
CHAPTER B 

BEST AVAILABLE CONTROL TECHNOLOGY 

I. INTRODUCTION 
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Any major stationary source or major modification subject to PSD must 
conduct an analysis to ensure the application of best available control 
technology (BACT). The requirement to conduct a BACT analysis and 
determination is set forth in section 165(a)(4) of the Clean Air Act (Act), in 
federal regulation$ at 40 CFR 52.21(j), in regulations setting forth the 
requirements for State implementation plan approval of a State PSD program at 
40 CFR 51.166(j), and in the SIP's of the various States at 40 CFR Part 52, 
Subpart A - Subpart FFF. The BACT requirement is defined as: 

"an emissions limitation (including a visible emission standard) 
based on the maximum degree of reduction for each pollutant 
subject to regulation .under the Clean Air Act which would be 
emitted from any proposed major stationary source or major· 
modification which the Administrator, on a case-by-case basis, 
taking into account energy, environmental, and economic impacts 
and other costs, determines is achievable for such source or 
modification through application of production processes or 
available methods, systems, and techniques, including fuel 
cleaning or treatment or innovative fuel combustion techniques for 
control of such pollutant. In no eventshall appl kation of..~est 
ava i 1 ab 1 e control technology resulTl·rl"eInTss-fons····Or a·ny-·p·oll utant 
wh ich would excel:!<:L1;.h~ .. l:!mjssjons all owed by anyappl ieabl e 
standard under-·4·0 CFR Parts 6Cj·and6L·····If the-Adniin istrator 
determines· thatlecbnol oglcalcr -economic 1 imitations on the 
application of measurement methodology to a particular emissions 
unit would make the imposition of an emissions standard 
infeasible, a design, equipment, work practice, operational 
standard, or combination thereof, may be prescribed instead to 
satisfy the requirement for the application of best available 
control technology. Such standard shall, to the degree possible, 
set forth the emissions reduction achievable by implementation of 
such design, equipment, work practice or operation, and shall 
provide for compliance by means which achieve equivalent results." 

During each BACT analysis, which is done on a case-by-case basis, the 
reviewing authority evaluates the energy, environmental, economic and other 
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costs associated with each alternative technology, and the benefit of reduced 
emissions that the technology would bring. The reviewing authority then 
specifies an emissions limitation for the source that reflects the maximum 
degree of reduction achievable for each subject pollutant regulated under the 
Act. In no event can a technology be recommended which would not meet any 
applicable standard of performance under 40 eFR Parts 60 (New Source 
Performance Standards) and 61 (National Emission Standards for Hazardous Air 
Pollutants). 

In addition, if the reviewing authority determines that there is no 
economically reasonable or technologically feasible way to accurately measure 
the emissions, and hence to impose an enforceable emissions standard, it may 
require the source to use design, alternative equipment, work practices or 
operational standards to reduce emissions of the 'pollutant to the maximum 
extent. 

On December 1, 1987, the EPA Assistant Administrator for Air and 
Radiation issued a memorandum that implemented certain program initiatives 
designed to improve the effectiveness of the NSR programs within the confines 
of existing regulati.ons and state implementation plans. Among these was the 
"top-down" metho.d for determining best available control technology (BACT). 

In brief, the top-down process provides that all available control 
technologies be ranked in descending order of control effectiveness. The PSD 
appl icant first examines the most stringent--or "top"--alternative. , That 
alternative is established as BACT unless the applicant demonstrates, and the 
permitting authority in its informed judgment agrees, that technical 
considerations, or energy, environmental, or economic impacts justify a 
conclusion that the most stringent technology is not "achievable" in that 
case. If the most stringent technology is eliminated in this fashion, then 
the next most stringent alternative is considered, and so on. 
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The purpose of this chapter is to provide a detailed description of the 
top-down method in order to assist permitting authorities and PSD applicants 
in conducting BACT analyses. 
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II. BACT APPLICABILITY 
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The BACT requirement applies to each individual new or modified affected 
emissions unit and pollutant emitting activity at which a net emissions 
increase.would occur. Individual BACT determinations are performed for each 
pollutant subject to a PSD review emitted from the same emission unit. 
Consequently, the BACT determination must separately address, for each 
regulated pollutant with a significant emissions increase at the source, air 
pollution controls for each emi·ssions unit or pollutant emitting activity 
subject to review. 
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III. A STEP BY STEP SUMMARY OF THE TOP-DOWN PROCESS 
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Table 8-1 shows the five basic steps of the top-down procedure, including 
some of the key elements associated with each of the individual steps. A 
brief ~escription of each step follows. 

III.A. STEP I--IDENTIFY ALL CONTROL TECHNOLOGIES. 

The first step ~n a "top-down" analysis is to identify, for the 
emissions unit in question (the term "emissions unit" should be read to mean 
emissions unit, process or activity), all "available" control options. 
Available control options are those air pollution control technologies or 
techniques with a practical potential for application to the emissions unit 
and the regulated pollutant under evaluation~ Air pollution c~ntrol 
technologies and techniques include the application of production process or 
available methods, systems, and techniques, including fuel cleaning or 
treatment or innovative fuel combustion techniques for control of the affected 
pollutant. This includes technologies employed outside of the United States. 
As discussed later, in some circumstances inherently lower-polluting processes -are appropriate for consideration as available control alternatives. The 
control alternatives should include not only existing controls for the source 
category in question, but also (through technology transfer) controls applied 
to similar source categories and gas streams, and innovative control 
technologies. Technologies required under lowest achievable emission rate 
(LAER) determinations are available for BACT purposes and must also be 
included as control alternatives and usually represent the top alternative. 

In the course of the BACT analysis, one or more of the options may be 
eliminated from consideration because they are demonstrated to be technically 
infeasible or have unacceptable energy, economic, or environmental impacts on 
a case-by-case (9r site-specific) basis. However, at the outset, applicants 
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TABLE 8-1. - KEY STfPS I N THE "TOP-DOWN" BACT PROCESS 

STEP 1: IDENTIFY ALL CONTROL TECHNOLOGIES. 

LIST is comprehensive (LAER included). 

STEP 2: ELININATE TECHNICALLY INFEASIBLE OPTIONS. 
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A demonstration of technical infeasibility should be clearly 
documented and should show, based on physical, chemical, and 
engineering principles, that technical difficulties would preclude 
the successful use of the control option on the emissions unit 
under review. 

STEP 3: RMIK REHAINING CONTROL TECHNOLOGIES BY CONTROL EFFECTIVENESS. 

Should include: 

control effectiveness (percent pollutant removed); 
expected emission rate (tons per year); 
expected emission reduction (tons per year); 
energy impacts (BTU, kWh); 
environmental impacts (other media and the emissions of toxic and 
hazardous air emissions); and 
economic impacts (total cost effectiveness, incremental cost 
effectiveness). 

STEP 4: EVALUATE HOST EFFECTIVE CONTROLS MID DOCUHENT RESULTS. 

Case-by-case consideration of energy, environmental, and economic 
impacts. 
If top option is not selected as BACT, evaluate next most 
effective control option. 

STEP 5 : SELECT BACT 

Most effective option not rejected is BACT. 
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should initially identify all control options with potential appl ication to 
the emissions unit under review. 

III.B. STEP 2--ElIMlNATE TECHNICALLY INFEASIBLE OPTIONS. 

In the second step, the technical feasibility of the control options 
identified in step one is evaluated with respect to the source-specific (or 
emissions unit-specific) factors. A demonstration of technical infeasibility 
should be clearly documented and should show, based on physical, chemical, and 
engineering principles, that technical difficulties would preclude the 
successful use of the control option on the emissions unit under review. 
Technically infeasible control options are then eliminated from further 
consideration in the BACT analysis. 

For example, in cases where the level of control in a permit is not 
expected to be achieved in practice (e.g., a source has received a permit but 
the project was canceled, or every operating source at that permitted level 
has been physically unable to achieve compliance with the limit),and 
supporting documentation showing why such limits are not technically feasible 
is provided, the level of control (but not necessarily the technology) may be 
eliminated from further consideration. However, a permit requiring the 
application of a certain technology or emission limit to be achieved for such 
technology usually is sufficient justification to assume the technical 
feasibility of that technology or emission limit. 

III.C. STEP 3--RANK REMAINING CONTROL TECHNOLOGIES BY CONTROL EFFECTIVENESS. 

In step 3, all remaining control alternatives not eliminated in step 2 
are ranked and then listed in order of over all control effectiveness for the 
pollutant under review, with the most effective control alternative at the 
top. A list should be prepared for each pollutant and for each emissions unit 
(or grouping of similar units) subject to a BACT analysis. The list should 
present the array of control technology alternatives and should include the 
following types of information: 
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• control efficiencies (percent pollutant removed); 

expected emission rate (tons per year, pounds per hour); 

expected emissions reduction (tons per year); 

• economic impacts (cost effectiveness); 
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• environmental impacts [includes any significant or unusual 
other media impacts (e.g., water or solid waste), and, at a 
minimum, the impact of each control alternative on emissions of 
toxic or hazardous air contaminants]; 

• energy impacts. 

However, an applicant proposing the top control alternative need not 
provide cost and other detailed information in regard to other control 
options. In such cases the applicant should document, to the satisfaction of 
the review agency and for the public record, that the control option chosen 
is, indeed, the top, and review for collateral environmental impacts. 

III.D. STEP 4--EVALUATE MOST EFFECTIVE CONTROLS AND DOCUMENT RESULTS. 

After the identification of available and technically feasible control 
technology options,·the energy, environmental, and economic impacts are 
considered to arrive at the final level of control. At this point the 
analysis presents the associated impacts of the control option in the. listing. 
For each option the applicant is responsible for presenting an objective 
evaluation of each impact. Both beneficial and adverse impacts should be 
discussed and, where possible, quantified. In general, the BACT analysis 
should focus on the direct impact of the control alternative. 

If the applicant accepts the top alternative in the listing as BACT, the 
applicant proceeds to consider whether impacts of unregulated air pollutants 
or impacts in other media would justify selection of an alternative control 
option. If there ar~ no outstanding issues regarding collateral environmental 
impacts, the analysis is ended and the results proposed as BACT. In the event 
that the top candidate is shown to be inappropriate, due to energy, 
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environmental, or economic impacts, the rationale for this finding should be 
documented for the public record. Then the next most stringent alternative in 
the 1 isting becomes the new control candidate and is similarly evaluated. 
This process continues until the technology under consideration cannot be 
el iminated by any source-specific environmental, energy, or economic impacts 
which demonstrate that alternative to be inappropriate as BACT. 

111.f. STfP 5--SfLfCT BACT 

The most effective control option not eliminated in step 4 is proposed as 
BACT for the pollu~ant and emission unit under review. 
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IV. TOP-DOWN ANALYSIS DETAILED PROCEDURE 

IV.A. IDENTIFY ALTERNATIVE EMISSION CONTROL TECHNIQUES (STEP 1) 
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The objective in step I is to identify all control options with potential 
application to the source and pollutant under evaluation. later, one or more 
of these options may be eliminated from consideration because they are 
determined to be technically infeasible or to have unacceptable energy, 
environmental or economic impacts. 

Each new or modified emission unit (or logical grouping of new or 
modified emission units) subject to PSD is required to undergo BACT review. 
BACT decisions should be,made on the information presented in the BACT 
analysiS, including the degree to which effective control alternatives were 
identified and evaluated. Potentially applicable control alternatives can be 
categorized in three ways. 

Inherently Lower-Emitting Processes/Practices, including 
the use of materials and production processes and work 
practices that prevent emissions and result in lower 
"production~specific" emissions; and 

Add-on Controls, such as scrubbers, fabric filters, thermal 
oxidizers and other devices that control and reduce emissions 

after they are prodticed. 

Combinations of Inherently Lower Emitting Processes and Add-on 
Controls. For example, the application of combustion and post­

combustion controls to reduce NOx emissions at a gas-fired 
turbine. 

The top-down BACT analysis should consider potentially applicable control 
techniques from all three categories. lower-polluting processes should be 

considered based on demonstrations made on the basis of manufacturing 
identical or similar products from identical or similar raw materials or 
fuels. Add-on controls, on the other hand, should be considered based on the 
physical and chemical characteristics of the pollutant-bearing emission 
stream. Thus, candidate add-on controls may have been applied to a broad 

B.IO 



ORA F T 
OCTOBER 19~O 

range of emission unit types that are similar, insofar as emissions 
characteristics, to the emissions unit undergoing BACT review. 

IV.A.I. DEMONSTRATED AND TRANSFERABLE TECHNOLOGIES 

Applicants are expected to identify all demonstrated and potentially 
applicable control technology alternatives. Information sources to consider 
include: 

EPA's BACT/LAER Clearinghouse and Control Technology Center; 

• Best Available Control Technology Guideline - South Coast Air 
Quality Management District; 

control technology vendors; 

• Federal/State/Local new'source review permits and associated 
inspection/performance test reports; 

environmental consultants; 

• technical journals, reports and newsletters (e.g., Journal of 
Air and Waste Management Association and the Mclvaine reports), 
air pollution control seminars; and 

EPA's New Source Review (NSR) bulletin board. 

