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DRAFT  
TECHNICAL SUPPORT DOCUMENT 

  

TECHNICAL REVIEW AND EVALUATION 

OF APPLICATION FOR  

AIR QUALITY PERMIT No. 82463 

I. INTRODUCTION 

This Class I Significant Permit Revision evaluates the AOP-4 Best Available Control Technology 

(BACT) Analysis submitted to the Arizona Department of Environmental Quality (ADEQ or 

Department) as a result of a consent decree with the United States Environmental Protection 

Agency (EPA). 

A. Company Information 

Facility Name:  Apache Nitrogen Products Inc. 

Mailing Address: PO Box 700 

   Benson, AZ 85602 

Facility Location: 1436 S. Apache Powder Rd. 

   St. David, AZ 85630 

B. Attainment Classification  

The facility is located in an area that is deemed attainment or unclassifiable for all criteria 

pollutants. 

II. PROCESS DESCRIPTION 

A. Facility Description 

Apache Nitrogen Products, Inc. (ANPI) manufactures nitrogen products in the form of 

nitric acid, ammonium nitrate fertilizer and ammonium nitrate prill. Nitric acid at the 

facility is produced using an ammonia oxidation process (AOP) using two nitric acid plants 

referred to as AOP-3 and AOP-4. The weak nitric acid solution is either sold, sent to a 

storage tank for future use, or is used as a reactant in the Neutralizer to produce ammonium 

nitrate solution (ANS). ANS may be sold as a fertilizer, or further processed into 

ammonium nitrate prill via the prill tower. 

B. AOP-4 Overview  

AOP-4 was constructed in 1978 and began commercial operation in 1979 with a nameplate 

process rate of 300 tons of nitric acid per day (on a 100% HNO3 basis).  Two key processes 

in production of nitric acid in AOP-4 are a reaction step in which anhydrous ammonia 

(NH3) reacts with air to form nitrogen oxides (NOX) and an absorption step where the NOX 

gas is absorbed into water producing aqueous nitric acid (HNO3).  The AOP-4 plant is a 

“dual-pressure” nitric acid plant, with the reaction step operating at a lower pressure and 

the nitric acid absorption step at a higher pressure.  

The reaction step takes place in a catalytic converter, in which vaporized anhydrous NH3 

is mixed with air.  As the mixture passes through the converter, the heated metal-gauze 

catalyst promotes reactions that create NOX at concentrations that may exceed 2,000 ppm.  
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The hot gas exiting the converter is cooled to near its dew point by a series of heat 

exchangers.  Cooled gases are passed to a single absorption tower, where the NOX gas is 

absorbed into chilled water, forming a weak HNO3 solution. The nitric acid is pumped to 

storage tanks for further processing or for sale to customers.   

Tail gas containing unabsorbed NOX exits the absorption tower at high temperature and 

pressure.  This gas stream passes through heat exchangers and a turboexpander to recover 

residual energy before it is exhausted to atmosphere. 

The AOP-4 design is an inherently efficient plant design.  Dual-pressure plants are more 

efficient than single-pressure because ammonia oxidation is more efficient at low pressure 

and absorption of NOX into water is more efficient (i.e., improves product yield) at high 

pressure.  Use of chilled water in the absorption tower further improves product yield 

because absorption of NOX into water is more efficient at low temperature.1 

C. AOP-4 Airco Steam/Turbine/Compressor System 

AOP-4 currently utilizes an Airco Steam Turbine/Compressor/Expander system (Airco 

System) to recover energy from the tail gas to drive the air and NOX compressors used in 

the process. As previously mentioned above, the process utilizes a series of heat exchangers 

to increase the temperature of the tail gas exiting the absorber before it is fed into the high 

pressure (HP) expander then the low pressure (LP) expander. The HP expander drives the 

air compressor, while the LP expander drives the NOX compressor. Unlike conventional 

dual pressure nitric acid plants, the Airco HP and LP expander systems operate on separate 

drive shafts. As a result of this inherent process design, the Airco system is more 

susceptible to compressor surges if one of the compressors increases or decreases speeds 

independently. 

Over the years, the Airco System has sustained damages as a result of unplanned shutdowns 

or malfunction of the components. Due to these damages, ANPI contracted Hickham 

Industries to evaluate the natural frequencies of the Airco System which were suspected as 

the cause of the unit’s catastrophic failures. The analysis concluded that there were several 

speeds which excited natural frequencies which cause vibrational induced failures of the 

unit’s components, such as damaging the expander wheel blades and cracking the NOX 

expander casing. With the help of their contractors, ANPI has created detailed startup and 

shutdown procedures to ensure the unit safely progresses through these speeds which excite 

these natural frequencies.  

Given the unique nature of the Airco System’s dual shaft configuration and the natural 

frequency ranges associated with various speeds of the turbine, AOP-4 has significantly 

less operational flexibility when compared to more conventional dual pressure nitric acid 

plants. 

D. Process Flow Diagrams 

 

 
1 See, for example, Review of New Source Performance Standards for Nitric Acid Plants (EPA-450/3-84-011), U.S. 

EPA, Office of Air Quality Planning and Standards, Research Triangle Park, NC, at p. 2-2.  April 1984.  Hereinafter 

“1984 NSPS Review Report.” 
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Figure 1: AOP-4 Process Flow Diagram 

Figure 2: Airco Steam Turbine/Compressor/Expander System 
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III. BACKGROUND 

To resolve alleged violations of the Clean Air Act (CAA) and the Arizona State Implementation 

Plan (SIP) regarding commencing construction of a major modification project at AOP-4 without 

having undergone a Prevention of Significant Deterioration (PSD) review by ADEQ, ANPI entered 

into a consent decree with EPA and the Department of Justice (DOJ). 

The consent decree stipulated that ANPI contract thyssenkrupp Industrial Solutions, Inc. (tkIS) to 

conduct an Alternative NOx Reduction Technical Feasibility Study on AOP-4 to determine the 

risks associated with the installation of pollution control device and equipment reliability. As part 

of the study, tkIS developed a working simulation of the AOP-4 process and refined the model 

using plant operations data under normal operating conditions. Using this model, tkIS evaluated 

the feasibility and risks associated with the installation of two different NOX abatement systems 

(Uhde deNOX and EnviNOX). The tkIS modeling simulated the effects of these controls at 

different locations in the process, such as before and after the expander, as well as the potential use 

of a bypass stack. The results of the tkIS analysis were summarized in the AOP-4 Study Report and 

can be found in Attachment C of the permit application.  

ANPI was also required to conduct an AOP-4 BACT Analysis to consider the technical feasibility, 

energy, environmental and economic impacts of alternative NOX controls for AOP-4. The AOP-4 

BACT Analysis, Consent Decree, Complaint, and AOP-4 Study Report were submitted to ADEQ 

for a BACT Determination. ADEQ’s analysis of the AOP-4 BACT submittal can be found in 

Section 0 below. 

IV. EMISSIONS 

The facility has a potential-to-emit (PTE) more than the major source thresholds of NOX, particulate 

matter less than 10 microns (PM10), and particulate matter less than 2.5 microns (PM2.5).  The 

facility’s PTE is provided in Table 1 below: 

 

Table 1: Potential to Emit (tpy) 

Pollutant Emissions 

NOX 235.8* 

PM10 203.6 

PM2.5 153.0 

CO 42.6 

SO2 0.3 

VOC 2.8 

HAPs 1.0 

GHG (CO2e) 735,308 

* Previously, the PTE for AOP-4 was calculated using the NSPS limit of 3.0 lb NOX/ton of acid produced, resulting in the facility 

wide PTE of 271.3 tpy. This permitting action establishes a more stringent 12-month rolling emission rate of 2.41 lb NOX/ton of 

acid produced resulting in a potential PTE decrease of 35.5 tpy. 
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V. AOP-4 BACT DETERMINATION 

As required of ANPI by the Consent Decree entered into by the parties in United States of America 
v. Apache Nitrogen Products Incorporated (4:17-cv-00612) (D. Ariz. March 27, 2018) (the 2018 

CD), the permit application submitted by ANPI requests that the Department make a BACT 

determination for NOX emissions from AOP-4. 

As required by Paragraph 9 of the Consent Decree between ANPI and the United States, ANPI 

must comply with the following: 

Within ninety (90) days of receipt of the AOP-4 Study Report (or report 

for any comparable study approved by EPA), ANP shall submit an 
application to ADEQ requesting an AOP-4 BACT Determination.  ANP’s 

application shall, at a minimum include an AOP-4 BACT Analysis; a copy 

of the AOP-4 Study Report (or report for any comparable study approved 

by EPA); a copy of this Consent Decree, including appendices; and a copy 

of the Complaint filed in this matter. 

