuel. nitrogen from 0.04 to .1.55 
weight percent and moisture content 
varied from 2.7 to 12.3 percent. One 
steam generating unit employed a 
combustion air preheater which heated 
combustion air to 107" C (225" F); the 
remainder used ambient combustion 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/J (0.17 to 0.52 Ib/mlllion Btu} heat 
input. 

Statistical regressions were used to 
correlate NO= emissions with steam 
generating unit operating conditions. 
This regression analysis differed from 
that used in the natural gas- and oil- 
fi•'ed 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 
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-fired 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 95 to 194 ng/J {0.22 to 0.4.5 lb/ 
million Btu} heat input. 

Based on this analysis, •LEA operation 
will reduce average NO. emissions from 
mass-feed stoker steam generating units 
to 104 ng/J (0.45 lb/million Btu) heat 
input or less. Although no lung-term NO, 
data from mass-feed stoker steam 
generating units are available, two long- 
term NO, tests on spreader stoker steam• 
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 
NOx emissions is about 7 percent when 
using a 30-day rolling average to 
calculate NOz emissions. Using this 
factor to increase the average NO. 
emission levels resulting from analysis 
of the short-term NO• data from mass- 
feed stoker steam generating unite 
indicates that NOx emissions calculated 
usIng a 30-day rolling average would be 
consistently below 215 ng/J (0.5 lb/ 
million Btu} heat input. As a result, this 
analysis concludes that LEA will reduce 
NOx emissions from mass-feed stoker 
steam generating units to 215 ng/J (0.50 
lb/mi!lion Btu) heat input or less, using e 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 NOx emission data, 
however, do not indicate sigrdficant 
emisaiun reductions beyond those 
achieved using LEA alone. For this 
reason, the analysis of spreader stoker 
NOx emission control concentrated on 
LEA alone. 
NO. emission data were gathered 

from approximately 300 Short-term tests 
(less than 3 hours per test] on 11 
spreader stoker steam generating units 
to determine the effectiveness of LEA in 
reducing NOz emissions. All data were gathered with a continuous NO. 
analyzer (chemfluminescunt}. The short- 
term NO. emission data gathered from.0 
of the •.I spreader stoker steam 
generating units were gathered in a Joint 
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-vcdo•ne document entitled 
"Emissions and Efficiency Performance 
of Industrial Coal Stoker Fired Boilers." 

ISee Background Information 
Documents for details.} 

The overall conclusions drawn in this 
ioint study confirm the NO= emission 
trends discussed in the data base 
contained in the Background 
Information Document. The study 
concluded that NO, emiss•una increased 
with load and that this increase could be 
offset by lowering excess air levels as 
load is increased. The amount of NOx 
emission decrease associated with 
lowering excess air varied from 9 to 29 
ng/J (0.02• to 0.067 Ib/milllon Btu] heat 
input for each 10 percent decrease in 
excess air at a fixed load. The study 
also concluded that staged combustion 
{SC} did not result in significant 
reductions in NO, emissions for 
spreader stoker steam generating units 
and that variations in coal nitrogen 
contents from 0.75 to 1.5 weight percent 
also had no measurable effect on NO. 
emissions, 

The "11 spreader stoker steam 
generating units tested ranged in size 
from 28 to'f05 M'W [97 to 559 million 
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 •.8 weight percent 
and coal moisture ranged from 1.5 to 
25.0 weight percent. Two steam 
generating units emp!oyed combustion 
air preheat, operating with combustion 
air temperature of.158°C (315°F} in one 

case and 149°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 urdt operating condition•. 
These correlations indicate that NO= 
emissions are related primarily to 
excess air level and grate heat release 
rate (i.e., Btu/hour-ft•}. 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 spreader stoker-fired steam 
generating unite. 

Using these correlations, average NO• 
emissions at maximtun gr•te heat 
release rate (i.e., full load} were 
predicted for each steam generating unit 
under LEA conditions consistent with 
prope•" steam generating unit operation. 
Predicted average NO• emissions for all 
steam generating units except one were 
in the range of 140 to 232 ng/] I0.34 to 
0.54 Ib/million Btu} heat input. Predicte•i 
emissions from the other spreader stoker 
steam generating unit were much higher 
at 340 ng/] {0.79 ib/miJ.lion Btu} heat 
input. 
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An investigation w•s conducted to 
determine the cause of the anomalous 
emission characteristics of the one 
steam generating unit. A site visit was 
conducted and the investigation 
revealed that e number of operational 
changes have been made to this steam 
generating unit to improve its operauon 
since the NOz data were originally 
gathered. These changes improved 
steam generating unit operation and 
reduced NO, emissions considerably, 
Additional continuous, long-terr• 
data were obtained for this steam 
generating unit and for an tudentical 
companion steam generating unit 
covering a 1-month period. These new 
data show that NOx emissions from 
these two steam generating units, after 
steam generating unit improvements, 
varied from 4O to 150 ng/J {0.11 to 0.40 
lb/millicn Btu] heat input. A statistical 
correlation based on these data predict 

grate heat release rate to be 168 ng/J 
"{0.39 lb/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 gdnerat/ng units 
to 232 ng/j (0.54 lb/million Btu] heat 
input or tess. To determine the variation 
in NO= emissions, long-term NOz 
emissions data were collected from two sp.reader stoker steam generating units 

(chemiluminescent). The F•rst steam 
generating unit was tested over a 30-day period at average daily loads between 
55 and 80 percent oT the 37 MW (125 
million Btu/hour) rated heat input 
capacity. A coal analysis indicated an 
average fuel ni•zogen content of 1.3 
weight percent and an average coal 
moisture of 7 weight percent. The 
combustion air was not preheated. 
During the test period, NO, emissions 
using LEA ranged from 155 to 139 ng/J 
(0.36 to 0.44 lb/million Btu) heat input: 

The second spreader stoker steam 
generating unit was tested during a 20- 
day period with daily average loads 
bet•veen 32 and 60 percent of the 59 MW 
(200 mllliun 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 prcheater designed to heat 
comhnstiun air to 177 °• (350 °F). Actual 
combustion air temperature dur/ng 

During the test periods when LEA was applied (approximately 8 hours per day), 
NOx emissions ranged from 139 to 232 

ng/J (0.4• 
to 0.54 lb/million Btu] heat 

input. 
A time series statistical analysis was 

conducted on the long-term 
emission data from the above 
spreader stoker steam generating units 
and from the pi'ev/ously 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 percer•t. Using this factor to 
adjust the average NO, 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 thaiLEA will reduce 
emissions from spreader stoker steam 
generating units to 253 ng/i {0.60 Ib/ 
million Btu} heat input or less, using a 30-day rolling average to calculate 
emissions. 

Pulverized Coal-F•rad S•eam 
8enerat]n• un]ts. To assess the 
performance of LEA/SC in reducing NO• 
emissions from pulverized coal-fired 
steam generating units, 2 years of 
cont/nuous NO, emission data were gathered using a continuous 
analyze• (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 NO= emissions 
test, steam generating unit loads for the 
two steam 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 approximately 
1.6 weight percent and a moisture 
content of approximately 7 weight 
percent. Both steam generating units 
employed combusticn air preheeters, 
and although actual combustion air 
temperatures were not •ecurded, each 
preheater was designed to heat 
combustion air to 272" C {522" FJ. During 
the 2-year test period, the daily NO, 
emissions from this facility ranged from 
130 to 333 ng;/] {0.30 to 0.78 lb/million 
Btu] heat input. The monthly average 
NO, emissions were all below :358 ng/J 
{0.6 lb/milliun Btu) heat input. Overall 
NOx emissions for the entire 2-year test 
period averaged 228 ng/J (0.53 lb/mlllion 
Btu] heat input. 

Data were also analyzed for two pulver•-zed coal-fired steam generating 
units tested over a 1-munth 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 O• levels ranged from 
6.1 .to 9.8 volume percent (44 to 84 
percent excess air). For the 234 MW (800 
million Btu/hour] heat input capacity 
szeam generating unit. load ranged from 
5). to 98 percent of capacity and stack 
levels ranged from 3.O to 7.1 volume 
percent {:t7 to 54 percent excess airJ. 
NO= emissions as measured 
by a continuous NO, analyzer 
{chemiluminescent) ranged from 120 to 
297 ng/] (0.28 to 0.69 Ib/million BtuJ for 
the two steam generating units, 
respectively. Over the i-month time 
period, NO= emissions averaged 203 
and 220 ng/J (0.47 and 0,51 ib/million 
Btu]. respectively. 

A time series statistical ai•alysis 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 09 ng/J {0,16 Ib/ 
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/J (0.70 Ib/ 
million Btu} heat input or less when NO• 
emissions are calculated on a 30-day rolling average basis. 

The Iong-turm NO, data collected are 
representative o• the pe•ormance of 
LEA/SC in reducing NOx emissions from 
pulverized coal-fired steam generatin• 
units under adverse operating 
conditions. For example, the coal fired 
in these steam generating units had a 
high nitrogen eontent'{Le., I.S weight 
percent compared to 0.S to 1.3 weight 
percent for most coals} end a low 
moisture content {i.e., 7 weightpercent 
compared to 3 to 30 weight percent for 
most coals). Both of these coal 
properties would contribute to high 
uncontrolled NO• emissions from 
pulverized coal-fired steam generating 
units, thus representing adverse 
conditions in terms of the abflit• of 
LEA/SC to reduce NO• emissions. 

Examination of the data at different 
loads indicates on trends with respect to 
higher NO, emissions at higher loads. 
This can be explained by the lower 
excess air levels feasible at higher 
loads. At high •oads, steam generating 
unit combustion conditions are 
characterized by greater turbulence and 
correspondingly b•tter 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 NOx 
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/milliun Btu) heat input or less when 
emissions are calculated on a 30:day 
rolling average basis. 

Fossil Fuel Mixtures. NO= control 
techniques are compatible and 
frequently employed in combination 
with one another to reduce NO.• 
emissions from firingof fossil fuels. This 
is especially the case with LEA and 
LEA/SC. TheRe techniques are as 
applicable to steam generatin$ units 
firing several fossil fuels simuitunenusly 
as 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 f'•ed. 

Because of the comparability of LEA 
with SC and because the required "m/x'" 
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 
emission lknit for a specific fossil fuel 
mixture would be calculated as a weighted average, based on the 
percentage of fossil fuet heat input to the 
steam generating unit and the NO= 
emission limits for each fossil fuel fired. 

Fossil Fuel and Chemicnl By-Produc•/ 
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 generally combusted alone but are 
fired in combination with fossil fuels. 
Chemical by-products end waste are 
combusted in steam generating units to 
dispose of these waste materials and tn 
recover their heating valoe. The term 
"chemical by-products and wastes" 
includes refinery or process gas, 
combustible by-products, and various 
combustible wastes that may or may not 
be classified as hazardous under the 
Resource Conservation and Recovery 
Act (RCRA}. NO= emission data were 
analyzed for three categories af by- 
product/waste 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 burrl a blend of nature! gas and 
nonhazardous by-product/waste gases 

which is characteristically termed 
"process gas" or "refinery gas." NOx 
emission data was collected from seven 
steam generating units firing fossil fuel 
and process gas mixtures comprised of 
up to 50 volume percent by-prbduct/ 
waste gases. The capacities of these 
steam generating units ranged from 
approximately 10 to 170 MW (53 to 580 
million Btu/hour] heat input with loads 
ranging from 46 to 113 percent of rated 
capacity. Five steam generating units 
had no eombustiun air preheat while 
two steam generating units had 
combustion air preheat temperatures 
ranging from 2"IO'C to 321"C (420"F to 
610*F]. The approximate heating values 
of the process gases fired in these steam 
generating units ranged from 30 to 84 
MJ/m (800 to 1,700 Btu/SCF}.which 
compares to a natural gas heat value of 
approximately •0 Ml/m [1.050 Btu/ 
SCF). 

Flue gas from the seven process gas° 
fired steam generating units centained 
oxygen concentrations ranging from 1.2 
to 12.0 percent by volume {5 to 
percent excess air} and NO• emission 
rates ranging from 56 to.280 ng/J (0.13 to 
0.65 Ib/miltion Btu• heat input. Data 
were collected using a continuous 
analyzer {chemiluminescent}. Analysis 
of the NO= emission data reveals a 

strong correlation between the higher 
NO• emission rates and the higher 
combustion preheat temperatures end 
flue gas oxygen'concentrations lexcess 
air}. These relationships are 
characteristic of thermal NO• formation 
and are. the same relationships exhibited 
by natural gas-f/red steam generating 
units. (Thermal NO. formation and 
control are discussed above in detail in 
the section on NO= emission limits 
natural gas- and distillate off-fired steam 
generatin• units.] When NO• emissions 
from the seven process gas-fh'ed steam 
generating units Were compared to the 
NO= emissions from more than 30 
natural gas-fired steam generating units 
under the same operating cund/tions, 
there were no discernible distinctions 
between the NO= emissions from the 
two fuels. All 37 steam generating units 
responded in a like manner to LEA 
controls revealing that NO= emissions 
from both fuels are generated by similar 
mechanisms and respond similarly to 

a 
given NO= emission control technique. 

The similar responses of both natura_l 
gas and process gas NOr emissions to 
combustion conditions are attributable 
to both being comprised of thermal NO=. 
Thus, the NO• control techniques which 
are effective in reducing thermal N'O• 
emission• 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 
alao be effective in reducing thermal 
NOx 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 ga•. 
Additionally, the proposed standard for 
steam generating units firing mixtures of 
process gas and fossil fuels would limit 
NO• emissions to the same levels as 
steam generating units firing mixtures of 
natural gas and other fossil fuels. 

Liquid by-products/wastes are generally eofired in steam generating 
units with naturaJ, gas. Data were 
collected from two steam generating 
units firing mLxtoree of natural gas and 
low nitrogen liquid by-products/wastes. 
One steam generating unit was rated at 
25 MW {85 million Btu/ho•} heat input 
capacity and the other rated at 73 MW 
(250 million Btu/hnur} heat input 
capacity. The test data covered steam 
genera ring unit.load ranging from 103 to 
125 percent capacity in one case and 76 
to 114 percent capacity in the other. 
Neither steam generating url/t was 
equipped for operation using staged 
combustion (SC] and neither used 
preheated combustion air. However, 
both steam generating units applied 
various de•rees of low excess air (LEA}. 
Flue gas O• content ranged from 1.2 to 
3.4 percent.(6 to 9 percent excess a/r/for 
the 25 MW {85 million Bin/hour) heat 
input capacity steam generating unit and 
from 2.0 to 4.6 percent •I0 to 27 percent 
excess air} for the 73 NVW' (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 thixtures contained 4 to 11 
percent of the waste on a total heat 
input basis. The waste had a heating 
value of4• kJ/g (20-000 Btu]lb) and was 
composed primarily of C• to C•o 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 ability of LEA controls to 
reduce NO= formation. In all cases 
where this waste was cofired with 
n•tural gas, including tests using LEA 
controls, NO• emissions were identical 
to those that would be generated by the 
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corresponding 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 NO,, As discussed earlier, 
the factors which impact thermal NO, 
format/on most are combust/on 
tempe•rature and •xcess oxygen levels." 
Because the majority of low nitrogen 
liquid by-product/waste fuels will have 
heat contents analogous to or lower than residual oil (i.e,,.less than 40 kJ/g 
(18,000 Btu/lb), the maiority of these 
fuels will result in combustion 
temperatures 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-nitrngen residual oil 
combustion will also be effective in the 
reduction of thermal NO, emissions 
from low nitrogen liquid by-product/ 
waste fuel combustion. 

Consequently, NOx emissions 
resulting from cofiring low nitrogen 
content liqnid chem/cal by-pr0ducts/ 
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 Fu'ing of these 
liquid by-preducts/wastes with fossil 
fuels does not reduce the effectiveness 
of NO= control techniques in l/miring 
NO= emissions. 

As a result, NO• emissions from low 
nitrogen liquid chemical by-products/ 
wastes cofired with fossil fuels can be 
reduced to the same NOx emission 
levels as would he required for steam 
generating units firing .low-nitrogen 
residual off or cofiring mLxtures of low- 
nitrogen residual oil with Other fossil 
fuels. 

Data on the Combustion of natural gas and a 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 11.8 weight 
percent These wastes had a heating 
value of 26.7 kJ/g (11,800 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 MVV (250 million Btu/ 
hour] heat imput capacity steam 
generating unit. Flue gas C• content 

ranged f•)m 
1,2 to 3.6 peroent (6 to 20 

percent excess air) and from 1.? to 8,9 
percent (8 to 39 percent excess air] for 
the two steam generating units, 
respectively. 
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• 
eraissions ranged from 159 to 228 ng/J 
[0.3•' to 0.53 Ib/mfllinn Btu) heat imput, 
while cofiring this waste with natural 
gas in concentrations of 3 to 9 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 simi ar to the effect of nffrogen 
in residual oils. The relationship of nitrogen content and NOx emissions has 
been .well established for residual oils, 
with higher fuel nitrogen contenta resuking in higher NOx emissions. This 
relationship is discussed above in the 
section on NO• emission controls for 
residual oil-fired steam generating unitS. 
Nitrngen present in liquid by-product / 
w•ste fuels in general contributes to 
NO• formation according to similar 
chemicaLreactions and mechanisms as nitrogenin residual oils, Thus, the same NO• con•ol techniques which are effective for reduc/ng NO• emissions 
from steam generating units cofiring 
mixtures of high nitrogen residual oils 
with etherfossil fuels are effective for 
steam generating units cofiring high 
nit•ngan liquid by-preducts/wa•te•with 
fossil fuel 

To ensure that .the standards for high- 
nitrogen liquid by-product/wastes based 
on high-nitrogen residual oils are not 
unreasonable, provisions urs included 
w/thin the standards for petitioning the 
Administrator to establish an individually tailored NO= standard for 
specific steam generating units, where it 
can be shown to the Adn'Anistrator's 
satisfaction that NO• emissions from 
firing such specific m/xtures in the 
steam generat/ng unit cannot be reduced 
to the levels necessary to compl•; with 
the proposed standard. 
Under RCRA, waste materials may be 

listed 
as hazardous due to corrosivity, 

reactivity, flammability, or toxicity. 
Enforcement •uidelines for the 
combustion of hazardous waste-derived 
fuels in steam generating units were recently published (Federal Register, 48 
FR 11157, March 10, 1983}. These 
guidelines distinguish between recycling 
and disposing of hazardous wastes in 
steam generating units. Combustion in 
steam gunerating units of hazardous 
wastes having a heating value 
comparable to or greater then 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, 
constitutes disposal and would be 
subject to RCRA provisions requiring 
99.99 percent destruction of hazardous 
wastes. 

Wastes listed as hazardous due to 
corrosivity 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 ccfiring with 
fossil fuels. Additionally, wastes 
classified ashazardous dueto both 
flammability and toxicity may also.have 
relatively high heating values and under 
proper steam generating unit operating 
conditions would not req•re 
combustion at unusually high. 
temperatures ur high excess oxygen 
levels to ensure complete destruction 
{Federal Register, ;8 FR 11160, March 16, 
198•, Appendix A}. For these reasens,. the impact on NO• emissions cf firing 
hazardous wastes with fossil fuels in 
steam generating units would, in most 
cases, be no different than the impact on NOx em/ssinns of firing nonhazardous 
wastes with fossil fuels in steam 
generating units. 

Some toxic wastes may be difficult to destroy by thermal means and, as a result, may.require high combustion 
temperatures and high excess air levels 
to ensure complete destruction. These 
combustion-conditions would preclude 
the application of demonstrated NOx 
control techniques. In these cases, however, incinerators are guneraily 
better suited to achieving these 
combustion conditions and ensuring 
complete toxic waste destruction than 
are steam generating units. Steam 
gun,rating 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 tha n 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 subiect to specific RCRA destruction 
requirements at this time, the proposed 
standards would limit NO'` emissions 
from steam generating units firing 
mixtures of hazardous wastes and fossil 
fuels to the same levels as steam 
generating units firing mixtures of 
nonhazardous wastes and fossil fuels. 
To ensure that these standards are not 
unreeonable or do not have any adverse 
effects, however, provisions are 
included within the standards for 
petitioning the Administrator to 
establish an individually tailored 
standard for specific steam generating 
units firing mixtures of toxic, corrosive, 
or reactive hazardous wastes and fossil 
fuels, 'where it can be shown, to the 
Administrator's satisfaction, that 
emissions cannot be reduced to the 
levels necessary to comply with the 
proposed standards while 
simultaneously complying with other 
applicable Federal, State, or local 
requirements for achieving specific 
waste destruction efficiencies, 

Nonfossil Fuels und FoeMl/Arenfoseil 
Feel lvlixtures. Because of the generally 
lower nitrogep content and lower 
combustion temperature of most 
nonfoseil fuels, the formation of NO= 
during the combustion of these fuels is 
characteristically less than that 
experienced in coal-fired steam 
generating units. The lower nitrogen 
content results in less fuel-nitrogen 
formation. The lower combustion 
temperature results in lower thermal 
NO= formation. These two factors 
combine to reduce uncontrolled NOx 
emissions from nonfossil fuel fin'ng to 
considerably lower levels than those 
emitted by coal-fired steam generating 
units and most residual off-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 hiel, the variable heating 
value of the fuel, and other factors. In 
order to compensate for these problems, 
nonfossil fuel-fired steam generating 
units are .typically operated at higher 
excdss air levels then fossil fuel-fired 
steam generating units. Since 
combustion modification techniques, 
such as LEA, could aggravate the flame 
stability problems associated with firing 

of nonfussil fuels: they have not 
received wide application to such steam 
generating units to reduce 
emissions. As a result, NO'` control 
techniques are not proposed for steam 
generating units firing nonfussil fuels 

Nonfossil fuels and fossil fuels, 
however, are frequently oofired in 
industrial-cemmereial-insitutienal 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 the 
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, eontr01 
through combustion modification 
techniques, such as LEA and LEA/SC. 