The applicant is responsible to compile appropriate information from 
available information sources, including any sources specified as necessary by 
the permit agency. The permit agency should review the background search and 
resulting list of control alternatives presented by the applicant to check 
that it is complete and comprehensive. 

In identifying control technologies, the applicant needs to survey the 
range of potentially available control options. Opportunities for technology 
transfer lie where a control technology has been applied at source categories 
other than the source under consideration. Such opportunities should be 
identified. Also, technologies in application outside the United States to 
the extent that the technologies have been successfully demonstrated in 
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practice on full scale operations. Technologies which have not yet been 
applied to (or permitted for) full scale operations need not be considered 
available; an applicant should be able to purchase or construct a process or 
control device that has already been demonstrated in practice. 

To satisfy the legislative requirements of BACT, EPA believes that the 
applicant must focus on technologies with a demonstrated potential to achieve 
the highest levels of control. For example, control options incapable of 
meeting an applicable New Source Performance Standard (NSPS) or State 
Implementation Plan (SIP) limit would not meet the definition of BACT under 
any circumstances. T.he appl icant does not need to cons ider them in the BACT 
analysis. 

The fact that a NSPS for a source category does not require a certain 
level of control or particular control technology does not preclude its 
consideration for control in the top-down BACT analysis. For example, post 
combustion NOx controls are not required under the Subpart GG of the NSPS for 
Stationary Gas Turbines. However, such controls must still be considered 
available technologies for the BACT selection process and be considered in the 
BACT analysis. An NSPS simply defines the minimal level of control to be 
considered in the BACT analysis. The fact that a more stringent technology 
was not selected for a NSPS (or that a pollutant is not regulated by an NSPS) 
does not exclude that control alternative or technology as a BACT candidate. 
When developing a list of possible BACT alternatives, the only ·reason for 
comparing control options to an NSPS is to determine whether the control 
option would result in an emi~sions level less stringent than the NSPS. If 
so, the option is unacceptable. 

IV.A.2. INNOVATIVE TECHNOLOGIES 

Although not required in step 1, the applicant may also evaluate and 
propose innovative technologies as· BACT. To be considered innovative, a 
control technique must meet the provisions of 40 CFR 52.2I{b)(I9) or, where 
appropriate, the applicable SIP definition. In essence, if a developing 
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technology has the potential to achieve a more stringent emissions level than 
otherwise would constitute BACT or the same level at a lower cost, it may be 
proposed as an innovative control technology. Innovative technologies are 
distinguished from technology transfer BACT candidates in that an innovative 
technology is still under development and has not been demonstrated in a 
commercial application on identical or similar emission units. In certain 
instances, the distinction between innovative and transferable technology may 
not be straightforward. In these cases, it is recommended that the permit 
agency consult with EPA prior to proceeding with the issuance of an innovative 
control technology waiver. 

In the past, only a limited number of innovative control technology 
waivers for a specific control technology have been approved. As a practical 
matter, if a waiver has been granted to a similar source for the same 
technology, granting of additional waivers to similar sources is highly 
unlikely since the subsequent applicants are no longer "innovative." 

IV.A.3. CONSIDERATION OF INHERENTLY LOWER POLLUTING PROCESSES/PRACTICES 

Historically, EPA has not considered the BACT requirement as a means to 
redefine the des~gn of the source when considering available control 
alternatives. For example, applicants proposing to construct a coal-fired 
electric generator, have not been required by EPA as part of a BACT analysis 
to consider building a natural gas-fired electric turbine although the turbine 
may be inherently less polluting per unit product (in this case electricity). 
However, this is an aspect of the PSD permitting process in which states have 
the discretion to engage in a broader analysis if they so desire. Thus, a gas 
turbine normally would not be included in the list of control alternatives for 
a coal-fired boiler. However, there may be instances where, in the permit 
authority's judgment, the consideration of alternative production processes is 
warranted and appropriate for consideration in the BACT analysis. A 
production process is defined in terms of its physical and chemical unit 
operations used to produce the desired product from a specified set of raw 
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materials. In such cases, the permit agency may require the applicant to 
include the inherently lower-polluting process In the list of BACT candidates. 

In some cases, a given production process or emissions unit can be made 
to be inherently less polluting (e.g; the use of water-based versus solvent 
based paints in a coating operation or a coal-fired boiler designed to have a 
low emission factor for NOx). In such cases the ability of design 
considerations to make the process inherently less polluting must be 
considered as a control alternative for the source. Inherently lower­
polluting processes/practice are usually more environmentally effective 
because lower amounts ·of solid wastes and waste water are generated when 
compared with add-on controls. These factors are considered in the cost, 
energy and environmental impacts analyses in step 4 to determine the 
appropriateness of the additional add-on option. 

Combinations of inherently lower-polluting processes/practices (or a 
process made to be inherently less polluting) and add-on controls are likely 
to yield more effective means of emissions control than either approach alone. 
Therefore, the option to utilize an inherently lower-polluting process does 
not, in and of itself, mean that no additional add-on controls need be 
included in the BACt analysis. These combinations should be identified in 
step 1 of the top down process for evaluation in subsequent steps. 

IV.A.4. EXAMPLE 

The process of identifying control technology alternatives (step 1 in the 
top-down BACT process) is illustrated in the following hypothetical example. 
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Description of Source 
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A PSO applicant proposes to install automated surface coating process 
equipment consisting of a dip-tank priming stage followed by a two-step spray 
application and bake-on enamel finish coat~ l!:e product is a specialized 
electronics component (resistor) with strict resistance property 
specifications that restrict the types of coatings that may be employed. 

List of Control Options c _ 

The source is not covered by an applicable NSPS. A review of the 
BACT/LAER Clearinghouse and other appropriate references indicates the 
following control options may be applicable: 

Option #1: water-based primer and finish coat; 

[The water-based coatings have never been used in applications 
similar to this.] 

Option #2: low-VOC solvent/high solids coating for primer and 
finish coat; 

[The high solids/low VOC solvent coatings have recently been 
applied with success with similar products (e.g., other types of 
electrical components).] 

Option #3: electrostatic spray application to enhance coating 
transfer efficiency; and 

[Electrostatically enhanced coating application has been applied 
elsewhere on a clearly similar operation.] 

Option #4: emissions capture with add-on control via incineration 
or carbon adsorber equipment. 

[The vac capture and control option (incineration or carbon 
adsorber) has been used in many cases involving the coating of 
different products and the emission stream characteristics are 
similar to the proposed resistor coating process and is identified 
as an option avai7ab7e through technology transfer.] 
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Since the low-solvent coating, electrostatically enhanced application, 
and ventilation with add-on control options may be considered for use in 
combination to achieve greater emissions reduction efficiency, a total of 
eight control options are eligible for further consideration. The options 

include each of the four options listed above and the following four 
combinations of techniques: 

Option #5: low-solvent coating with electrostatic applications 
without ventilation and add-on controls; 

Option #6: low-solvent coating without electrostatic applications 
with ventilation and add-on controls; 

Option #7: electrostatic application with add-on control; and 

Option #8: a comination of all three technologies. 

A "no control" option also was identified but eliminated because the 
applicant's State regulations require at least a 75 percent reduction in VOC 
emissions for a source of this size. Because "no control" would not meet the 
State regulations it could not be BACT and, therefore, was not listed for 
consideration in the BACT analysis. 

Summary of Key Points 

The example illustrates several key guidelines for identifying control 
options. These include: 

• All available control techniques must be considered in the BACT 
analysis. 

Technology transfer must be considered in identifying control 
options. The fact that a control option has never been applied 
to process emission units similar or identical to that proposed 
does not mean it can be ignored in the BACT analysis if the 
potential for its application exists. 
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Combinations of techniques should be considered to the extent 
they result in more effective means of achieving stringent 
emissions levels represented by the "top" alternative, 
particularly if the "top" alternative is eliminated. 

IV.B. TECHNICAL FEASIBILITY ANALYSIS (STEP 2) 

Instep 2, the technical feasibility of the control options identified 
in step 1 is evaluated. This step should be straightforward for control 
technologies that are demonstrated--if the control technology has been 
installed and operated successfully on the type of source under review, it is 
demonstrated and it is technically feasible. For control technologies that 
are not demonstrated in the sense indicated above, the analysis is somewhat 
more involved. 

Two key concepts are important in determining whether an undemonstrated 
technology is feasible: "availability" and "applicability." As explained in 
more detail below, a technology is considered "available" if it can be 
obtained by the applicant through commercial channels or is otherwise 
available within the common sense meaning of the term. An available 
technology is "applicable" if it can reasonably be installed and operated on 
the source type under consideration. A technology that is available and 
applicable is technically feasible. 

Availability in this context is further explained using the following 
process commonly used for bringing a control technology concept to reality as 
a commercial product: 

concept stage; 

research and patenting; 

bench scale or laboratory testing; 

pilot scale testing; 
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licensing and commercial demonstration; and 

commercial sales. 
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A control technique is considered available, within the context presented 
above, if it has reached the licensing and commercial sales stage of 
development. A source would not be required to experience extended time 
delays or resource penalties to allow research to be conducted on a new 
technique. Neither is it expected that an applicant would be required to 
experience extended trials to learn how to apply a technology on a totally 
new and dissimilar source type. Consequently, technologies in the pilot scale 
testing stages of development would not be considered available for BACT 
review. An exception would be if the technology were proposed and permitted 
under the qualifications of an innovative control device consistent with the 
provisions of 40 CFR 52.21(v) ~r, where appropriate, the applicable SIP. In 
general, if a control option is commercially available, it falls within the 
options to be identified in step 1. 

Commercial availability by itself, however, is not necessarily 
sufficient basis for concluding a technology to be applicable and therefQre 
technically feasible. Technical feasibility, as determined in Step 2, also 
means a control option may reasonably be deployed on or "applicable" to the 
source type under consideration. 

Technical judgment on the part of the applicant and the review authority 
is to be exercised in determining whether a control alternative is applicable 
to the source type under consideration. In general, a commercially available 
control option will be presumed applicable if it has been or is soon to be 
deployed (e.g., is specified in a permit) on the same or a similar source 
type. Absent a showing of this type, technical feasibility would be based on 
examination of the physical and chemical characteristics of the pollutant­
bearing gas stream and comparison to the gas stream characteristics of the 
source types to which the technology had been applied previously. Deployment 
of the control technology on an existing source with similar gas stream 
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characteristics is generally sufficient basis for concluding technical 
feasibility barring a demonstration to the contrary. 

For process-type control alternatives the decision of whether or not it 

is appl icable to the source in question would have to be based on an 
assessment of the similarities and differences between the proposed source and 
other sources to which the process technique had been applied previously. 
Absent an explanation of unusual circumstances by the applicant showing why a 
particular process cannot be used on the proposed source the review authority 
may presume it is technically feasible. 

In practice, decisions about technical feasibility are within the purview 
of the review authority. Further, a presumption of technical feasibility may 
be made by the review authority based solely on technology transfer. For 
example, in the case of add-on controls, decisions of this type would be made 
by comparing the physical and chemical characteristics of the exhaust gas 
stream from the unit under review to those of the unit from which the 
technology is to be transferred.' Unless significant differences between 
source types exist that are pertinent to the successful operation of the 
control device, the control option is presumed to be technically feasible 
unless the source can present information· to the contrary. 

Within the context of the top-down procedure, an applicant ~ddresses the 
issue of technical feasibility in asserting that a control option identified 
in Step 1 is technically infeasible. In this instance, the applicant should 
make a factual demonstration of infeas'ibility based on commercial 
unavailability and/or unusual circumstances which exist with application of 
the control to the applicant's emission units. Generally, such a 
demonstration would involve an evaluation of the pollutant-bearing gas stream 
characteristics and the capabilities of the technology. Also a showing of 
unresolvable technical difficulty with applying the control would constitute a 
showing of technical infeasibility (e.g., size of the unit, location of the 
proposed site, and operating problems related to specific circumstances of the 
source). Where the resolution of technical difficulties is a matter of cost, 
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the applicant should consider the technology as technically feasible. The 
econom~c feasibility of a control alternative is' reviewed in the economic 
impacts portion of the BACT selection process. 

A demonstration of technical infeasibility is based on a technical 
assessment considering physical, chemical and engineering principles, and/or 

empirical data showing that the technology would not work on the emissions 
unit under review, or that unresolvable technical difficulties would preclude 
the successful deployment of the technique. Physical modifications needed to 
resolve technical obstacles do not in and of themselves provide a 
justification for eliminating the control technique on the basis of technical 
infeasibility. However, the cost of such modifications can be considered in 

estimating cost and economic impacts which, in turn, may form the basis for 
. . 

eliminating a control technology (see later discussion at V.D.2). 

Vendor guarantees may provide an indication of commercial availability 
and the technical feasibility of a control technique and could contiibute to a 
determination of technical feasibility or technical infeasibility, depending 
on circumstances. However, EPA does not consider a vendor guarantee alone to 
be sufficient justification that a control option will work. Conversely, lack 

of a vendor guarantee by itself does not present sufficient justification that 
a control option or an emissions limit is technically infeasible. Generally, 

decisions about technical feasibility will be based on chemical and 
engineering analyses (as discussed above) in conjunction with information 
about vendor guarantees. 