As defined by Paragraph 7.e of the Consent Decree, the AOP-4 BACT Analysis means “an analysis 

prepared by ANP to identify and assess alternative NOX control technologies for AOP-4” and “shall 

consider technical feasibility; energy, environmental, and economic impacts; and other costs 

consistent with Chapter B of EPA’s ‘New Source Review Workshop Manual—Prevention of 

Significant Deterioration and Nonattainment Area Permitting,’ (Draft October 1990) (hereinafter 

“EPA NSR Manual”), but shall not include any other elements of PSD permitting (notwithstanding 

any reference in Chapter B).”   

The Department has authority to impose BACT only where the applicant proposes to construct a 

new major source or a major modification pursuant to Arizona Administrative Code (A.A.C.) 

R18-2-406.A.1 and -406.A.2, respectively.  Authorization for such construction would also 

mandate additional analyses, such as an analysis of ambient air quality in the area that the new 

major source or major modification would affect as required by A.A.C. R18-2-407.A.  No proposed 

construction was requested in the permit application.  Accordingly, the request for a BACT 

determination will be treated as a voluntary request by ANPI.  Nonetheless, as discussed below, 

the methodology used by the Department in making the requested BACT determination is the same 

as would be used for a proposed major modification pursuant to A.A.C. R18-2-406.A.2.  

A. General 

The pertinent rule provisions governing the Department’s BACT determinations are as 

follows: 

A.A.C R18-2-101.21 defines BACT as an emission limitation, including a visible 

emissions standard, based on the maximum degree of reduction for each air 

regulated NSR pollutant which would be emitted from any proposed major source 

or major modification, taking into account energy, environmental, and economic 

impact and other costs, determined by the Director in accordance with R18-2-

406(A)(4) to be achievable for such source or modification.   

BACT shall be determined on a case-by-case basis and may constitute application 

of production processes or available methods, systems, and techniques, including 
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fuel cleaning or treatment, clean fuels, or innovative fuel combustion techniques, 

for control of such pollutant. In no event shall such application of BACT result in 

emissions of any pollutant, which would exceed the emissions allowed by any 

applicable new source performance standard (NSPS) or national emission standard 

for hazardous air pollutants (NESHAP) under Articles 9 and 11 of Title 18, 

Chapter 2 of the Arizona Administrative Code or by the applicable implementation 

plan. If the Director determines that technological or economic limitations 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 BACT. 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. (A.A.C. 

R18-2-406.A.4.) 

The U.S. EPA’s interpretive policies relating to BACT analyses are set forth in several 

informal guidance documents. Most notable among these are the following: 

 

• “Guidelines for Determining Best Available Control Technology (BACT),” 

December 1978. 

• “Prevention of Significant Deterioration Workshop Manual,” October 1980. 

• “New Source Review Workshop Manual: Prevention of Significant Deterioration and 

Nonattainment Area Permitting.” Draft. October 1990. 

The Department generally uses what is termed a “top-down” procedure when making 

BACT determinations.  This procedure is designed to ensure that each determination is 

made consistent with the two core criteria for BACT: consideration of the most stringent 

control technologies available, and a reasoned justification, considering energy, 

environmental and economic impacts and other costs, of any decision to require less than 

the maximum degree of reduction in emissions. 

The framework for the top-down BACT analysis procedure used by the Department 

comprises five key steps, as discussed in detail below.  The five-step procedure mirrors the 

analytical framework set forth in the draft 1990 guidance document.   

Step 1 - Identify all control options.  

The process is performed on a unit-by-unit and pollutant-by-pollutant basis and begins with 

the identification of available control technologies and techniques. For BACT purposes, 

“available” control options are those technologies and techniques, or combinations of 

technologies and techniques, with a practical potential for application to the subject 

emissions units and pollutants. These may include fuel cleaning or treatment, inherently 

lower polluting processes, and end of pipe control devices. All identified control options 

that are not inconsistent with the fundamental purpose and basic design of the proposed 

facility are listed in this step. Because the definition of BACT includes the phrase, 

“achievable for such source or modification,” the Department interprets the BACT 

requirement as not providing for consideration of any emission limit that would necessitate 

redefinition of the fundamental purpose or basic design of the proposed facility.  For 

AOP-4, this includes the dual-pressure plant design, with chilled water in the absorption 
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tower, as described in Section II.B above.  Those control options that are identified as being 

technically infeasible or as having unreasonable energy, economic or environmental 

impacts or other unacceptable costs are eliminated in subsequent steps. 

Step 2 - Eliminate technically infeasible control options.  

In this step, the technical feasibility of identified control options is evaluated with respect 

to source specific factors. Technically feasible control options are those that have been 

demonstrated to function efficiently on identical or similar processes.  In general, if a 

control option has been demonstrated to function efficiently on the same type of emissions 

unit, or another unit with similar exhaust streams, the control option is presumed to be 

technically feasible.  For presumably technically feasible control options, demonstrations 

of technical infeasibility must show, based on physical, chemical, and engineering 

principles, that technical difficulties would preclude the control option from being 

employed successfully on the subject emissions unit.  Technical feasibility need not be 

addressed for control options that are less effective than the control option proposed as 

BACT by the permit applicant. 

Step 3 - Characterize control effectiveness of technically feasible control options.  

For each control option that is not eliminated in Step 2, the overall control effectiveness 

for the pollutant under review is characterized.  The control option with the highest overall 

effectiveness is the “top” control option.  If the top control option is proposed by the permit 

applicant as BACT, no evaluation is required under Step 4, and the procedure moves to 

Step 5.  Otherwise, the top control option and other identified control options that are more 

effective than that proposed by the permit applicant must be evaluated in Step 4.  A control 

option that can be designed and operated at two or more levels of control effectiveness may 

be presented and evaluated as two or more distinct control options (i.e., an option for each 

control effectiveness level). 

Step 4 - Evaluate more effective control options.   

If any identified and technically feasible control options are more effective than that 

proposed by the permit applicant as BACT, rejection of those more effective control 

options must be justified based on the evaluation conducted in this step.  For each control 

option that is more effective than the option ultimately selected as BACT, the rationale for 

rejection must be documented for the public record.  Energy, environmental, and economic 

impacts and other costs of the more effective control options, including both beneficial and 

adverse (i.e., positive and negative) impacts, are listed and considered. 

Step 5 - Establish BACT.   

Finally, the most effective control technology not rejected in Step 4 is proposed as BACT.  

To complete the BACT process, an enforceable emission limit representing BACT must 

be established.  This emission limit must be enforceable as a practical matter.  In order for 

the emission limit to be enforceable as a practical matter, in the case of a numerical 

emission limitation, the permit must specify a reasonable compliance averaging time, 

consistent with established reference methods.  The permit must also include compliance 

verification procedures (e.g., monitoring requirements) designed to show compliance or 

non-compliance on a time period consistent with the applicable emission limit. 
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ANPI provided with its permit application, including supplements, a proposed BACT 

analysis and supporting information.  The Department relied heavily on this information in 

making the proposed BACT determination.  Other materials considered by ADEQ in 

identifying and evaluating available control options include the following: 

 

• Entries in the RACT/BACT/LAER Clearinghouse (RBLC) maintained by the U.S. 

EPA. This database is the most comprehensive and up-to-date listing of control 

technology determinations available. 

 

• Information provided by other State permitting authorities. This information is 

particularly valuable in clarifying or updating control technology information that has 

not yet been entered into the RACT/BACT/LAER Clearinghouse. 

 

• Information in the rulemaking dockets assembled by U.S. EPA in support of the 

Standards of Performance for New Stationary Sources promulgated for nitric acid 

plants under authority of § 111 of the federal Clean Air Act, 40 CFR part 60, subparts 

G and Ga. 

B. BACT for NOX Emissions from AOP-4 

1. Step 1 - Identify all control options.  

The NOX emission control techniques currently in use at AOP-4 are extended 

refrigerated absorption2 and, during startup periods only, hydrogen peroxide 

injection.  This combination of controls is considered the base case by ANPI as in 

its evaluation of the alternative NOX controls.  Extended refrigerated absorption 

(ERA) is used to meet the only numeric emission standard currently applicable to 

AOP-4, i.e., 1.5 kilogram NOX per megagram of acid produced (3.0 lb per ton), 

the production being expressed as 100 percent nitric acid, pursuant to 40 CFR 

§ 60.72(a)(1).  In addition, pursuant to the general duty requirement at 40 CFR 

§ 60.11(d) and A.A.C. R18-2-331.A.3.e, ANPI is required to use hydrogen 

peroxide injection during startup events in a manner consistent with good air 

pollution control practices for minimizing NOX emissions. 