To determine the effectiveness of 
combustion modification on reducing 
NO= emissions from the cofiring of 
nonfossil fuel and natural ghs, NO, 
emission data were gathered on two 
spreader stoker steam generating units 
equipped with LEA firing wood and 
natural gas. Emission data were 
obtained on these steam generating 
units using continuous NO• monitors 
[ehemfluminescent) over a period 
ranging 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 23{] 
MW (752 and 800 million Btu]hnur} 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 fuel 
mixtures fired ranged from I 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, 
emissions varied from 82 to 138 ng/J 
[0.19 to 0.32 lb/milfion 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 52 to 
120 ng/]' (0.19 to 0.28 Ib/million Bin} 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/millinn Btu} heat input" 
or less. 

No •team generating units have been 
identified that cofire distillate oil/ 

nonfossil fuel mixtures. However, all 
NO'` emission test results indicate that 
distillate oil and natural gas form similar 
NO'` emissions and that these emissions 
respond similarly to LEA controls. NO,, 
emissions from combustion of nonfussil 
fuel/distillate oil mixtures in steam 
generating units therefore, can be 
controlled to NO• levels similar to 
emission levels for nonfoseil fuel/ 
natural gas mixtures, or to a level of 129 
ng/l (0.50 lb]miiliun Btu} heat input or 
less. 

Similarly no data are available on 
steam generating units firing mixtures of 
nonfossil fuels and residual oil with 
controls such as LEA or SC. As 
discussed above and below, however, 
NO= control techniques are as applicable to steam generating units 
firing nonfoseil/fossil fuel mixtures as they are to steam generating units firing 
fossil fuel alone. Therefore, 
emission control techniques are 

capable 
of reducing NO= emissions from steam 
generating units ffi"/ng mixtures of 
nonfossil fuel and low nitrogen residual 
oil to 129 ng/J {0.30 lb/mflliun Btu} heat 
input and from units firing mixtures of 
nonfossil fuels and high nitrogen 
residual oil t• 172 ng/J (0,40 Ib]million 
Btu} heat input. 
NO= emission control techniques have- 

also been applied to steam generating 
units firing mixtures of coal and 
nonfossil fuels. Tests were conducted on 

e 4• NfW (153 million Btu/hour] heat 
input capacity spreader stoker steam 
generating unit firing e wood/bark 
mixture with coal to determine NO= 
emissions from mixed fuel-firing end the 
performance of LEA in reducing these 
emissions. These NO= emiseiun data 
were obtained using a continuous NO• 
monitor (chemifuminescent}. The steam 
'generating unit load was 85 to 97 
percent during testing. The wood/bark 
nitrogen content varied from 0.Xg to 0.21 
weight percent and the coal nitrogen 
content varied from 1.33 to lag weight 
percent. The wood/bark moisture 
content varied from 52 to 81 weight 
percent and the coal moisture content 
varied from 7.4 to 7.5 weight percent. 
NO. emissions from thfs steam 
generating unit were 168 ng/J [0.39 Ib/ 
million Btu] heat input 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 levels, the 
highest NO• emissions occurred when 
only coal was fired in the steam 
generating unit and, were 232 ng/• (0,54 
lb/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 25O ng/J (o.5a lb/million Btu] heat 
input to a level of 122 ng/J (0.28 lb/ 
milliun Btu) heat input. 

obtained 
on two spreader stoker steam 

generating units firing mixtures of coal 
and solid.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 moisture 
contents were 11 and 13 weight percent 
and the average RDF moisture content 
was 23 weight percent. The average RDF 
nitrogen content was 0.42 weight 

not measured. Both steam generating 
units used ambient temperature 
combustion air. The excess air levels 
during testing ranged from 40 to 128 
percent. 

The results from these tests show that 
as the percentage of heat input to the 
steam generating unit from the solid 

decrease. This change is due to the 

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 80 to 
133 ng/J (0.19 to 0.31 lb/mililun 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 
[0.18 to 0.30 lb/million Btu) heat input. 
When the percentage of RDF was 
increased to a range of 40 to 68 percent 
of the heat input, average NO• emissions 
were reduced to 50 to 106 ng/J (0,12 to 0..25 lb/mtllion Btu) heat input.. 

Analysis of these data on NOz 

firing nonfossil fuel/coal mixtures 
indicates that NO= emissions from steam 
generating units firing such fuel mixtures 

generating units firing coal alone. In 
addition, analysis of these data also 
confirms that NO, control tschiques are 
as applicable to steam generating unite 
firing coal/nonfossi] fuel mixtures as 

they are 
•o 

steam generating units firing 
coal alone. Therefore, it is concluded 
that NO, emissinn controls will reduce 
NO, emissions from steam generating 
units firing mixtures of nonfossil .f•els 
and coal to 215 ng/] {0.50Jb/million Btu] 
heat input for masslfedd stoker steam 
generating units, 258 ng/J {0.60 Ib/ 
million Btu} heat input for spreader 
stoker:steam generating tmits..and 301 
ng/J (o•zo Ib/mill!on Btu} heat input for 
pulverized coal-fired steam generating 

Nonfossil fuel fired steam generating 
units may have auxiliary burners to fire 
natural gas or oil and in some cases• to 
fire pulverized coal. Generally, the 
p•mary purpose of these burners is to 
serve as a "pilot" flame during 
combustion, if necessary, in order to 
maintain flame stability, or to provide 
additional heat input into the steam 
generating-unit if sufficient nonfussil 

TAB 2.--SUMMARY OF DEMONSTRATEO No,- 
Control Technioues and Achievable Emis- 
sion Limits 

129 (0.30). 

258 (0,•0]. 
•40 (0.S0). 

fuel is unavailable to provide the 
desired level of heat input. Additionally, 
these burners.may be used to m•ntain 
steam prcduction if the nonfossil fuel 
firingsystem is inoperative. For 
nonfossi] 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 S 
percent of the annual heat input 
capacity 6f the steam generating unit. In 
addition, since the fossil fuel is being 
fired •o maintain flame stability, the 
application of NO, control techniques, 
which generally aggravate flame 
stability problems, is frequently not 
possible. Consequently, the proposed 
NO, standards include an exemption for 
nonfussil/fussil •uel 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 inputS, 
of less than s percent. 

Summa.,'y. In summa•. LEA oF.LEA/ 
$C are considered.demonstrated 
systems nf continuous NO= emission 
reduction for the range of steam 
generating unit types and fuels covered 
by the proposed standards. The specific 
tecimologioa] basis for the proposed 
NO= standards and the applicable NO• 
emission limits depunde 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. 

2, Particulate Matter " 

Introduction. An important .aspect of 
the development of the proposed 
particulate 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 o• the firing mechanism i• 
coal-fired units-affect the amount of fly 
ash generated and carried from the 
stean• generating unit by entrainment in 
the flue gas stream. 

Of the major steam generator fuels, 
natural gas inherently emits less 
particulate matter than others. The 
uncontrolled particulate matter 
emissions from firin• natural gas 
without controls are less than 9 ng/J 
{0.02 Ib/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 fu•med during 
combustion, and the firing mechanism of 
the steam generating unit..The 
uncontrolled particulate matter 
emissions from the combustion of 
distillate oil are most similar to those for 
natural gns-flred steam generating units, 
however, for residual oil Isuch as a typical Number • fuel oil} the ash 
content of the oil is usually higher and 
the uncontrolled particulate matter 
emissions are greater than for distillate 
oils. Also, the uncontrolled emissions 
from oil-fired steam generating units are significantly affected by burner design 
and operation, 

Coal and non.fossil fuels have 
significantly higher uncontrolled 
particulate matter emissions than either 
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natural gas or oil. The firing of these 
fuels characteristically results in 
emissions of from 860 [o 2000 ng/}" (2 to 7 
lb]million Btu) heat input, depending on 
the type of steam generating unit, the 
quaiity of the fuel, and the operaiing 
load conditions. A pul'•erized coal-fired 
steam generating unit, for instance, 
typically has particulate matter 
emissions three times as high as a mass- 
feed stoker unit firing the same quantity 
or" a similar coal. If the ash coetent of 
the coal is raised, the uncontrolled 
particulate matter emissions from e•,ther 
type of steam generator woul•d be 
increased. Similarly, uncontrolled 
particulate matter emissions from 
nonfossil fuel-fired steam ger•erating 
units will increase substantially if the 
moisture or ash content of the fuel is 
increased. 

In summary, uncontrolled particulate 
matter emissions are sigtuflcantly 
influenced by both fuel characteristics 
and steam generating unit 
characteristics, Important fuel 
characteristics include fuel type, ash 
content, sulfur content, and mois•re 
content. Characteristics which can 
sig•ifican'Jy influence uncontrol!ed. 
particu,lale matter emissions from steam 
generating units in:clude unit design, 
excess air setting, and operating load. 
Demonstroted Centre1 Technologiea. 

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

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 con! and wood. More recently, 
they have been osed as flue gas 
prec!eaning devices located upstream of 
more efficient particulate matter control 
devicee. 

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 single mechanical 
collector. 

The effectiveness of mechanical 
collectors is highly variable depending 
on collector design, steam generator 
operating load, uncontrolled emission 
level, particle size, collector 
maintenance, fly ash properties. 
Mechnnical collector performance can 
deteriorate significantly under low load 
operating conditions and when the 
device is not properly maintained. 
Operation at low loads results in 
reduced flue gas velocity through the 
collector tubes, which reduces 
centrifugal separation effects, and, 
consequenlly, lowers the particulate 
matter collection efficiency. This lower 
collection efficiency is of concern 
because industrinl-comraercial- 
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 
sophisticated 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 particles. If this would 
l,•ppen 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 
structure by the abrasive fly ash. Air 
leakage and erosion of the internal 
structure tend to disturb the cyclonic 
flow pattern which is 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 is 

"sigrdficantly reduced. 
Particulate matter emissions date 

indicate that single mechanical 
collectors applied to conl-Rred and 
nonfosall fuel•fired steam generating 
units generally" show reductions of 5o to 
gO percent. However, these removal 
efficiencies are principally associated 
with particles larger than I0 microns. 
Mechanical collectors are relatively 
ineffective for collection of smaller 
particles, typically achieving reduc•ona 
of only 35 to 50 percent for particles 
with mean diameters smaller than •0 
microns:. These sizes of particles are in 
the inhalable range and, therefore, have 
the greatest potential for adverse health 
impacts. 

Mechanical collectors 
are a 

demonstrated particulate matter 
emission cun•xol technology. However, 
even the most lenient exiatin• air 
pollution control regulations limit 
particulate matter emissions to levels 
that require use of single mechanical 
collectors, in fact, many existing State 
or local air pollution control regulations 
limit particulate matter emissions to 
levels h'•at can only be met through the 
use of more efficient particulate matter 
control technologies, such as 
electrostatic precipitators or fabric 
filters, Consequently, single mechanical 
collectors were considered as the 
"baseline" against which the 
incremental costs and benefits of 
standards based on mere efficient 
particulate matter emission control 
technologies were analyzed and 
assessed. Double mechanical collectors 
are a demona•'ated control technology 
for purposes of establishing proposed 
particulate matter standardd; however, 
due to their limited effectiveness.in 
controlling particnlate matter emissions 
compared to other demonstrated 
technologies, the application of double 
mechanical collectors is considered 
appropriate only in limited 
circumstances, 
Sides•eam separators {a technology 

also known as hopper evacuation} are 
modified mechanical collector• in which 
a fraction of the flue gas stream {about 
20 percent} is withdrawn from the 
mechanical collector ash hopper and is 
passed 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 canh-ol technology 
has generally been limited to retrofitting 
of existing steam generating units which 
are equipped with mechanical collectors 
and provides a means of upgrading 
mechanical collectur performance. 
Sideatream separators have been 
applied to a limited number of new 
steam generatin• units, and they are 

now being offered as a single, integrated 
control system by at least one vendor. 

The available particulate matter 
emission control performance data for 
sidestream separators applied to stokar 
steam generating units • coal 
indicate an improvement in performani:e 
in comparison to mechanical collectors. 
For typical stoker bituminous coals 
containing 4 to "I0 percent ash, collection 
efficiency can be improved to between 
g0 and 97 percent through the use of a 
sidestream separator arrangement. 
Sideetream separators reenlt in more 
efficient removal of small partJ.cles than 
mechanical collectors. The limited 
particle size data available indicate 
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sidestream separators remove 
approximately 70 to00 percent of 
particles with a mean diameler 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 •ull •perating 
range, sidestream separators represem a 
method of improving mechanical 
collector performance; however, the 
mechanical collector component of s 
sidestream separator must be well 
maintained to assure low overall 
emission rates. The small fabric filter 
used in the sidestream separator 
arrangement cannot offset poor 
performance of inadequately maintained 
mechanical collectors, 

Although the effectiveness of 
sidestream separators has been 
demonstrated 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 
uncontrolled 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 technoIngy 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 aqueous 
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 containin• limited 
amounts of coal. Wet scrubbers using 
alkaline scrubbing liquids (flue gab 
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 
•ncreasingly acidic and could lead to 
scrubber corrosion problem•. 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 •rinxide 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 over'all 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 control 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 bf these 
fuels. 

Electrostati• granular filtration (EGF) 
is a technolngy in which particulate 
matter is collected as the flue gas passes through a bed of electrically charged 
gravel. The electric field helps to collect 
particulate matter On the surface of the 
gravel. 

There are approximately 10 
electrostatic •anular 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 coDectors 
are capable of reducing uncontrolled 
particulate matter emissions from wood- 
fired units by up to 99.5 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 

comp.arable to that of electros•atio 
precipitators. 
BGFs have been applied to a few 

steam generating units firing fuels 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 Vmus 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 generating units. 

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

ESP's have been shown in particulate 
matter emission tests to achieve 
reductions in uncontrolled particuIate 
matter emissions up to 99.5 percent. 
Such redactions have been achieved on 

a wide range of steam generating unit 
types and fuels, including difficult 
applications such as the collection of 
high r•sistivity 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 end fuel type, a larger 
collection area will provide improved 
ESP particulate matter collection 
efficiency. For e given ESP design, the 
ratio of collection area to steam 
generating uni! flue gas flow will 
increase under reduced steam genere:tor 
load operating conditions. ESP*s with 
adequate collector areas for high steam 
generating unit loads, therefore, will 
perform efficiently at low loads as 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 mech•nicaJ 
collectors and sidestream separators, 
especially with respect to control of 
smaller particles. Tests of two 
pulverized coal-fired steam generators 
firing low sulfur coal, for example, 
showed ESP's to haveremoval 
efficiencies of 99 percent for particulate 
matter with a mean particle diameter of 
less than 10 microns. In addition, ESP's 
offer considerable operating flexthility 
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to steam generating unit owners and 
operators who may wish to retain the 
capability to comhnst fuel mixtures, 
such as wood/coal, wood/oiL coal/solid 
waste, or other fossil/nonfossil fuel 
mixtures. ESP's are applicable to each of 
these fuels and fuel mixtures. ESP's 
therefore, ere considered a 
demonstrated particulate matter 
emission control technology for the 
purpose of developing standards of 
performance limiting such emissions. 

Fabric filtem (also known as baghouses) are a particulate matter 
control teohnnlogy that has been used 
on an increasing number of steam 
generating units in recent years. A fabric 
filtration system is one which directs 
particle-laden flue gas through a numbe•: 
of fabric bags where the particulates 
collect 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 
filters 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-f/red unit. 

On coal-fired steam generating units, 
fabric filters can achieve particulate 
matter emissions reductions of 99.5 
percent or mor e over uncontrolled 
particulate matter emission levels for a 
wide range of steam generator designs. 
operating conditions, and fuel 
cl•_aracteristics. Fabric filters have also 
been shown to be one of the most 
efficient of the particulate matter control 
teohniques, in controlling small particles, 
achieving more than 99 percent removal 
efficiency for particles smaller than 10 
microns in diameter. Fabric filters have 
been shown to be one 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 generat£ng 
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 suffacu area of the filtere. 
Geherally, the operating pressttre 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, therefore, are a 
demonstrated particulate matter •ontrol 
technology for the purpose of developing 
standards of performance for coal-fired 
steam generating units. 

Particulate Matter Em•sion Dnta• 
After evaluating a wide range of 
particulate matter emission control 
technologies, fabric filters, electrostatic 
precipitators, wet scrubbers, 
electrostatic granular filters, and 
sidestream separators: are the five 
technologies considered demonstrated 
for the l:•rpose of developing standards 
of performance limiting particulate 
matter emissions from industrial- 
commercial-ins titut!onal steam 
generating units. Based on these 
technologies, the emission reduction 
capability and achievable smissiun 
IL•nits for each combination, of fuel and 
steam generator design were 
determined. 

Natural Gas-fired Steam Generating 
Unitz. 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/millinn 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 lflnit particulate matter 
emissions from units firing natural gas. 

Oil.fined Steam Generatin• Units. The 
uncontrolled emissions, of particulate 
matter from oil-fired steam generating 
units vary depending- on the: 
characteristics of the oil being fired. For 
distillate off, which typically has a low: 
ash content, the uncontrolled particulate 
matter emission levels are similar to 
'those of natural gas-fired steam 
generating units. For higher ash residual 
oils, uncontrolled particulate matter 
emission levels are typically in the 
range of 10 to 6,5 ng/J (0,o2 to o.15 Ib/ 
million Btu) heat input, although some 
residual oils, particularly those with 
high sulfur contents,, have. considerably 
higher uncontrolled particulate matter 
emission levels, up to 21 ng/J (O.S lb/ 
million Btu] heat input. Uncunttolled 
particulate matter emissions from firing 
high ash residual oil, however, are about 
an order of magnitude less th•n those 
associated with uncontrolled emissions 
from. the firing of solid fossil fuels (such 
as coal) or solid nonfossil fuele (such as 
wood or solid waste}. Although these 
emissions are sufficient to, consider 

development of standards of 
performance, the application of "add- 
on" postcombustion particulate matter 
controls to oil-fired steam generating 
units is quite costly per unit of 
particulate matter emissions collected 
due to the relatively low uncontrolled 
emission rate. Consequently, the most 
cost-effective approach (and most 
common approach} to the control of 
particulate matter emissions from oil- 
fired uuits is the use of a low ash. low 
sulfur oil. The use of a low ash, low 
sulfur oil is also presently considered to 
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 ,,nits are being developed separately. Because of 
the relationship between control of 
particulate matter emissions and sulfur 
dioxide emissions from oil-fired units 
li,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 off- 
fired steam generator during 
development of the standards for sulfur 
dioxide. In the fiuterim, the current 
particulate matter standards cun•ained 
in 40 CFR Part 60 Subpart D for oil-fired 
steam generating units above 73 MW 
(250 million Btu/hunr} heat input 
capacity will remain in effect.. 

Coal-Fired Steam Generating Units, 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 wit h 
double mechanical collectors. Tl•ese 
date were gathered using Reference 
Method 5 procedures. The steani 
generating units ranged in size from 25. 
to 02 MW {84 to 211 million Btu/hour) 
heat input capacity, and were operated 
during the emissions tests at loads 
ranging from 33 to I00 percent of 
capacity. Analyses of the coal fired in 
seven of theee units showed ash 
contents ranging from 4.8 to 20.3 weight 
percunt. Fuel analyses at the remaining 
two sites were not avaflable• The 
average particulate emissions ranged 
from 77 to 125 ng/J (0.18 to 0.28 [b/ 
million Btu}. 

These data represent the performance 
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. 
steam generating unit was operated 
ander swing loads. These data, 
therefore, represent the performanoe of 
double mechanical collectors tested 



Federal Register / Vol. 49. No. 119 / Tuesday, June 19. 1984 / Proposed Rules 2512a 

under the most adverse steam 
generating unit conditions. 

To assess the performance of 
sidestream separators applied to stoker 
boilers, particulate matter aunssions 
data were gathered by Reference 
Method 5 on seven coal-fired stoker 
boilers which ranged in heat input 
capacity from 15 to 60 MW (50 to 225 
million Bin/hour). During these teats, 
boiler l'oads ranged from 33 percent of 
capacity to over 100 percent of capacity. 
The bituminous coal fired varied from 
4.3 to 10.0 weight percent and sulfur 
content varied from 0.7 to 2.1 weight 
percent. Average I•articulate matter 
emissions ranged from 52 to 77 ng/J (0.12 
to 0.18 lb/milllun Btu] heat input. 

These datarepresent the performance 
of sidestream separators on bituminous 
coal-fired stoker boilers at both low and 
high loads, At high loads the 
uncontrolled particulate matter 
emissions are highest. At low loads the 
mechanical 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 180 to .227 million Btu/hourJ 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-cleth ratios 
of 1.2 to 1,8 ¢m/s (2.3 to 3.6 fi/min), the 
average particulate matter emissions 
from each of these coal-fired stoker 
units were less than •.2 ng/J (0.03 Ib/ 
million Btu] heat input. 

In order to anal•'ze the effectiveness 
of fabrle filters in controlling I•articulate 
matter emissions from industrial- 
commercial-institutiunal 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 98 MW (313 to 325 million Btu/ 
hour) heat input and were operated at 
loads of 100 and 83 percent, 
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 1• ng/J {o.0"1g and 0.037 lb/ 
million Bin} heat input, respectively. 