A possible outcome of the top-down BACT procedures discussed in this 
document is the evaluation of multiple control technology alternatives which 
result in essentially equivalent emissions. It is not EPA's intent to 
encourage evaluation of unnecessarily large numbers of control alternatives 

for every emissions unit. Consequently, judgment should be used in deciding 
what alternatives will be evaluated in detail in the impacts analysis (Step 4) 
of the top-down procedure discussed in a later section. For example, if two 
or more control techniques result in control levels that are essentially 
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identical considering the uncertainties of emissions factors and other 
parameters pertinent to estimating performance, the source may wish to point 
this out and make a case for evaluation of only the less costly of these 
options. The scope of the BACT analysis should be narrowed in this way only 
if there is a negligible difference in emissions and collateral environmental 
impacts between control alternatives. Such cases should be discussed with the 
reviewing agency before a control alternative is dismissed at this point in 
the BACT analysis due to such considerations. 

It is encouraged that judgments of this type be discussed during a 
preappl kation mee.ting between the appl kant and the review authority. In 
this way, the applicant can be better assured that the analysis to be 
conducted will meet BACT requirements. The appropriate time to hold such a 
meeting during the analysis is following the co~pletion of the control 
hierarchy discussed in the next section. 

Summary of Key Points 

In summary, important pOints to remember .in asse'ssing technical 
feasibility of control alternatives include: 

A control technology that is "demonstrated" for a 
given type or class of sources is assumed to be 
technically feasible unless source-specific factors 
exist and are documented to justify technical 
infeas ib il ity. 

Technical feasibility of technology transfer control 
candidates generally is assessed based on an 
evaluation of pollutant-bearing gas stream 
characteristics for the proposed source and other 
source types to which the control had been applied 
previously. 

Innovative controls that have not been demonstrated on 
any source type similar to the proposed source need 
not be considered in the BACT analysis. 
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IV.C. RANKING THE TECHNICALLY FEASIBLE ALTERNATIVES TO ESTABLISH A CONTROL 
HIERARCHY (STEP 3) 

Step 3 involves ranking all the technically feasible control alternatives 
which have been previously identified in Step 2. For the regulated pollutant 
and emissions unit under review, the control alternatives are ranked-ordered 
from the most to the least effective in terms of emission reduction potential. 
Later, once the control technology is determined, the focus shifts to the 
specific limits to be met by the source. 

Two key issues that must be addressed in this process include: 

What common units should be used to compare emissions 
performance levels among options? 

How should control techniques that can operate over a wide 
range of emission performance levels (e.g., scrubbers, etc.) 
be considered in the analysis? 

IV.C.I. CHOICE OF UNITS OF EMISSIONS PERFORMANCE TO COMPARE LEVELS AMONGST 
CONTROL OPTIONS 

In general, this issue arises when comparing inherently lower-polluting 
processes to one another or to add-on controls. For example, direct 
comparison of powdered (and low-VOC) coatings and vapor recovery and control 
systems at a metal furniture finishing operation is difficult because of the 
different units of measure for their effectiveness. In such cases, it is 
generally most effective to express emissions performance as an average steady 
state emissions level per unit of product produced or processed. Examples 
are: 
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pounds voe emissions per gallons of solids appl ied, 

pounds PM emissions per ton of cement produced, 

pounds S02 emissions per million Btu heat input, and 
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pounds S02 emissions per kilowatt of electric power produced, 

Calculating annual emissions levels (tons/yr) using these units becomes 
straightforward,once the projected annual production or processing rates are 
known. The result is an estimate of the annual pollutant emissions that the 
source or emissions unit will emit. Annual "potential" emission projections 
are calculated using the source's maximum design capacity and full year round 
operation (8760 hours), unless the final permit is to include federally 
enforceable conditions restricting the source's capacity or hours of 
operation. However, emissions estimates used for the purpose of calculating 
and comparing'the cost effectiveness of a control option are based on ~ 
different approach (see section V.D.2.b. COST EFFECTIVENESS). 

IV.C.2.CONTROL TECHNIQUES WITH A WIDE RANGE OF EMISSIONS PERFORMANCE LEVELS 

The objective of the top-down BACT analysis is to not only identify the 
best control technology, but also a corresponding performance level (or in 
some cases performance range) for that technology considering source-specific 
factors. Many control techniques, including both add-on controls and 
inherently lower polluting processes 'can perform at a wide range of levels. 
Scrubbers, high and low efficiency electrostatic precipitators (ESPs), and 
10w-VaC coatings are examples of just a few. It is not the EPA's intention to 
require analysis of each possible level of efficiency for a control technique, 
as such an analysis would result in a large number of options. Rather, the 
applicant should use the most recent regulatory decisions and performance data 
for identifying the emissions performance level(s) to be evaluated in all 
cases. 

The EPA does not expect an applicant to necessarily accept an emission 
limit as BACT solely because it was required previously of a similar source 

B.23 



ORA F T 
OCTOBER 1990 

type. While the most effective level of control must be considered in the 
BACT analysis, different levels of control for a given control alternative can 
be considered.l For example, the consideration of a lower level of control 
for a given technology may be warranted in cases where past decisions involved 
different source types. The evaluation of an alternative control level can 
also be considered where the applicant can demonstrate to the satisfaction of 
the permit agency that other considerations show the need to evaluate the 
control alternative at a lower level of effectiveness. 

Manufacturer's data, engineering estimates and the experience of other 
sources provide the basis for determining achievable limits. Consequently, in 
assessing the capability of the control alternative, latitude exists to 
consider any special circumstances pertinent to the specific source under 
review, or regarding the prior application of the control alternative. 
However, the basis for choosing the alternate level (or range) of control in 
the BACT analysis must be documented in the application. In the absence of a 
showing of differences between the proposed source and previously permitted 
sources achieving lower emissions limits, the permit agency should conclude 
that the lower emissions limit is representative for that control alternative. 

In summary, when reviewing a control technology with a wide range of 
emission performance levels, it is presumed that the source can achieve the 
same emission reduction level as another source unless the applicant 
demonstrates that there are source-specific factors or other relevant 
information that provide a technical, economic, energy or environmental 
justification to do otherwise. Also, a control technology that has been 

1 In reviewing the BACT submittal by a source the permit agency may 
determine that an applicant should consider a control technology alternative 
otherwise eliminated by the applicant, if the operation of that control 
technology at a lower level of control (but still higher than the next control 
technology alternative) would no longer warrant the elimination of the 
alternative. For example, while a scrubber operating at 98% efficiency may be 
eliminated as BACT by the applicant due to source specific economic 
considerations, the scrubber operating in the 90% to 95% efficiency range may 
not have an adverse economic impact. 
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eliminated as having an adverse economic impact at its highest level of 
performance, may be acceptable at a lesser level of performance. For example, 

this can occur when the cost effectiveness of a control technology at its 
highest level of performance greatly exceeds the cost of that control 

technology at a somewhat lower level (or range) of performance. 

IV.C.3. ESTABLISHMENT OF THE CONTROL OPTIONS HIERARCHY 

After determining the emissions performance levels (in common units) of 
each control technology option identified in Step 2, a hierarchy is 
established that "places at the "top" the control technology option that 
achieves the lowest emissions level. Each other control option is then placed 

after the "top" in the hierarchy by its respective emissions performance 
level, ranked from lowest emissions to highest emissions (most effective to 

least effective emissions control alternative). 

From the hierarchy of control alternatives the applicant sh~uld develop a 
chart (or charts) displaying the control hierarchy and, where applicable,: 

expected emission rate (tons per year, pounds per hour); 

• emissions performance level (e.g., percent pollutant removed, 
emissions per unit product, lb/MMbtu, ppm); 

• expected emissions reduction (tons per year); 

The charts should also contain columns for the following information 
(Section IV.D "discusses procedures for generating this information): 

economic impacts (total annualized costs, cost effectiveness, 
incremental cost effectiveness); 

• environmental impacts [includes any significant or unusual 
other media impacts (e.g., water or solid waste), and the 
relative ability of each control alternative to control 
emissions of toxic or hazardous air contaminants]; 

energy impacts (indicate any significant energy benefits or 
disadvantages). 

B.25 



D R AFT 
OCTOBER 1990 

This should be done for each pollutant and for each emissions unit (or 
grouping of similar units} subject to a BACT analysis. The chart is used in 
comparing the control alternatives during step 4 of the BACT selection 
process. Some sample charts are displayed in Table B-2 and Table 8-3. 

Completed sample charts accompany the example BACT analyses provided in 
sect ion VI. 

At this point, it is recommended that the applicant contact the reviewing 
agency to determine whether the agency feels that any other applicable control 
alternative should be evaluated or if any issues require special attention in 
the BACT selection process. 

IV.D. THE BACT SELECTION PROCESS (STEP 4) 

After identifying and listing the available control options the next step 
is the determination of the energy, environmental, and economic impacts of 
each option and the selection of the final level of control. The applicant is 
responsible for presenting an evaluation of each impact along with appropriate 
supporting information. ,Consequently, both beneficial and adverse impacts 
should be discussed and, where possible, quantified. In general, the BACT 
analysis should focus on the direct impact of the control alternative. 

Step 4 validates the suitability of the top control option in the 
listing for selection as BACT, or provides clear justification why the top 
candidate is inappropriate as BACT. If the applicant accepts the top 
alternative'in the listing as BACT from an economic and energy standpoint, the 
applicant proceeds to consider whether collateral environmental impacts (e.g., 
emissions of unregulated air pollutants or impacts in other media) would 
justify selection of an alternative control option. If there are no 
outstanding issues regarding collateral environmental impacts, the analysis ;s 
ended and the results proposed to the permit agency as BACT. In the event 
that the top candidate is shown to be inappropriate, due to energy, 
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TABLE 8-2. SAMPLE BACT CONTROL HIERARCHY 

Control 
Range 1 evel 
of for BACT 

control analysis 
Pollutant Technology (%) (%) 

S02 First Alternative 80-95 95 
Second Alternative 80-95 90 
Third Alternative 70-85 85 
Fourth Alternative 40-80 75 
Fifth Alternative 50-85 70 
Baseline Alternative 
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Emissions 
1 imit 

15 ppm 
30 ppm 
45 ppm 
75 ppm 
90 ppm 



to . 
N 
C') 

Pollutant/ 
tmissions 
Unit 

llOx/Unit A 

NOx/Unit B 

S02/Unit A 

S02/Unit B 

Control alternative 

Top Alternative 
Other Alternative(s) 
Baseline 

Top Alternative 
Other Alternative(s) 
Baseline 

Top Alternative 
Other Alternati vel s) 
Basel ine 

Top Alternative 
Other Alternative(s) 
Baseline 

Emissions 
(lb/hr,tpy) 

(a) Emissions reduction over baseline level. 

TABLE B-3. SAMPLE SUMMARY OF TOP-DOWN B~CT IHP~CT ~N~LYSIS RESULTS 

Emissions 
reduction ( a) 

( tpy) 

Total ' 
annualized 
cost(b) 
( $lyr) 

Economic Impacts 

~verage 

Cost 
effectiveness(c) 

( $/ton) 

Incremental 
cost 

effectiveness(d) 
($/to~) 

Environmental Impacts 

Taxies 
impact(e) 
(Yes/No) 

Adverse 
environmental 

impacts(f) 
(Yes/No) 

Energy 
Impacts 

Incremental 
increase 

over 
baseline(g) 
(KMBtu/yr) 

(bl Total annualized cost (capital, direct, and indirect) of purchasing, installing, and operating the proposed control alternative. A capital recovery 
factor approach using a real interest rate (i.e., absent inflation) is used to express capital costs in present-day annual costs. 

(c) Average Cost Effectiveness is total annualized cost for the control option divided by the emissions reductions resulting from the option. ~ ~ 
(d) The incremental cost effectiveness is the difference in annualized cost for the control option and the next most effective control option divided by the g ~ 

difference in emissions reduction resulting from the respective alternatives. ~ ~ 
Ie) Toxics impact means there is a taxies impact consideration for the control alternative. ~ ~ 
If) Adverse environmental impact means there is an adverse environmental impact consideration with the control alternative. 0 ~ 
(g) Energy impacts are the difference in total project energy requirements with the control alternative and the baseline expressed in equivalent millions of 

Btus per year. 
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environmental, or economic impacts, the rationale for this finding needs to be 
ful,ly documented for,the public record. Then, the next most effective 
alternative in the listing becomes the new control candidate and is similarly 
evaluated. This process continues until the control technology under 
consideration cannot be eliminated by any source-specific environmental, 
energy, or economic impacts which demon~trate that the alternative is 
inappropriate as BACT. 