Extended refrigerated absorption was the most commonly used NOX emission 

control technique for nitric acid plants constructed in and around 1978, when 

AOP-4 was constructed.3  This aspect of the AOP-4 plant design is necessary to 

achieve the design level of product yield and is inherent to the process. 

 

 
2 The absorption step in the AOP-4 process design, using a single absorption tower with chilled water, is described by 

ANPI in the permit application as “extended refrigerated absorption.”  That characterization is generally consistent 

with terminology used in the literature.  (See, for example, 1984 NSPS Review Report at p. 4-1:  “In the extended 

absorption process, the increased absorption capacity is achieved by installing a single larger absorber or adding a 

second absorption tower in series to the existing absorber.”  This terminology is adopted by the Department for 

purposes of this BACT analysis.  Note, however, that some literature uses the term “extended” narrowly, to refer 

exclusively to plants with two absorption towers in series.  See, for example, A Review of Standards of Performance 

for New Stationary Sources – Nitric Acid Plants (EPA-450/3-79-013), U.S. EPA, Office of Air Quality Planning and 

Standards, Research Triangle Park, NC, at p. 4-28.  March 1979.  Hereinafter “1979 NSPS Review Report.” 
3 See, 1984 NSPS Review Report at pp. 2-5 through 2-6.  
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Other NOX emission control technologies and techniques identified as available 

for AOP-4, in addition to those already in use, are as follows.  A general description 

of the controls can be found in the sections below, however, the reader should refer 

to Attachment B to the permit application submitted by ANPI in April 2020 for 

detailed descriptions of the first five listed technologies and techniques and to the 

supplement submitted by ANPI in October 2020 for detailed descriptions of the 

latter two listed technologies and techniques. 

a. Selective catalytic reduction (SCR)  

Add on-pollution control technologies such as SCR can be used to reduce 

NOX emissions from nitric acid plants. A nitrogen-based reagent, such as 

ammonia or urea-derived ammonia, is injected upstream of the reactor 

after the tail gas exits the absorption column. The gas stream containing 

ammonia and NOX is fed into the SCR which contains an activated-metal 

catalyst causing the ammonia to react selectively with NOx to reduce the 

compounds into molecular nitrogen (N2) and water vapor (H2O) before 

exiting the stack.  

b. Non-Selective Catalytic Reduction (NSCR) 

Another add-on pollution control device used to reduce NOX from nitric 

acid plants is NSCR. Fuel, typically natural gas, hydrogen or ammonia 

plant purge gas, is injected into the tail gas stream after it is heated to the 

required ignition temperature. The gases then pass through the NSCR 

where NOx, CO, and hydrocarbons (HC) are simultaneously reduced to 

water, carbon dioxide, and elemental nitrogen via a two-step reaction 

mechanism in the presence of a catalyst.  

c. Liquid scrubbing  

Wet scrubbers use an aqueous solution of ammonia, urea, or caustic 

chemicals to absorb NOX from the tail gas of nitric acid plants to form 

nitrate or nitrate salts.4 These technologies are not typically installed on 

new nitric acid plants due to the high capital and operational costs 

associated with the scrubber and treating the scrubbing solution.5 

d. Molecular sieve adsorption 

The molecular sieve adsorption process is a cyclical, regenerative process 

in which NOX is captured on a solid adsorbent material, such as a zeolite, 

and then desorbed and recycled to the nitric acid plant absorption tower.  

The proprietary Purasiv N molecular sieve adsorption process developed 

by Union Carbide underwent commercial-scale testing on two nitric acid 

 

 
4 See, Alternative Control Techniques Document— Nitric and Adipic Acid Manufacturing Plants, US EPA, Office of 

Air and Radiation Office of Air Quality Planning and Standards, Research Triangle Park, NC. Dec. 1991. 
5 See, AP-42, Fifth Edition, Volume I, Chapter 8, Section 8: Inorganic Chemical Industry Nitric Acid Production. Feb. 

1998. 
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plants in the 1974-1975 period.6  This technology did not achieve 

commercial availability:  It was characterized by U.S. EPA in the 1979 

NSPS Review Report as “not considered as state-of-the-art technology,”7 

was described by U.S. EPA in a 1983 report as follows, and was not 

identified or considered by EPA in the 1984 NSPS Review Report. 

e. Continuous hydrogen peroxide injection (CHPI) 

ANPI currently utilizes hydrogen peroxide injection during startup 

procedures to reduce NOX emissions from the absorption column, 

however, this technology has been used at other dual pressure nitric acid 

plants to control NOX emissions during steady state operations. Diluted 

hydrogen peroxide is injected into the top of the absorption column, which 

causes a radical reaction to reduce NO and NO2 to form nitric acid.  

f. Selective Non-Catalytic Reduction (SNCR) 

SNCR is typically used to reduce NOX emissions from combustion sources 

such as industrial boilers, electricity generating units, thermal incinerators, 

cement kilns and refinery process units.8 SNCR technologies do not utilize 

a catalyst, but rely on the reaction selectivity at temperature ranges 

between 1600-2400°F which favor the reaction pathway to reduce NOX. 

This is accomplished by injecting ammonia or an ammonia-based reagent, 

such as urea, into the gas stream which decomposes the reagent into free 

radicals such as NH3 and NH2. These molecules react selectively with NOX 

to form molecular nitrogen and water.  

g. LoTOx® 

LoTOx® is a proprietary, tail-end treatment technology developed and 

licensed by Linde plc.  This technology involves use of an air separation 

plant to extract nearly pure oxygen from the atmosphere; an ozone 

generation system to produce ozone (O3) from molecular oxygen (O2); a 

system to inject ozone into the NOX-containing gas stream, thereby 

increasing the rate of conversion of relatively insoluble nitrogen oxide 

(NO) and nitrogen dioxide (NO2) species to water-soluble oxides such as 

dinitrogen pentoxide (N2O5); and scrubbing of the resultant water-soluble 

nitrogen oxides in an absorber (i.e., scrubber). 

2. Step 2 - Eliminate technically infeasible control options.  

As stated in Section V.B.1(d) above, molecular sieve absorption utilizes an 

adsorbent material to remove from the gas stream before it is recycled in the 

 

 
6 See, Molecular Sieve NOX Control Process In Nitric Acid Plants (EPA-600/2-76-015), U.S. EPA, Office of Research 

and Development, Research Triangle Park, NC.  Jan. 1976. 
7 See, 1979 NSPS Report at p. 4-35. 
8 See, Selective Noncatalytic Reduction, U.S. EPA, Office of Air Quality Planning and Standards, Research Triangle 

Park, NC. April 2019. 
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absorption column. Two plants using this system were in operation and had 

experienced difficulties. As a result, the process has become unattractive for future 

installations because of the cost of the catalyst bed, the energy cost of thermal 

cycling, and the operational difficulties of using a cycling adsorption process with 

a steady state nitric acid plant.9 

At the Department’s request, ANPI consulted with Linde in an effort to obtain 

information regarding technical feasibility and economic cost of LoTOx® as a NOX 

emission control technology for AOP-4.  Linde declined to provide a quote or a 

performance guarantee based on uncertainty regarding technical and economic 

feasibility.   

Neither the molecular sieve adsorption process nor a LoTOx® system can be 

obtained for use at AOP-4 through commercial channels; as a result, the 

Department concluded these control technologies cannot be considered technically 

feasible for purposes of this BACT analysis.10 

Based on information provided in the literature and by Linde, the Department 

further concluded that, even if a molecular sieve adsorption process or LoTOx® 

were technically feasible, they would have greater adverse economic impacts than 

SCR and comparable or inferior effectiveness in reducing NOX emissions.  

Accordingly, these technologies would not be selected by the Department as the 

technological basis for the BACT determination even if they were technically 

feasible. 

All other NOX emission control technologies and techniques identified in Step 1 

are presumed for purposes of this analysis to be technically feasible for AOP-4. 

3. Step 3 - Characterize control effectiveness of technically feasible control options.   

The NOX emission control strategies identified by the Department and determined 

or presumed to be technically feasible for AOP-4 are listed in the table below.  The 

listed control strategies, including combinations of the technologies and techniques 

identified in Step 1 and including multiple levels of control effectiveness of a 

particular control technique where appropriate, are listed in order of decreasing 

control effectiveness. 

Table 2: Evaluated NOX Controls and Efficiency 

Control Strategy 

NOX Post-Control 

Emissions 
NOX removed 

lb/ton tpy tpy 

1 
ERA + CHPI + high-

pressure SCR 
0.03 2 148 

2 ERA + high-pressure SCR 0.08 5 145 

 

 
9 See, Control Techniques for Nitrogen Oxides Emissions from Stationary Sources – Revised Second Edition 

(EPA-450/3-83-002), U.S. EPA, Office of Air Quality Planning and Standards, Research Triangle Park, NC, at p. 