These data represent the performance 
of fabric filters on stoker and pulverized 
coal-fired steam generating units at.high 
operating load conditions. At high 
operating loads, the air-to-cloth ratio is 
increased because a larger quantity of 
flue gas is introduced into the bughouse 
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 5 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 Bin/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 
collectiuns areas of the ESP'e ran•ed 
from 25.2 to 124.8 m2/(ma/s) {128 t-0 634 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/J {0.05 Ib] 
million Bin) heat input. 

Particulate matter emission data were 
also gathered by Reference Method 5 
from ESP'e applied to six 'different 
industrial-commercial-institutional 
pulverized coal-fired steam generating 
units. These tests were conducted or/ 
u-nits having a heat input capacity of 110 
to •.58 MW (375 to.537 million Btu/hour} 
and operating at 73 to 100 percent of the 
steam generator capacity. The coals 
fired in these .tests were all similar and 
averaged approximately 1 percent in 
sulfur content and 12 percent in ash 
content. The ESP's had operating 
specific collection areas of 18.9 to 
mV(ma/s} (90 to 364 fiV1,000 acfm]. 
Average particulat• matter emissions 
for each test were 211. ng/J (0.05 lb/ 
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 unR had a heat 
input capacity of 158 MW {537 million 
Btu/hour). At loads of 95 to 98 percent of 
capacity and an operating specific 
collection area of 17.7 •n•/{mS/d) (90 fi•/ 
1,000 aqfm), average.particulate matter 
emissions from this steam generating 
unit were 30 ng/J {0.07 lb/million Btul 
heat input. This higher lev•el 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 lar•er collection 
area for effective electrostatic 
precipitation. The sulfur content of the 
coal combusted during the tests reported 
above was 0.54 in 1.0 percent by weight, 
which represents low sulfur levels for 
most industrial-commercial-institutiunal 
steam generating unlit. 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 
effectivenes• 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'a under adverse conditions. 

Fossil Fuel Mixtures. Fossil fuel 
mLxtures fired in steam generating units 
include various combinations of coal, 
oil, and natural 8as. ESP's can be 
applied to units firing coal with oil or 
natural gee, Since oil and natural gas are inherently cleaner burning fuels than 
coal, the uncontrolled particulate matter 
emissions from firing mixtures of coal 
with off-or natural gas or both are 
reduced from the uncoatrolled 
particulate matter emissions from firing 
coal alone. The uee of ESP's on steam 
generati.ng untie firing mixtures of coal 
with oil or natural gas o; 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-F•red Steam Generating 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 
wood-fired units. As a result, no 
conclusions about their performance can 
be made from a review of emissions 
data collected under test conditions. 
Based on a review of factors affecting 
the •ontrul 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 lb] 
million Btu} heat input on wood-fired 
units. 

To evaluate the performance of wet 
scrubbers in reducing particulate matter 
emissions from wood-fired steam 
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generating units, particulate matter 
emisssinn tests were conducted using 
Reference Method 5 on 13 epreader 
stoker units firing 100 percent wood. 
These untie ranged in size from 20 to 70 
M•'V" (57 to 230 million Btu/hoar] 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 •uel moisture 
contents ranged from 45 to 85 weight 
percent and the ash contents ranged 
from 0.7 to 3.2 weight percent. During 
of the tests, fly ash was reinjectedfi'om 
the mechanical collector preuleaner 
back to the generator firebox for 
burnout. Nine of these tests were 
conducted on low pressure drop 
impir•ement and fixed throat venturi 
scrubbers with pressure drops of 1.5 to 
2.0 kPa (6 to 8 inches o• water), and. 
loads which ranged from 50 to 
percent of the steam, generating unit 
capacity, The other four tests were 
conducted on units operating at average 
loads of 9•. to 100 percent o/design 
capacity and controlled with adjustable 
throat venturt scrubbers ope•tin• at 
medium pressure drops of 3.8 to 6.0. kPa 
(•.5 to 20 inches of water]; The average, 
particulate matter emissions from the 
low pressure drop scrubhera tests 
ranged from 30 to 90 n•/J (0.07 t• 0.21 
Ib/million Btu) heat inpuL Average 
particulate matter emiseions from the 
four tests on scrubbers using medium 
pressure drops were significantly lower, 
ranging from ZZ to 30 ng/J(O.08 to 0.0•' 
lb/million Btu) heat input. 

To evaluate the performance, of ESI•a 
on wood-fh'ed steam generat•g units;: 
emissions tests were" performed cn twu 
spreader stoker units using: Reference 
I•-Iethod 5. These steam generating units 
fired 100 percent wood in the forn• of 
bark, sanderdust, and hog fueL The First 
unit had a heat input capacJ.ty of 49 MW 
(108 million B•/hour) and fired bark 
supplemented with sanderdust. During 
testing, operating unit load condflinna 
ranged from 64 to 67 percent of dssisn 
capacity. The moisture content of the 
fuel was not available. AD. of the fly ash 
from the mechanical collector was 
reinjected into the steam generator. The 
average operatin• specific collection. 
area was 40. m=/(m3/s). (230 
acfm). The average particulate matter 
emissions were 30 ng/J (0.07 lb/rrdllion 
Btu] heat input. The second steam 
generating unit had a heat input 
capacity of 236 ivin,'V (806 mill.ion Btu/ 
hour). During testing, the average lodd 
ranged from 08 to 95 percent, and hog 
fuel with a typical moisture content of 
42 weight percent was fired. Fly ash 
from the mechanical collector was 

rein)eared into the steam generating 
unit. The average operating spec/fic 
collection area was •9 mZ/(m•/s) (453 
ft'•/1000 acfm). The average particulate 
emisisons were 20 ng/l (0.0O th/millinn 
Btu) heat input. 
Two spreader stoker steam generating 

units firing wood/coal mixtures and 
equipped with a single RSP were tested 
using Reference Method 0, Operating 
loads during the test ranged from 84-to 
90 percent of the design capacities of.112 
and 151 • (382and 017 million Btu./' 
hour) heat input: These units fired a 
mixture of 2S percent wood hark and 75 
percent coal, and employed fly ash 
reinfection. The wood bark had • 
moisture content of 40 weight percent 
and an ash content ofl.8 weight 
percent. The coal ash content was 1t.7 
weight percent and the sulfur content 
was 0.8,1 weight percent. The ESP was 
operated at an average collection area 
of 03 m•/(m•fs] [320 ftV•.000 adm}. 
Controlled particulate matter emissions 
from these steam generating units were. 
less than 22 ng•J [0,05 lb/millinn Btu] 
heat/npnt. 
Two testa were also •:onducted on an 

ESP applied" to the combined flue gas 
streams of a pulverized coal-fired steam 
•enerating unit end n spreader stoker 
unit which, had heat input capacities of 
06 • (•.92 million Btu/hour) and 93 
M-vV I320 million B•u/hour], respectively. 
These steam generating units coffred 
froni 80 to 1{)0 percent wood bark/• 
sawdust with coal. Average moisture 
contents of the wood were 42 and 
weight, percent, and the ash. contenta 
were 4.4 and 0:9"wei•hi.peroent, 
respectively. The ash content of'the, coat 
was 7;t weightpercent for the •rsttest 
and I7.7 weight" percent for the second 
test. The sulfur content of the coat fired 
was 0,7 percent for the first test.and 
weight percent for the second test. Fly 
ash reinjectiurz was used. on the 
spreader stoker steam generating unit. 
During the first test, operating loads for 
this system were 48. to 49 percent.f0r the 
pulverfzed coal unit and 87 to 88 percent 
fur the spreader stcuker. Duringthe 
second test. the steam generating units 
were operated, at •0. to 88 and 45 to SZ 
percent of capacity, respe•ffvely. At 
average operating collection areas of 09 
to 118 m =/(m3/sJ (4•2 to •00 ft=/loo• 
acfm], particulate matter emissions from 
this combined system were. reduced to 
less than 30 ng/J'(0,07 lb/miliion Btu) 
heat input. 

An ESP was also tested on a 280 MW 
(950 million Btu/hour] heat input 
capacity spreader stoker steam L 
generatin• unit firing a mixture of 64 
percent bark/sawdust and 30 percent 
residual oil. This test was performed at 

a load of 76 percent of design capacity 
and an ESP operating specific collection 
area of 90 m•/(m•/s) [456 ft•/1000 acfm), 
Fly ash reiniection was used during this 
test. The average particulate matter 
emissions were determined to be less 
than 13 ng/J (0.03 th/million Btu] heat 
input. 

Particulate matter emisciorr test data 
were collected for a wood-fired steam 
generating unit controlled with dual 
mechanical collectors fotlowed by aa 
electrostatic granular filter (EGF). The 
steam generating unit was a 210 • 
(716 miliio• Btu/hour) heat input 
capacfty spreader stoker steam 
generating unit which operated at a unit 
load range of02 to 1ISpercent of rated: 
eapac/ty. Thi• unit fired wood and bark 
with a moisture content of 49. to 58 
weight percent and an as}r content of 1.8 
to 2 weight percent• Operating at 
average pressure drops of 0.7 t.o 1.7 kPa 
(3 tp 7 inches of watsr], the.EGF 
achieved average emission of 9 to 17 og/ 
J (o.oz to o.o4 Ib/mflllon Btu). 

Two sites with wood-fired steam 
generating.units which controlled 
particulate matter emission.using, a 
fabric filter were tested using Reference 
Method 0. One site had a single 11. MW 
(30 million Btu/hour] heat input capacity 
spreader stoker unit operating at a load 
of 73 to 7•" percent and Firin• wood hark 
with a moisture content of 47 weight 
percent.and an ash content of 2.7 weight 
percent. The fabric filter on this steam 
generating tmi.t operated at an afr-to- 
clothratio ofl.g cm/s (3.68 ft/min). 
There was no fly ash reinje6tinn during 
this test, The average particulate matter 
emiss/ons from this steam g.enerating 
unit were less than gng/J (0.02 lb/ 
million Btu] heatinput. The other site 
had three dutch oven-type wood-tked 
units which fired salt-laden hog fuel• 
These steam generating units uperated 
at 80 to 99 percent of'their combined 67 
Iv(V/(230 million Btu/hour] heat input 
capacity. Moisture content of the. fue]. 
was 57 weight percent and the ash 
pontent was 1.8 w•ight percent. The •ue 
gases of the three steam generating, units 
were combined and ducted through a 
fabric Fdter forparticulatematter 
control, l•ly ash. rein•sctior, was not 
used. At an average air-to-cloth ratio of 
1.0 am/s (2.98 ft/min}, the average. 
particulate matter emissions from these 
steam generating units, were 9 ng/J (0.02 
lb/m.fllion 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 reinjeotion. Fly ash 
rein)action effectively increases the 
amount of particulate matter enter/ng 
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the steam •generating urdL placing a greater.demand on the capacity of the 
particulate matter comrol device. 

tn addition, the effect/veness nf the 
particulate matter control devices tested 
s reduce.d in some instances "by an 
increase in emissions due to the high 
moisture content of the wood. The 
highest moisture contort o• the wood 
burned during these tests was 
approximately 65 weight percent, which 
is the highest moisture content expected 
of wood fired •n s•eam generating "units. 
High moisture •content in the wood 
results in an 

lncreese in the gas velocity 
through the steam generating unit as 
water evaporates from the fuel and 
increases the flue gas exhaust 
voPa•etric flow rate. This higher gas velocity which resu!ts cause more particles to be entrained in the flue gas, 
which increases 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 
en:training them in the flue gas as air is 
forced through the combustion zone. 
Thus, conditions of fly ash reinjecdon 
and high wood moisture content are 
representative of the most adverse 
conditions which are expected to be 
encodntered during the operat/on of 
wood-fired steam generating units. 

Solid Waste-Fired Steam Generating 
Units. ESP's are the most widely used 
particulate matter control devices 

on 
steam generating units firing municipal 
solid 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 munlcipal solid waste and 
which are controlled by ESP's.'The •tests 

on these four steam generating 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 gunerafing units were 
measured at 20, Z7. and 27 percent 
respectively, and theash nomeuts ware 
22, 22, and 3•. percent, respectively. No 
fuel analysis was a-zaflabt• for the 
rema/ning steam generating nnit. The 
steam generating onits tested are 
overfeed stoker units which are the •Luly 
large units commoRly used to,bum 
municipal solid waste. The £SP's 
showed a range of.particulate matter 
emissions from a high of gg ng/J [o.zo lb/ 
million Btu] heat input at.an average specific collect/on area of 27 
('J.39 ft=/1000 acfrn), down" to 22 ng/J [0.05 
lb/million Btu] heat input at an average 
specific collection area of 113 
{570 ft=/•000 acfm]. The data also 
showed that particulate matter 
emissions decreased with increasing 
ESP collection area and that with ESP 
coll_ection areas larger than 47 
[,240 ftz/1000 acfm), average per:dculate 
martur emissions were •less than 43 ng/J 
[0.•0 Ib/ro•llinn Bin)h•at.input. 

A test to determine the performance 
of ESP's on steam generating units Firing 
refuse-derived fuel [produced from 
p•ocesaing and drying MSW)was 
conducted using Reference Method 5. 
The steam generating unit selected was 
a spreader stoker with a heat input 
c•pacity of 97 MW [332 million Btu/ 
hour]. The steam generating unit was 
operated at 72 to 92 percent of capacity 
during •he teat. The sol d waste fired in 
this unit was a wet pulp re'use-derived 
fuel having both a high moisture content 
of 51 wgight percent and a high ash 
content of 7.9 weight percent. Operating 
with e collection area of 64 
(326 ft=/1000 acfm] theESPraduced 
particulate matter emi•siuns from this 
steam generating unit to .an average of 
30 ng/l {0.07 lb/millinn Btu)heat input 

The above data indicate that ESP's 
can reduce particulate matter emissions 

from steam g•nerating un/ts firing 
municipal-type solid weste and refuse- 
derived fuels to levels below 43 ng/•" 
{0.10 lb/mtllinn 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/J [0.•.0 lb/milliun Btu] heat 
input. Controlling particulate matter 
emzssions from steam.generating units 
firing a mixture of these fuels presents 
no greater problems than controlling 
emissions from steam generating units 
firing these fuels separately. 
Consequently, ESP's can reduce 
particulate matter emissions from s•eam 
generating units firing mixtures of these 
fuels to less than 43 ng[J {0.10 Ib/milliun 
Btu) heat input. 

Visible Emissions. Data on the 
opacity of visible emissions from 
industri•l-commercinl-instJ •utional 
s•eam 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 
obse•,atinns [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, and sidestreem separators; 
pulverized coal-fired steam generators 
controlled by ESP's and fabric filters; 
wund and wood/coal cofired steam 
generators controlled by ESP's and 
fabric filters; and solid waste-fired 
stoker steam generators controlled by 
ESP s` Visible emlss|ons data •rom 
steam generating units equipped with 
wet scrubbers are not included because 
of the interference with opacity caused 
by water droplets in the flue gas. Such 
interference makes visible emission 
measurement ineffective as a technique .for monitoring the performance and 
operation of a wet scrubbir• system. 

TABLE 3,--SUMMARY OF'VISIBLE EMISSIONS r3ATA 

Coa!-ilred stokecs Feb,'i¢ filter 
Fsb•o fi[te• 
ESP 

EPA•ethod 9 4-22 '(0.01-0".05) 

EPA method 9 4.-13 (0,01-0,03 

sPA me•n•l 9 17-26 (0.04-0,0s) 

Ave¢ 
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Analysis of these data focused on 
identification of a level of visible 
emissions which would provide a clear 
indication of a 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, 

Summa."y'. In summary, ESP's have 
been identified as a d•monstrated 
control technology for particulate matter 
emissions from steam •enerating units 
firing coal, wood, solid wasie, 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 technulo•j 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 MA3"rER TECHNOLOGIES AND ACHIEVABLE EMISSION LEVELS 

4e (0.1o) • 
43 (o.lo) 2( 

Solid wasto 
Fuel mlxtut•¢. 

As 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 I represents a lower cost, 
moderate level of emission control, and 
involves the use of sidestream 
separators, double mechanical 
collectors, low efficiency ESP's, •nd low 
pressure drop wet scrubbers for steam 
generating units in the 29 to 73 MW el00 
to 250 million Btu/h0ur} heat input 
capacity range. Application of these 
control technologies would result in 
particulate emissions of 86 ng/} [0.20 Ib/ 
million Btu} heat input or less from 
steam generating units firing coal, wood, 
solid waste, or mixtures of these fuels, 
except in the case of double mechanical 
collectors where emissions of 129 ng/J 
{0.30 ib/million Btu} heat input or less 
would result. 

Technical Alternative 11 represents a 
higher cost, higher degree of emission 
control, and involves the use of high 
Ffficiency ESP's, fabric filters, medium 

pressure drop wet scrubbers, or EGF's. 
Application of these control 
technologies would reduce particulate 
matter emissions to 22 ng/J (0,ca ib/ 
million Btu] heat input or less from coal- 
Fired steam generating units and 43 ng/J 
{o.Io ibJmillion BtuJ 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 •:os't impacts on 
individual steam generating units were 
evaluated in three ways. The First 
analysis examined the increased capit:•l 
cost resulting from application of each 
of the demonstrated technologies. The 
second analysis examined the increased 
annualized cost resulting from use of 
these technologies. Thls impact included 
annual fixed capital chat3es as well as 
annual operating and maintenance 
costs. T1'ie third way cost •mpacts 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 (i.e., 
the regulatory baseline} and costs 
required for each demonstrated control 
technology. 

The financial parameters used in the 
analysis Include an amortization period- 
of 15 years for the steam'generating unit 
and control •ystems and a "real" cost of 
capital of 10 percent in constant deflate. 
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 9f 8 percent and 
a I0 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 
control of nitrogen oxides, industrial- 
commercial-institutional steam 
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generating.units above 73 MW (250 
million Btu/hourJ heat input capacity 
are regulated by existing Standards of 
performance under 40 CFR.Pert 60 (Subpert D). For coal- end residual oil- 
fired steam 'generating units above this 
size, the.demonstrated NOx control 

For the purpose of •eveloping 
standards of performance, LEA is 
considered the only.demonstr•ited.NOx 
control teqhniques for reducing NO= 
era/salons •rom mass-feed •and spreader 
stoker coal-fired steam generating.units. 
The •cost associated w•.h•use of this techniques discussed earlier ere •control technique would not.h•ave essentially •the same as those currently meier impact' on "the total 'cep/tsi 

required to •comply with the existing annualized cost of a new.steam Subperl D standards .of performance. 
The proposedstandards for natural :gas- fired anddistillate oil-fired •tcam 
generating •nits are based upon •e application LEA/SC technology, which 
would represent a change in the current basis for the NOx standards .for units 
above73 MW.{2SO million Btu/hou•} 
heat •input capacity. However, as 

generating unit using LEA tmrrtrnls. For 
example, .the capital :cost .of zm ,LEA combustion air trim system sad e 
continuous NOx monitoring system, including installation cost, is 
approximately $80,000. Use of LEA, 
therefore, would increase the $11,5 
million capital cost of a new coal-.•tred 
44 MW (150 million Btu/•ourJ heat.input 

generatingunits are 
constraine• 

with 
respect to maximum firebox size. Use of. 
LE.A/SC, however, generally enlarges 
the size o• the flame within a steam 
generating unit.firebox. To 
accommodate the use of LEA/SC, some packaged residual oil-fired steam 
generating units may need to be 
redesigned or dereted in order to avoid 
potential flame impingement problems: 
The extent.o• the redesign of the firebox 
or of the steam generating unit derating 
required w/ll vary considerably 
depending on the existing steam 
generating unit designs. Based on e 
survey of peckngsd oil-fired steam 
generating unit manufacturers and 
vendors, in the absence of firebox 

discussed below, any cost increase 
would be minimal. As a result, there 
would be little-or.no cost as•oc•ed 
with the application.of'the demunst•ated 
NO• control techniques to natural.gun., 
o/l-, or coal-fired •team generating 
above 73 MW {250 minion Btu•hourJ 
heat input capacity. 

The analysis of'the cost impacts of the 
demonstrated NOx control techniques, th•refure, focused on steam generating 
units above ?3 MW {250 million Btu/ hour} heat •nput capacity. In this size- 
range, only five State implementation 
plans {SiP's} currently lirni• NO• 
emissions from foss'll •uel-Rred Steam 
generating .u.ni•t s. Therefore, the 
regulatory base]ins Was assumed to be 
no NOx c•ntrol. 