The determination that a control alternative is inappropriate involves a 
demonstration that circumstances exist at the source which distinguish it from 
other sources where the control alternative may have been required previously, 
or that argue against the transfer of technology or application of new 
technology. Alternately, where a control technique has been applied to only 
one or a very limited number of sources, the applicant can identify those 
characteristic(s) unique to those sources that may have made the application 
of the control appropriate in those case(s) but not for the source under 
consideration. In showing unusual circumstances, objective factors dealing 
wit~ the control technology and its application should be the focus of the 
consideration. The specifics of the situation will determine to what extent 
an appropriate demonstration has been made regarding the elimination of the 
more effective a1ternative(s) as BACT. In the absence of unusual 
circumstance, the presumption is that sources within the same category are 
similar in nature, and that cost and other impacts that have been borne by one 
source of a given source category may be borne by another source of the same 
source category. 

IV.D.l. ENERGY IMPACTS ANALYSIS 

Applicants should examine the energy requirements of the control 
technology and determine whether the use of that technology results in any 
significant or unusual energy penalties or benefits. A source may, for 
example, benefit from the combustion of a concentrated gas stream rich in 
volatile organic compounds; on the other hand, more often extra fuel or 
electricity is required to power a control device or incinerate a dilute gas 
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stream. If such benefits or penalties exist, they should be quantified. 
Because energy penalties or benefits can usually be quantified in terms of 

additional cost or income to the source, the energy impacts analysis can, in 
most cases, simply be factored into the economic impacts analysis. However, 

certain types of control technologies have inherent energy penalties 
associated with their use. While these penalties should be quantified, so 
long as they are within the normal range for the technology in question, such 
penalties should not, in general, be considered adequate justification for 
nonuse of that technology. 

Energy impacts should consider only direct energy consumption and not 
indirect energy impacts. For example, the applicant could estimate the direct 
energy impacts of the control alternative in units of energy consumption at 
the source ( e.g., Btu, kWh, barrels of oil, tons of coal). The energy 
requirements of the control options should be shown in terms of total (and in 
certain cases also incremental) energy costs per ton of pollutant removed. 
These units can then be converted into dollar costs and, where appropriate, 
factored into the economic analysis. 

As noted earlier, indirect energy impacts (such as energy to produce raw 
materials for construction of control equipment) generally are not considered. 
However, if the permit authority determines, either independently or based on 
a showing by the applicant, that the indirect energy impact is unusual or 
significant and that the impact can be well quantified, the indirect impact 
may be considered. The energy impact should still focus on the application of 
the control alternative and not a concern over general energy impacts 
associated with the project under review as compared to alternative projects 
for which a permit is not being sought, or as compared to a pollution source 
which the project under review would replace (e.g., it would be inappropriate 
to argue that a cogeneration project is more efficient in the production of 
electricity than the powerplant production capacity it would displace and, 
therefore, should not be required to spend equivalent costs for the control of 
the same pollutant). 
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The energy impact analysis may also address concerns over the use of 
locally scarce fuels. The designation of a scarce fuel may vary from region 
to region, but in general a scarce fuel is one which is in short supply 
locally and can be better used for alternative purposes, or one which may not 
be reasonably available to the source either at the present time or in the 
near future. 

IV.D.2. COST/ECONOMIC IMPACTS ANALYSIS 

Average and incremental cost effectiveness are the two economic criteria 
that are considered in the BACT analysis. Cost effectiveness, is the dollars 
per ton of pollutant emissions reduced. Incremental cost is the cost per ton 
reduced and should be considered in conjunction with total average 
effectiveness. 

In the economic impacts analysis, primary consideration should be given 
to quantifying the cost of control and not the economic situation of the 
individual source. Consequently, applicants generally should not propose 
elimination of control alternatives on the basis of economic parameters that 
provide an indication of the affordability of a control alternative relative 
to the source. BACT is required by law. Its costs are integral to the 
overall cost of doing business and are not to be considered an afterthought. 
Consequently, for control alternatives that have been effectively employed in 
the same source category, the economic impact of such alternatives on the 
particular source under review should be not nearly as pertinent to the BACT 
decision making process as the average and, where appropriate, incremental 
cost effectiveness of the control alternative. Thus, where a control 
technology has been successfully applied to similar sources in a source 
category, an applicant should concentrate on documenting significant cost 
differences, if any, between the application of the control technology on 
those other sources and the particular source under review. 

Cost effectiveness (dollars per ton of pollutant reduced) values above 
the levels experienced by other sources of the same type and pollutant, are 
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taken as an indication that unusual and persuasive differences exist with 
respect to the source under review. In addition, where the cost of a control 
alternative for the specific source reviewed is within the range of normal 
costs for that control alternative, the alternative, in certain limited 
circumstances, may still be eligible for elimination. To justify elimination 
of an alternative on these grounds, the applicant shou1d demonstrate to the 
satisfaction of the permitting agency that costs of pollutant removal for the 
control alternative are disproportionately high when compared to the cost of' 
control for that particular pollutant and source in recent BACT 
determinations. If the circumstances of the differences are adequately 
documented and explained in the application and are acceptable to the 
reviewing agency they may provide a basis for eliminating the control 
alternative. 

In all cases, economic impacts need to be considered in conjunction with 
energy and environmental impacts (e.g., toxics and hazardous pollutant 
considerations) in selecting BACT. It is possible that the environmental 
impacts analysis or other considerations (as described elsewhere) would 
override the economic elimination criteria as described in this section. 
However, absent a concern over an overriding environmental impact or other 
considerations, an acceptable demonstration of an adverse economic impact can 
be an adequate basis for eliminating the control alternative. 

IV.D.2.a. ESTIMATING THE COSTS OF CONTROL 
') 

r:> C::.>~ 
()~~~~ Before costs can be estimated, the control system design parameters must 
~ be specified. The most important item here is to ensure that the design 

parameters used in costing are consistent with emissions estimates used in 
other portions of the PSD application (e.g., dispersion modeling inputs and 
permit emission limits). In general, the BACT analysis should present vendor­
supplied design parameters. Potential sources of other data on design 
parameters are BID documents used to support NSPS development, control 
technique guidelines documents, cost manuals developed by EPA, or control data 
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in trade publ ications. Table 8-4 presents some example design parameters 
which are important in determining system costs. 

To begin, the limits of the area or process segment to be costed 
specified. This well defined area or process segment is referred to as the 
control system battery limits. The second step is to list and cost each major 
piece of equipment within the battery limits. The top-down BACT analysis 
should provide this list of costed equipment. The basis for equipment cost 
estimates also should be documented, either with data supplied by an equipment 
vendor (i.e., budget estimates or bids) or by a referenced source [such as the 
OAQPS Control Cost. Manual (Fourth Edition), EPA 450/3-90-006, January 1990, 
Table B-4]. Inadequate documentation of battery limits is one of the most 
common reasons for confusion in comparison of costs of the same controls 
applied to similar sources. For control options that are defined·as 
inherently lower-polluting processes (and not add-on controls), the battery 
limits may be the entire process or project. 

Design parameters should correspond to the specified emission level. The 
equipment vendors will usually supply the design parameters to the applicant, 
who in turn should provide them to the reviewing agency. In order to 
determine if the design is reasonable, the design parameters can be compared 
with those shown in documents such as the OAOPS Control Cost Manual, Control 
Technology for Hazardous Air Pollutants (HAPS) Manual (EPA 625/6-86-014, . 
September 1986), and background information documents for NSPS and NESHAP 
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TABLE B-4. EXAMPLE CONTROL SYSTEM DESIGN PARAMETERS 

Control 

Wet Scrubbers 

Carbon Absorbers 

Condensers 

Incineration 

Electrostatic Precipitator 

Fabric Filter 

Selective Catalytic Reduction 

Example Design parameters 

Scrubber liquor (water, chemicals, etc.) 
Gas pressure drop 
liquid/gas ratio 

Specific chemical species 
Gas pressure drop 
lbs carbon/lbs pollutant 

Condenser type 
Outlet temperature 

Residence time 
Temperature 

Specific collection area (ft2/acfm) 
Voltage density 

Air to cloth ratio 
Pressure drop 

Space velocity 
Ammonia to NOx molar ratio 
Pressure drop 
Catalyst life 
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regulations. If the design specified does not appear reasonable, then the 
applicant should be requested to supply performance test data for the control 
technology in question appl ied to the same source, or a similar source. 

Once the control technology alternatives and achievable emissions 
performance levels have been identified, capital and annual costs are 
developed. These costs form the basis of the cost and economic impacts 
(discussed later) used to determine and document if a control alternative 
should be eliminated on grounds of its economic impacts. 

Consistency in the approach to decision-making is a primary objective of 
the top-down BACT approach. In order to maintain and improve the consistency 
of BACT decisions made on the basis of cost and economic considerations, 
procedures for estimating control equipment costs are based on EPA's OAQPS 
Control Cost Manual and are set forth in Appendix B of this document. 
Applicants should closely follow the procedures in the appendix and any 
deviations should be clearly presented and justified in the documentation of 
the BACT analysis. 

Normally the submittal of very detailed and comprehensive project cost 
data is not necessary. However, where initial control cost projections on the 
part of the applicant appear excessive or unreasonable (in light of recent 
cost data) more detailed and comprehensive cost data may be necessary to 
document the applicant's projections. An applicant proposing the top 
alternative usually does not need to provide cost data on the other possible 
control alternatives. 

Total cost estimates of options developed for BACT analyses should be on 
the order of plus or minus 30 percent accuracy. If more accurate cost data 
are available (such as specific bid estimates), these should be used. 
However, these types of costs may not be available at the time permit 
applications are being prepared. Costs should also be site specific. Some 
site specific factors are costs of raw materials (fuel, water, chemicals) and 
labor. For example, in some remote areas costs can be unusually high. For 
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example, remote locations in Alaska may experience a 40-50 percent premium on 
installation costs. The appl icant should document any,unusual costing 
assumptions used in the analysis. 

IV.D.2.b. COST EFFECTIVENESS 

Cost effectiveness is the economic criterion used to assess the 
potential for achieving an objective at least cost. Effectiveness is measured 
in terms of tons of pollutant emissions removed. Cost is measured in terms of 
annualized control costs. 

The cost-effectiveness calculations can be conducted on an average, or 
incremental basis. The resultant dollar figures are sensitive to the number 
of alternatives casted as well as the underlying engineering and cost 
parameters. There are limits to the use of cost-effectiveness analysis. For 
example, cost-effectiveness analysis should not be used to set the 
environmental objective. Second, cost-effectiveness should, in and of itself, 
not be construed as a measure of adverse economic impacts. There are two 
measures of cost-effectiveness that will be discussed in this section: (1) 
average cost-effectiveness, and (2) incremental cost-effectiveness. 

Average Cost Effectiveness 

Average cost effectiveness (total annualized costs of control divided by 
annual emission reductions, or the difference between the baseline emission 
rate and the controlled emission rate) is a way to present the costs of 
control. Average cost effectiveness is calculated as shown by the following 
formula: 
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Costs are calculated in (annualized) dollars per year ($jyr) and 
emissions rates are calculated in tons per year (tonsjyr). The result is a 
cost effectiveness number in (annualized) dollars per ton ($jton) of pollutant 
removed. 

Calcu.lating Baseline Emissions 

The baseline emissions rate represents a realistic scenario of upper 
bound uncontrolled emissions for the source. The NSPSjNESHAP requriements or 
the application of controls, including other controls necessary to comply with 
State or local air pollution regulations, are not considered in calculating 
the baseline emissions. In other words, baseline emissions are essentially 
uncontrolled emissions, calculated using realistic upper boundary operating 
assumptions. When calculating the cost effectiveness of adding post process 

emissions controls to certain inherently lower polluting processes, baseline 
emissions may be assumed to be the emissions from the lower polluting process 
itself. In other words, emission reduction credit can be taken for use of 
inherently lower polluting processes. 

Estimating realistic upper-bound emissions does not mean one should 

assume the emissions represent the potential emissions. For example, in 
developing a r~alistic upper bound case, baseline emissions calculations can 
also consider inherent physical or operational constraints on the source. 
Such constraints should reflect the upper boundary of the source's ability to 
physically operate and the applicant should verify these constraints. If the 
applicant does not adequately verify these constraints, then the reviewing 
agency should not be compelled to consider these constraints in calculating 
baseline emissions. In addition, the reviewing agency may require the 
applicant to calculate cost effectiveness based on values exceeding the upper 
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boundary assumptions to determine whether or not the assumptions have a 
deciding role in the BACT determination. If the assumptions have a deciding 
role in the BACT determination, the reviewing agency should include 
enforceable conditions in the permit to assure that the upper bound 
assumptions are not exceeded. 

For example, vac emissions from a storage tank might vary significantly 
with temperature, volatility of liquid stored, and throughput. In this case, 
potential emissions would be overestimated if annual VOC emissions were 
estimated by extrapolating over the course of a year VOC emissions based 
solely on the hottest summer day. Instead, the range of expected temperatures 
should be considered in determining annual baseline emissions. Likewise" 
potential emisisons would be overestimated if one assumed that gasoline would 
be stored in a storage tank being built. to feed an oil-fired power boil er ,or 
that such a tank will be continually filled and emptied. On the other hand, 
an upper bound case for a storage tank being constructed to store and transfer 
liquid fuels at a marine terminal should consider emissions based on the most 
volatile liquids at a high annual throughput level since it would not be . 
unrealistic for the tank to operate in such a manner. 