3-53.  Jan. 1983. 
10 See, generally, United States v. Minnkota Power Coop., Inc., 831 F. Supp. 2d 1109 (D.N.D. 2011). 
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Control Strategy 

NOX Post-Control 

Emissions 
NOX removed 

lb/ton tpy tpy 

3 
ERA + CHPI + ambient 

SCR 
0.14 9 142 

4 ERA + ambient SCR 0.40 25 125 

5 ERA + NSCR 0.50 31 119 

6 ERA + liquid scrubbing 0.72 45 105 

7 ERA + CHPI @ 65% 0.84 53 98 

8 ERA + CHPI @ 56% 1.06 67 84 

9 ERA + SNCR 1.21 76 74 

10 ERA 2.41 150 -- 

For purposes of this BACT analysis, the base case annual NOX emissions rate, 

based on the inherent controls already in place (control strategy #10 in the table) 

is calculated by the Department to be 150 tons per year.  This represents the product 

of a production rate of 341.9 tons per day and an emission factor of 2.41 lb/ton.  

The assumed production rate is the maximum rate achieved on calendar year 

average basis, excluding hours of downtime, during the 2017-2020 period 

(approximately 106,000 tons produced during 7,421 operating hours in calendar 

year 2020).  The Department determined this value is an appropriate representation 

of the base case production rate for purposes of the BACT analysis because it 

represents a reasonable estimate of the upper bound achievable production rate and 

ANPI has not requested an enforceable limit on either annual production rate or 

hours of operation.  The assumed emission factor is calculated as the maximum 

observed calendar year average emission factor during the same five-year study 

period plus the standard deviation of the observed calendar year emission factors 

during this period.  (The maximum 12-month rolling average average emission 

factor during this period is 2.39 lb/ton in calendar year 2019; the standard deviation 

is 0.02 lb/ton, or approximately one percent.)  The Department determined it is 

appropriate to include a compliance margin, based on one standard deviation from 

the data set of observed 12-month rolling average emission factors, because it 

represents a reasonable estimate of the upper bound expected actual emissions. 

The achievable annual NOX emission reduction with SNCR (control strategy #9 in 

the table) is based on a nominal control efficiency of 50 percent, which is the value 

determined by the Department to be generally representative of SNCR systems for 
fossil fuel-fired boilers where the NOX concentration at the SNCR inlet is 

approximately 200 parts per million by volume (ppmv) and where the ammonia 

emissions are managed to reasonable levels.11  The Department is not aware of any 

applications of SNCR on a nitric acid plant, so this control strategy would represent 

technology transfer for AOP-4. 

 

 
11 See, for example, Alternative Control Techniques Document – NOX Emissions from Utility Boilers 

(EPA-453/R-94-023), U.S. EPA, Office of Air Quality Planning and Standards, Research Triangle Park, NC, at p. 

5-108.  Mar. 1994. 
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The maximum achievable annual NOX emission reduction with CHPI (control 

strategy #7 in the table) is based on a maximum achievable control efficiency of 

65 percent, based on the literature.12  In addition, for reasons discussed further in 

the Step 4 impacts analysis below, a separate control strategy involving a less 

effective CHPI system with 56 percent control efficiency (control strategy #8 in 

the table) was identified and evaluated. 

The achievable annual NOX emission reduction with liquid scrubbing (control 

strategy #6 in the table) is based on a nominal control efficiency of 70 percent, 

which is the value determined by the Department to be generally representative of 

wet scrubbing systems using urea as reagent for control of NOX emissions from 

nitric acid plants.13  The Department is not aware of any nitric acid plants 

employing wet scrubbers for control of NOX emissions within the last 30 years, 

regardless of reagent, so this control strategy would effectively represent 

technology transfer for AOP-4. 

The achievable annual NOX emission reduction with NSCR (control strategy #5 in 

the table) is based on a nominal achievable emission factor of 0.50 lb/ton.  This is 

the value determined by EPA to be achievable with this technology at new plants,14 

and the Department adopts it for purposes of this BACT analysis.  This technology 

is the basis for the emission standard of 3.0 lb/ton currently applicable to AOP-4.15  

The achievable annual NOX emission reduction with SCR in an ambient- or near-

ambient-pressure configuration (control strategy #4 in the table) is based on a 

nominal control efficiency of 83.5 percent, which is the value calculated by the 

Department using information provided to ANPI by SCR vendors and included in 

Appendix E to Attachment B to the permit application submitted by ANPI in April 

2020.16  

The achievable annual NOX emission reduction with CHPI in addition to SCR in 

an ambient- or near-ambient-pressure configuration (control strategy #3 in the 

table) is based on a nominal overall control efficiency of 94.2 percent, which is the 

cumulative control efficiency calculated by the Department by combining the 65 

percent control efficiency for CHPI and 83.5 percent efficiency for this SCR 

configuration.  

 

 
12 See, for example, Thomas and Vanderschuren, “The Absorption-Oxidation of NOX with Hydrogen Peroxide for the 

Treatment of Tail Gases.” Chem. Engr. Sci. Vol. 51, No. 11, 1996. 
13 See, Control Techniques for Nitrogen Oxides Emissions from Stationary Sources – Revised Second Edition 

(EPA-450/3-83-002), U.S. EPA, Office of Air Quality Planning and Standards, Research Triangle Park, NC, at p. 

6-21.  Jan. 1983. 
14 See, New Source Performance Standards Review for Nitric Acid Plants – Final Rule, 77 Fed. Reg. 48433 at p. 

48437.  Aug. 14, 2012. 
15 See, Background Information for Proposed New-Source Performance Standards:  Steam Generators, Incinerators, 

Portland Cement Plants, Nitric Acid Plants, Sulfuric Acid Plants  (APTD-0711), U.S. EPA, Office of Air Programs, 

Research Triangle Park, NC.  Aug. 1971. 
16 See, for example, “Quotation on BASF Denox-Catalyst O 4-82,” Jan. 25, 2013, indicating inlet and outlet NOX 

concentrations of 212 ppmv and 35 ppmv, respectively. 
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The achievable annual NOX emission reduction with SCR in high-pressure 

configuration (control strategy #2 in the table) is based on a nominal achievable 

emission factor of 0.08 lb/ton, which is the most stringent limit determined by the 

Department to have been achieved in practice for a similar unit.17  The Department 

recognizes that this may overstate the NOX emission reduction achievable for 

AOP-4 with the extended refrigerated absorption process design as currently 

configured, as it is unknown whether the similar facility achieves a greater amount 

of NOX recovery in the absorption process.  The assumed emission factor of 0.08 

lb/ton represents 96.7 percent NOX control efficiency in the SCR. 

The achievable annual NOX emission reduction with CHPI in addition to SCR in 

a high-pressure configuration (control strategy #1 in the table) is based on a further 

reduction of 65 percent relative to the nominal 0.08 lb/ton emission factor for high-

pressure SCR.  

All of the above control strategies satisfy the one objective standard applicable to 

a BACT determination, i.e., BACT must be at least as stringent as the applicable 

standard of 1.5 kilogram NOX per megagram of acid produced (3.0 lb per ton), the 

production being expressed as 100 percent nitric acid, pursuant to 40 CFR 

§ 60.72(a)(1).  The more stringent standard of 0.50 lb/ton set forth in 40 CFR 

§ 60.72a is not applicable to AOP-4.  Standards under § 111 not directly applicable 

to the plant in question do not establish a legal floor for the BACT determination 

for such plant.18 

4. Step 4 - Evaluate more effective control options.  

The cost effectiveness of the controls identified in Step 3 are summarized in the 

table below. The Department relied heavily on the information provided by ANPI 

and their contractors in the application to determine the cost effectiveness of each 

control option as well as information from EPA Cost Calculation Spreadsheet.  