As discussed above, the control techniques considered to be 
demonstrated .for the purpose.nf developing standards of pedormunce for industria]-cummeroial-instl•tinnal 
steam genera:ring units are,LEA and 
LEA/SC..Rather •an :being •add-un 
ccntr•l technologies, • and LEA/SC 
are combustion.modification NOx 
control techniques which requ•e 
continual moniinrin• .and .adjustment ,of 
steam.generating unit operation. •hese 
demonstrated NO=.controt techniques 
call fur close and continued at•ntinn in 
steam generatIng •nit •peration frequent :a•i•us t•ant of such parame.'t•' 
as excess •/r •evel•,and •e •istribution 
of either :combustion.air 

•r Mel b•ween 
the primary and secunda• •ombustion 
zones within •e •/rsbax {i•e• .staging 
the combustion p.reces•} • .er•ure effective NO• emission reduction in 
response to changes :in.steam:generating 
unit operatinn. As a result, themost 
effective means of ensuring operation in 
a manner consistent with optimal 
control uf NO= emissions is direct 
measurement of emissions in the flue 
gas with an NO= monitor. 

capacity spreader stekerateam 
generating unit about 0.7 percanL 

The impact of'the use of LEA :to 
reduce NO, emissions on the ennunlized 
costs of new spreader stoker steam 
generating units firing coal ,varies depending on the •ue] saving'achieved 
by LEA. Since LEA decreases atackses 
heat losses byminimizing excess combustion a/r levels, fit.reduces 
use. For example, c.hearmealized¢cost of 
a d•. MW.(ISO m•inn Bm/h•xurJ •e• 
input capacity spreader st•k, er canl-•ired steam.generating •mit •clnding •uel 
costs) is about $6 million Ruder 
regulatory b•edine. •"he •nrma•ze.d cnst 
to operate and maintain zm LEA combustion:air trim system •nd.an NO. 
monitoring system •is about:$•so0: 
Without taking potentiul •uel'es•ngs 
into accounL the use •f.LEA, •.here•re, 
would result in • •0•8 percei• ±ncre•se in 
the aRuualized c•ste `of the•e steam 
generating .un.i•s..•'•uel•s•s 

are taken this,account, howe-•er, the :net 
annualized costs 'of •he • •mbustion 
air trim system :and .the •NO• m•mitoring 
system de•rease to abont•$2S, so0 `fro" the 
spreader-stoker ¢oal-•red •e•n 
generator. "thus, the •aE impact 
the proposed standards •o•Id .be • •.3 
percent i•cre•ee in the,annu•d •'osts 
associated w•th.a.@i 
Btu/hour} .heat •aput •capa•/•;n'eader- stoker ac.al-.flred.steam •e•era•g 

For n•w •t•am 8anera• •s • 
residual:oil, •e ar•y N• 
techniqnes c_•ns•der•d •emons+•d -•or 
the purpose of d•veloping.s•n•s ,st 
per•ermance.are •A•/SC. •n the case LEA/SC certain •dss/gu modifi•a•ons to 
the stsam:gn•e•at• unit fireb• in 
addition .to iinsin•tat/•n •f SC 
combustion air d/etributinn systems may be necessary.to accumm•date .SC in packaged .high nitr ngen ze•idual o/l:fired 
steam generating units. 

In order to meet rail car shipping size limitations, packaged oil-f/red steam 

redesign most.steam generating units 
would need to be derated by 15 percent 
or less to accommodate SCA. 
Assuming a derating of 15 percent, the 

use uf LEA/SC, includ ng the cost of 
LEA combustion air trim and staged 
combustion a/r distribution systems in. 
addition to NO•:munitore, would 
increase the capital cost of a 44 iv•Ar 
.{150 million•fitu/hour} heat input 
capeoity packaged residual oil-fired 
steam generating unit by about •56,SO0. 
This represents an increase of about 9 
percent.in the.approximately •,0 
million cost of this steam generating 
unit. The ;anncalized cost impact for this 
unit, however, would be much smaller. 
Taldng into account the •uel savings 
associated with the use of LEA/SC•%.. 
the annuaJized costs of the steam 
generating units would be increased by 
about S32,000. Compared to annualized 
costs ufabout $5.8 million for this steam 
generating unit under the regulatory 
baseline, this represents an increase of 
only 0,5 percent. 

Other ultemat/ves, however, are 
available .•or packaged residual oil-fired 
steam generating units to reduce 
emissions to levels equivalent to the use 
of LEA/SC. One alternative is to 
minimize the adjustments needed 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 modiflcatiun to firebox dimensions. 
second packaged steam generating unit 
manufacturer has indicated that minimal 
{30 to SO cm {I to 2 ft} increase in lang.} 
changes in firebox dimensions would be 
required. 
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The only NO• conirol technique 
considered demonstrated far 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 less 
than those on residual oil-fired steam 
generating units. The primary reason for 
this is that pulverized coal-firing results 
in a large flame in all cases and requires 
a relatively large firebox even wiihout 
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 •xisting standards of 
performance under 40 CFR Part 60 
ISubpart D). These standards were 
adopted in 1971 and manufacturers and 
vendors of pulver'•ed coal-fired steam 
generating units have long since 
incorporated the changes necessary to 
accommodate LEA/$C into their basic 
designs. As a result, the only additional 
costs associated with the use of SC on 
pulverized coal-F•red steam generating 
units are the costs a%sociated 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 a•r distribution systems in 
addition to an NO, monitor, would 
increase the capital costs of a 44 MW 
{3.50 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.g percent. Taking into account the fuel 
savings associated with the use of LEA[ 
SCA the annualizsd costs of this 
pulverized coal-fired steam generating 
unit would increase by about $52,000, 
which is equivalent to a 0.g percent 
increase. 

For new steam generating units firing 
natural gas and distillate oil, the NO,• 
control techniques considered 
demonstrated 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 
of-LEA 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. 
• use of LEA or $CB's in61udin8 the 

cost of LF_.A combustion air trim, SCB's, 

and NOx monitors would increase the 
capital cost of a 44 MW (150 million 
Btu/hour} heat input capacity packaged 
natural gas-fired steam generating unit 
by about $77,000. This represents an 

increase of about 2,6 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 !mpacts. Similar 
impacts would occur in the case of 
distillate oil-fired steam generating 
units, 

For all types of steam geheratin 
8 

u•ts, the impact of the proposed NO= 
standards on both the •apital costs and 
the annualized costs associated with 
LEA or LEA/SC varies with the size of 
the unit. The discussion above presents 
coats for steam generating units with 
heat input capacities of 44 MW {150 
million Bin/hour}, This represents the 
mean size of the range of steam 
generaRug unit sizes impacted by the 
proposed.standards. For steam 
generating units above 44 MW (150 
million Bin/hour} heat input dapacity, 
the impact of the proposed standards on 
the capital costs and the annualized' 
costs of the steam generating unity 
would represent a smaller percentage of 
steam generating unit costs• Similarly, 
for steam generating units at the Ibwer 
end of the affected range, 29 MW (100 
million Btu/hour} heat input capacity, 
the impact of the proposed standd.rds on 
the capital costs and the annualized 
costs of the steam generating unit 
increases slightly from costs presented 
above. For example, caplta• and 
annualized cost increases associated 
with the use of LEA on a 29 M-'CV 1100 
million Btu/hour] spreader stoker are 1.0 
and 0.8 percent, respectively, as 
compared to increases of 0.8 and 0.3 
percent, respectively, for a 44 MW {3.50 
million Btu/hour] spreader stoker. 

The cost-effectiveness associated 
with the use of the demonstrated NOx 
cuntrol technologies was also exan'dned. 
'For a 44 MW {150 million Btu/hour} heat 
input capacity mass-feed or spreader- 
stoker steam generating unit firing cbal, 
the cost-effectiveness of the use of LEA 
to reduce NO.• emissions is less than 
$510/M8 ($460/ton} of NO•. The fuel 
savings associated with the use of LEA 
and the costs associated with the • 
combustinR air 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 Bin/hour} steam 
generating unit firing residual oil or 
pulverized coal is about $790/M 8 [$720/ 
ton} of NO, for residual oil and about 

$450/Mg ($10/ton] of NOx 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 ui•it firing 
natural gas or distillate oil is negligible. 
Included in this determination are fuel 
savings associated with the use of LEA 
and costs a.ssociated 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 applyin 8 
these control techniques to reduce 
emissions also varies with steam 
generating unit size. As the size of the 
steam generating unit increases, the 
cost-effectivdness of these control 
techniques improves, Conversely, as the 
size of the steam generating unit 
decreases, the cost-effectiveness of 
these control techniques deteriorates. 
Consequently, for steam 8eneratlng 
units above 44 MW [150 million Btu/ 
hour) heat input capacity the Cost- 
effectiveness of NO. control associated 
•vith the demons•ated NO. control 
techrdques improves above the values 
cited above. For stream generating units 
below 44 • [150 million Bin/hour) 
heat input capacity, however, the cost- 
effectiveness deteriorates •rom the 
values cited above. 

The cost-effectiveness of applying 
these con•'ol 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 generatin 8 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,g00/Mg 
[$2,500/tun} of NO• reduction for 29 MW 
(100 million Btu/hr) heat input capacity 
coal--, oil•.-, or natural $as-flred units 
with annual capacity factors of less than 
30 percent I0.30}. The principal factor 
which would increase the cost- 
effectiveness would be the relatively 
constant cost far operation of the 
continuous NO, monitoring system, 
independent of steam generatin• 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 NO= 
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 NOx 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 w/thin 
certain narrow ranges. However, the full 
reductions in NO, emissions-will not be 
achieved by monitoring operating 
parameters, As a result, this alternative 
is only inchided in the proposed 
standards where the use of NO= 
monitors leads to high cost-effuct•veness 
values associated with NO, control. 

Pariculate Matter. E•dsting State 
implementation plans (SIP'a) limit 
emissions of particulate matter from 
most steam generating units which 
would be covered by the proposed 
standards. The level of particulate 
matter control required by SIP'a varies 
considerably by steam generator size 
and by State. The meiority of States 
have emission control requirements 
which become more stringent as steam 
generator size increases. Compliance 
with SIP's however, requires the use of 
mechnnical collectors as a minimum for combustion of solid fuels. To reflect the 
minimum level of control un•furmly 
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 ind/vidual eteam 
generating units. 

This assumption 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 
generating 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 meet existing particulate matter 
emission limits, Altogether, several 
hundred fabric filters, ESP's, and 
medium pressure drop wet scrubbers 
have already been installed on 

industrial-conunercial-ins{itutional 
steam generating units of the size and 
type covered by this proposal to meet 
State emission limits. 

Site specific constrnction/opbi;ating 
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 re•iew of the data 
available for recent PSD and NSR 
permits for non-utility coal-fired steam 
generating units, nearly all new units are currently being required to install an 
emission control technology more effectve than single mechanical 
cbllectors, and many units are being 
required to meet enunissinn control 
requirments as stnngent as, or more 
stringent than. the proposed standards. 

As a reflection of actual permit 
determinations, control levels derived 
•rom PSD or NSR requ/rements could 
also be used as a baseline for 
considering the impacts of the proposed 
standards. A baseline control level 
based upon PSD or NSR requirements 
would reduce the proiected 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 sigfiificant cost impacts resulting 
from the proposed standards would be 
for those steam generating units having 
less then 73 IvlWV (250 million Btu/hour] 
heat lmput capacity where the use of 
fabric filters, ESP's, wet scrubbers, or sidestream separators W•uld be 
required in lieu of mechanical collectors, 
in order to identify and appropriain]y 
consider the cost of the proposed. 
standards, the mechanical collector 
baseline which is reflective of SIP 
regulations was used for the cost analysis. 

As outlined earlier, two techn/cal 
alternatives for the control of particulate 
matter dmiseions could serve as the 
basis for particulate matter standards, 
and the costs presented in this analysis 
reflect the costs associated with each 
alternative. Technical Alternative I is 
based 

on a moderate ievel 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 
{0.20 Ib/million Btu} heat input emission 
level. Technical Alternative It is based 
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 
W/th a 22 ng/J (0.05 Ib/milhnn Btu) heat 
input emission level for coal-fired steam 
generating units and a 43 ng/J (0.10 
million Bin) heat imput emmissiun 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 
million Bin/hnur] heat input capacity steam generation unit costs 
approximately $11.9 million W/th 
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 • (150 million Btu] 
hour] heat input capacity coal-fired 
spreader stoker steam generating unit 
would incur an addtitional captial cost 
of $240,O00 to install a sidestream 
separator. A 44 MW (150 million Btu/ 
hour) heat input capacity wood-fired 
steam generating unit would incur a capital cost of $732,0o0 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 
units as compared to the regulatory 
baseline. 

To comply with standards based on 
Technical Alternative II, 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 thb steam generating unit. In the case 
of a.44 MW (150 million Btu/hnur} heat 
input capacity wood-fired steam 
generating unit, a capital cost of 
$871,000 would be incurred for • high 
energy wet scrubber and would 
represent a 9;7 percent increase in the 
capital cost of the steam generating unit 
as compared to the regulatory baseline. 

In order to purchase and operate the 
emission control technology based upon 
Technical Alternative I, a 44 MW (150 
million Btu/hour} heat input capacity 
coal-fired spreader stoker steam 
generating unit would incur an 
additional annualized cost of $71,000 per 
year, and a 44 MW (150 million Btu/ 
hour) heat input capacity wood-fired 
steam generating unit would incur an additional annulized cost of $26,I,0O0 per 
year. For a coal-fired steam generating 
unit, this repersents a 1.2 percent 
increase in anunalized costs over a 
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regulatory baseline coat 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 0fS3.4 to 
$5,4 million per year depending on the 
economic value of wood waste IS/ 
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 
generafing 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 annuaIized 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 costa cited above 
far Technical Alternative and 
Technical Alternative It are relatively 
constant with respect to variations in 
steam generating unit size. Thus, the 
perceotage 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 steam 
generating units varies significantly with 
steam generating unit size. This variance 
occurs because uncontrolled particulate 
matter emiesuns vary linearly with 
steam generator size for a •ven steam 
generator while the costs of partculate 
matter control do not. In addition, the 
cost-effectiveness of particulate matter 
control is in_fluenced by the different 
steam genera tar 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 ahhongh 
some mass-feed units may be present. 
Above 73 MW {250 million Btu/hnur} 
heat input capacity, pulverized coal- 
fired steam generating units represent 
the predominate design for coal firing, 
although wood-fired steam generating 
units continue to utilize the spreeder 
stoker design. With increasing steam 
generating unit size, the increased fuel 
consumption rate and fuel costs justify 
the use of more complicated, more 
expansive, 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 generating units being inherently 
lower than those from pu!verized coal- 
fired steam generating unit•: Because 
the cost-effectiveness of air pollution 
control systems is measured in terms of 
the cost [$I per Mg (ton} of pollatant 
removed, the inherently different 
baseline emission Characteristics of 
each of these steam generator designs 
lead to significant differences in the 
cost-effectiveness of particulate matter 
emission control. 

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

and Technical Alternative II. Except for 
steam generating units with heat input 
capacities greater than 73 MW {250 
million Btu/hour}, the cost per Mg (ton} 
of particulate matter removed is 
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 Alternativ6 1 
and Technical Alternative I• is 
essentially the same for this siz e range 

.above 73 MW {250 million Btu/hour} 
heat input capacity. 

73 (250) 

117 (•0) 

F_. SelectJono[Reguletaot Altarnatlvea 
The tec•olo• and cost 

cunsidarafions •$cua3ed above lead to 
t• p•cipal re•ato• alternatives 
w•ch co•d sere a• the basis for 
•tan•d• o• pe•o•nce to limit 
parO•ate matter und NO• emi•aiuns 
•om •dus•iaI-co•ereial-insfi•fional 
s•generat•g•ts. 

The consideration of re•lato• 
alternatives •ocused on •e 29 to 73 
{100 to 2• m•ion B•/ho•} heat •put 
capaci• size range• This size range 
represen• •e "he•t" of •e coal-•ed 
•dus•ul-co•ercial-ins titution• 
steam genera•g •it population. 

/ To illus•ate clearly •e •fferences 
be•een the re•ato• alternatives 
which co•d be selected as the basis 
• e proposed standers of perfu•ance 
for •dus•al-co•erci•-•sfimtioaal 
steam ganere.•g •ts, •o •ecific 
re•ato• •tematives were a•lyzed 
dep• fur •e• en•ru•entsl, en•. 
and e•no•c impacts. The pr•cipal 
•fferenca be•ean'•esa 
altema•ves is •e tec•icat b•is 
selected •or standards of 
1• emissions of particulate matter 
•om steam generat•g •m be•een 29 

MW (100 million Btu/hoar] and 73 MW 
(250 million Bin/houri heat input 
capacity. Regulatory A•ternative A is 
the lower cost alternative and the 
standards limiting particulate matter 
emissions for steson generating units in 
this size range would be based primarily 
on Technical Alternative (i.e., use of 
sidestream separators, low efficiency 
ESP's or low pressure drop wet 
scrubbere}. Regulatory Alternative B is 
the higher cost alternative and the 
standards limiting particulate matter 
emissions •rom steam generating units 
between 29 • (I00 million Bin/hour} 
and 73 MW.{250 million Btu/hour] heat 
input capacity would be based primarily 
on Technical Alternative II {i.e., use of 
fabric 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 II for'steam 
generating units of g•eatar than 73 IvIW 
(250 million Btu/hour) heat unit 
capacity, 

In addition to the variations in the 
cost-effectiveness of emission control 
with steam generating unit size end 
steam generating unit type that were 
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discussed earlier, the cast-effectiveness with a fuel that does generate a The proposed standardsfurNOx of emission control also varies with 
steam generating unit operating le'•el. 
Some steam generating units are. 
operated near full •apacity while others 
are operated at low capacity. Higher 
fixed costs for emission control systems 
can lead 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 mix'•ures 
of fuels which contain un!y small 
amounts of fuels which generals 
particulate matter emissions, such as coal, wood, or salid waste, with fuels, 
such as natural gas or disfi'late off. 
whioh do not generate significant 
particulate matter emissions. In each of 
these cases, the cost-effectiveness of 
emission control will vary. The c•st- 
effectiveness of emission contral on 
steam generating units operated near 
full capacity is more attractive than on 
steam generating units operated at low 
capacity. Similarly, the cost- 
effectiveness of particulate matter 
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 
capacity factor. This factor represents 
the amount of fuel actually fired in 
relation to the amount of fuel the steam 
"generating unit is capable of firing on an 
annual basis. The overall average •dus• sl-commercial-institutional 
steam generating unit annual capacity 
factor is about •0 percent {0.60], This 
average annual capacity factor was employed to estimate all the aununlized 
costs and cost-effectiveness values 
included in the cost analysis discussion 
presented above. 

Ste.am generating units which operate 
at less than 60.percent annual capacity 
factor will exper/ence less favorable 
cost-effectiveness levels; steam 
generating units which operate above 60 
percent annual capacity factor will 
experience/mprnved c0st-effectiveness 
levels. Steam generating unit operation 
at a 30 percent {0.30} armual capacity 
factor would approximately double the 
annualized cost per Mg {ton} of pnllutant 
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 uncotitrolled particulate 
matter emissions {natural gas} is fired 

mgnificant uncontrolled particulate 
matter emissions {wood}. That is, a 
steam g•erating unit was firing a fuel 
mixture of 50 percent natural gas and 
percent coal and operated at an overall 
annual capacity factor of 60 percent 
based on total heat input, the "effsctive" 
capacity factor of this steam generating 
unit would appear to be 30 percent when 
considering only those fuels that 
generate significant uncontrolled 
particulate matter emissions. 

Given the difference in cost- 
effectiveness of particulate matter 
control between steam generating units 
which operate at low annual capacity 
factors compared to steam generatin• 
units wh/ch operate at high annual 
capacity factors, regulatory alternatives 
have been developed which would 
provide special consideration for low 
capacity steam generating units between 
29 and 73 MW {10fl and 250 million Btu/ 
hour] heat input capacity. Under both 
regulatory alternatives, analyzed, coal-, 
wood-, solid waste-, and mixed fuel- 
f•red steam generating units in this s•ze 
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 stringant alternative], the 
alternative standard would be 129 
(0.30 lb/mlllion Btu) heat input, and for 
Alternative B [the more stringent 
alternative} would be of 86 ng/J (0.20 lb/ 
million Btu} heat input. The 130 ng/J 
{0.30 lb/mill/on Btu} heat fuput 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 80 ng/J (o.go lb/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 matter 
emissions, 

The NOz emissions limits are the 
same under both Regulatory Alternative 
A and Regulatory Alternative B, For 
residual off and for coal-fired steam 
generating units, there is only one NOx 
emission control technology which is 
demonstrated for each boiler type. For 
natural gas- and distillate coul-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 NOx regulatory 
alternative {based on LEA/SC technology} were analyzed. 

would be 301 ng/J (o.7o lb/million Btu} 
heat input for pulverized coal-fired 
steam generating units, based on the use 
of LEA/SC alone: to reduce emissions: 
238 ng/J (o.oo Ib/million Btu) heat input 
for spreader stoker coal-fired steam 
generating units, based on the use of low 
excess air {LEA]• and 215 ug/J {o,s Ib/ 
million Btu}, for mass-feed stoker coal- 
fired steam generating units, based on 
the use of LEA alone, 

The proposed NOz standards for 
distillate oil- and natural gas-fired steam 
generating units would be 43 ng/J (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 oils 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 rag/ 
J {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/J 
{0.40 Ib/mlllion 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 also apply to 

steam generating units fu'd_ng mixtures of 
fossil fuels and wood, solid waste, or byproducts/wasted. M/xtures of wood, 
solid waste, or byproducts/wastes. 
M/xtures of wood, solid waste, and 
fossil fuel would be subject to NO= 
emission limits i• the heat input from the 
combustion of fossil fuel would exceed 5 
percent on an annual basis. Ivlixtures of 
byproducts/wastes and fossil fuel would 
be subject to an NO• emission limit 
detsrrrdned 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 NOz emission limits 
as residual oils, depending on their fuel 
nitrogen characteristics. 

As with the control of particulate 
matter emissions, the cost-effectiveness 
of NOw 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 NOx control {including 
emissions monitoring) is more attractive 
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for s•eam generators which cofire 
substantial amounts of fossil fuels than 
for steam generators which entire 
limited amounts of fossil fuels in fossil- 
nonfoesil fuel mixtures because of the 
higher uncontrolled emissions from the 
combustion of fossil fuels. 