In addition, historic upper bound operating data, typical for the source 
or industry, may be used in defining baseline emissions in evaluating the cost 
effectiveness of a control option for a specific source. For example, if for 
a source or industry, historical upper bound operations call for two shifts a 
day, it is not necessary to assume full time (8760 hours) operation on an 
annual basis in calculating baseline emissions. For comparing cost 
effectiveness, the same upper bound assumptions must, however, be used for 
both the source in question and other sources (or source categories) that will 
later be compared during the BACT analysis. 

For example, suppose (based on verified historic data regarding the 
industry in question) a given source can be expected to utilize numerous 
colored inks over the course of a year. Each color ink has a different VOC 
content ranging from a high VOC content to a relatively low VOC content. The 
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source verifies that its operation will indeed call for the application of 
numerous cplor inks. In this case,. it is more realistic for the baseline 
emission calculation for the source (and other similar sources) to be based on 
the expected mix of inks that would be expected to result in an upper bound 
case annual VOC emissions rather than an assumption that only one color (i.e, 
the ink with the highest voe content) will be applied exclusively during'the 
whole year. 

In another example, suppose sources in a particular industry 
historically operate at most at 85 percent capacity. For BACT cost 
effectiveness purpoSes (but not for applicability), an applicant may calculate 
cost effectiveness using 85 percent capacity. However, in comparing costs 
with similar sources, the applicant must consistently use an 85 percent 
capacity factor, for the cost effectiveness of controls on those other sources. 

Although permit conditions are normally used to make operating 
assumpt ions enforceabl e, the use of "standard industry pract ice n parameters 
for cost effectiveness calculations (but not applicability determinations) can 
be acceptable without permit conditions. However, when a source projects 
operating parameters (e.g., limited hours of operation or capacity 
utilization, type of fuel, raw materials or product mix or type) that are 
lower than standard industry practice or which have a deciding role in the 
BACT determination, then these parameters or assumptions must be made 
enforceable with permit conditions. If the applicant will not accept 
enforceable permit conditions, then the reviewing agency should use the worst 
case uncontrolled emissions in calculating basel ine emissions. This is 
necessary to ensure that the permit reflects the conditions under which the 
source intends to operate. 

For example, the baseline emissions calculation for an emergency standby 
generator may consider the fact that the source does not intend to operate 
more than 2 weeks a year. On the other hand, baseline emissions associated 
with a base-loaded turbine would not consider limited hours of operation. 
This produces a significantly higher level of baseline emissions than in the 
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case of the emergency/standby unit and results in more cost effective 
controls. As a consequence of the dissimilar baseline emissions, BACT for the 
two cases could be very different. Therefore, it is important that the 
applicant confirm that the operational assumptions used to define the source's 
baseline emissions (and BACT) are genuine. As previously mentioned, this is 
usually done through enforceable permit conditions which reflect limits on the 
source's operation which were used to calculate baseline emissions. 

In certain cases, such explicit permit conditions may not be necessary. 
For example, a source for which continuous operation would be a physical 
impossibility (by virtue of its design) may consider this limitation in 
estimating baseline emissions, without a direct permit limit on operations. 
However, the permit agency has the responsibility to verify that the source is 
constructed and operated consistent with·the information and design 
specifications contained in the permit application. 

For some sources it may be more difficult to define what emissions level 
actually represents uncontrolled emissions in calculating baseline emissions. 
For example, uncontrolled emissions could theoretically be defined for a spray 
coating operation as the maximum VOC content coating at the highest possible 
rate of application that the spray equipment could physically process (even 
though use of such a coating or application rate would be unrealistic for the 
source). Assuming use of a coating with a VOC content and application rate 
greater than expected is unrealistic and would result in an overestimate in 
the amount of emissions reductions to be achieved by the installation of 
various control options. Likewise, the cost effectiveness of the options 
could consequently be greatly underestimated. To avoid these problems, 
uncontrolled emission factors should be represented by the highest realistic 
VOC content of the types of coatings and highest realistic application rates 
that would be used by the source, rather than by highest theoretical VOC based 
coating materials or rate of application in general. 

Conversely, if uncontrolled emissions are underestimated, emissions 
reductions to be achieved by the various control options would also be 
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underestimated and their cost effectiveness overestimated. For example, this 
type of situation occurs in the previous example if the baseline for the above 
coating operation was based on a VOC content coating or application rate that 
is too low [when the source had the ability and intent to utilize (even 
infrequently) a higher VOC content coating or application rate]. 

Incremental Cost Effectiveness 

In addition to the average cost effectiveness of a control option, 
incremental cost effectiveness between dominant control options should also be 
calculated. The incremental cost effectiveness should be examined in 
combination with the average cost effectiveness in order to justify 
elimination of a control option. The incremental cost effectiveness 
calculation compares the costs and emissions performance level of a control 
option to those of the next most stringent option, as shown in the following 
formul a:· . 

Incremental Cost (dollars per incremental ton removed) = 

Total costs (annualized) of control option - Total costs (annualized) of next control option 
Next control option emission rate - Control option emissions rate 

Care should be exercised in deriving incremental costs of .candidate 
control opt ions . Incremental cost-·effect iveness compari sons shaul d focus on 
annualized cost and emisison reduction differences between dominant 
alternatives. Dominant set of control alternatives are determined by 
generating what is called the envelope of least-cost alternatives. This is a 
graphical plot of total annual ized costs for a total emissions reductions for 
all control alternatives identified in the BACT analysis (see Figure B-1). 

For example, assume that eight technically available control options for 
analysis are listed in the BACT hierarchy. These are represented as A through 
H in Figure 8-1. In calculating incremental costs, the analysis should only 
be conducted for control options that are dominant among all possible options 
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In Figure B-1, the dominant set of control options, B, 0, F, G, and H, 
represent the least-cost envelope depicted by the curvilinear 1 ine connecting 
them. Points A, C and E are inferior options and should not be considered in 
the derivation of incremental cost effectiveness. Points A, C and E represent 
inferior controls because 8 will buy more emissions reduction for less money 
than A; and similarly, D and F will by more reductions for less money than C 
and [, respectively. 

Consequently, care should be taken in selecting the dominant set of 
controls when calculating incremental costs. First, the control options need 
to be rank ordered 1n ascending order of annualized total costs. Then, as 
Figure 8-1 illustrates, the most reasonable smooth curve of the control 
options is plotted. The incremental cost effectiveness is then determined by 
the difference in total annual costs between two contiguous options divided by . 
the difference in emissions reduction. An example is illustrated in 
Figure 8-1 for the incremental cost effectiveness for control option F. The 
vertical distance, "delta" Total Costs Annualized, divided by the horizontal 
distance, "delta" Emissions Reduced (tpy), would be the measure of the 
incremental cost effectiveness for option F. 

A comparison of incremental costs can also be useful in evaluating a 
specific control option over a range of efficiencies. For example, depending 
on the capital and operational cost of a control device, total and incremental 
cost may vary significantly (either increasing or decreasing) over the 
operation range of a control device. 

As a precaution, differences in incremental costs among dominant 
alternatives cannot be used by itself to argue one dominant alternative is 
preferred to another. For example, suppose dominant alternatives B, D. and F 
on the least-cost envelope (see Figure 8-1) are identified as alt~rnaitves for 
a BACT analysis. We may observe the incremental cost effectivenss between 
dominant alternative 8 and 0 is $500 per ton whereas between ~ominant 
alternative D and F is is $1000 per ton. Alternative 0 does not dominate 
alternative F. 80th alternatives are dominant and hence on the least cost 
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envelope. Alternative D cannot legitimately be preferred to F on grounds of 
incremental cost effectiveness. 

In addition, when evaluating the average or incremental cost 
effectiveness of a control alternative, reasonable and supportable assumptions 
regarding control efficiencies should be made. As mentioned above, 
unrealistically low estimates of the emission reduction potential of a certain 
technology could result in inflated cost effectiveness figures. 

The final decision regarding the reasonableness of calculated cost 
effectiveness values· will be made by the review authority considering previous 
regulatory decisions. Study cost estimates used in BACT are typically 
accurate to ± 20 to 30 percent. Therefore, control cost options which are 
within ± 20 to 30 percent of each oth~r should generally be considered to be 
indistinguishable when comparing options. 

IV.D.2.c. DETERMINING AN ADVERSE ECONOMIC IMPACT 

It is important to keep in mind that BACT is primarily a technology­
based standard. In essence, if the cost of reducing emissions with the top 
control alternative, expressed in dollars per ton, is on the same order as the 
cost previously borne by other sources of the same type in applying that 
control alternative, the alternative should ini~ially be considered 
economically achievable, and therefore acceptable as BACT. However, unusual 
circumstances may greatly affect the cost of controls in a specific 
application. If so they should be documented. An example of an unusual 
circumstance might be the unavailability in an arid region of the large 
amounts of water needed for a scrubbing system. Acquiring water from a 
distant location might add unreasonable costs to the alternative, thereby 
justifying its elimination on economic grounds. Consequently, where unusual 
factors exist that result in cost/economic impacts beyond the range normally 
incurred by other sources in that category, the technology can be eliminated 
provided the applicant has adequately identified the circumstances, including 
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the cost or other analyses, that show what is significantly different ~bout 
the proposed'source. 

Where the cost effectiveness of a control alternative for the specific 
source being reviewed is within the range of normal costs for that control 
alternative, the alternative may also be eligible for elimination in limited 
circumstances. This may occur, for example, where a control alternative has 
not been required as BACT (or its application as BACT has been extremely 
limited) and there is a clear demarcation between recent BACT control costs in 
that source category and the control costs for sources in that source category 

I 

which have been driven by other constraining factors (e.g., need to meet a PSD 
increment or a NAAQS). 

To justify elimination of an alternative on these grounds, the applicant 
should demonstrate to the satisfaction of the permitting agency that costs of 
pollutant removal (e.g:", dollars per total ton removed) for the control 
alternative are disproportionately high when compared to the cost of control 
for the pollutant in recent BACT determinations. Specifically, the applicant 
should document that the cost to the applicant of the control alternative is 
significantly beyond the range of recent costs normally associated with BACT 
for the type of facility (or BACT control costs in general) for the pollutant. 
This type of analysis should demonstrate that a technically and economically 
feasible control option is nevertheless, by virtue of the magnitude of its 
associated costs and limited application, unreasonable or otherwise not 
"achievable" as BACT "in the particular case. Average and incremental cost 
effectiveness numbers are factored into this type of analysis. However, such 
economic information should be coupled with a comprehensive demonstration, 
based on objective factors, that the technology is inappropriate in the 
specific circumstance. 

The economic impact portion of the BACT analysis should not focus on 
inappropriate factors or exclude pertinent factors, as the results may be 
misle~ding. For example, the capital cost of a control option may appear 
excessive when presented by itself or as a percentage of the total proj~ct 
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cost. However, this type of information can be misleading. If a large 
emissions reduction is projected, low or reasonable-cost effectiveness numbers 
may validate the option as an appropriate BACT alternative irrespective of the 
apparent high capital costs. In another example, undue focus on incremental 
cost effectiveness can give an impression that the cost of a control 
alternative is unreasonably high, when, in fact, the cost effectiveness, in 
terms of dollars per total ton removed, is well within the normal range of 
acceptable BACT costs. 

IV.D.3. ENVIRONMENTAL IMPACTS ANALYSIS 

The environmental impacts analysis is not to be confused with the air 
quality impact analysis (i.e., ambient concentrations), which is an 
independent statutory and regulatory requirement and is conducted separately 
from the BACT analysis. The purpose of the air quality analysis is to 
demonstrate that the source (using the level of control ultimately determined 
to be BACT) will not cause or contribute to a violation of any applicable 
national ambient air quality standard or PSD increment. Thus, regardless of 
~he level of control proposed as BACT, a permit cannot be issued to a source 
that would cause or contribute to such a violation. .In contrast, the 
environmental impacts portion of the BACT analysis concentrates on impacts 
other than impacts on air quality standards due to emissions of the regulated 
pollutant in question, such as solid or hazardous waste generation, discharges 
of polluted water from a control device, visibility impacts, or emissions-of 
unregulated pollutants. 

Thus, the fact that a given control alternative would result in only a 
sl ight decrease in ambient concentrations of the pollutant in question when 
compared to a less stringent control alternative should not be viewed as an 
adverse environmental impact justifying rejection of the more stringent 
control alternative. However, if the cost effectiveness of the more stringent 
alternative is exceptionally high, it may (as provided in section V.D.2.) be 
considered in determining the existence of an adverse economic impact that 
would justify rejection of the more stringent alternative. 
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The appl icant should identify any significant or unusual environmental 
impacts associated with a control alternative that have the potential to 
affect the selection or e1 imination of a control alternative. Some control 
technologies may have potentially significant secondary (i.e., collateral) 
environmental impacts. Scrubber effluent, for example, may affect water 
quality and land use. Similarly, emissions of water vapor from technologies 
using cooling towers may affect local visibility. Other examples of secondary 
environmental impacts could include hazardous waste discharges, such as spent 
catalysts or contaminated carbon. Generally, these types of environmental 
concerns become important when sensitive site-specific receptors exist or when 
the incremental emissions reduction potential of the top control is only 
marginally greater than the next most effective option. However, the fact 
that a control device creates liquid and solid waste that musi be disposed of 
does not necessarily argue against selection of that technology as BACT, 
particularly if the control device has been applied to similar facilities 
elsewhere and the solid or liquid waste problem under review is similar to 
those other applications. On the other hand, where the applicant can show 
that unusual circumstances at the proposed facility create greater problems 
than experienced elsewhere, this may provide a basis for the elimination of 
that control alternative as BACT. 