Table 3: Cost Effectiveness Summary for Evaluated AOP-4 Controls 

Pollution Control 
Total Annual 

Cost ($/yr) 

Emission 

Reduction 

(tpy) 

Cost 

Effectiveness 

($/ton) 

ERA + CHPI + high-

pressure SCR 
12,182,846 148 82,044  

ERA + high-pressure 

SCR 
4,172,903 145 28,709  

ERA + CHPI + ambient 

SCR 
12,276,367 142 86,709  

ERA + ambient SCR 4,265,347 125 34,055  

 

 
17 The Iowa Fertilizer Co. nitric acid plant with rated capacity of 2,100 tons/day is subject to a NOX emission limit of 

30.0 tpy under Construction Permit 12-A-384-P3 issued by the Iowa Department of Natural Resources. 
18 See, for example, Northern Plains Resource Councill v. U.S. EPA, 645 F.2d 1349 (9th Cir. 1981). · 
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Pollution Control 
Total Annual 

Cost ($/yr) 

Emission 

Reduction 

(tpy) 

Cost 

Effectiveness 

($/ton) 

ERA + NSCRa >4,170,000 119 > 34,052 

ERA + liquid scrubbinga 3,761,114 105 35,770 

ERA + CHPI @ 65% 8,022,154 98 82,186 

ERA + CHPI @ 56% 1,886,967 84 22,520 

ERA + SNCRa 3,587,881 74 48,245 

ERA -- -- -- 

a The cost effectiveness of retrofitting AOP-4 with these control technologies were estimated as there 

are no examples of the cost estimates for retrofitting these technologies on a nitric acid plant. 

a. CHPI and High-Pressure SCR 

The top-ranked control strategy involves the use of CHPI and 

high-pressure SCR in addition to the inherent controls already in place.  

As described in detail in ANPI’s permit application supplement submitted 

in October 2020, the total annual economic cost of implementing CHPI at 

AOP-4 at a NOX control efficiency of 65 percent is $8.0 million.  This cost 

is driven primarily by the cost of hydrogen peroxide reagent.  

The total annual economic net cost of implementing high-pressure SCR at 

AOP-4, as calculated by the Department, is $4.2 million.  This net cost 

includes estimated annual savings of $1.1 million from improved 

reliability of AOP-4 achieved as a result of replacing the 

compressor/expander/turbine system as described in ANPI’s permit 

application supplement submitted in November 2020.19  These cost figures 

are driven primarily by the cost of capital recovery for the required 

investment.  Importantly, based on extensive information provided by 

ANPI, the Department concluded that the installation of the pollution 

control device and ancillary equipment could result in additional back 

pressure causing the turbine to reach speeds that excite natural frequencies 

during normal, steady-state operations. As a result, the Department 

determined that it is not technically feasible to install high-pressure SCR 

on AOP-4 without also replacing the plant’s existing steam 

turbine/compressor/expander system due to an unacceptable increase in 

risk of catastrophic failure. The economic impacts analysis for this control 

strategy is therefore based on an SCR system design that includes 

 

 
19 See, letter from T.J. Raica, ANPI, to Jenn Paskash, ADEQ, Nov. 25, 2020. The response details the historic cost of 

repairs to the compressor/expander turbine system as well as accounting for profit losses of $21,790/day associated 

with the unit downtime.  
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compressor/expander system replacement at a capital cost in excess of $19 

million. 

Table 4: Summary of Cost Effectiveness for CHPI & High Pressure SCR 

Parameter CHPI & High Pressure SCR 

Total Capital Requirement ($) 42,439,369 

Capital Recovery Factora 0.0944 

Annual Capital Cost ($/yr) 5,002,263 

Annual O&M Cost ($/yr)b 7,180,583 

Total Annual Cost ($/yr) 12,182,846 

Emission Reductions Relative to 

Baseline (tpy) 
148 

Average Cost Effectiveness ($/ton) 82,044 
a Capital Recovery Factor was determined using a 20-year life expectancy and 7% interest 

rate. 
b Includes cost benefits associated with installation of a new compressor/turbine/expander 

system. These cost benefits include O&M costs associated with repairs to the unit as well 

as profit losses due to downtime of the unit. 

The energy impacts of implementing this control strategy, and the 

environmental impacts other than the reduction in direct NOX emissions, 

are the result of on-site electricity consumption for pumping reagents, on-

site fuel use to generate additional steam needed to overcome the 

additional pressure drop across the SCR reactor, off-site fuel use to supply 

energy for reagent transportation, and ammonia emissions from the SCR 

system.  These adverse impacts are substantial. 

The beneficial environmental impact of this control strategy is an 

estimated reduction in NOX emissions of 148 tons per year.  As seen in 

Table 4 above, the average cost effectiveness of this control strategy is 

approximately $82,000 per ton of NOX reduction.  Considered in 

conjunction with the adverse energy and environmental impacts of this 

control strategy, this is an unacceptable adverse economic impact. 

The Department has determined that this control strategy does not 

represent BACT because it would result in significant and unreasonable 

adverse impacts and would provide only modest environmental benefits. 

b. High-Pressure SCR 

The second-ranked control strategy involves the use of high-pressure SCR 

in addition to the inherent controls already in place.  

Table 5: Summary of Cost Effectiveness for High Pressure SCR  
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Parameter 
High Pressure 

SCR 

Total Capital Requirement ($) 42,160,857 

Capital Recovery Factora 0.0944 

Annual Capital Cost ($/yr) 4,912,434 

Annual O&M Cost ($/yr)b -739,531 

Total Annual Cost ($/yr) 4,172,903 

Emission Reductions Relative to Baseline (tpy) 145 

Average Cost Effectiveness ($/ton) 28,709 
a Capital Recovery Factor was determined using a 20-year life expectancy and 7% interest 

rate. 
b Includes cost benefits associated with installation of a new compressor/turbine/expander 

system. These cost benefits include O&M costs associated with repairs to the unit as well 

as profit losses due to downtime of the unit. 

As described above, the total annual economic net cost of implementing 

high-pressure SCR at AOP-4, as calculated by the Department, is $4.2 

million.  The energy impacts of implementing this control strategy, and 

the environmental impacts other than the reduction in direct NOX 

emissions, are the result of on-site electricity consumption for pumping 

ammonia reagent, fuel use to generate additional steam needed to 

overcome the additional pressure drop across the SCR reactor, and 

ammonia emissions from the SCR system.  These adverse impacts are 

substantial. 

The beneficial environmental impact of this control strategy is an 

estimated reduction in NOX emissions of 145 tons per year.  The average 

cost effectiveness of this control strategy is approximately $29,000 per ton 

of NOX reduction.  Considered in conjunction with the adverse energy and 

environmental impacts of this control strategy, this is an unacceptable 

adverse economic impact. 

c. CHPI and Ambient-Pressure SCR 

The third-ranked control strategy involves the use of CHPI and 

ambient-pressure SCR in addition to the inherent controls already in place.  

Table 6: Summary of Cost Effectiveness for CHPI and Ambient Pressure 

SCR 

Parameter 

CHPI and 

Ambient Pressure 

SCR 

Total Capital Requirement ($) 42,767,338 

Capital Recovery Factora 0.0944 
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Parameter 

CHPI and 

Ambient Pressure 

SCR 

Annual Capital Cost ($/yr) 5,053,847 

Annual O&M Cost ($/yr)b 7,222,520 

Total Annual Cost ($/yr) 12,276,367 

Emission Reductions Relative to Baseline (tpy) 142 

Average Cost Effectiveness ($/ton) 86,709 
a Capital Recovery Factor was determined using a 20-year life expectancy and 7% interest 

rate. 
b Includes cost benefits associated with installation of a new compressor/turbine/expander 

system. These cost benefits include O&M costs associated with repairs to the unit as well 

as profit losses due to downtime of the unit. 

As described in Section V.B.4.a above, the total annual economic cost of 

implementing CHPI at AOP-4 at a NOX control efficiency of 65 percent is 

$8.0 million.  The total annual economic net cost of implementing 

ambient-pressure SCR at AOP-4, as calculated by the Department, is $4.3 

million.  This net cost includes estimated annual savings of $1.1 million 

from improved reliability of AOP-4 achieved as a result of replacing the 

compressor/expander system as discussed above.  These cost figures are 

driven primarily by the cost of capital recovery for the required 

investment.  Importantly, based on extensive information provided by 

ANPI, and as described above, the Department determined that it is not 

technically feasible to install ambient- or near-ambient-pressure SCR on 

AOP-4 without also replacing the plant’s existing steam turbine, 

compressor, and expander system due to an unacceptable increase in risk 

of catastrophic failure.  The economic impacts analysis for this control 

strategy is therefore based on an SCR system design that includes 

compressor/expander system replacement at a capital cost in excess of $19 

million. 

The energy impacts of implementing this control strategy, and the 

environmental impacts other than the reduction in direct NOX emissions, 

are the result of on-site electricity consumption for pumping reagents and 

for operating a new booster fan, on-site fuel use for exhaust gas reheat, 

off-site fuel use to supply energy for reagent transportation, and ammonia 

emissions from the SCR system.  These adverse impacts are substantial. 