As discussed above7 an average 
annual capacity factor of 60 percent was employed to estimate all the ennualized 
costs and cost-effectiveness values 
•ncluded 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 wi'di 
annual capacity factors below SO 
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- 
affectiveness'6f NO• emission control 
between steam generating units which 
operate at low annual capacity factors 
c0m•;,ared to those that operate at high 
armcal capacity factors because of 
coatiouous NOx monitoring costs, both 
regulatory alternatives would exempt 
units which operate at low annual 
capacity factors from the requirement to 
Install and operate continuous NOx 
monitors. Instead, steam generating 
units emissions which operate at an 
armual 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 
emissions, a plan would be submitted 
for approval outlining what conditions 
would be monitored and what records of 
these conditions would be maintained. 
The NOz 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 ana_!ysis was 

undertaken to assess the potential 
economic impacts associated with 
standards based on Regulatory 
Alternative B. This alternative is more 
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 •npacts 
based on Alternative A would be less 
than those discussed below for standard 
based on Regulatory Alternative B. 

Fossil Fuel Steam Generating Units. 
Because 700 fossil fuel:fired steam 
generating units could potentially be 
affected by the proposed standard, the 
economic impacts of standards based on 
Regulatory Alternative B on fossil fuel- 
fired steam generating units were 
analyzed in two phases. The first phase 
focused on aggregat• economic impacts 
for maiur steam-using industries and 
estimated the potential impact on steam 
costs and product prices based on 
industrywide averages for eight large 
industry groups. •rhe Coups selected for 
analysis account for approximately 70 
percent of the total industrial 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 salus 
and the resulting increased steam 
demands were thed-•stimated by 
/ndustry •'oup. Next, steam cost 
increases attributable to standards 
based on Regulatory Alternative B were 
estimated based on anndal/zed Steam 
generating unit and pollution control 
costs. Assuming "full cdst 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 
consumption in the eight major steam- 
using industries would be generated in 
steam generating units subiect to the 
proposed standards by 1990. The lowest 
percentage is projected for the paper 
industry with one percent being steam 
from affected facilities. The highest 
percentage is proiected for the cheldical 
industry, with 9 percent being steam 
from affected facilities. 

The analysis indicates that average 
steam costs in these industry groups 
wduld increase from about $9,43 to 
$9.54/GJ ($8.94 to $9.04/milliun Btu] of 
heat input, an increase of about 1 
percent based on indushnjwide average 
annuafizad costs. Assuming "full cost 
pass-throngh" of increased steam costs, 
product pticas in the major industry 
group would increase by less than 
percent. This potential impact 
represents a maximum product price 
increase because of the "full cost pass- throu•h'•-•=•sumption with no cost 
adsorption. In some instances. Increased 
steam costs would not be completely 
passed through to product 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 
selected due to the steam-intensive 
nature of their operation, the low 
utili4ation of their steam generating unit 
capacity, or their comparatively small 
industry size. These industries were: 
beet sugar refinin& fruit and vegetable 
canning, rnbber reclaiming, automobile 
manufacturing, petroleum refining, iron 
and steel manufacturing, and liquor 
distilling. 

The economic impact analysis 
examined potential impacts on prices, 
profitability, and capital availability. 
This analysis was based on "model" 
plants and "model" finns representative 
of each industry. 
Mode• plants were defined for each 

industry based on historical plant 
locations, fuel use, and steam generating 
unit construction patterns. Annual plant 
sales, plant p•'oduct output, product 
costa, and return on assets 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 ste .a•n generating un/t 
capacity for plant expansion at each 
model plant. Based on these scenarios, 
increased steam casts imposed on model 
plants by standards based on 
Regulatory Alternative B as the result of 
new steam ganeratin• unit construction 
were calculated. 

Assun:Kng "full cost pass-through" of 
steam cost increases, the potential 
impact of standards based on 
Regulatory Alternative B on product 
prices could be estimated. To estimate 
the• potential impact on profitability, or 
return on assets, an ana.lyeis was also 
conducted assuming "full cost 
absorption" of increased steam costs 
with no pass-throngh. 

Based on scenarios invo[ving 
replacement of from 2S to 10o percent of 
existh• steam generating unit capacity 
with new steam generating un/t capacity 
at model plants for the seven industries 
selected, product prices were proiected 
to increase by 0,001 to 0,1• percent in 
1988, assumin 8 "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 coa!-fh'ed steam generating 
units at the model plant would be 
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replaced by a coal-fired •team for nonfossi! fuel-fir•d steam generating 
generating unit subject to standards un/ts examined potential impacts on based on Rebulatory Alternativa B. The both modelplants/model firms and highest percentage increase was municipalities. A number of exhibited by the beet sugar refining municipalities are expected to construct industry based 

on an assumption that solid waste-fired steam generating units three of four existing oil-fired steam in :the future which wnuld be covered by generating units at the model plant 
would be replaced by a new coal-fired 
steam generating•nits subject to 
standards based un Regulatory 
Alternative B. 

Based on the-same scenarios as above, but assuming "hdl cost absorption" of increased steam costs, 
return on assets was projected to 

the proposed standards. 
The indus,'ins selected for analysis 

reflected the major industry users of 
nonfossil fuel-generated steam. The four 
industries examined were: 'Wood furniture manufacturing• sawmill lamber 
products, plywood panel products, and 
paper and allied products 
manufacturing. Each of the industries 

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 sigrdficant. The 
incremental .increase in capital 
requirements to finance new steam 
generating unit construction was also 
estimated and compared to capital 
req•rements in the absence of such 
standards to determine if the increase 
was tikely_to cause deferral ofthe 
project or a change £n the method of 
financing. 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 
Comimssion Forms •-0-K were rev/ewed 
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 
financing needed to construct 
replacement or expansion steam 
generating units envisioned under.the 
same scenarios used in the price and profitability analysis. 

Cash flow coverage ratios and book 
debt/equity ratios showed essentially 
no change for any of the mod•l firms 
under any of the five different debt/ 
equity financing strategies. 
Consequently, standards based 

on this 
regulatory alternative would not/repair 
the ability of finns to raise sufficient 
capital to construct fossil fuel-fired 
steam generatin 8 units.. Nonfossil Fuel-Fired Steam 
Generating Units. The economic impact 
analysis of standards based on Regulatory Alternative B for nonfossll 
fuel-fired steam generating units .was essentially the same as that for the 
second phase of the analysis for fossil 
fuel-fi/'ed steam generating un/ts, The 
principal difference is that the analysis 

selected presently burns nonfossfl fuels 
for part or all of its steam requirements• 

Based on various scenarios involv/ng 
replacement of 25 to 75 percent of 
existing steam generating unit capacity 
at the model plants developed for each 
of the industries and assum/ng "full cost pase-throngh" of increased eteam costs, product prices were est/.mated to 
increase by less than O.S percent in all 
cases• Based on an assumption of "full 
cost absorpt/on'" return On assets was 
estimated to decrease by 0.02 to 0.30 
percentage points. Again, these 
estimate.s of potential impacts on product prices and return on assets 
represent "worst case" estimates 
because of the assumptions of '.'full aost 

The analysis/ndicated 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 :t percent• Neither of these 
increases is cqnsidered substantial, and 
the increased capital requirements 
Would not result in a deferral of the 
project or a change in current methods 
of financing. 

Conclesio•a, The •conomin impacts 
analysis indicates that standards based 
on Regulatory Alternative B would 
increase product prices by substantially 
less than I percent if all steam cost 

pass-throngh" and "full cost absorption." 
Based on model firms developed for 

each industry, incorporating the same 
model plant end 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 to 
raise sufficient capital to construct 
nonfuseil fuel-fired stuam generating 
units. 

Four municipalitie• representing 
different economic and steam generating 
unit ownership situations were selected 
for analysis, Muninipalitins 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 
impaq.t analysis focused on the increase 
in the cost of steam and on capital 
availability to Finance the incremental 
costs imposed by standards based on 

increases were passed through to 
product prices. In addition, assuming_. 
absorption of ul] 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 ess.entialty 
no change as a result of standards based 
on this regulatory alternative, Therefore, 
standards based on this alternative 
would not impose az•y capital 
availabllty 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, Regulatory 
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 h-npacts 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 inhalab]e particulate 
matter emissions (less than 10 microns 
diameter). 

National incremental energy impacts 
were examined from two viewpoints. 
The first viewpoint was the potential 
impact of standards on coal use in new 
industrinl-commercial.institutional 
steam generating units, This impact was 
estimated by projecting natiunal 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 natiunal 
energy consumption of new steam 
generating unit pollution control 
systems. This impact was 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 standards on the national 
capita] and annualized costs for new 
steam generating units. These impacts 
were estimated by proiecting 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 
fossil fuel (coal, oil, and natural gas} 
through the use of a computer model, 
referred to as the Industrial Fuel Choic 
Analysis Model (IFCAM). IFCAM 
simulates 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 period. The model select• 
the fuel/steam generator/emission 
control 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 IPCAM, national impacts were. 
analyzed for two different economic 
scenarios. Table 6 presents the 
assumptions used under each scenario. 

TABLE 6,--ASSUMPTIONS EMPLOYED IN IFCAM 
NATIONAL IMPACTS ANALYSIS FOR FOSSIL 
FUEL-FIRED INDUSTRIAL STEAM GENERATING 
UNITS 

RegulatoP/ 
baseline. 

8tu}. 

The effect of energy-related legislation 
is simulated in IFCA.M by including 
provisions of various laws or proposed 
legislation relevant to steam" generating 
unit fuel choice. Energy Sdenarios and 
II 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 than, but which tend to track, the 
price of med/um sulfur residual oil. 
Alternatively, the natural gas prices 
used in Energy Scenario II are higher 
than the price of distillate oil 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 Selected by 
IPCAM, in conjunction with the 
requirements of alternative standards. 
determines the national incremental 
emission reduction as well as the 
national ihcremental cost impacts 
associated with standards. Under 
Energy Scenario IL {i.e., high natural gas 
prices relative to coal and oil] about 70 
percent of the fossil fuel demand for 
new steam generating units is proiected 
to be met by coal. Under Energy 
S•enario I, {i.e., low natural gas 

pri•es 
relative to coal and oil) only about 20 
percent of the total fossil fuel demand is 
proiected to be met by coal. 
Consequently, the national impacts 
under Scenario II will be much greater 
than those under Scenario I, both in 
terms af 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 and Scenario II 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 to. 
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 
capacitie• of 73 M'W (250 million Btu/ 
hour} or less are assume d to meet 
general SIP requirements. The national 
cost impacts projected to 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 
proiected by IFCAM may be overstated. 

Other basel/ne control level• could be 
used for national impact analyses. For 
example, sire-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 unite, 
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 
natinnal 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 NfW (250 million Btu/ 
hour}' or less. The SIP baseline 
represents minimal requirements and 
thus will tend to estimate the total cost 
of air pollution control being 
experienced. In addition, since 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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nev.-steam generating units at other 
sites. 
New 'industrial steam generating,unit 

aemand in•[FCAM is a function of 
growth in industrial fossil fuel demand 
and replacement of existing cepaci13,. 
The former depends on the projected 
growth in industry adjusted for 
projected conservation and .projected 
switching by industry to increased u•e 
of nenfassil fuels and electricity, q•he 
latter depends on the projected 
retirement rate •f existing capacity. 
IFCAM uses both historicgl szeam 
generating unitpopulation data and 
recent sales data to estimate the size 
distribution ef new steam generators, 
Eased vn IFCAM predictions, a total of 
about 700 new fuss/l•el-fired indast•igl 
steam generating units of more than2.9 
MW (200 million Btu/hour] heat input 
capacity are projected to in/tiate 
operation between I983 and1985. 

For nonfossiI fu•l-fired steam 
generating units, national impacts ,were 
assessed through the use ;of model units 
of various sizes.:Growth In no,fossil 
fuel-fired industrial •team genera-ling 
unit capacity, in :terms.oLboth !.he 
number •and the size •distr•bntiun •of 
theseunits, is based on •istorical sales 
data ;and indast• •d .•endo• 
projectinns for •sales .of new •ood- and 
mun/cipal-type •solid waste•irud steam 
generators. A .total.Of a'bunt 120 new 
wood- .and munictpal-type.soli• waste- 
fire steam general/rig units.otto,;re .the 
29 MW {100•nillion Btu/•c•r heat input 
capacity are •pro•ected •to 'be •u.•.by 
1988. 
Annualized costs of.generating.•team 

were calnula ted.over .a 1S-year 
investment parted, in addition, noofossil 
fuels were assumed to represe• w.a•e 
fuels having no economic .•,aJ:ne..A c•st 
credit was also included for burning 
munlcipal-type solid waste •o •e•e• 
savings achieved by a•oiding the 
landfifling. 

Unlike IFCAM, the ne-tion•1 •.mpa•ta 
analysis for nonfossfl fuel-fired steam 
generating units is not affected hy 
energy-related leoj•atton. The 
regulatory baseline for nonfossL[ 
fired units is based on SIP •equl,rements. 
As discussed pr.evinn•l.y, using SIP 
requirements as the regulatory baseline 
may tend to overstate .the .impa=s 
presented here• 

The total national impacts analysts 
proiects that about 8•.0 new fossil and 
nonfossil fuel fired indastrial- 
commercial-institutional steam 
generating units ha•'ing heat input 
capacities of greater'than 29 •MW J3.00 
million Bte/hour) will be constructed 
over the next 5 years under the 
regulatory baseline. Under Energy 
Scenario (i.e., low natural gaspricesJ, 

thi• projected ,total Would consist;of 
about 580 natural gas- and,oil-fired 
units, about 3.00 coal-fired units, about 
80 wood-.fired ,unite and.about 50•aulid 
waste-fired units. Under .Energy_.. 
Scenario II (fie., high natural gas prices}, 
the projected total would consist .of 
about 270.naturulgas- and oil-fh•ed 
units, about 420 coal-//red •mts` 
wood-fired units, and 50 ,solid waste- 
fired units. 

Standards based.an.•ther Regulatory 
Altema tire A •ar .B w.uuld not have a large impact .on .the total projected 
numbers of new steam generating unite 
expected although there would be 
slight shift in the projected.mix of ooal•. 
oil-, and natural gas-fn'ed units. Under 
the less restrictive Regulato• 
Ahernative A..90 to 415.coal-fired units 
and 500 to 275 natur• gas- and oil-•ired 
units are projected under •,nergy 
Scenarios and II, .respectively. •der 
the more restrictive Regulatory 
Alternative E, •5 .to 3•0.coaLfi•ed •ur3.ta 
and 615 to 315 natural •as-.and.off:fired 
unLts are projected.under •F•nergy 
Scenarios "I and iI. respectively. 

Similarly, standards .based .on either 
Regulatory Alternative A .orb would not 
have a large hnpact •en the coal 
penetration as a percentage of fosail fuel 
demand. 'Under Energy Scenario. I, the 
coal penetration at the baseline •s24 
percent of the total fossil •uel.demand. 
Coal penetration.is reduced.to 
pement and 19 pei•cer•t, respecti•el.y, 
under Regulatory Alternatives A,•d B. 
Under Energy.Soenario tI. coat 
penetration at •he baseline is Y5 percunt 
of the fossil •el demand. Coal 
penetretion is reduced to 7• and •'0 
percent, respectively, xtnder Regalmo• 
Alternatives A and ]• The •bove 
discussion indicates/hat the grea•tast 
amount of fuel switching ncours under 
Energy Scenario ,I {law.gas grines) and 
RegulaturyAlternative B. The least fuel 
switahing occurs under Energy Scenario 
II Ihigh gas prmest and Regulator}, 
Alternat•,e A, 

Table.7 summa•Lzes the national 
increme•al envh'anmm•tul and nest 
impeotz of both Regulatory Alterna.tbms 
A and E under "•uergy Scenario L "£able 
8 summerizes .the national impacts of 
each alternative under Energy Scenario 
If. As expected, •.• greatest reductiun in 
particulate matter emissions •ander 
either scener•o would be achieved bY 
standards based on Regulatory 
Alternative B; however, standards 
based on this .alternative •ould also 
result in the highest national cost 
impacts` For example, .as shown .in 
Table 7 for.Energy Scenario national 
particulate matter emissions would be 
reduced by about 22,000 Mg (24,•00 .ton• 
per year under Regulatory Alternative B, 

compared .to a reductinn =of about 19,000 
Mg (21,000 tons] underRegulatory 
Alternative A, Similer.}5•. T•ational 
emissions •ould be •uduced by 2•.0• 
Mg {3•,• tons} per .ye•'•der Reg•ato• •temaUve B, compared to a 
reduchon.of 26,• Mg (29,• .tons] 
•der Regul•o• •nafive A. Fer 
•e• En• L • •tal a•uahzed 
cost wo•d be $30 m•l•n •der 
Regulato• •temativeB. •ompered :to a 
cost of $28 milan m• Re•ato• 
Alt•ati•e A. 

230 (2:IS) 
180 (170) 

bl==• •O•e= nt,,____ ,mpaot= the •ft• 

s 

As ,shown tn Table 8, th•s same 
general contrast in national impacts 
between Regulato• Alternative A can 
be seen under Ener•. Soenariu If. The 
magnRude of impacts under either 
regulatory alternative •s sensitive ,to 
natural gasprlde,assemptions and the 
resulting predictions "oFnew •coal-/ired 
steam generating .unit capacity versus 
natural gas- or o.il-fired steam generator 
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capacity. Because of the relatively 
greater capacity and number of new 
coal-fired steam generating units 
predicted under Energy Scenario II 
(higher natural gas prices), the national 
particulate matter emission reductione 
and national costs of either regulatory 
alternative would generally be greater 
under Energy Scenario II than under 
Energy Scenario [. For example, for 
Regulatory Alternative B, reductions in 
particulate matter emissions under 
Energy Scenario II 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 unite. Although the 
proposed NO,, standards are the same 
under both regulatory alternatives, 
greater NO= emissions reductiohs are 
expected under Energy Scenario L 
Energy Scenario would result in the 
csnstruction of a greater number of 
natural gas-fired steam generating units 
which would employ staged combustion 
burners for NOr control. These units 
would yield •reater 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. 

Simi[arly, the total national 
annualized cost of particulate matter 
and NO. control would be greater under 
Energy Scenario II than under Energy 
Scenario ! 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 NOr control techniques do not differ 
substantially between coal- and natural 
gas-fired units the total cost of 
contrbl is essentially the came under 
either energy scenario, 

Under each regulatory alternative and 
energy scenario, capital cost increases 
are lees than would be expected. The 
total natinnal capital cost for emissione 
control would be increased by less than 
$50 million under Regulatory Alternative 
A]Energy Scenario iI and the capital 
cost increases would be negligible for 
the other three cases. Additional review 
indicates that these national 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 
contrbls 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, ln this case, impacts of fuel 
switching were not sufficient to offset 
the increase in capital costs associated. 
with sidestream separators, thus 
resulting in an increasedcapital cost of 
$50 million oCer 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- 
commerciaPinstitutinnal steam. 
generating units by less than one half of 
one percent. 
'F. Selection of Best System of 
Continuous Emission Beduction 

The regulatory alternatives exan•ined 
far control of nitrogen oxides emissiuns 
is the same under both Regulatory 
Alternative A and Regulatory 
Alternative 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 mast effective NO• 
emissions control technique for 
industrial-commercial-institutional 
steam generators firing pulverized coal, 
residual off, or natural gas. For coal- and 
residual oil-fired units a combination of 
LEA and overfire air {OFA} is 
considered the most effective 
emissions contral technique. Staged 
combustion barners {SCB's} are 
considered the most effective NO= 
emissions control techmque 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 steam generating units 
during the first 5 years following 
proposal of standards are shown in 
Tables 7 and 8. As stated above, the magnitu•Je 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 control for Energy 
Scenario 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/ 
ran) under Regulatory Alternative B. 
This difference in the cost impacts 
associated with the two alternatives is 
not compelling. Under neither 
alternative does the cost of the 
instaIlatiun and operation qf 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 gunerafi•g unit 
size, fuel type, .fuel cost, potential fuel 
'savings, regulatory requirements, and 
qompliance methods. As discussed 
under the Economic Impact Assessment 
section and as presented in Tables 
through 14 below, the cost effectiveness 
of particulate matter and nitrogen 
oxides c•ntrol on a model unit basis 
varied from less than $'D.O/Mg 
ton] tc more than $2,200/Mg [$2,000/tun} 
of pollutant removed, 

A comparison of the regulatory 
alternatives in reducing particulate 
matter emiseiuns 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 
microns in diameter. In terms of total 
particulate matter control, standards 
based on Regulatory Alternative 
would result in an approximate 20 
percent greater emission reduction that 
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 particulate matter smalle• 
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 and B is a 
comparison between 

a less costly 
alternative which principally removes larger particles and a more costly 
alternative which effectively removes 
the inhalable particles which have the 

Methods 1 through 4 would be used 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 most direct .impact on human health, be required by enforcement personnel, 

An additional benefit associated wi• All performance tests would consist of a the selection of Regulatoi'y Alternative B minimum of three Reference Method 5 
as the best system of emission reduction or Reference Method 17 runs at or near is that this regulatory alternative is more full-load operating conditions. The 
consistent with the requirements of most average particulate matter emission rate existing Federal and State regulatory of the three runs would be used to 
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 
I100 mill/on Btu[hour} heat input 
capacity would be required by existing 
State regulations to install the same 
emissio n 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 IvIW {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 Tea• Methods and 

Monitoring Requirements. The 
performance testing and emission 
monitoring requirements included in the 
proposed regulation would apply to each 
steam generating unit that is subiect to 
either the proposed particulate matter or the proposed NOz emission limits. 