The procedure for conducting an analysis of environmental impacts should 
be made based on a consideration of site-specific circumstances. In general, 
however, the analysis of environmental impacts starts with the identification 
and quantification of the solid, liquid, and gaseous discharges from the 
control device or devices under review. This analysis of environmental 
impacts should be performed for the entire hierarchy of technologies (even if 
the applicant proposes to adopt the "top", or most stringent, alternative). 
However, the analysis need only address those control alternatives with any 
significant or unusual environmental impacts that have the potential to affect 
the selection or elimination of a control alternative. Thus, the relative 
environmental impacts (both positive and negative) of the various alternatives 
can be compared with each other and .the "top" alternative. 
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Initially, a qualitative or semi-quantitative screening is performed to 
narrow the analysis to discharges with potential for causing adverse 
environmental effects. Next, the mass and composition of any such discharges 
should be assessed and quantified to the extent possible, based on readily 
available information. Pertinent information about the public or 
envirpnmental consequences of releasing these materials should also be 
assembled. 

IV.D.3.a. EXAMPLES (Environmental I~acts) 

The following paragraphs discuss some possible factors for consideration 
in evaluating the potential for an adverse other media impact. 

• Water Impact 

Relative quantities of water used and water pollutants produced and 
discharged as a result of use of each alternative emission control system 
relative to the "top" alternative would be identified. Where possible, th~ 

analysis would assess the effect on ground water and such local surface water 
quality parameters as ph, turbidity, dissolved oxygen, salinity, toxic 
chemical levels, te~perature, and any other important considerations. The 
analysis should consider whether applicable water quality standards will be 
met and the availability and effectiveness of various techniques to reduce 
potential adverse effects~ 

• Solid Waste Disposal Impact 

The quality and quantity of solid waste (e.g., sludges, solids) that must 
be stored and disposed of or recycled as a result of the application of each 
alternative emission control system would be compared with the quality and 
quantity of wastes created with the "top" emission control system. The 
composition and various other characteristics of the solid waste (such as 
permeability, water retention, rewatering of dried material, compression 
strength, leachability of dissolved ions, bulk density, abil ity to support 
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vegetation growth and hazardous characteristics) which are significant with 
regard to potential surface water pollution or transport into and 
contaminatio~ of subsurface waters or aquifers would be appropriate for 
consideration. 

Irreversible or Irretrievab1e Commitment of Resources 

The BACT decision may consider the extent to which the alternative 
emission control systems may involve a trade-off between short-term 
environmental gains at the expense of long-term environmental losses and the 
extent to which the alternative systems may result in irreversible or 
irretrievable commitment of resources (for example, use of scarce water 
resources). 

• Other Environmenta1 Impacts 

Significant differences in noise levels, radiant heat, or dissipated 
static electrical energy, or greenholJse gas emissions may be considered. 

One environmental impact that could be examined is the trade-off 
between emissioni of the various pollutants resulting from the application of 
a specific control technology. The use of certain control technologies may 
lead to increases in emissions of pollutants other than those the technology 
was designed to control. For example, the use of certain volatile organic 
compound (VOC) control technologies can increase nitrogen oxides (NOx) 
emissions. In this' instance, the rev~ewing authority may want to give 
consideration to any relevant local air quality concern relative to the 
secondary pollutant (in this case NOx) in the region of the proposed source. 
For example, if the region in the example were nonattainment for NOx, a 
premium could be placed on the potential NOx impact. This could lead to 
el imination of the most stringent voe technology (assuming it generated high 
quantities of NOx) in favor of one having less of an impact on ambient NOx 
concentrations. Another example is the potential for higher emissions of 
toxic and hazardous pollutants from a municipal waste combustor operating at a 
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low flame temperature to reduce the formation of NOx. In this case the real 
concern to mitigate the emissions of toxic and hazardous emissions (via high 

combustion temperatures) may well take precedent over mitigating NOx emissions 
through the use of a low flame temperature. However, in most cases (unless an 
overriding concern over the formation and impact of the secondary pollutant is 
clearly present as in the examples given), it is not expected that this type 
impact would affect the outcome of the decision. 

Other examples of collateral envirpnmental impacts would include 
hazardous waste discharges such as spent catalysts or contaminated carbon. 
Generally these types of environmental concerns become important when site­
specific sensitive receptors exist or when the incremental emissions reduction 
potential of the top control option is only marginally greater than the next 
most effective option. 

IV.D.3.b. CONSIDERATION OF EMISSIONS OF TOXIC AND HAZARDOUS AIR POLLUTANTS 

The generation or reduction of toxic and hazardous emissions, including 
compounds not regulated under the Clean Air Act, are considered as part of the 
environmental impacts analysis. Pursuant to the EPA Administrator's decision 
in North County Resource Recovery Associates, PSD Appeal No. 85-2 (Remand 
Order, June 3, 1986), a PSD permitting authority should consider the effects 
of a given control alternative on emissions of toxics or hazardous pollutants 
not regulated under the Clean Air Act. The ability of a given control 
alternative to control releases of unregulated toxic or hazardous emissions 
must be evaluated and may, as appropriate, affect the BACT decision. 
Conversely, hazardous or toxic emissions resulting from a given control 
technology should also be considered and may, as appropriate, also affect the 
BACT decision. 

Because of the variety of sources and pollutants that may be considered 
in this assessment, it is not feasible for the EPA to provide highly detailed 
national guidance on performing an evaluation of the toxic impacts as part of 
the BACT determination. Also, detailed information with respect to the type 
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and magnitude of emissions of unregulated pollutants for many source 
categories is,currently limited. For example, a combustion source emits 
hundreds of substances, but knowledge of the magnitude of some of these 
emissions or the hazards they produce is sparse. The EPA bel ieves it is 
appropriate for agencies to proceed on a case-by-case basis using the best 
information available. Thus, the determination of whether the pollutants 
would be emitted in amounts sufficient to be of concern is one that the 
permitting authority has considerable discretion in making. 
reasonable efforts should be made to address these issues. 
efforts might include consultation with the: 

EPA Regional Office; 

Control Technology Center (CTC); 

National Air Toxics Information Clearinghouse; 

However, 
For example, such 

Air Risk Information Support Center in the Office of Air 
Quality Planning and Standards (OAQPS); and 

Review of the current 1 iterature, such as EPA-prepared 
compilations of emission factors. 

Source-specific information supplied by the permit applicant is often the best 
source of information, and it is important that the appl icant be made aware of 
its responsibility to provide for a reasonable accounting of air toxics 
emissions. 

Similarly, once the pollutants of concern are identified, the permitting 
authority has flexibility in determining the methods by which it factors air 
toxics considerations into the BACT determination, subject to the obligation 
to make reasonable efforts to consider air toxics. Consultation by the review 
authority with EPA's implementation centers, particularly the CTC, is again 
advised. 

It is important to note that several acceptable methods, including risk 
assessment, exist to incorporate air toxics concerns into the BACT decision. 
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The depth of the toxics assessment will vary with the circumstances of the 
particular source under review, the nature and magnitude of the toxic 
pollutants, and the locality. Emissions of toxic or hazardous pollutants of 
concern to the permit agency should be identified and, to the extent possible, 
quantified. In addition, the effectiveness of the various control 
alternatives in the hierarchy at controlling the toxic pollutants should be 
estimated and summarized to assist in making judgements about how potential 
emissions of toxic or hazardous pollutants may be mitigated through the 
selection of one control option over another. For example, the response to 
the Administrator made by EPA Region IX in its analysis of the North County 
perm1tting decision ·illustrates one of several approaches (for further 
information see the September 22, 1987 EPA memorandum from Mr. Gerald Emison 
titled "Implementation of North County Resource Recover PSD Remand" and 
July 28, 1988 EPA memorandum from Mr. John Calcagni titled II Supplemental 
guidance on Implementing the North County Prevention of Significant 
Deterioration (PSD) Remand"). 

Under a top-down BACT analysis, the control alternative selected as BACT 
will most likely reduce toxic emissions as well as the regulated pollutant. 
An example is the emissions of heavy metals typically associated with coal 
combustion. The metals generally are a portion of, or adsorbed on, the fine 
particulate in the exhaust gas stream. Collection of the particulate in a 
high efficiency fabric filter rather than a low efficiency electrostatic 
precipitator reduces criteria pollutant particulate matter emissions and 
toxic heavy metals emissions. Because in most instances the interests of 
reducing toxics coincide with the interests of reducing the pollutants subject 
to BACT, consideration of toxics in the BACT analysis generally amounts to 
quantifying toxic emission levels for the various control options. 

In limited other instances, though, control of regulated pollutant 
.emissions may compete with control of toxic compounds, as in the case of 
certain selective catalytic reduction (SCR) NOx control technologies. The SCR 
technology itself results in emissions of ammonia, which increase, generally 
speaking, with increasing levels of NOx control. It is the intent of the 
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toxics screening in the BACT procedure to identify and quantify this type of 
toxic effect. Generally, toxic effects of this type will not necessarily be 
overriding concerns and will not 1 ikely affect BACT decisions. Rather, the 
intent is to require a screening of toxics emissions effects to ensure that a 
possible overriding toxics issue does not escape notice. 

On occasion, consideration of toxics emissions may support the selection 
of a control technology t~at yields less than the maximum degree of reduction 
in emissions of the regulated pollutant in question. An example is the 
municipal solid waste combustor and resource recovery facility that was the 
subject of the North County remand. Briefly, BACT for S02 and PM was selected 
to be a lime slurry spray drier followed by a fabric filter. The combination 
yields good S02 control (approximately 83 percent), good PM control 
(approximately 99.5 percent) and also removes acid gases (approximately 95 
percent), metals, dioxins, and other unregulated pollutants. In this 
instance, the permitting authority determined that good balanced control of 
regulated and unregulated pollutants took priority over achieving the maximum 
degree of emissions reduction for one or more regulated pollutants. 
Specifically, higher levels (up to 95 percent) of S02 control could have been 
obtained by a wet scrubber. 

IV.E. SELECTING BACT (STEP 5) 

The most effective control alternative not eliminated in Step 4 is 
selected as BACT. 

It is important to note that, regardless of the control level proposed by 
the applicant as BACT, the ultimate BACT decision is made by the permit 
issuing agency after public review. The applicant's role is primarily to 
provide information on the various control options and, when it proposes a 
less stringent control option, provide a detailed rationale and supporting 
documentation for eliminating the more stringent options. It is the 
responsibil ity of the permit agency to review the documentation and rationale 
presented and; (1) ensure that the applicant has addressed all of the most 
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effective control options that could be applied and; (2) determine that the 
applicant has adequately demonstrated that energy, environmental, or economic 
impacts justify any proposal to eliminate the more effective c6ntrol options. 
Where the permit agency does not accept the basis for the proposed elimination 

of a control option, the agency may inform the applicant of the need for more 
information regarding the control option. However, the BACT selection 
essentially should default to the highest level of control for which the 
applicant could not adequately justify its elimination based on energy, 
environmental, and economic impacts. The permit agency should proceed to 
establish BACT and prepare a draft permit based on the most effective control 
option for which an adequate justification for rejection was not provided. 

IV.F. OTHER CONSIDERATIONS 

Once energy, environmental, and economic impacts have been considered, 
BACT can only be made more stringent by other considerations outside the 

. normal scope of the BACT analysis as discussed under, the above steps. 
Examples include cases where BACT does not produce a degree of control 
stringent enough to prevent exceedences of a national ambient air quality 
standard or PSD increment, or where the State or local agency will not accept 

the level of control selected as BACT and requires more stringent controls to 
preserve a greater amount of the available increment. A permit cannot be 
issued to a source ,that would cause or contribute to such a violation, 
regardless of the outcome of the BACT analysis. Also, States which have set 
ambient air quality standards at levels tighter than the federal standards may 
demand a more stringent level of control at a source to demonstrate compliance 
with the State standards. Another consideration which could override the 
selected BACT are legal constraints outside of the Clean Air Act requiring the 
application of a more stringent technology (e.g., a consent decree requiring a 
greater degre~ of control). In all cases, regardless of the rationale for the 
permit requiring a more stringent emissions limit than would have otherwise 
been chosen as a result of the BACT selection process, the emission limit in 
the final permit (and corresponding control alternative) represents BACT for 
the permitted source on a case-by-case b~sis. 
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The BACT emission 1 imit in a new source permit is not set until the final 
permit is issued,. The final permit is not issued unt i1 a draft permit has 
gone through publ ic comment and the permitting agency has had an opportunity 
to consider-any new information that may have come to 1 ight during the comment 
period. Consequently, in setting a proposed or final BACT limit, the permit 
agency can considel' new information it learns, including recent permit 
decisions, subsequent to the submittal of a complete application. This 
emphasizes the importance of ensuring that prior to the selection of a 
proposed BACT, all potential sources of information have been reviewed by the 
source to ensure t~at the list of potentially applicable control alternatives 
is complete (most importantly as it -relates to any more effective control 
options than the one chosen) and that all considerations relating to economic, 
energy and env ironmenta 1 impacts have been addressed. 
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To complete the BACT process, the reviewing agency must establish an 
enforceable emission limit for each subject emission unit at the source and 
for each pollutant subject to review that is emitted from the source. If 
technological or economic limitations in the application of a measurement 
methodology to a particular emission unit would make an emissions limit 
infeasible, a design, equipment, work practice, operation standard, or 
combination thereof, may be prescribed. Also, the technology upon which the 
BACT emissions limit is based should be specified in the permit. These 
requirements should'be written in the permit so that they are specific to the 
individual emission unit(s) subject to PSD review. 