The beneficial environmental impact of this control strategy is an 

estimated reduction in NOX emissions of 141 tons per year.  The average 

cost effectiveness of this control strategy is approximately $87,000 per ton 

of NOX reduction.  Considered in conjunction with the adverse energy and 

environmental impacts of this control strategy, this is an unacceptable 

adverse economic impact. 
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The Department has determined that this control strategy does not 

represent BACT because it would result in significant and unreasonable 

adverse impacts and would provide only modest environmental benefits. 

d. Ambient-Pressure SCR 

The fourth-ranked control strategy involves the use of ambient-pressure 

SCR in addition to the inherent controls already in place.   

Table 7: Summary of Cost Effectiveness for Ambient Pressure SCR 

Parameter 
Ambient Pressure 

SCR 

Total Capital Requirement ($) 42,488,826 

Capital Recovery Factora 0.0944 

Annual Capital Cost ($/yr) 4,964,019 

Annual O&M Cost ($/yr)b -698,672 

Total Annual Cost ($/yr) 4,265,347 

Emission Reductions Relative to Baseline (tpy) 125 

Average Cost Effectiveness ($/ton) 34,055 
a Capital Recovery Factor was determined using a 20-year life expectancy and 7% interest 

rate. 
b Includes cost benefits associated with installation of a new compressor/turbine/expander 

system. These cost benefits include O&M costs associated with repairs to the unit as well 

as profit losses due to downtime of the unit. 

As described above, the total annual economic net cost of implementing 

ambient-pressure SCR at AOP-4, as calculated by the Department, is $4.3 

million.  The energy impacts of implementing this control strategy, and 

the environmental impacts other than the reduction in direct NOX 

emissions, are the result of on-site electricity consumption for pumping 

ammonia reagent and for operating a new booster fan, on-site fuel use for 

exhaust gas reheat, and ammonia emissions from the SCR system.  These 

adverse impacts are substantial. 

The beneficial environmental impact of this control strategy is an 

estimated reduction in NOX emissions of 125 tons per year.  The average 

cost effectiveness of this control strategy identified in Table 7 is 

approximately $34,000 per ton of NOX reduction.  Considered in 

conjunction with the adverse energy and environmental impacts of this 

control strategy, this is an unacceptable adverse economic impact. 

The Department has determined that this control strategy does not 

represent BACT because it would result in significant and unreasonable 

adverse impacts and would provide only modest environmental benefits. 

e. NSCR 
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The fifth-ranked control strategy involves the use of NSCR in addition to 

the inherent controls already in place.   

Nitric acid plants using NSCR generally incorporate this technology as an 

inherent part of the process design because it is an energy-intensive 

technology; design of the plant to allow for recovery and use of waste heat 

from catalytic abatement reactor somewhat reduces the high operating cost 

of NSCR.20  The Department did not identify any nitric plants at which 

NSCR was installed as a retrofit technology nor any plants using both 

extended refrigerated absorption and NSCR.  As a result, the Department 

was unable to develop an accurate estimate of the economic costs of this 

technology as applied to AOP-4.  However, the Department was able to 

determine conclusively that use of NSCR at AOP-4 would be more costly 

than high-pressure SCR and its effectiveness in reducing NOX emissions 

would be comparable or inferior.  Importantly, for the same reasons 

discussed above with respect to SCR, the Department determined that it is 

not technically feasible to install NSCR on AOP-4 without also replacing 

the plant’s existing steam turbine, compressor, and expander system due 

to an unacceptable increase in risk of catastrophic failure.  The economic 

impacts analysis for this control strategy is therefore based on a system 

design that includes compressor/expander system replacement at a capital 

cost in excess of $19 million, which is the same as for the high-pressure 

SCR system.  The purchased equipment cost for the NSCR system is 

calculated by the Department to be $2.1 million,21 which exceeds the cost 

of the high-pressure SCR system.  The Department estimates the net 

annual cost due to natural gas usage in an NSCR system for AOP-4 to be 

at least $0.38 million,22 which exceeds the reagent and utility costs of the 

high-pressure SCR system.  (The annual cost of increased natural gas 

usage in the NSCR system would be in excess of $1.1 million if energy 

usage elsewhere at the ANPI facility could not be reduced as a result of 

 

 
20 See, for example, Alternative Control Techniques Document – Nitric and Adipic Acid Manufacturing Plants 

(EPA-450/3-91-026), U.S. EPA, Office of Air Quality Planning and Standards, Research Triangle Park, NC, at p. 6-6.  

Dec. 1991. 
21 The Department calculated this value using a capital cost of $0.94 million, in 1983 dollars, estimated by U.S. EPA 

for a new nitric acid plant with nominal capacity of 220 tons per day.  See, 1984 NSPS Review Report at p. 6-15.  The 

Department escalated this cost to $1.76 million 2020 dollars using the Chemical Engineering Plant Cost Index (2020 

index value = 594.1, 1983 index value = 316.9) and scaled to a nominal capacity of 300 tons per day using the six-

tenths rule. 
22 The Department calculated this value using an annual natural gas consumption of 52,500 million British thermal 

units (MMBtu) as estimated by U.S. EPA for a nitric acid plant with nominal capacity of 200 tons per day.  See, 1984 

NSPS Review Report at p. 6-17.  The Department calculated an annual consumption rate of 78,800 MMBtu for AOP-4 

by scaling this value to a nominal capacity of 300 tons per day and calculated the annual cost using a natural gas unit 

price of $4.83 per MMBtu based on the average monthly price for the 36-month period from Nov. 2017 through Oct. 

2020 as reported by the U.S. Energy Information Administration.  See, www.eia.gov/dnav/ng/hist/n3035az3m.htm.  

The Department’s calculation likely understates the actual cost by a significant amount because it assumes the energy 

recovery efficiency achievable for a new plant with NSCR is achievable for AOP-4 and that the natural gas usage 

elsewhere in the facility, such as at the steam boilers, will be reduced by a corresponding amount.  

http://www.eia.gov/dnav/ng/hist/n3035az3m.htm
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waste heat recovery in the NSCR system.23)  Finally, the Department 

estimates the annualized average cost of catalyst replacement in an NSCR 

system for AOP-4 to be $33,000,24 which exceeds the annualized average 

cost of catalyst replacement for the high-pressure SCR system.  Because 

all of these cost categories are higher for NSCR than for high-pressure 

SCR, NSCR is more costly and less cost-effective than high-pressure SCR.  

This is consistent with the conclusion reached by U.S. EPA when 

evaluating NOX emission control techniques for new nitric acid plants as 

part of its most recent review of the Standards of Performance for New 

Stationary Sources as required by § 111(b)(1)(B) of the federal Clean Air 

Act.25  Because NSCR is clearly both inferior to high-pressure SCR in 

terms of performance and less cost-effective, it does not lie on the least-

cost curve among candidate control technologies and no further economic 

analysis is warranted.26 

In addition to the economic costs, NSCR would also result in greater 

adverse environmental and energy impacts than high-pressure SCR due to 

the significant quantity of natural gas consumption and associated 

collateral increases in emissions of carbon monoxide, volatile organic 

compounds, and other pollutants.27   

The Department has determined that this control strategy does not 

represent BACT because it would result in significant and unreasonable 

adverse impacts and would provide only modest environmental benefits. 

f. Liquid Scrubbing 

The sixth-ranked control strategy involves the use of liquid scrubbing in 

addition to the inherent controls already in place.   

 

 
23 See, Environmental Considerations of Selected Energy Conserving Manufacturing Process Options: Volume XV - 

Fertilizer Industry Report (EPA-600/7-76-034o), U.S. EPA, Office of Research and Development, Cincinnati, OH, at 

p. 6.  Dec. 1976.  U.S. EPA estimated the annual natural gas consumption in an NSCR system for nitric acid plant 

with nominal capacity of 300 tons per day to be 232,600 MMBtu. 
24 The Department calculated this value using an average annual cost of $14,000, in 1983 dollars, estimated by U.S. 

EPA for a nitric acid plant with nominal capacity of 200 tons per day.  See, 1984 NSPS Review Report at p. 6-16.  

The Department escalated this cost to $26,000 in 2020 dollars using the Chemical Engineering Plant Cost Index (2020 

index value = 594.1, 1983 index value = 316.9) and scaled to a nominal capacity of 300 tons per day using the six-

tenths rule.  
25 See, Economic Impact Analysis for the Nitric Acid Manufacturing NSPS (EPA-452/R-12-004), U.S. EPA, Office of 

Air Quality Planning and Standards, Research Triangle Park, NC, at pp. 3-1 through 3-3.  May 2012.  U.S. EPA found 

NSCR to be five times more costly than SCR for new nitric acid plants; for existing nitric acid plants undergoing 

modification or reconstruction, U.S. EPA identified only SCR as a viable control technology. 
26 See, for example, New Source Review Workshop Manual:  Prevention of Significant Deterioration and 

Nonattainment Area Permitting (DRAFT), U.S. EPA, Office of Air Quality Planning and Standards, Research Triangle 

Park, NC, at p. B-41.  Oct. 1990.   
27 For example, Georgia Environmental Protection Division established BACT for carbon monoxide emissions from 

a nitric acid plant equipped with NSCR and undergoing expansion of its production capacity – plant C-002 at the PCS 

Nitrogen Fertilizer facility in Augusta – at 30.0 lb/ton.  See, Permit No. 2873-245-0002-V-01-4 issued Sept. 29, 2004.  