Particulate Matter. An initial 
performance test would be required for 
all steam generating units 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 viewpbint of the 
highest particulate matter emissions} the 
owner or operator reasonably 
anticipates might be Fired in the future. 
The performance test would be 
conducted in accordance with Reference 
Method 5.or Reference Method 17 (40 
CFR Part 60, Appead•x•). Reference 

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 
"leo°C {3rooF}. 

Corurnents 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 cooled 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. concluded 
that an amendment to Reference Method 
5 would be appropriate, sdch a change 
will be proposed in the future. 

Continuous monitoring methods do 
not presently exist for measuring 
particulate matter emission rates 
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 •-minute averages. 

The use of a transmissometer to 
monitor continuously the opacity of 
visible emissions would serve as an 
indicator of proper operation and 
maintenance of the control device. 
Periods of high Opacity would provide a 
strong indication that particulate matter 
emissions are in excess of the proposed 
emission limits. Periods of h/gh opacity, 
therefore, would indicate that a performance test may be appropriate to 
determine if the steam generating unit ia 
/n •ompliunce 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 opacity, provisions are 

available [40 CFR 6o.11[e]J 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 NGz emission 
monitoring would be required for ell 
steam generating units with heat input 
capacities greeter than 29 M'W (100 
million Btu/hour] and which have an 
annual •apacity 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 performance test 
required under § 60.•. Thereafter. the 
continuous monitoring data would be 
used to determine a 30-day rolling 
average NO= emission rate calculated as the arithmetic average of the preceding 
720 hourly NOx values. Owners and 
operators of steam generating units 
would be required to submit excess 
emission reports semiannually if the 
NO• standard was exceeded for any 30- 
day average during the reporting period 
and the data may be used for 
compliance purposes. Otherwise, no 
reports 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 units which have 
an annual heat input capacity between 5 
percent and 30 percent (0.05 to 0.30} for 
coal, elL'or natural gas, a continuous 
NO• emission monitor would be used to 
conduct aTi'initial 30-day compliance 
test. Thereafter, the owner or operator 
of the facifity could elect to monitor 
either steam generating unit operating 
conditions or NO• emissions. If 
operating conditions are monitored, 
operating conditions such as the level of 
excess oxygen or the degree of staging 
{i.e., ratio between primary air and 
secondary and/ur 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 recorclkeeping. Upon 
receipt of the plan. the Administrator 
shall approve or disapprove of the plan 
within 45 days. Manufacturers of steam 
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generating units may develop and 
provide monitoring plans for common 
steam generating unit dasigns• 
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 
Provisiuns 

Existing steam generating units that 
are modified or reconstructed would be 
subject to the requirements in the 
CenereI Provisions (40 CFR 60.14 and 
60.15] which apply to all new source 
performance standards, with the 
exception that inedited 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 proposed 
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 tschnology 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 60.14)o 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 operatinm addition or replacement of 
equipment for emission control (as long 
as the replacement does not increase 
emissions); relocation or change of 
ownership of an existing facility: 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 
meeting the standurda. Rebuilt steam 
generating units would become subject 
to the proposed particulate matter 

standards under the reconstruction 
provisions, regardless of changes in 
emission rate, if the fixed capital cost of 
reconstruction exceeds 50 percent of the 
cost of an entirely new steam generating 
unit of comparable design and if it is 
technologically and economically 
feasible to meet the applicable 
standards. Costs associated with steam 
generating unit maintenance are not 
included in determining reconstruction 

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 
be incorporated as part of the. basic 
design of the steam generating uniL 
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 
exempted from the proposed particulate 
matter standard beck.use particulate 
matter control technologies, such as 
fabric filters and ESP's, may be added to' 
existing f•cflity, where appropriate, 
without requiring the alteration of the 
steam generating unit itself. 
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 technological and 
.economic feasibility of achieving the 
standard •n 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 stertup for all 
affecfed •ac.flities 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 monitorin 8 system (if 
applicable}. Following startup, records 
of certain steam generating unit 
operating factors and emissions would 
be maintained. As propoeed• the types 
of operational and emissions records 
required would depend primarily on the 
type of fuel fired. Records would be 
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 •O.g(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, date of 
anticipated startup• and anticipated date 
of demonstration of the continuous 
emission monitoring systems (if 
applicable). 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 would be 
required. Following starmp, a second 
notification would be required. This 
notification would be a report of the 
results of the initial particulate mattes. 
and NOz performance test and initial 
performance evaluations of the 
continuous emission monitoring 
systems, if applicable. 

The proposed standards requi•e that 
the owner or operator of an affected 
facility which has an annual capacity 
factor between 5 percent and 30 percent 
(0,05 to •.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 elects to monii0r 
steam generating unit operating 
conditions, the proposed standards 
require that a plan for monitoring be 
submitted with the notification of 
construct/on or reconstruction which 
specifies what conditions are to be 
monitored, the variation in those 
conditibns expected with c.•anges 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 
record.keeping. 

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 ff 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 
generating units and more extensive 
records would be required for 
pulverized coal-fired steam generating 
units. The proposed recnrdkeeping 
requirements would requ£ra that at least 
one and at most •onr types of records be 
maintained. First, the mnoant and type 
of •uel fired in each calendar year would 
be recorded. These data, in conjunction 
with the steam generating unit capacity 
rating, wouldbe used to determine the 
annual capacity factor of the steam 
generating unit, and. thus, 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 bereduced to 6- 
minute averages. NO• emission data 
would be reduced o 30-day rolling 
averages.. 

The third recordkeeping requirement 
would require that records of the 
amounts of fuels cofired in the steam 
generating unit be maintuined for those 
fuels subject to the proposed NOr. 
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 appl/catiou NO= 
emission limits. 

The fourth type of recorcU<eeping 
reciuirement would require that records 
be maintained on the operation and 
maintenance of the continuous emission 
monitoring systems. Tl•s prov•sion 
would require that records be kept 
identifying any periods when continuous 
monitoring data were not available due 
to malfunction 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 indinate if any changes were made in the operation of 
the emission control system during the 
period in which moniterir• 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. 

All required records would be 
retained for 2 years following the date of 
such records, after which they could be 
cl/scarded. The reporting and 
recordkeeping requfi'ements in the 
proposed regulation are necessary to 
inform enforcement personnel as new 
steam generating units initiate 
operation. In addition, they would 
provide the data end information 
necessary to ensure continued 
compliance 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. g6-51•.) requires that the 
Office of Management and Budget 
(OMB) approve reporting and 

recordkeeping requirements that q•alify 
as an "information collection request" 
IICRI before the reporting and 
recordkeeping requirements ar•. promulgated as final. Reporting and 
recordkeeping requirements qualify as 
an ICR if they satisfy the criteria in the 
PRA's definition of "collection of 
information." For the purpose of 
accommodating Oiv•'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 recurdkeeping 
requirements/nclud•d in the proposed 
regulation. 

The information provisions associated 
with this proposed rule (40 CFR e0.7, 40 
CFR 60,466) have been (or will be} 
submitted for approval to the Office of 
Management and Budget {OMI•} under 
the Paperwork Reduction Act of 1980 
U.S.C. 3501 et seq. Comments on these 
requirements should be submitted to the 
Office 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 

•e informatio• 
collection provisions. 

The average annual industrywide 
burden of the reporting and 
recordkeeping requirements associated 
with the proposed regulation would be 
110 person-years, based on an average of 162 respondents per year. 
VI Regulatory Flexibility Analysis 

The Regulatory Flex/bility Act 
requires consideration of the impacts of 
proposed regulations 

on small entities including small businesses, 
organizations, and jurisdlcti0ns. A small 
business is dbfined as any business 
concern 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 Business 
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 iu.risd/ctiun is defined as any governmental district with a population 
of less than S0,000 people. Although the 
minimum .steam generating unit size 
cutoff of 29 • •I00 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 sectors. 

If asubstantial 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 small 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 ratio of 
steam consumption to production costs 
in steam intensive production processes, 
seasonal steam requirements that result 
in operation of a plant's steam 
generating units at low capacity factors, 
and the likelihood of •inancial problems 
where small firms are involved. An 
additional criterion for selecting entities 
with nonfossil fuel-fired steam 
generating units fur analysis was the 
amount of nonfossfl fuel presently 
burned within the industry in relation to 
total steam generating unit fuel 
consumption. The municipalities were chosen for the nonfussil fuel-fire steam, 
generating unit analysis based on the 
potential for adverse economic impa•t 
on the municipal finance structure posed by potential regulation. All of the 
municipalities chosen either operate or have- the potential to operate municipal 
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 munic./pality or for 
sale. Eleven industries were selected 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, ply'wood, and paper. For 
municipalities were also analyzed• The 
SBA definition of small business firms 
within each industry is based on the. 
number of employees per firm. The 
average number of employees for small 
business firms within each industry 
were determined using U.S, Census 
Bureau data. 

The analysis indicates that small 
businesses within some of the selected 
industries Would be excluded from the 
proposed regulation due to their small 
size and the 29 MW {I00 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 supsrceded by 
Executive Order 12291}. These product 
price increases would be less than 
percent. The cost Impact foi' the typical 
small business is less then 1 percent. As 
discussed in [he foregoing section of this 
preamble entitled "Consideration of 
Economic Impacts" a similar evaluation 
for municipafitie• leads to the seine 
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 htdicates that 
the proposed regulation wanId result in 
no significant changes in these •atios. 
Since the capital available to a business 
is 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 gendrating 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. Consequently, 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 

oot necessary to minimize petefftial 
impacts on small entities. 

VII. 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 A•ow=S$¢S section 
of this preamble. Oral presentations 
should be limited to 15 minutes each. 
Any member of the publio may file a 

written statement before or within 30 
days after the heating. Written 
statements shotdd be marled to the 
Central Docket Section at the addres•i 
given in the ADDRES$ES section of the 
preamble. 

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 
•,r, oessse$ section of this preamble}. 
VIII. Docket 

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

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 I2] to 

serve as the record in case of judicial 
review. 

IX. Request for Comments 

As prescribed by section 111 of the 
Clean Air Aqt. proposal of standards of 
performance for industrial-commercial- 
institutiansl steam generating units was 

preceded by the Administrator's 
determination (40 CFR 50.15, 44 FR 
49222, August 21, 1979) that industrial- 
cornrnercial-inslitu tional steam 
generating units contribute siguifieantly 
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 adv/sory cornmittees• 
independent experts, end Federal 
departments and agencies. The 
Administrator will welcome comments 

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 [n the 
following discussion. 

Cogeneration Steam Generatom• 

Following adoption of the Public 
Utility Re•q•Jatory Policies Act of 1978 
IPURI°A}, there has been •ncreasL-• 
interest in the cogeneratiop of electricity 
at indus•aI, commercial° and 
institutional sites. Under PURPA. 
qualifying cogenerators may sell their 
excess electrical power directly to 
electric utility companies at the uttlity's 
avoided ,•ost, which makes on-site 
cogeneration economically attractive, 

Cnguneratiofi systems are defined as 

energy systems that simultaneously 
produce both electrical (or mechanical} 
energy and thermal energy from the 

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-based cogeneration systems are 
the only available technologies. In the 
future, fuel cells and stifling engines 

may also become available for 
cogenera ties systems. 

In a steam generator-based 
cogeneration system, the simultaneous 
production of electric power and 
process heat is 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 
would still be small enough so that the 
total fuel use during cogeneration would 
be less than the total af the displaced 
power plant fuel use and displaced 
process heat steam generator fuel use. 
One particularly desirable feature of 
steam generator-based cogeneration 
systems is 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 c0generation 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 cogeneration system, 
compared to the 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 •5 percent 
and displaces a utility power plant and 
a process heat steam generator that 
were all subject to the same emission 
limitation, regional emissions would be 
similarly 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 "em/ssion credit'• for the higher 
efficieneies achieved by" cogeneration 
systems. Such a credit, according toits 
proponents, would reduce the cost of air 
pollution control at a cogeneration site, 
result in equivalent regional emis•ians, 
and encourage the use of cogeneration 
systems. 

If an 
emisslon'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 subieet to the 



F•deral Register / Vol. 49, No. 119 / Tuesday, lune 19, 1984 / Proposed Rules 25•41 

proposed emission limit of 22 ng/J {o.o5 
lb million Btu] heat input' a 15 pemant 
emission credit reflecting the potential 
decrease in regional emissions would 
increase the emission "limit in the 
proposed standards to 25 ng/j' {0.06 
million lb Btu} hdat 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 cngonera•ion system, the 
environmental and fuel use impacts of 
cogeneration becomes less clear end the 
analysis becomes much more complex. 
For example, in cases where a new 
cogeaeration system achieves emission 
levels lower than an older power plant 
which is 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 cdgeneration system 
achieves emission levels higher than a 

new power plant which is being 
displaced by cogeneration, a 15 percent 
regional energy savings may result in 
tess than a 1,5 pement reduction in 
regional emissions. If hydro-electric 

or 
nuclear power generation capacity is being, displaced by cogeneration, 
regional emissions would increase. 

Similary. a 1,5 percent reduction in 
regional energy use does not guarantee 
fuel savings of premium gaseous or liquid fuels. In cases where the 
cogene•'ation system is firing coal and 
displaces a coal-fired power plant, the 
1,5 percent rngional..ener•y 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 
noted that a larger s'•eam generator is 
used for cogeneration than would be 
used for process heat alone. 
Consequently, local emissions at the 
cogeneration site would increase in all 

Emission 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 •ource performance 
standards 
shall reflect the de•ree of emission limitation 
and the precentage reduction achieved 
through application of the best technological 
system of continuous emission reduction 

{taking into consideration the cost of 

achievin• 
such emission reductions, and any 

nonair quality health and environmental 
impa•t and energy requirements}. 
Emission credits for cogeneration 
systems would allow for the appflcation 
of leas than the best technological 
system of emission control without 
offsetting benefits in many cases and 
would reduce the environmental 
performance of cogeneration eystems, 

In summary, cogeneration systems 
would reduce total regional energy use; 
however, regional or local ermaaion 
reductions are not guaranteed in all 
cases. Environmental.beneMs 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 nor 
discourage coganeration systems. The 
same standards would apply to steam 
generators whether they are used for 
cogeneretion or not. Thus. the proposed 
standards would maintain any 
environmental benefits that result 
throngh the use of cogeneration, 
Combined Cycle Steam Generat•J'a-- 
Em.•aMon Ct'edits 

Combined cycle units i'epresent 
another type of cogeneration technology 
and consist of a gas turbine connected 
to a steam generatnr.-The steam 
generator ia used to recover heat from 
the gas turbine exhaust. Steam 
generators used in combined cycle units 
fall Into one of three categories 
depending on how much fuel is fired in 
the steam generator, unf'zred, 
supplementary-fired, and fully-fired 

In the unfired arrangement, ell 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 approximateiy 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, th• amount of 
supplementary fuel fired is necessarily 
limited. Also, because of potential 
fuuling problems, only clean fuels such 
as natural gas or fuel 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 
gee turbine exhaust duct. The gas 

turbine exhaust with its high oxygen 
comem (up to 15 percent oxygen by 
volnme} is used to satisfy the 
combustion air requirements of the grid 

Fully-fired units employ e 
conventional smam 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 apprexhnately 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. 

To date. as a result of both technical 
and econumic considerations, both 
supplementary-fn'ed 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 atenm generater, 
If coal were f/red in e combined cycle 
steam generator, it would be fired in a fully-fired combined cycle steam 
generator rather than In e 
sapplementary-fired steam generator 
because of the fouling and erosion 
problems that would be experienced by 
modular heat exchangers used in 
supplementary-Rred un/ts. 

It has been su•ested 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 creflit would be 
different for different fuels •nd 
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 exception of high 
ash content residual oils, these fuels 
result in negligible particulate matter 
emissions. No particulate matter 
emission 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 matlar emission control, fuel 
oil pretreatment or fuel oil blending for 
sulfur dioxide emission control 
effectively reduces fuel ash content. 
This results in control of both sulfur 
dioxide and particulate matter 
emissions and post-combustion 
particulate ma•ter emission control for 
oil-fired steam generators is closely 
associated with the development of 
standards for the control of sulfur 
dioxide emissions. Consequently, any 
decision on a particulate matter 
emission standard for residual oil-fired 
steam generators is 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 riot be applicable. 

If any coal-fired combined cycle 

constructed, part/culate emission control 
would, be necessary. Although coal-fired 
combined cycle steam generators have 
not been built for both technical and 

performed to determine the effects of 
ailowin• emission credits for gas turbine 
beat 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 
2,• percent of the heat input into the 
steam generator. The allowance of the 
suggested emission credits would 
increase the allowed particulate ma•tter 
emissions from coal-fired combined 
cycle steam generators by 
approximately 2S percent. The emission 
credit would effectively increase the 
proposed particulate matter emission 
standard for coal.fired combined cycle 
steam generators from 22 ng/J (0.05 lb/ 
mlllinn Btu) heat input up to 
approximately 29 ng/J (0.07 lb/millian 
Btu} heat input. If an electrostatic 
precipitator were used for emission 
control, em/ssion credits for coal-fired 
combined cycle steam generators would 
reduce the annual costs associated with 
emission control by less than s percent. 
This would improve the average cost- 
effectiveness of emission control by less 
than $4S/Mg ($50/ton] of particulate 

For particulate matter standards, any 
benefit or cost savings resulting from the 
use of emission credits for gas turbine 
e,xhaust heat input appear to be 
theoretical, as natural gas or fuel oil will 

in all likelihood continue in be the fuels 
firedin 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 
$450/Mg ($•00/ton] of particulate matter 
collected with or without an emission 
credit and is considered reasonable in 
either case. Theproposed standards for 
particulate matter, therefore, do not 
provide an emission credit for combined 
cycle generators. 

The proposed stanards do include 
NOz emission limits for natural gas-, oil-, 
and coal-fired steam generators. The 
allowed usa of emission credits would 
effectively allow increased 
emissions from combined cycle steam 
generators. Available NO= emissions 
data from combined cycle steam 
generators, however, suggests that NO• 
emission rates from these types • units 
are less than what would be expected 
for conventional steam generators. The 
gas hirbine eN]zanst with its low oxygen 
content appears to have .an effect 
similar to flue gas recirculation in 
suppressing NO• emissions resulting 
from thermal NOx formation. 
Consequently, combined cycle steam 
generators firing natural gas or fuel oll 
appear to have NO• emission levels 
comparable to or even lower than 
conventional steam generators with NO= 
control As a result, it appears that 
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 
(SC] te maintain low NO= emission 
rates. While flue gas reclrculation is 
effective in suppressing thermal 
formation, it is generally ineffective in 
suppressing fuel nitrogen NO• formation. 
Thus, combirmd cycle stearh generators 
firing higher nitrogen content residual 
oils or coal may have to employ SC to 
reduce NO= emission. The limited NO• 
emission data available for combined 
cycle units ind/cates that SC can be 
used in combined cycle steam 
generators an•l that the proposed 
emission limits are achievable with 
combined cycle steam •enarators. 

Emission credits for NO= emissions 
would not significantly reduce NO• 
control costs. As discussed earlier, the 
principa• c•st of NO= control is 
associated with the.NOx {or flue gas O•} 
.continuous monitoring system. Emission 
credits would not reduce these costs. 

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 NO• do not 
include an emission credit for combined 
cycle steam generators. This would have 
no adverse impact on continued 
applications of combined cycle gas 
turbines. 

Sta•ed Combuatio• Bumer• 
Site-spedific permits for NO• control 

have resulted in the limited application 
of staged combustion burners {SCE]. As 
decribed under the Demonstrated 

_Contro] Techniques--NO= section of this 
preamble, rapid strides have been made 
in development of $CB technology. 
Comments are requested am (1) The 
current avaJiahi].[ty, performance, and 
]eve] of corrLmerciul demonstration of 
SCB technology for natural gas-, 
distillate oil-, residual oil-, and 
pulverized coal-fired steam generating 
units and (2) on the reasonableness of 
considering SCB technology 

as a basis 
for NO= emission standards for these 
fuel• The proposed NOx emission 
standards for natural gas- and distillate 
ull-fired s•eam generating units are 
based on the use of SCB technology, but 
the proposed standards for residual oil- 
and pulverized coal-fired units are not 
based on SCB technology, If the data are 
submitted wl'•ch support the application 
of SCB technology to residual oil- •nd 
pulverized coal-fired un/ts, SCB 
technology will be considered for the 
basis of •,fle final NO= emission 
standards 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 wouldbe the date of promulgation 
of the standards and not the date of 
toda•"s proposal. 
X. Miscellaneous 

It should be noted that •tandards of 
performance for new sources 
established under section 1• of the 
Clean Air Act reflect: 

appt/catian o• the best technolo•cal 
system of con•nuous emission reduction 
which (taking into consideration the cost of 
achievtr• such emissions reduction, any 
nonaff quality health and environmental 
impact and energy requirements} the 
Administrator determines has been 
adequately demonstrated (section lll(a){1}l. 

Although there m•y be an emission 
control technology avai!a5 e that can 
reduce emissions below those levels 
required to comply with standards of 
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performance, this technology might not 
be selsctsd 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 
h-nposition 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 
(i.e., thos•e areas where statuterily- 
mandated health and welfare standards 
are being violated}. In this respect, 
section 173 of the Act requires that new 
or modifie'd sources constructed in an 
ai•ea 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 the rate of 
emissions based on the following, 
whichever is more s•in•ent: 

(a} The most strthgent emissioh limitation 
which is contained in the implementation 
plan of any State for such class or category of 
source, unless the owner or operator of the 
proposed source demonstrates that such 
limitations are not achievable, 

or {b} The most stringent emission lirnttation 
which is achieved in practice by such class vr 
category of source. 
In no event can the emission rate exceed 
any applicable n•w source performance 
standard (section 171(3}). 