The emissions limits must be included in the proposed permit submitted 
for public comment, as well as the final permit. BACT emission limits or 
conditions must be met on a continual basis at all levels of operation (e.g., 
limits written in pounds/MMbtu or percent reduction achieved), demonstrate 
protection of short term ambient standards (limits written in pounds/hour) and 
be enforceable as a practical matter (contain appropriate averaging times, 
camp 1 iance verif icat ion procedures and recordkeep ing reqlJ irements). 
Consequently, the permit must: 

• be able to show compliance or noncompliance (i.e., through 
monitoring times of operation, fuel input, or other indices 
of operating conditions and practices); and 

specify a reasonable compliance averaging time consistent with 
established reference methods, contain reference methods for 
determining compliance, and provide for adequate reporting and 
recordkeeping so that the permitting agency can determine 
the compliance status of the source. 
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Note: The fo77owing example provided is for i17ustration only. The example 
source is fictitious and has been created to highl ight many of the aspects of the 
top-down process. Fina11y, it must be noted that the cost data and other numbers 
presented in the example are used only to demonstrate the BACT decision making 
process. Cost data are used in a relative sense to compare control costs among 
sources in a source category or for a pollutant. Determination of appropriate 
costs is made on a case-by-case basis. 

In this section a BACT analysis for a stationary gas turbine project is 
presented and discussed under three alternative operating scenarios: 

Example l-~Simple Cycle Gas Turbines Firing Natural Gas 

Example 2--Combined Cycle Gas Turbines Firing Natural Gas 

• Example 3--Combined Cycle Gas Turbines Firing Distillate Oil 

The purpose of the examples are to illustrate points to be considered in 
developing BACT decision criteria for the source under review and selecting 
BACT. They are intended to illustrate the process rather than provide 
universal guidance on what constitutes BACT for any particular source 
category. BACT must be determined on a case-by-case basis. 

These examples are not based on any actual analyses performed for the 
p~rposes of obtaining a PSD permit. Consequently, the actual emission rates, 
costs, and design parameters used are neither representative of any actual 
case nor do they apply to any particular facility. 
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Table B-5 presents project data, stationary gas design parameters, and 
uncontrolled emission estimates for the new source in example 1. The gas 
turbine is designed to provide peaking service to an electric utility. The 
planned operating hours are less than 1000 hours per year. Natural gas fuel 
will be fired. The source will be limited through enforceable conditions to 
the specified hours of operation and fuel type. The area where the source is 
to be located is in compliance for all criteria pollutants. No other changes 
are proposed at this facility, and therefore the net emissions change will be 
equal to the emissions shown on Table 8-5. Only NOx emissions are significant 
(i.e., greater than or equal to the 40 tpy significance level for NOx) and a 
BACT analysis is required for NOx emissions only. 

VI.A.2. BACT ANALYSIS SUMMARY 

VII.A.2.a. CONTROL TECHNOLOGY OPTIONS 

ihe first step in evaluating BACT is identifying all candidate control 
technology options for the emissions unit under review. Table B-6 presents 
the list of control technologies selected as potential BACT candidates. The 
first three control technologies, water or steam injection and selective 
catalytic reduction, were identified by a review of existing gas turbine 
facilities in operation. Selective noncatalytic reduction was identified as a 
potential type of control technology because it is an add-on NOx control which 
has been applied to other types of combustion sources. 
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TABLE B-5. EXAMPLE I--COHBUSTION TURBINE DESIGN PARAMETERS 

Characteristics 

Number of emissions units 

Unit Type 

Cycle Type 

Output 

Exhaust temperature, 

Fuel(s) 

Heat rate, Btu/kw hr 

Fuel flow, Btu/hr 

Fuel flow, lb/hr 

Service Type 

Operating Hours (per year) 

Uncontrolled Emissions, tpy(a} 
NO 
SOx 
C02 

VOC 
PM 

1 

Gas Turbine 

Simple-cycle 

75 MW 

1,000 of 

Natural Gas 

11,,000 

1,650 mill ion 

83,300 

Peaking 

1,000 

282 (169 ppm) 
<1 
4.6 (ti ppm) 
1 
5 (0.0097 gr/dscf) 

(a) Based on 1000 hours per year of operation at full 1oad. 
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TABLE B-6. EXAMPLE I--SUMMARY OF POTENTIAL 
TECHNOLOGY OPTIONS 

Typical In Service Qn: 
contra 1 Combined 

efficiency Simple cycle Other 
range cycle gas combustion 

Control technology(a) (X reduction) turbines turbines sources(c) 

Selective Catalytic 40-90 No Yes Yes 
Reductions 

Water Injection 30-70 Yes Yes Yes 

Steam Injection 30-70 No Yes Yes 

Low NOx Burner 30-70 Yes Yes Yes 

Selective Noncatalytic 20-50 No Yes Yes 
Reduction 

(a) Ra'lked in order of highest to lowest stringency .. 
(b) Exhaust must be diluted with air to reduce 'its temperature to 600-75~F. 
(c) Boiler incinerators, etc. 
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CONTROL 

T echn i ca 11 y 
feasible on 
simple cycle 

turbines 

Yes(h). 

Yes 

No 

Yes 

No 
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In this example, the control technologies were identified by the 
applicant based on ~ review of the BACT/LAER Clearinghouse, and discussions 
with State agencies with experience permitting gas turbines in NOx 
nonattainment areas. A prel iminary meeting with the State permit issuing 
agency was held to determine whether the permitting agency felt that any other 
applicable control technologies should be evaluated and they agreed on the 
proposed control hierarchy. 

VI.A.2.b. TECHNICAL FEASIBILITY CONSIDERATIONS 

Once potential· control technologies have been identified, each technology 
is evaluated for its technical feasibility based on the characteristics of the 
source. Because the gas turbines in this example are intended to be used for 
peaking service, a heat recovery steam generator (HRSG) will not be included. 
A HRSG recovers heat from the gas turbine exhaust to make steam and increase 
overall energy efficiency. A portion of the steam produced can be used for 
steam injection for NOx control, sometimes increasing the effectiveness of the 
net injection control system. However, the electrical demands of the grid 
dictate that the turbine will be brought on line onl~ for short periods of . 
time to meet peak demands. Due to the lag time required to bring a heat 
recovery steam generator on line, it is not technically feasible to use a HRSG 
at the facility. Use of an HRSG in this instance was shown to interfere with 
the performance of the unit for peaking service, which requires immediate 
response times for the turbine. Although it was shown that a HRSG was not 
feasible and therefore not available, water and steam are readily available 
for NOx control since the turbine will be located near an existing steam 
generating powerplant. 

The turbine type and, therefore, the turbine model selection process, 
affects the achievability of NOx emissions limits. Factors which the customer 
considered in selecting the proposed turbine model were outlined in the 
application as: the peak demand which must be met, efficiency of the gas 
turbine, reliability requirements, and the experience of the utility with the 
operation and maintenance service of the particular manufacturer and turbine 
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design. In this example, the proposed turbine is equipped with a combustor 
designed to achieve an emission level, at 15 percent 02, of 25 ppm NOx with 
steam injection or 42 ppm with water injection.2 

Selective noncatalytic reduction (SNCR) was eliminated as technically 
infeasible, and therefore not available, because this technology requires a 
flue gas temperature of 1300 to 21000F. The exhaust from the gas turbines 
will be approximately 10000F, which is below the required temperature range. 

Selective catalytic reduction (SCR) was evaluated and no basis was found 
to eliminate this te~hnology as technically infeasible. However, there are no 
known examples where SCR technology has been applied to a simple-cycle gas 
turbine or toa gas turbine in peaking service. In all cases where SCR has 
been applied, there was an HRSG which served to reduce the exhaust temperature 

"to the optimum range of 600-7S00f and the gas "turbine was operated 
continuously. Consequently, application of SCR to a simple cycle turbine 
involves special circumstances. For this example, it is assumed that dilution 
air can be added to the gas turbine exhaust to reduce its temperature. 
However, the dilution air will make the system more costly due to higher gas 
flows, and may reduce the removal efficiency because the NOx concentration at 
the inlet will be reduced. Cost considerations are considered later in the 
analysis . 

. VI.A.2.c. CONTROL TECHNOLOGY HIERARCHY 

After determining technical feas"ibility, the applicant selected the 
control levels for evaluation shown in Table 8-7. Although the applicant 

2 For some gas turbine models, 25 ppm is not achievable with either water 
or steam injection. 
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TABLE 8-7. EXAMPLE I--CONTROL TECHNOLOGY HIERARCHY 

Control Technology 

Steam Injection plus SCR 

Steam Injection at maximum(b) design rate 

Water Injection at maximum(b) design rate 

Steam Injectipn to meet NSPS 

(a) Corrected to 15 percent oxygen. 

(b) Water to fuel ratio. 
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Emissions limits 
ppm(a) TPY 

13 44 

25 84 

42 140 

93 312 
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reported that some sites in California have achieved levels as low as 9 ppm, 
at this facil ity a 13 ppm level was determined to be the feasible limit with 
SCR. This decision is based on the lowest achievable level with steam 
injection of 25 ppm and an SCR removal efficiency of 50 percent. Even though 
the reported removal efficiencies for SCR are up to 90 percent at some 
facilities, at this facility the actual NOx concentration at the inlet to the 
SCR system will only be approximately 17 ppm (at actual conditions) due to the 
dilution air required. Also the inlet concentrations, flowrates, and 
temperatures will vary due to the high frequency of startups. These factors 
make achieving the optimum 90 percent NOx removal efficiency unrealistic. 
Based on discussions. with SCR vendors, the applicant has established a 
50 percent removal efficiency as the highest level achievable, thereby 
resulting in a 13 ppm level (i.e., 50 percent of 25 ppm). 

The next most stringent level achievable w6uld be steam injection at the 
maximum water-to-fuel ratio achiev4ble by the unit within its design operating 
range. For this particular gas turbine model, that level is 25 ppm as 
supported by vendor NOx emissions guarantees and unit test data. The 
applicant provided documentation obtained from the gas turbine manufacturer3 
verifying ability to achieve this range. 

After steam injection the next most stringent level of control would be 
water injection at the maximum water-to-fuel ratio achievable by the unit 
within its design operating range. For this particular gas turbine model, 
that level is 42 ppm as supported by vendor NOx emissions guarantees and . . 

actual unit test data. The applicant provided documentation obtained from the 
gas turbine manufacturer verifying ability to achieve this range. 

The least stringent level evaluated by the applicant was the current 
NSPS for utility gas turbines. For this model, that level is 93 ppm at 

3 It should be noted that achievability of the NOx limits is dependent on 
the turbine model, fuel, type of wet injection (water or steam), and system 
design. Not all gas turbine models or fuels can necessarily achieve these 
levels. 
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15 percent 02. By definition, BACT can be no less stringent than NSPS. 
Therefore, less strjngent levels are not evaluated. 

VI.A.2.d. IMPACTS ANALYSIS SUMMARY 

The next steps completed by the applicant were the development of the 
cost, economic, environmental and energy impacts of the different control 
alternatives. Although the top-down process would allow for the selection of 
the top alternative without a cost analysis, the applicant felt cost/economic 
impacts were excessive and that appropriate documentation may justify the 
elimination of SCR as BACT and therefore chose to quantify cost and economic 
impacts. Because the technologies in this case are applied in combination, it 
was necessary to quantify impacts for each of the alternatives. The impact 

'estimates are shown in Table' B-8. Adequate documentation of the basis for the 
impacts was determined to be included in the PSD permit application. 

The incremental cost impacts shown are the cost of the alternative 
compared to the next most stringent control alternative. Figure B-2 is a plot 
of the least-cost envelope defined by the list of control options. 

VI.A.2~e. TOXleS ASSESSMENT 

If SCR were applied, potential toxic·emissions of ammonia could occur. 
Ammonia emissions resulting from application of SCR could be as large as 20 
tons per year. Application of SCR would reduce NOx by an additional 20 tpy 
over steam injection alone (25 .ppm)(not including ammonia emissions). 