Using this emission factor, the increase in carbon monoxide emissions at AOP-4 as a result of installing NSCR would 

be nearly 2,000 tons per year. 
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The Department did not identify any nitric plants at which a liquid 

scrubber has been installed as a retrofit technology since the early 1970’s, 

nor any plants using both extended refrigerated absorption and a liquid 

scrubber, regardless of reagent.  As a result, the Department was unable to 

develop an accurate estimate of the economic costs of this technology as 

applied to AOP-4.  However, the Department was able to determine 

conclusively that use of liquid scrubbing at AOP-4 would involve costs 

comparable to those associated with high-pressure SCR and its 

effectiveness in reducing NOX emissions would be inferior.  Importantly, 

for the same reasons discussed above with respect to SCR, the Department 

determined that it is not technically feasible to install a liquid scrubber on 

AOP-4 without also replacing the plant’s existing steam turbine, 

compressor, and expander system due to an unacceptable increase in risk 

of catastrophic failure.  The economic impacts analysis for this control 

strategy is therefore based on a system design that includes 

compressor/expander system replacement at a capital cost in excess of $19 

million, which is the same as for the high-pressure SCR system.  The 

capital cost for a liquid scrubber system using urea as the reagent is 

calculated by the Department to be $2.2 million.28  The Department 

estimates the annual costs of reagent usage in and steam consumption for 

a liquid scrubber system for AOP-4 to be $0.19 million29 and $0.04 

million,30 respectively.  The total annual costs of this control strategy are 

more than $3.8 million and its average cost effectiveness is more than 

$35,000 per ton of NOX reduction.  Because liquid scrubbing is clearly 

both inferior to high-pressure SCR in terms of performance and less cost-

effective, it does not lie on the least-cost curve among candidate control 

technologies and no further economic analysis is warranted. 

 

 
28 The Department calculated this value using a capital cost of $0.66 million for a urea-based scrubber system, in 1975 

dollars, estimated by U.S. EPA for a new nitric acid plant with nominal capacity of 300 tons per day.  See, 

Environmental Considerations of Selected Energy Conserving Manufacturing Process Options: Volume XV - 

Fertilizer Industry Report (EPA-600/7-76-034o), U.S. EPA, Office of Research and Development, Cincinnati, OH, at 

p. 34.  Dec. 1976.  The Department escalated this cost to $2.16 million in 2020 dollars using the Chemical Engineering 

Plant Cost Index (2020 index value = 594.1, 1975 index value = 182.4). 
29 The Department calculated this value as the product of a daily urea consumption of 1.37 tons and a urea price of 

$375/ton.  The urea consumption rate is based on an estimate developed by U.S. EPA for a nitric acid plant with 

nominal capacity of 300 tons per day.  See, Environmental Considerations of Selected Energy Conserving 

Manufacturing Process Options: Volume XV - Fertilizer Industry Report (EPA-600/7-76-034o), U.S. EPA, Office of 

Research and Development, Cincinnati, OH, at p. 34.  Dec. 1976.  The bulk urea price is the average price for delivery 

in Iowa, which is the westernmost state for which the U.S. Department of Agriculture publishes price data, in 

December 2020.  See, Iowa Production Cost Report, U.S. Department of Agriculture, available at 

https://usda.library.cornell.edu/concern/publications/8w32r5641.  
30 The Department calculated this value as the product of an hourly steam consumption of 1,310 lbs and a steam price 

of $3.79 per thousand lbs.  The steam consumption rate is based on an estimate developed by U.S. EPA for a nitric 

acid plant with nominal capacity of 300 tons per day.  See, Environmental Considerations of Selected Energy 

Conserving Manufacturing Process Options: Volume XV - Fertilizer Industry Report (EPA-600/7-76-034o), U.S. 

EPA, Office of Research and Development, Cincinnati, OH, at p. 34.  Dec. 1976.  The steam price is the price 

documented by ANPI in Table D-1 of Attachment B to the permit application submitted by ANPI in April 2020.  

https://usda.library.cornell.edu/concern/publications/8w32r5641
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In addition to the economic costs, liquid scrubbing would also result in 

significant, adverse environmental and energy impacts associated with 

on-site electricity consumption for pumping reagents, on-site fuel use to 

generate additional steam needed to overcome the additional pressure drop 

across the scrubber reactor vessel, and off-site fuel use to supply energy 

for reagent transportation.  

The Department has determined that this control strategy does not 

represent BACT because it would result in significant and unreasonable 

adverse impacts and would provide only modest environmental benefits. 

g. CHPI – 65% Control Efficiency 

The seventh-ranked control strategy involves the use of CHPI, at the 

maximum achievable NOX control efficiency of 65 percent, in addition to 

the inherent controls already in place.  

As described in Section V.B.4.a above, the total annual economic cost of 

implementing CHPI at AOP-4 at a NOX control efficiency of 65 percent is 

$8.0 million.  The energy impacts of implementing this control strategy, 

and the environmental impacts other than the reduction in direct NOX 

emissions, are the result of on-site electricity consumption for pumping 

reagents, off-site fuel use to supply energy for reagent transportation.  

These adverse impacts are substantial. 

Table 8: Summary of Cost Effectiveness for CHPI at 65% Control 

Efficiency 

Parameter CHPI 65% 

Total Capital Requirement 278,512 

Capital Recovery Factora 0.0944 

Annual Capital Cost ($/yr) 89,829 

Annual O&M Cost ($/yr)b 7,932,326 

Total Annual Cost ($/yr) 8,022,154 

Emission Reductions Relative to Baseline (tpy) 98 

Average Cost Effectiveness ($/ton) 82,186 
a Annual Capital cost was calculated using a 20 year life expectancy and 7% interest rate 
b The cost of the reagent was determined using 478 gallons per hour at $4.28/gallon of 

hydrogen peroxide. 

The beneficial environmental impact of this control strategy is an 

estimated reduction in NOX emissions of 98 tons per year and its average 

cost effectiveness is more than $80,000 per ton of NOX reduction.  

Considered in conjunction with the adverse energy and environmental 

impacts of this control strategy, this is an unacceptable adverse economic 

impact. 
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The Department has determined that this control strategy does not 

represent BACT because it would result in significant and unreasonable 

adverse impacts and would provide only modest environmental benefits.  

h. CHPI – 56% Control Efficiency 

The eighth-ranked control strategy involves the use of CHPI, at a lesser 

NOX control efficiency of 56 percent, in addition to the inherent controls 

already in place. The control efficiency associated with CHPI is not linear 

and the rate of change of NOX removal significantly decreases once the 

amount of hydrogen peroxide injection drops below 96 gallons per hour, 

or a 56 percent control efficiency. Therefore, this is the lowest quantity of 

CHPI evaluated in this analysis.  

As described in detail in ANPI’s permit application supplement submitted 

in October 2020, the total annual economic cost of implementing CHPI at 

AOP-4 at a NOX control efficiency of 56 percent is $1.9 million.  This cost 

is driven primarily by the cost of hydrogen peroxide reagent.  The energy 

impacts of implementing this control strategy, and the environmental 

impacts other than the reduction in direct NOX emissions, are the result of 

on-site electricity consumption for pumping reagents, off-site fuel use to 

supply energy for reagent transportation.  These adverse impacts are 

substantial. 

Table 9: Summary of Cost Effectiveness for CHPI at 56% Control 

Efficiency 

Parameter 
CHPI 56% 

Efficiency 

Total Capital Requirement ($) 278,512 

Capital Recovery Factora 0.0944 

Annual Capital Cost ($/yr) 89,829 

Annual O&M Cost ($/yr) 1,797,138 

Total Annual Cost ($/yr) 1,886,967 

Emission Reductions Relative to Baseline 

(tpy) 
84 

Average Cost Effectiveness ($/ton) 22,520 
a Annual Capital cost was calculated using a 20 year life expectancy and 7% interest rate 
b The cost of the reagent was determined using 96 gallons per hour at $4.28/gallon of 

hydrogen peroxide.   