A similar situation may arise under 
the prevention of significant 
deterioration of air quality provisions of 
the Act IPart C), These provisions 
require that certain sources {referred to 
in section 169(IJ} employ "best available 
control technology" {BACT} as defined 
in section •.69(3} for all pollutants 
regulated under the Act. Best available 
control technology must be determined 
on a case-by-case basis, taking energy, 
environmental and economic impacts 
:and other costs 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 •.12) of the 
Act. 

In all events, State implementation 
plans (SIP's) approved or promulgated 
under Section 13.0 of the Act must 
provide for the attainment and 
maintenance of NAAQS designed to 
protect public health and welfare. For 
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this parpose, SIP's must, in •ome cases. 
require greater emission reduction than 
those required by standards of 
performance for new Sources. 

Finally, States are •ree under section 
116 of the Act to establish even more 
stzingent emission limits than those 
established under section- 111 or those 
necessary to attain br maintain the 
NAAQS under section 3.10. Accordingly, 
new sources may in some cases be 
subject to limitations more stringent 
than standards of performance under 
section llL and prospective owners and 
operators of new sources should be 
aware of this possibility in planning for 
such facilities. 

The proposed standards would be 
reviewed.4 years •om the date of 
promulgation as required by the Clean 
Air Act. This review would include an 
assessment of such factors as the need 
for integration with other pro•i'ams, the 
existence of alternative methods, 
eRforoeability, 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, 
Econorrdc Impact A•sesamant 

Section 317 of the Clean Air Act 
requires the Admin/strator to prepare an 
economic impact assessment for any 
new source standard of performance 
promulgated under section lZl•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 system of 
emission reduction considering costs. 
Portions of the economic impact 
assessment are included In the 
Bank•round Information Documents and 
additional in.formation is included in the 
Docket. 

Under Executive Order 12291, EPA is 
reqnired to judge whether a regulation is 
judged to be a "major rule" and, 
therefore, it is subject to certain 
requirements of the Order. This 
regulation will result in none of the 
economic 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 proiected 
to be below the threshold cost for 
defining a "major rule." Only negligible 
increases in product prices attributable 

to implementation of these standards 
are expected. Therefore, this regulation 
is not a "meier rule" "ander Executive 
Order 12291. 

The cost effectiveness of emission 
control for individual industrial steam 
generating units that would be subiect to 
the proposed standards would differ 
from the national average cost- 
effectiveness levels. Tables 
present particulate matter and nitrogen 
oxides emission cuntzul cost, emissions 
reduction, everege cost effectiveness, 
and incremental cost-effectiveneas data 
for a range of individual steam 
generating units that would be covered 
by the proposed standards, 

Specifically, Tables g and 10 contain 
particulate matter emission control cost, 
emissions reduction, and cost- 
effectiveness data for five sizes of coal- 
fired steam generating units, two woqd. 
fired units and two mun/cipal type solid 
waste-fired un/ts. Tables 
contain nitrogen oxides emissions 
control cost, emissions reductions, and 
cost-effectivehess for three sizes of 
steam generating units, three residual 
oil-fired units, three distillate dil-fired 
units, and three natural gns-fired units. 
The cost-effectiveness levels of the 
proposed standards are generally higher 
than those experienced for previous 
standards of performance,. The A•ency 
is examining what is an appropriate 
cost-effectiveness cut-off level for 
standards development purposes and 
w/f1 resolve this issue before this rule is 
finalized, Comments are specifically 
requested on the reasonableness of the 
cost-effectiveness levels associated with 
the proposed standards and on 

th• 
accuracy of the various cost estimates 
presented in Tables 9 through 14. 

A major component of NOx control 
costs for the proposed NO= standards is 
the continuous NOz emission monitol• 
system cost (see Tables 11 throngh 
In developing the proposed NOz 
standards, a technical assumption was 
made that continuous NO= emission 
monitoring systems are a necessary 
Component of all optimal NO= emission 
control systems. It may be possible that 
for steam gnneretiRg units which apply 
NO• control systems based upon low 
excess air (LEA} technology, much of the. 
fuel savings and NO= emissions 
reduction achieved by an optima] LEA 
system can be achieved through the 
app]icatin• of other less costly 
monitoring techniques. The AgenCy 
requests data and comments on other 
alternative monitoring t•cbJ:dquee that 
may be applicable to steam generating 
unite applying LEA technology. 
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GENSRAT•NG UNITS {St,982) 

SPRO 100 4,020 89 109 141 296 
5PRO 150 5,870 115 148 IgO 402 
SPRO 200 7,25O 14• 197 239 501 
SPRD 250 9,900 177 •.5 286 557 
•LVR 150 6,390 107 •37 '•390 .387 
•LVR 290 9.520 159 207 ¢499 •S73 
•LVR 400 13,980 234 310 a•65 837 

TASte IO.--ANHuAUzED COSTS AND INCREMENTAL COST EFFECT/VEHESe OF ALTBRNATIVE PM CONTROLS FOR WOOD- AND MUNIC•PAL SOLID 
WASTE-FIRED •;TEAM GENERATING UNITS ($1,982) 

,•w-4Go 49,o7o 321 435 703 835 420 841 546 270 450 540 

TABLE 11 .--ANNUAUZED COSTS AND COsT EFFECTIVENESS OF NO= CONTROL. FOR COAL- A•iO 
RESIDUAL OIL-FIRED STEAM GENERATING UNITS (1982) 

0 15O 
0 150 

O 710 
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TABLE 12.--ANNUAUZED COST AND COST EFFECTIVENESS (•F NO, CONTROL FOR PULVERIZED COAL- AND RESIDUAL OIL-FIRED STEAM GENERATING 
UNITE (1982)" 

PLVR-150 24.4 42.8 6.9 2a$ 55.2 126.1 460 410 
•00 

600 

R•S- 50* 
22.6 42.8 5.0 46,0 12,8 72,3 160 3,700 1,3•0 77G 
82.6 42.8 5.0 46,0 12,8 123,0 •0 3,700 760 42• 

TABLE 13. ANNUALIZED COST AND COST EFFECTIVENESS OF NOx CONTROL FOR NATURAL GAS- AND DISTILLATE OIL-F•REO STEAM GENERATING UNIT 
($1982)" 

•atural gas: 
NG-100 
NG-150 

Un•n. 
(tpy) 

TABLE 14. ANNUAUZED COST AND COST EFFECTIVENESS OF NO= CONTROL FOR LOW CAPACITY FACTOR (20 PERCENT) NATURAL GAS- AND DISTILLATE OIL-FIRED STEAM GENERATING UNITS ($198•) 

Na-1•O :: ::::::::::::: :.: ::] '•.0 '•.• 4 1• 0 0 •,0• 4•0 

DI•T-,00 BS.0 4.2 1.r : 15 0 •0 530 390 240 DIST-150 
37.6 S,0 1.7 22 e 420 310 1"/0 DIST-250 
62.6 a6 1.7 20 37 0 

•J 
330 220 100 

List of Subjects in dO CFR Part 60 

Air 
Pollution 

control, Aluminum, 
Ammonium sulfate plants, Asphalt, 
Cement industry, Coal copper, Electric 
power plants, Glass and glass products, 
Grains, Intergovemmental relations, 
Iron, Lead, Metals, Metallic mineraJs, 
Motor vehicles, Nitric acid plants, Paper 
and paper products industry, Petroleum, 
Phosphate, Sewage disposal, Steel 
sulfuric acid plants, Waste treatment 
and disposal, Zinc, Tires, rncorporation 
by reference, Can surface coating, 
Sulfuric acid plants, Industrial organic 

chemicals, Organic Solvent cleaners, 
Fossil fuel-fired steam generators,_ 
Fiberglass insulation, Synthe'•ic fibers. 

Dated: June 7,1984. 
Alvin L. • 
Actir• Adrai•istrctor. 

PART 60mSTANDARDS OF 
PERFORMANCE FOR NEW 
STATIONARY SOURCES 

It is proposed that 40 CFR Part 60 be 
amended by adding a new Subpart Db 
as follows: 

Subpart Db--Standarda of Performance for 
IndustrinI-Commercial-lnatltutlonal Steam 
Generating Units 

60.40b Applicability and definition of 
affected facility. 

60.,11b Definitions. 
flO.42b Standards •¢or particulate matter. 
60.43b Standards for nitrogen oxides, 
60.44b Compliance and performance testin 8. 
.60,45b Emission monitoring, 
60.46b Reportin 8 and recordkeepin 8 

requirements, 
Authorlty..--Sec, 111 and 301(a) of the 

Clean Air Act, as amended [42 U.S.C. 7411, 
7601{a}], and additional authority as noted 
below. 
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Subpart Db--•Standards of 
Performance for industrial- 
CnmmerciaMnstltuttonai Steam 
Generating Units 

§ 60.40b Applicability and definition of 
affected facility. 

(a) The affected facility to which this 
subpart applies is each industrial- 
commerCial-institutional steam 
generating unit for Which construction, 
modification, or reconstruction is 
commenced after June :[9, 1984 and 
which has a heat input capacity from 
fuels combusted in the steam generating 
unit of more than Z9 MW (100 million 
Stu/hunr). 

Ib] Coal-fired industrial-commercial- 
institutional steam generating units 
meeting both the applicability 
requirements under this subpart and the 
applicability requirements under 
Subpart D (Standards of eerformence 
for fossil fuel-fired steam'generators; 
§ 60A0) are subiect to the particulate 
matter and nitrogen oxides standards 
under this subpart and the sulfur dioxide 
standards under Subpart D 

(c} Oil-fired industrial-commercial- 
institutional steam generating units 
meeting both the applicability 
requirements under this subpert and the 
applicability requirements under 
Subpart D (Standards of performance 
for fossil •ual-fired steam generutom; 
§ 60.40} are subject to the nitrogen 
oxides standards under this subpart and 
the sulfur dioxide and particulate matter 
standards under Subpart D (§ •0.42 and 
§ S0.43). 

(d} hndus h'ial-cemmercial-institutional 
steam generating units meeting the 
applicability requirements under this 
subpart and the appIicab•ty 
requirements under Subpert J 
(Standards of performance for 
petroleum refineries; § •0.I04) are subiect to the particulate matter and 
nitrogen oxides standards under this 
•ubpart and the sulfur dioxide standards 
under Subpert J (§ •.I04]. 

[el Steam generating unite meeting the 
applicability requirements under 
Subpart Da (Standards of performance 
for electric utility steam generating 
units; § •0.40a] are not subject to this 
subpart. 
§ 60.41b Definitions. 

As used in this subpart, all terms not 
defined herein shall have the meaning 
given them in the Act and in Sobpert A 
of this part. 

"Annual capacity factor" means the 
ratio between the actual heat input to a 
steam generating unit from the fuels 
listed in § •0.42b(a} or § 60.43b(a}, as applicable, during a calendar year and 
the potential heat input to the steam 

generating u.nit from all fuels had it been 
operated for 8,760 hours at the maximum 
design heat input capacity. 

"By-product/waste" means any 
substance produced during an industrial 
process wldch is not produced for the 
primary purpose of being combusted, 
but which is ultimately combnsted 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 Tasting end 
Materials {ASTM Specification D 388- 
66J. Coal-derived synthetic fuels, 
including but not I/m/ted to solvent 
refined coal, gnsified coal and coal- 
water mixtures, are included in this 
deFudtion for the purposes of this 
subpert. 

"Combined cycle steam generating 
unit" means a steam generation unit in 
which exhaust gases from a gas turbine 
are introduced int? a steam genei'ating 
unit. 

"Distillate oil" means fuel oils number 
• and 2; as defined by the American 
Society of Testing and Materinls {ASTM 
burner fuel specification D 390]. 

'Tlnidizad bed combustion steam 
generating unit" means a steam 
geuerating unit which eombusts fuel on 

a bed of sorbent or inert material w•ch 
is suspendedor fluidized by a stream o• 
air. 

"Full. capacity means operation of 
the steam generating un/t at 9Opercent 
or more of the maximum design heat 
input capacity; 

"Heat input" means heat derived from 
combustion of fuel in a steam generating 
unit end does not include the heat input 
from preheated gases, such as gna 
turbine exhaust suppl/ed to a steam 
generator for heat recovery. 

"Heat input capacity" means the 
ability of a steam generating unit to 
combust a stated maximum amount of 
fuel, as determined by the physical 
design and characteristics of the steam 
generatin 8 uniL 

"Indus trial-cummer cial-insfitutional 
Steam generating unit" means any steam 
generating unit not covered under 
Subpert Da (Standards o•perfurmance 
for electric utility steam generating 
units}. 

"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- 

"Mass-feed stoker steam generating 
unit" means a steam generating unit 
where solid fuel is introduced directly 
into a retort or is fed directly onto a 

grate where it is combueted. 

"Municipal-type waste" mean• 
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 :[0 percent carbon 
monoxide (by volume}. 

"Oil" means a liquid fuel derived from 
petroleum, including d/stfllate and 
residual oil. 

"Pulverized coaL•tred 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, S and •, as defined by the American 
Society of Testing and Materials (ASTM 
burner fuel specification D 396]. For the 
purposes of this subpert, residual oil 
also includes all liqnid by-products,/ 
wastes,. 

"Solid waste" means any fuel which 
contains more than 50 weight percent 
municipal-type waste or combustible 
material derived from munfu•pal-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 •el 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 of a cogeneration system, a 
combined cycle system, or an 
incinerator with a heat recovery steam 
generating unit. 

"Steam generat/ng unit operating day" 
means a 2•,.-huer period between 12:0•. 
a.m. and 12;o0 m•dnight during which 
any fuel is combuated in the steam 
generating unit. It is not necessary for 
fuel to be eambueted continuously for 
the entire Z4-hour period.. 
"Wet scrobher system" means any 

emission control device which uses an 

aqueous stream or dun'y inie•ted into 
the scrnbbin• chambe• to control 
emissions of particuIate matter or" s•'ur 
diox/de. 
"Wood" means wood, wood residue, 

bark, or any derivative fuel or residue 
thereof, in any form, includin 8 but not 
limited to, sawdust, sanderdnst, wood 
chips, scraps, slabs, millings, shavings, 
and processed pellets made 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 aperator of an affected facility 
which aombusts 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 Ib} of this 
section: 

(b} On and after the date on which th• 
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 simaltaneously combusts 
ntixturea of these fuels with or without 
Other fuels and which ha• an 

annual 
capacity factor for coal, wood, or solid 
waste, or any mixtures of these fuels of 
30 percent (0.30) or4ess, 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 contain particulate 
matter in excess of 80 nanograms per joule {0.20 lb/milliun 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 
ccmbusts coal w/th 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 factor for wood, 
solid waste, or other fuels of more than 5 
percent (0.o5), shall cause to be 
discharged from that affected facility 
any gases which contain particulate 

matter in excess of 43 nanograms per 
joule {0.I0 lb/million Btu} heat input, as 
required by paragraph {a}{3) of this 
section, An affected facility which 
combusts coal with wood, solid waste ar 
other fuels and which either has an 
annual capacity factor for wood. solid 
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 affected 
facility, the affected facility will achieve 
an annual capacity factor for wood. 
solid waste, or other fuels of more than 5 
percent [0.05}, is subject to the 22 
nanograms per joule {0.05 Ib/milliun Btu} 
heat input emission I/mR under 
paragraph {a}{l} of this section. 

{d] For the purposes of this section, 
the annual 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 
heat input from all fuels if the steam 
generating unit had been operated for 
8.7•0 hours at the maximum design heat 
input capacity. 

le} On and after the date the 
particulate matterperformunce test 
required to be conducted under § 60.8 is 
completed, no owner or operator of an 
affected facility subiect 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 {• 
minute average}. 
§ 60,43b Standard8 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 
subiect 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 contain nitrogen oxides 
in excess of the following emission 
limits, except as provided under 
paragraph {e} of this section: 

29 (o.3o), 

ire to.4o). 

(b} 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 
which simtiltaneousiy 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: 

E•o•= (43He 4-129Hu 4-1 
72Hv + 215Hw + 258Hx + 301Hy + 340Hz / 
Ht 

where• 

Eno= is the nitrogen oxides endssion limit 
{nanograms per joule}, 

Hs is the heat/nput from combastion of 
natural gas or off subject to the 43 

nanogram per joule standard. 
Hu is the heat input from combustion of oll or 

mixtures of nat-•ral gas with wood or 
solid waste subject to the 129 nanogram 
per joule standa.rd. 

.Hv i• the heat input from combustion of oil 
subiect to the 172 nano•ram per ioule 
standard. 

Hw is the heat input from combustion of coal subj•ect to the •'15 nanogram per joule 
standard. 

Hx is the heat input from combustion of coal 
subject to the •S8 nanogram per joule 
standard. 

Hy is the heat/nput 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 
generati• unit from combustion of coal, 
oil, or natural gas. 

{c] On and after the date on which the 
)erformance test required to be 
conducted under § 60,8 is completed, 
any owner 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 



Federal Register / Vol. 49, No. 119 / Tuesday, ]'une 19, 1984 / Proposed Rules 

that affected facility when the liquid by- 
product waste or the hazardous w.aste is 
combusted. The petition submitted by 
the owner or operator of the affected 
facility shell include sufficient and 
appropriate deta on uitrugen oxides 
emissions from the affected facility, 
waste destructina efficiencies, waste 
composition (including nRrugen 
content}, and combustion conditions to 
allow the Administrator to determine if 
the affected facility is able to comply 
with the nitrogen oxides emission limits 
under peragraphs {a} and (b} of this 

of 5 percent I0.05} or less for these fuels 
is nat subiect to the requirements of this 
section. 

§ 60.44b Comp•ancaand performance 
testing. 

(a} The particulate matter emission 
standards under § 80.42b and the 
nitrogen oxides emission standards 
ander § 60.42b apply at all times except 
during periods of startup, shutdown, or 
malfunction. 

{b} Compliance with the particulate 
matter emission standards ander 
§ 60.42b shall be determined through section when coal, oil or natural gas are 

combusted in the steam generatin• uui.t, performance testin• as described in 
but is unable to comply with the paragraph (d] of this section. 
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, corrosive, or reactive 
hazardous waste is combusted in the 
affected facility, pursuant to thermal 
destruction efficiency requirements for 
hazardous waste as .specified in an 
applicable Federal State or local permit 
whichrequires combustion conditions 
which preclude compliance with the 
nitrogen oxides emission limits under 
paragraphs {a} and {b} of this section. 
If a site specific nitrogen o•de emission 
limit is approved by the Admin/strator, 
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 emisicn limits under paragraph 
(a} or {b} of this sectrinn when coal, oil 
or natural gas is fired, or at the uitrogen 
oxide emission level achieved when 
toxic, corrosive, or reactive hazardous 
waste is combusted in the affected 
facility during a test burn to determine 
the thermal destruction efficiency of 
hazardougwaste as specified in an applicable Federal, State, or local permit 
which requires thermal destruction 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 ni•ogen oxides 
emissions. 

(el Any affected facility wh/dh has an 
annual 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 l/mite operation of 
the .facility to an annual capacity factor 

(c) Compliance with the nitrogen 
oxides emission lim/ts under § 80.43b 
shall be determined through 
performance testing as described in 
paragraph (e}(1) or {e){2) of this section. 
as applicable. 

(d} The following proc•deres and 
reference methods are ,used to determine 
compliance with the standards for 
particulate matter emissions under 
§ •o.42b.. 

(I} Reference Method 3 is used for 
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 
follows: 

{i] Reference Ivfethod 5 shall be used 
at affected facilities without wet 
scrubber systems; and 

(it) 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 i is used to 
select the sampling site and the mnnber 
of traverse sampling points. The 
sampling t/me for each run is at least 
minutes and the minimum sampling 
volume is 1.7 dsc4n (60 dscfJ except that. 
smaller sampling times or volumes. 
when necessitated by process variables 
or other factors,'may he approved by the 
Administrator. 

(4} For Reference Method 5 the 
temperature of the sample gas in the 
probe and filter holder is monitored end 
is maintained at 160°C {320°F]. 

{5} For determination of particulate 
emissions, the oxygen or carbon dioxide 
sample is obtained simultaneously with 
each run of Reference Method 5 or 
Reference Method 17 by •aversin8 the 
duct at the sampling location. 

I5} For each run using Reference 
Method'5:ur Reference Method 17, the 
emission rate expressed in nanograms 
per Joule heat input is determined using: 

{il The oxygen or carbon dioxide 
measurements and particulate matter 
measurements obtained under this 
section, 

{ti) The dry basis F¢ factar, and 
(till The dry basis emission rate 

calculation urocedure contained in 
Reference •Iethod 19 (Appendix A}. 

{7} Reference Method 9 is used for 
determining the opacity of stack 
emissions. 

(e) The following procedures are used 
in performance testing to determine 
compliance with the emission limits for 
nitrogen oxides required under § SO.4•b: 

(1) For affected facilities having an 
annual capacity factor for the fuels 
listed in § 80,43b{a] of 30 percent (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 affected facilities having an 
annual capacity factor for the fuels 
listed in § 80.43b{a} greater than 30 
percent (0.30}, the owner or operator 
shall conduct the performance test as required under § •0.8 using the 
continuous system for monitoring 
nitrogen oxides under § 60.48b{•J}. The 
nitrogen oxides emissi0ns'from the 
steam generating unit shall be monitored 
for 30 successive steam generating unit 
operating days after initial sturtup and a 30-day average nitrogen oxide emission 
rate is calculated based on the hourly 
nitrogen oxide emissions recorded by 
the monitoring system for the preceding 
720 hours of boiler operation. 
§ •0.45b Emission monitoring. 