Another environmental impact considered was the spent catalyst which 
would have to be disposed of at certain operating intervals. The catalyst 
contains vanadium pentoxide, which is listed as a hazardous waste under RCRA 
regulations (40 CFR 261.3). Disposal of this waste creates an additional. 
economic and environmental burden. This was considered in the applicant's 
proposed BACT determination. 
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T~LE B-8. EXAMPLE 1--SUHKARY OF TOP-DOWN BACT IMPACT ANALYSIS RESULTS FOR NOx 

Emissions per Turbine 

Installed 
Emissions capital 

Emissions reduction ( a) cost(b) 
Control alternative ( lb /hr ) (tpy ) (tpy) ($) 

13 ppm Alternative 44 22 260 11 ,470,000 

25 ppm Alternative 84 42 240 1,790,000 

42 ppm Alternative 140 70 212 1,304,000 

NSPS Alternative 312 156 126 927,000 

Uncontrolled Baseline 564 282 

(a) Emissions reduction over baseline control level. 
(b) Installed capital cost relative to baseline. 

Economic Impacts Energy Impacts 

Total Average Incremental Increase 
annualized cost cost over 

cost(c) efectiveness (d) effectiveness(e) baseline(f) 
($/yr) ($/ton) ($/ton) (MMBtu/yr) 

1,717,000(g) 6,600 56,200 . 464,000 

593,000 2,470 8,460 30,000 

356,000 1,680 800 15,300 

288,000 2,285 8,000 

Environmental Impacts 

Mversp. 
Toxics environmental 
impact impact 
(Yes/No) (Yes/No) 

Yes No 

No No 

No No 

No No 

(c) Total annualized cost (capital, direct, and indirect) of purchasing, installing, and operating the proposed control alternative. A 'capital 
recovery factor approach using a real interest rate (i.e., absent inflation) is used to express capital costs in present-day annual costs. 

(d) Average cost effectiveness over baseline is equal to total annualized cost for the control option divided by the emissions reductions resulting 
from the uncontrolled baseline. 

(e) The incremental cost effectiveness criteron is the same as the average cost effectiveness criteria except that the control alternative 
is considered relative to the next most stringent alternative rather than the baseline control alternative. 

(f) Energy impacts are the difference in total project energy requirements with the control alternative and the uncontrolled baseline expressed in 
equivalent millions of Btus per year. 

(~) Assued 10 year catalyst life since this turbine operates only 1000 hours per year. Assumptions made on catalyst life may have a profound affect 
upon cost effectiveness. 
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Figure 8-2. Least-Cost Envelope for Example 1 
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VI.A.2.f. RATIONALE FOR PROPOSED BACT 
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Based on these impacts, the applicant proposed eliminating the 11 ppm 
alternative as economically infeasible. The applicant documented that the 
cost effectiveness is high at 6,600 $/ton, and well out of the range of recent 
BACT NOx control costs for similar sources. The incremental cost 
effectiveness of $56,200 also ;s high compared to the incremental cost 
effectiveness of the next option. 

The applicant documented that the other combustion turbine sources which 
have applied SCR have much higher operating hours (i.e., all were permitted as 
base-loaded units). Also, these sources had heat recovery steam generators so 
that the cost effectiveness of the application of SCR was lower. For this 
source, dilution air must be added to cool the flue gas to the proper 
temperature. This increases the cost of the SCR system relative to the same 
gas turbine with a HRSG. Therefore, the other sources had much lower cost 
impacts for SCR relative to steam injection alone, and much lower cost 
effectiveness numbers. Application of SCR would also result in emission of 
ammonia, a toxic chemical, of possibly 20 tons per year while reducing NOx 
emissions by 20 tons per year. The applicant asserted that, based on these 
circumstances, to apply SCR in this case would be an unreasonable burden 
compared to what has been done at other similar sources. 

Consequently, the applicant proposed eliminating the SCR plus steam 
injection alternative. The applicant then accepted the next control 
alternative, steam injection to 25 ppmv. The use of steam injection was shown 
by the applicant to be consistent with recent BACT determinations for similar 
sources. The review authority concurred with the proposed elimination of SCR 
and the selection of a 25 ppmv limit as BACT. 
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VI.B. EXAMPLE 2--COMBINED CYCLE GAS TURBINES FIRING NATURAL GAS 
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Table 8-9 presents the design parameters for an alternative set of 
circumstances. In this example, two gas turbines are being installed. Also, 
the operating hours are 5000 per year and the new turbines are being added to 
meet intermediate loads demands. The source will be limited through 
enforceable conditions to the specified hours of operation and fuel type. In 
this case, HRSG units are installed. The applicable control technologies and 
control technology hierarchy are the same as the previous example except that 
no d"ilution is required for the gas turbine exhaust because the HRSG serves to 
reduce the exhaust temperature to the optimum level for SCR operation. Also, 
since there is no dilution required and fewer startups, the most stringent 
control option proposed is 9 ppm based on performan~e limits for several other 
natural gas fired baseload combustion turbine facilities. 

Table B-I0 presents the results of the cost and economic impact analysis 
for the example and Figure 8-3 is a plot of the least-cost envelope defined by 
the list of control options. The incremental cost impacts shown are the cost 
of the alternative compared to the next most stringent control alternative. 
Due to the increased operating hours and design changes, the economic impacts 
of SCR are much lower for this case. There does not appear to be a persuasive 
argument for stating that SCR is economically infeasible. Cost effectiveness 
numbers are within the range typically required of this and other similar 
source types. 

In this case, there would also be emissions of ammonia. However, now the 
magnitude of ammonia emissions, approximately 40 tons per year, is much lower 
than the additional NOx reduction achieved, which is 270 tons per year. 

Under these alternative circumstances, PM emissions are also now above 
the significance level (i.e., greater than 25 tpy). The gas turbine 
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TABLE 8-9. EXAMPLE 2--COMBUSTION lURBINE DESIGN PARAMETERS 

Characteristics 

Number of emission units 
Emission units 
Cycle Type 
Output 

Gas Turbines (2 @.75 MW each) 
Steam Turbine (no emissions generated) 

Fuel(s) 
Gas Turbine Heat Rate, Btu/kw-hr 
~ueJ Flow per gas turbine, Btu/hr 
Fuel Flow per gas turbine, lb/hr 
Service Type 
Hours per year of operation 
Uncontrolled Emissions per gas-turbine, tpy (a) (b) 

NOx 
S02 
CO 
VOC 
PM 

(a) Based on 5000 hours per year of operation. 

2 

Gas Turbine 
Combined-cycle 

150 MW 
70 MW 
Natural Gas 
11,000 Btu/kw-hr 
1,650 mill ion 
83,300 
Intermediate 
5000 

1,410 (169 ppm) 
<1 

23 (6 ppm) 
5 

25 (0.0097 gr/dscf) 

(b) Total uncontrolled emissions for the proposed project is equal to the 
pollutants uncontrolled emission rate multiplied by 2 turbines. For example, 
total NOx = (2 turbines) x 1410 tpy per turbine) = 2820 tpy. 
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TABLE B-10. EXAMPLE 2--SUHMARY OF TOP-DOWN BACT IKPACTANALYSIS RESULTS FOR NOx 

Emissions per Turbine Economic Impacts Energy Impacts Environmental Impacts 

Installed Total Average Incremental Increase Adverse 
f)nissions capital annualized cost cost over Toxics environmental 

f)nissions reduction(a,h) cost(b) cost(c) effectiveness(d) effE)ctiveness(e) baseline( f) impact impact 
Control alternative (lb/hr) (tpy) (tpy) (S) ( S/yr) (S/ton) (S/ton) (MMBtu/yr) (Yes/No) (Yes/No) 

9 ppm Alternative 30 75 1,335 10,980,000 3,380,000(g) 2,531 12,200 160,000 Yes No 

25 ppm Alternative 84 210 1,200 1,791,000 1,730,000 1,440 6,050 105,000 No No 

42 ppm Alternative 140 350 1,060 1,304,000 883,000 833 181 57,200 No No 

OJ NSPS Alternative 312 780 630 927,000 805,000 1,280 27,000 No No 
....., 
...... Uncontrolled Baseline 564 1,410 

(a) Emissions reduction over baseline control level. 
(b) Installed capital'cost relative to baseline. 
(c) Total annualized cost (capital, direct, and indirect) of purchaSing, installing, and operating the proposed control alternative. ~ capital 

recovery factor approach using a real interest rate (i.e., absent inflation) is used to express capital costs in present-day annual costs. 
(d) Average cost Effectiveness over baseline is equal to total annualized cost for the control option divided by the emissions reductions resulting 

from the uncontrolled baseline. 
(e) The optional incremental cost effectiveness criteron is the same as the average cost effectiveness criteria except that the control alternative 

is considered relative to the next most stringent alternative rather than the baseline control alternative. 
(f) Energy impacts are the difference in total project energy requirements with the control alternative uncontrolled baseline expressed in 

equivalent millions of Btus per year. 
(g) Assumes a 2 year catalyst life. Assumptions made on catalyst life may have a profound affect upon cost effectiveness. 
(h) Since the project calls for two turbines, actual project wide emissions reductions for an alternative will be equal to two times the reduction 

listed. 
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Figure B-3. Least-Cost Envelope for Example 2 
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combustors are designed to burn the fuel as completely as possible and 
therefore reduce PM to the lowest possible level. Natural gas contains no 
sol ids and solids are removed from the injected water. The PM emission rate 
without add-on controls is on the same order (0.009 gr/dscf) as that for other 
particulate matter sources controlled with stringent add-on controls (e.g., 
fabric filter). Since the applicant documented that precombustion or add-on 
controls for PM have never been required for natural gas fired turbines, the 
reviewing agency accepted the applicants analysis that natural gas firing was 
BACT for PM emissions and that no additional analysis of PM controls was 
required. 

VI.C. EXAMPLE 3--COMBINED CYCLE GAS TURBINE FIRING DISTILLATE OIL 

In this example, the same combined cycle gas turbines are proposed 
except that distillate oil is fired rather than natural gas. The reason is 
that natural gas is not available on site and there is no pipeline within a 
reasonable distance. The fuel change raises two issues; the technical 
feasibility of SCR in gas turbines firing sulfur bearing fuel, and NOx levels 
achievable with water injection while firing fuel oil. 

In this case the applicant proposed to eliminate SCR as technically 
infeasible because sulfur present in the fuel, even at low levels, will poison 
the catalyst and quickly render it ineffective. The applicant also noted that 
there are no cases in the U.S. where SCR has been applied to a gas turbine 
firing distillate oil as the primary fuel.4 

A second issue would be the most stringent NOx control level achievable 
with wet injection. For oil firing the applicant has proposed 42 ppm at 
15 percent oxygen. Due to flame characteristics inherent with oil firing, and 
limits on the amount of water or steam that can be injected, 42 ppm is the 
lowest NOx emission level achievable with distillate oil firing. Since 

4 Though this argument was considered persuasive in this case, advances 
in catalyst technology have now made SCR with oil firing technically feasible. 
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natural gas is not available and SCR is technically infeasible, 42 ppm is the 
m6st stringent alternative considered. Based on the cost effectiveness of wet 
injection, approximately 833 S/ton, there is no economic basis to eliminate 
the 42 ppm option since this cost is well within the range of BACT costs for 
NOx control. Therefore, this option is proposed as BACT. 

The switch to oil from gas would also result in 502, CO, PM, and 
beryllium emissions above significance levels. Therefore, BACT analyses would 
also be required for these pollutants. These analyses are not shown in this 
example, but would be performed in the same manner as the BACT analysis for 
NOx. 

VI.D. OTHER CONSIDERATIONS 

The previous judgements concerning economic feasibil ity were in an area 
meeting NAAQS for both NOx and ozone. If the natural gas fired simple cycle 
gas turbine example previously presented were sited adjacent to a Class I . 
area, or where air quality improvement poses a major challenge, such as next 
to a nonattainment area, the results may differ. In this case, even though 
the region of the actual site location is achieving the NAAQS, adherence to a 
local or regional NOx or ozone attainment strategy might result in the 
determination that higher costs than usual are appropriate. In such 
situatioris, higher costs (e.g., 6,600 S/ton) may not necessarily be persuasive 
in eliminating SCR as BACT. 

While it is not the intention of BACT to prevent construction, it is 
possible that local or regional air quality management concerns regarding the 
need to minimize the air quality impacts of new sources would lead the 
permitting authority to require a source to either achieve stringent emission 
control levels or, at a minimum, that control cost expenditures meet certain 
cost levels without consideration of the resultant economic impact to the 
source. 
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.Besides local or regional air quality concerns, other site constraints 
may significantly impact costs of particular control technologies. For the 
examples previously presented, two factors of concern are land and water 
availability. 

The cost of the raw water is usually a small part of the cost of wet 
controls. However, gas turbines are sometimes located in remote locations. 
Though water can obviously be trucked to any location, the costs may be very 
high. 

Land availability constraints may occur where a new source is being 
located at an existing plant. In these cases, unusual design and additional 
structural requirements could make the costs of control technologies which are 
commonly affordable prohibitively expensive. Such considerations may be 
pertinent to the calcu1ations of impacts and ultimately the selection of BACT. 
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