{a} The owner or operator of an 
affected f•cility subject to the opacity 
standard under § 60.42b shall install, 
calibrate, maintain and operate a 
continuous monitoring system for 
measuring the opacity of emissions 
discha•ed to the atmosphere and 
record the output of the system. 

(b} Except as provided in paragraph 
{8} of this section, the owner or operator 
of an affected facility •abject to the 
nitrogen oxides standard of § 8o.43b 
shall install, calibrate, maintain, and 
operate a continuous mordtaring system 
for measuring nitrogen oxides emissions 
discharged to the atmosphere and 
record the output of the system, 

{el The continuous monitoring systems 
required under paragraph .{b} of this 
section shall be operated and data 
recorded during all periods of operation 
of the affected fac•ity, including periods 
of startup, shutdown, or malfunction, 
except for continuous monitoring system 
breakdowns,.repalrs, calibration checks. 
and zero and span adiustments. 
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(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(hJ Shall be 
expressed in nanngrams per joule or Ib/ 
million Btu heat input and shall be used 
to calculate the average emission rates 
under § 60.43h. 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- hou• average. 

(e) The procedures under § 00.18 shall 
be followed for installation, eva•uatiun, 
and operation of the continuous 
monitoring systems. 

(lJ For affected facilities burning coal, 
wood or solid waste, the span value for 
a 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: 

§60,46b Reporting 
and recordkeeping 

requirements. 
(a) The owner or operator of each 

affected facili• shall submit notification 
of •e date of initia] star,p, as •d•ided by • •.11. This no•fication shall 
•nclude: 

(1) Identifica•on of •e fuels to be 
combusted • •e affected facility, and 

(2) •e.desi• heat •put capaci• and 
• e a•ual capaci• factor at which •e 
o•er or operator anticipates opera•nR 
• e facili•, und, if applicable, a copy of 
any Federai, State or local,pe•it whi• 
fi• •e amual capaci• factor for any ". •el or m•t•e of •els listed • 
J 60.42b(a] • 30 percent (0.30) or less, or fur any fuel or mixt•e of•els listed in 
• •.43b(a] to 5 percent (0.05] or less. 

[b) For facilities subject to •e 
par•culate matter and ni•ngen oxides 
e•ssinn limits •der • 60.42b and 
• •.43b, •e perfo•ce test data •om 
• e i•al perfo•ce test and •e 
perfo•ce evalua•on of •e 
continuous monitors shall be submitted 

•o• 
s•. v• f• 

to the Administrator by the owner or 
• r•E_o,• operator of the affected facility 

•"') (c• heowne oro•eratorofeachC T 

c• soo oxides standard of § 0043b who seeks 

standers •ongh the monito•ng of 
where: 
x is the fradfion of total heat input derived 

from natural gas, 
y is the •raction of total heat input derived 

from oil, and 
z is L•e fraction of tot.el heat input derived 

from coal 

{3] All span values computed under 
paragraph (h){2} of this section for 
burn.ing combinations of regulated fuels 
are rounded to the nearest 500 ppm. (f) If emission data are not 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 0 
calendar days and return the monitor to 
operation in no more than 15 calendar 
days from initial data loss. ISec. "114, 
Clean'Air Act as amended [42 U.S.C. 
74•4}.} 

(gJ 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 I0.30} 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 a plan submitted under § 60.46b(cJ. 

steam generating unit operating 
conditions pursuant to the provisions of 
§ SO.45b(g)(2) shall submit to the 
Admirdstrator 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.•5b(i). This •lan shall be s•ubmitted 
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 
generating unit load over the range of 30 
to I00 percent of the maximum design 
heat input capacity of the steam 
genere•ing unit} which are consistent 
with maintaining nitrogen oxides 
emissions below th• limits included in 
§ 00.43b. 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.e., flue gas oxygen level}, 

{2) Include'the data and information 
which the owner or operator used to identify these operating cond/tions and 
the relationship between these opuratipg 
conditions and nitrogen oxides 
emissions• and 

(3) Identify how these operating 
conditions, including steam generating 
unit load, wi• be monitored under 
§ 60.45b{g] on an hourly basis by the 
owner or operator during the period of 
operation of the steam generating unit, 
and the type and furmat of the records 
of these operating conditions, including 
steam generating unit toad, that will be 
maintained by the owner or operator 
under § 60A0b{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 affected facility shall record and 
maintain records of the amounts of all 
fuels f•red each calendar quarter and 
calculate the annual capacity factor for 
coal, oil, natural gas, wood and solid 
waste. 

(e} For facilities fnd_ug residual oil and 
subject to § 60.43b(a](2}{ti}, the owner or 
operator shall maintain records of tl• 
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 nitroooen 
oxides standards under § 60.43b, the 
owner or operator shall maintain 
records of the following in.formation for 
each steam generating unit operatin• 
day: 

{I} Calendar date. 
(2} The average hourly nitrogen oxides 

emission rates (nanograms per joule or 
Ib per million Btu heat inputS. 

{3} The average nitrogen oxide 
emission rates {nanogram per joule or Ib 
per million Btu heat input} calculated at 
the enc• of the steam generating unit 
operating day from the average hourly 
nitrogen oxide emission rates for the 
preceding 720 hours of steam generating 
unit operation. 

{4} Identification of the steam 
generating unfi operating days when the 
average nitrogen oxide emission rates 
determined under paragraph (g}{3} are in 
excess of the nitrogen oxides emissions 
standards under § 00.43b, with the 
reasons for such excess emissions as well as a description of co.active 
actions taken, 

{5} Identification of the steam 
generating unit operating days for which 
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pollutant data have not been obtained, 
including reasons for not obtaining 
sufficient date and a description of 
corrective actions taken. 

(6} Identification of the times when 
emissions data have been excluded from 
the calculation of average emission 
rates because of startap, shutdown. 
malfunction, 

or other reasons, and the 
reaso•as 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 monitoring 
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 Speeiflcations 2 or 3. 

[h} The owner of operator of any 
affected facility subject to the opacity 
standards under § 60.43b{e} or the 
nitrogen oxides emi3sions limits under 
§ •0.43b shall submit a report for each 
semiarmual period during which excess 
emissions occur. No excess emissions 
report shall be submitte d for any 
semiannual reporting period.during 

which the affected facility did not 
exceed either the opacity standards 
under § 60.42b{e) or the nitrogen oxides 
emissions standards under § 60.43b, 
notwithstanding the pro'visions of 
§ 

{i} All records required under this 
section shall be maintained by the 
owner or operator of the affected facility 
for a period of 2 years follVwing the date 
of such record. 
{See. 114. Clean Air Act as amended [4Z 
U.S.C. 7414)l 
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EHVIRONMENTAL PROTECTION Larry G. Jones, Standards Development steam generating units [40 C•R 60.40a; 
AGENCY Branch (MD-13), Emission Standards Subpart De). This standard was adopted 

and Engineering Division, U.S. in 1979 and, as required by section 111 
Environmental Protection Agency, of the Clean Air Act, a 4oyeur review is 
Research Triangle Park, North Carolina being initiated. Because of the typical 5 
27711, telephone (919} 541-5624. to 7 year time period nbcessary to 
SUPPLEMENTARY INFORMATION: design and const•ct a new electric 

utility steam generating unit, new utility Background 
units subject to Subpart Da are-just now 

In addition to today's proposal of initiating operation. Thus, the review 
performance standards for the control of will be constrained to some extent by 
particulate matter •nd nitrogen oxides limitation in operating data available (NO•} e•nissinns from industrial- from units subject to Subpsrt De. 
commercial-institutional steam However, the review will address both 
generating units Of greater than 29 MW the particulate matter, SO•, and NO, 
{100 million Btu/hour) heat input standards and the applicable emission 
capacity, this advance notice is to control technologies. Areas of particular 
advise the public of regulatory a'ctivitiss interest would include a review of the 
in three ,other categories of steam progress that has been made in "dry" 
generating units, flue gas desulfurization system since 

The first category of regulatory 1979, partinpluriy spray-dryer systems, activity is the development of the use of adipic acid to improve flue performance •tandards to limit the gas desulfurization system operability, 
emissions of sulfur dioxide ISO•} from and the status of development of "low- industrial-commercial-institutional NO," burners (staged combustion 
steam generating units of greeter than 29 burners} for pulverized coal 
• (100 million Btu/hnur} heat input applications. The review of Subpurt Da capacity. In develop ng the standards, a will also include an investigation of 
wide range of N(• control alternatives technical adjustments to the standards 
are being investigated for basis of the such as performance test methods and SO• standards including, but not limited recordkeeping and reporting 
to, low sulfur fuel, fuel pretreatment, requirements. As progress is made in th• "dry" flue gas dssulfurizatiun,. "wet" review of this standard, documents will flue gas desul•urization, and fluldized be made available for public review and bed combustion technology. The fInal 

comment. selection of the technological basis of 
the standard will be made in accordance .Request fo r Information 
with the requirements of section 1•11 ef A substantial amount of information the Clean AO" Act as amended. Drafts of 

on control of particulate matter, SO•, background documents describing SO• and NOz emissions from steam emission control techniques and their 
performance and costs are scheduled to 

generating units was gathered In 1977- 
be available for public review and 1980; however, this information may 
comment in the fall of 1984. need to be updated to reflect recent 

The second category of regulatory developments. Relative to the 
activity includes the development of development or review Of standards af 
performance standards for steam performance for the three categories of 
generating units of less than 29 MW [I00 steam generating units, data and 
million Btu]hoar} heat input capacity, comments are requested. Specifically, 
Steam generating units in this size range 

performance and cost data are 

would be expected to be principally requested for the application of flue gas 
commercial-institutional in character desulfutization technology to industrial° 
and to principally fire natural gas or fuel commerclal-institutional steam 
oil. A limited amount of solid fuel would generating units of greater than 29 MW 
be expected to be fired In this source 

{I00 million Btu]hour} heat input 
category. The development of capacity. Information on all types of flue 
performance standards for this category gas desulfurization systems, including 
will consider the control of •ariiculate, .dry iniectinn, spray-dryer, wet scrubbing 
matter, SO• and NOx emissions. As "systems, and fluidized bed combustor 
development work is completed for this systems, are dulicited. 
category of steam generating units, For steam generating units of less than 
documents describing the category, 29 • (100 million Btu/hour} heat input 
emission control techniques, capacity, technical and cost data are 
performance level, and cost are requested on the.control of particulate 
expected to become available for review matter, SO• and NOx. Specifically, 
and comment in the spring of 198•. performance and cost information on 

the 
The third category of regulatory use of combusffon air oxygen trim 

activity is the 4-year review of the :. systems and on the ap'plication bf staged 
performance standard for electric utility combustion burners (SCB} for NO= 

40 CFR Part 60 

[AD-FRL-24Sg-2] 

New Source Performance Standard; 
Steam Generating Units 

AGENCY: '•nviremmentul Protection 
Agency (EPA). 
ACTION: Advance notice of proposed 
rulemaking. 

SUMMARY: In today's Federal Register, 
performance standards are being 
proposed for the control of particulate 
matter and nitrogen oxides 
emissions from Industrial-commercial- 
institutional steam generating units of 
greater than 29 MW (•.00 million Btu/ 
hour} heat input capacity. The purpose 
of this advance notice is to advise the 
public 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 suLfi.¢ dioxide 
(SOz} from industrial-commercial- 
institutional steam generating units. The 
second category of regulatory activity is 
the development of performance 
standards for steam generators of less 
than 29 MW {100 million 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; 
Sabpart 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, •984, 
ADDreSS: Comments should be 
submitted to the Central Docket Section 
(LE..-131), U.S. Environmental Protection 
Agency, 401 M Street, SW., Washington, 
D.C.. 204•0. Cdmments and data related 
to development of (SO•] performance 
standards for industrial-commercial- 
institutional steam generating units 
larger than 29 •5/VvV [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 IvIW (100 million Btu/hour) heat input 
capacity should be addressed to Docket 
Number A-83-46, 
Comments and data related to review 

of performance standards for electric 
utility steam generating units {§ •0,40a• 
Subpart De} should be addressed to 
Docket Number A--88-45. 
FOR FURTHER tNFORMATION CONTACT:, 
Fred L. Porter. Walter H. Stevenson, or 
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control is requested, Within the last 
years, significant advancements appear 
to have been made with these 
technologies. 

For electric utility 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 SOs control and on the 
application of SCB technology for 
control of pulverized coal-fired steam 
generating units.Comments on technical 
amendments to general requirements 
under Subpart Do, (such as monitoring, recordkeeping,.and reporting} are also 
requested. 

In summary, regulatory deve]dpment 
{or review} of standards of performance 
for three categorles of steam generating 
units is be/rig announced, Interested 

indi•,iduals 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 U.S.C. 601. et eeq.. 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 undel• Executive- 
Order 12291. 

List of Subjects in 40 CFR Part 60 

Air pollution control, Aluminum. 
Ammoniun• 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. 

Dated: June 7, 19B4.. 
Alvin L. Aim, 
Acting Administrator. 
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Environmental 
--= Protection Agency 

40 CFR Part 60 
Standards of Performance for New 
Stationary Sources; Proposed 
Amendment 



25158 Federal Register / Vol. 49. No. 119 / Tuesday. June 19, 1984 / Proposed Rules 

ENVtROHMEIqTAL PROTECTION 
AGENCY 

40 CFR Part 80 

[.•,D-FRL-2488-8] 

Standards of Performance for New 
Stationary Sources; Industrial Fossil 
FuoFFired Steam Generators 

•ENCY: Environmental Protection 
Agency, 
ACTION: Proposed amendment. 

•UMMARY." This proposal would amend 
the priority list for fegulatibn of new 
sources under section 11.1 of the Clean 
Air Act by expanding the source 
category of industrial fossil fuel-firsd 
steam generators to cover all steam 
generators, including both fossil fuel- 
fired and nonfussil 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 generating units contribute 
significantly to air pollution which may reesonably be anticipated to endanger 
public health or welfare. 
DAT•S: 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 F-,PA by June 28, 1984. If a hearing is requested, an announcement 
of the date and place will appear in a 
separate Federal Register nntiee. 
ADORESSES: Comments. Comments 
should be submitted lie duplicate if 
possible) to: Central Docket Section 
130}, Attention: Docket No. OAQPS A- 
79-02, U.S. Environmental Protection 
Agency, 40"i M Street, Washington, D.C. 
20460. 

PublicHsaring, Persons wishing to 
request a public hearing should notify 
Ms. Shelby Joumigen, Standards 
Development Branch (MD-13}, U.S, 
Environmental Protection Agency, 
Research Triangle Park, North Carolina 
27711, telephone {919} ,541-5624. 
Background Information Documents. 

Docket Number OAQPS A-79--02, 
containing •nfurmation used in 
development of the standards of 
performance for steam generating units 
is available for public inspection 
between 8:00 a.m. and .l:O0 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 
infdrmation document for fossil fuel- 
fired steam generb.tors, EPA--450/3--•2- 

007, and a background information 
document for nonfussil fuel-fired steam 
generators, EPA-I•'•fl/3-S3-007. These 
documents provide a review of emission 
control technologies and emission data 
for steam generators. They are available 
as a set from the Superintendent of 
Documents, U.S.G,P.O. Washington, 
D.C. 20402, telephone I202} 783-3238, for 
a purchase price Of $28. The GPO Stock 
number is 055-00&-00226-9. 
FOR FURTHER INFORMATION CONTACT: 
Mr, Fred Porter or Mr. Walter 
Stevenson. Standards Development 
Branch (MD-13)• Environmental 
Protection Agency, Research Triangle 
Park, North Carolina 2,77"11, telephone 
{919) 541-5824. 
SU•PL=ME•rrARV •NFORMAT•ON: The 
Clean Air Act establishes • program 
under section "111_ to develop standards 
of performance' for new stationary 
sources which the Administrator 
determines may contribute significantly 
to air pollution which may reasonably 
be anticipated to endanger public health 
or welfare. Section 111(• of the Clearn 
Air Act, added by the 1977 Clean Air 
Act Amendments, requires that the 
Administrator publish, and from time to 
time revise, a list of categories of major 
statinrfary 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 0f regulations, was proposed in the F•n:leral Register on August 31-, 1978, and promulgated on August 21, 1979 {•.0 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 source 
category, it became apparent that 
substantial similarities exist between 
steam generators {boilers) which fire 
fossil fuels and those which fire 
nonfosetl 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 pollutants sun be comparable. 
Because of the similarity in design and 
emissions, the emission control 
techniques which are applicable to fossil 
fuel-fired boilers are generally 
applicable to nonfossil fuel-fired boilers 
as welL-In fact, any practical difference 
between fossil and nonfussil fuel-f red 
boilers has virtually disappeared as 

many new boilers have interchangeable 
fossil fuel, nonfossil fuel, and mixed fuel 
capability. 

Therefore, the source category fur 
"Fossil Fuel-Fired Steam Generators: 
Industrial Boilers" is being expanded to 
include steam generators firing noofossil 
fuels in recognition of the similarities 
between fossil and nonfossil fuel-fired 
boilers. 

The Administrator has also 
determined that sufficient similarities 
exist between boilers serving industrial 
plants end those supplying steam to 
commercial and institutional facilities to 
support the inclusion of steam 
generators serving these latter types o• 
facilities as a sub-class of the steam 
generating unit source category. As with 
nonfossil fuel-fired boilers, there are important similarities between the 
operation and design of industrial 
boilers and boilers serving commeroial 
and institutional facilities. These boilers 
emit similar pollutants, fire the same fuels, and may employ the same 
emission control techniques. Their 
•npaot• on human health and welfare 
are similar, and the Administrator has 
determined, pursuant to the provisions 
of section .11-1{b}{1_){A), that the inclusion 
of industrial, commercial, and 
institutional boilers in one source 
category is warranted. 

Although the Administrator has 
determined that industrial, commercial, 
and institutional boilers shouted be 
classified together as one source 
category for the purpose of the priority l!sting, the Administrator may also 
distinguish among classes, types, and 
sizes of sources w•thin categories for the 
purpose of establishing standards. In 
this instance, there are three distinctions 
which are frequently cited in order to 
differentiate between industriel boilers 
and commercial and institutional 
boilers. The first distinction is that 
commercial and institutional boilers are generally more common in the snialler 
boilur size ranges. The second is that a larger percentage of commercial and 
institutiona_l boilers fire less-polluting 
fuels, such as natural gas end distillate 
oil, than do industrial boilers, which are predominantly coal-fired. Finally, the 
financial structure of a commercial or 
institutional entity differs significantly 
from that of an industrial concern, and 
thus the dconomic impacts of a performance standard may differ 
significantly. In all three instances, the•'e 
distInctions are of the type which are 
more appropriately addressed in the 
development of performance standards 
for these classes, types, and sizes of 
steam generating units than In the 
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definition of the scope of-a source 
category. 

It should be noted th•it this proposed 
revision to the priority listing would 
result in this source category including 
all steam {and hot water) generating 
units except electr/c utfltiy steam 
generating units larger than 73 • (250 
million Btu/hour} heat input capacity 
which are subject to Subpart Da of 40 
CFR Part 60. As proposed, the source 
category would cover fossil fuel-fired 
and nonfossil fuel-fired steam (and hot 
water) generating units used in 
industrial, Commerdial, 

or institutional installations, including steam generating 
units used for onsite electz/cul power production or cogeneration facilities not 
covered by Subpart Da. Specifically, 
small electric utility steam generating 
units {73 MW {260 million Btu/hour] 
heat input capacity or less) would be 
included in this source category. 

It is also intended that this.. 
amendment will clarify the scope of th/s 
source category with regard to steam 
generating units. As amended, this 
source category will include any device 
or system which combusts fuel which 
results in the production of steam {or hot 
water}, including incinerators with heat 
recovery, combined cycle steam 
generators, o0generation systems and 

small elect•qc 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 to be effective, on boilers are also effective in reduc ng 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 "Fossil Fuel- 
Fired Steam Generator•: Industrial 
Boilers" meets the significant 
contributor test in section 
,•0 CFR 60.16. The Administrator hereby 
proposes to find that the source category 
"Indus tr/al:Commereial-lne titutional 
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 
categ.ory is being changed to "industrial- 
Comm•rcial-lnstitutionul Steam 
enerating Umts. Th/e changes deletes 

the reference to the type of fuel 
combusted, to the distinction between 
boiler applications, and to the.type of 
steam generator, 

"List of Subjects in 40 CFR Part 60 

Air pollution control, Aluminum, 
Ammonium sulfate plants, Asphalt. 
Cement industry, Coal copper. Electr/c 
power plants, Glass'and glass products, 
Grains, Intergoverumental relations, 
Iron, Lead, Metals, Metallic minerals, 
Motor vehicles, Nitric acid plants, Paper 
and paper products industry, Petroleum, 
Phosphate, Sewage disposal, Steel 
sul•ic acid plants, Waste treatment 
and disposal, Zinc, Tires, incorporation 
by reference, can sudace coating, 
Sulfuric acid plants, Industrial organic 
chemicals, Organic solvent cleaners. 
Fossil fuul-fired steam generators, 
Fiberglass insulation, Synthetic fibers. 
(Sacs. 111 and 301{a} of the Cle•n Air Act as 
amended, 42 U,S.C, 7411 and 760•.(bll 

Dated: June ?, 198•. 

Act•hg Administrator. 
It is proposed to amend 40 CFR Part 

60, Subpart A, § 60.16 by revising item 
11 as follows: 

§ 60.1S Pflolqty |lst, 

11. Industria er -Institutional 
Steam Generating Un./ts. 