The beneficial environmental impact of this control strategy is an 

estimated reduction in NOX emissions of 84 tons per year and its average 

cost effectiveness is more than $22,000 per ton of NOX reduction.  

Considered in conjunction with the adverse energy and environmental 
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impacts of this control strategy, this is an unacceptable adverse economic 

impact. 

The Department has determined that this control strategy does not 

represent BACT because it would result in significant and unreasonable 

adverse impacts and would provide only modest environmental benefits. 

i. SNCR 

The ninth-ranked control strategy involves the use of SNCR in addition to 

the inherent controls already in place.   

As noted above, the Department did not identify any nitric plants at which 

SNCR has been installed.  As a result, the Department was unable to 

develop an accurate estimate of the economic costs of this technology as 

applied to AOP-4.  However, the Department was able to determine 

conclusively that use of SNCR at AOP-4 would involve costs comparable 

to those associated with high-pressure SCR and its effectiveness in 

reducing NOX emissions would be inferior.  Importantly, for the same 

reasons discussed above with respect to SCR, the Department determined 

that it is not technically feasible to install a SNCR on AOP-4 without also 

replacing the plant’s existing steam turbine, compressor, and expander 

system due to an unacceptable increase in risk of catastrophic failure.  The 

economic impacts analysis for this control strategy is therefore based on a 

system design that includes compressor/expander system replacement at a 

capital cost in excess of $19 million, which is the same as for the 

high-pressure SCR system.  In addition to those costs, the Department 

calculates the direct capital cost for an SNCR system using urea as the 

reagent to be at least $1.7 million and the total annual costs of this system 

to be at least $0.26 million.31  Because SNCR is clearly both inferior to 

high-pressure SCR in terms of performance and less cost-effective, it does 

not lie on the least-cost curve among candidate control technologies and 

no further economic analysis is warranted. 

In addition to the economic costs, SNCR would also result in significant, 

adverse environmental and energy impacts associated with on-site 

electricity consumption for pumping reagents, on-site fuel use to generate 

additional steam needed to overcome the additional pressure drop across 

the SNCR reactor vessel and to heat the exhaust gas stream to SNCR 

reaction temperature, and off-site fuel use to supply energy for reagent 

transportation.  

 

 
31 The Department calculated the costs of an SNCR system for AOP-4 using U.S. EPA’s cost estimating spreadsheet 

(available at www.epa.gov/sites/production/files/2019-06/sncrcostmanualspreadsheet_june2019vf.xlsm) for SNCR 

retrofit on natural gas-fired industrial boilers.  For purposes of this analysis, the Department treated AOP-4 as a boiler 

with heat input capacity of 170 MMBtu/hr, which is the boiler size that yields an exhaust gas volumetric flow rate 

equivalent to that of AOP-4.  The Department’s calculations significantly underestimate the actual cost of SNCR 

because they omit the cost of fuel needed to raise the temperature of the exhaust gas stream to SNCR reaction 

temperature and the cost of a reaction chamber as would be needed for SNCR in this technology-transfer application. 

http://www.epa.gov/sites/production/files/2019-06/sncrcostmanualspreadsheet_june2019vf.xlsm
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The Department has determined that this control strategy does not 

represent BACT because it would result in significant and unreasonable 

adverse impacts and would provide only modest environmental benefits. 

j. Extended Refrigerated Absorption and Hydrogen Peroxide Injection 

The tenth-ranked control strategy is the one proposed by ANPI, involving 

use of extended refrigerated absorption and hydrogen peroxide injection 

during startup periods.  These are the controls already in use at AOP-4.  

There are no material energy, environmental, or economic impacts or other 

costs that would result from continued use of this control strategy. 

5. Step 5 - Establish BACT.  

The Department proposes to incorporate two new enforceable NOX emission limits 

representing BACT in the ANPI permit in order to account for normal variability, 

especially that associated with periods of startup, shutdown, and malfunction:  

 

• 2.81 lb/ton, daily rolling 30-day average, excluding periods of startup, 

shutdown, and malfunction. 

 

• 2.41 lb/ton, monthly rolling 12-month average, including all periods of 

operation, including periods of startup, shutdown, and malfunction.  

Each limit is a time-weighted average based on the continuous emissions 

monitoring (CEMS) data provided by ANPI for 2017-2020.  The emission limits 

were established using the maximum 12-month average emission rate in pounds 

per ton plus one standard deviation to account for normal variability in plant 

operations.   

Compliance with each limit will be based on use of a continuous emissions 

monitoring system installed and operated in accordance with 40 CFR part 60, 

Appendix B, Performance Specification 2 (“Specifications and Test Procedures for 

SO2 and NOX Continuous Emission Monitoring Systems in Stationary Sources”) 

and the monitoring procedures of 40 CFR Part 60 Subpart G. 

VI. ENVIRONMENTAL JUSTICE ANALYSIS 

The EPA defines Environmental Justice (EJ) to include the fair treatment and meaningful 

involvement of all people regardless of race, color, national origin, or income. The goal of 

evaluating EJ in permitting is to provide an opportunity for meaningful participation in the 

permitting process for overburdened populations or communities to. Overburdened is used to 

describe the minority, low-income, tribal and indigenous populations or communities that 

potentially experience disproportionate environmental harms and risks due to exposures or 

cumulative impacts or greater vulnerability to environmental hazards.  This significant permit 

revision does not allow or permit any increases in emissions and will not result in any additional 

impacts.  

VII. LEARNING SITE EVALUATION 
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In accordance with ADEQ’s Environmental Permits and Approvals near Learning Sites Policy, the 

Department is required to conduct an evaluation to determine if any nearby learning sites would be 

adversely impacted by the facility.  Learning sites consist of all existing public schools, charter 

schools and private schools the K-12 level, and all planned sites for schools approved by the 

Arizona School Facilities Board.  The learning sites policy was established to ensure that the 

protection of children at learning sites is considered before a permit approval is issued by ADEQ. 

This significant permit revision will not result in any increase in emissions as there are no changes 

to any equipment.  Hence the facility is exempt from the learning sites evaluation. 

VIII. LIST OF ABBREVIATIONS 

 

A.A.C. ..................................................................................................Arizona Administrative Code 

ADEQ ...................................................................... Arizona Department of Environmental Quality 

ANPI ................................................................................................ Apache Nitrogen Products, Inc. 

ANS ...................................................................................................... Ammonium Nitrate Solution 

AOP ...................................................................................................... Ammonia Oxidation Process 

BACT ......................................................................................... Best Available Control Technology 

CAA ............................................................................................................................. Clean Air Act 

CEMS ............................................................................. Continuous Emissions Monitoring System 

CFR ....................................................................................................... Code of Federal Regulations 

CHPI ................................................................................. Continuous Hydrogen Peroxide Injection 

CO .......................................................................................................................... Carbon Monoxide 

CO2 ........................................................................................................................... Carbon Dioxide 

CO2e .................................................................................................................. CO2 equivalent basis 

DOJ .................................................................................................................. Department of Justice 

EJ  ................................................................................................................... Environmental Justice 

EPA  ............................................................................................. Environmental Protection Agency 

ERA  ............................................................................................ Extended Refrigerated Absorption 

GHG ...................................................................................................................... Greenhouse Gases 

H2O ........................................................................................................................................... Water 

HAP ............................................................................................................. Hazardous Air Pollutant 

HC ................................................................................................................................ Hydrocarbons 

HNO3 ................................................................................................................................ Nitric Acid 

HP ................................................................................................................................ High Pressure 

hr ................................................................................................................................................. Hour 

LP .................................................................................................................................. Low Pressure 

NESHAP ............................................... National Emission Standards for Hazardous Air Pollutants 

NH3  .................................................................................................................................... Ammonia 

N2  ......................................................................................................................................... Nitrogen 

NOX  ......................................................................................................................... Nitrogen Oxides 

NO2 ......................................................................................................................... Nitrogen Dioxide 

N2O .............................................................................................................................. Nitrous Oxide 

N2O5 ..................................................................................................................Dinitrogen Pentoxide 

NSCR .......................................................................................... Non-Selective Catalytic Reduction 

NSPS ......................................................................................... New Source Performance Standards 

O2 ........................................................................................................................................... Oxygen 

O3 ............................................................................................................................................. Ozone 

PM10 .......................................... Particulate Matter less than 10 μm nominal aerodynamic diameter 

PM2.5 ........................................ Particulate Matter less than 2.5 μm nominal aerodynamic diameter 
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ppmv ..................................................................................................... Parts per Million by Volume 

PSD ...................................................................................... Prevention of Significant Deterioration 

PTE .......................................................................................................................... Potential to Emit 

RBLC ........................................................................................ RACT/BACT/LAER Clearinghouse 

SCR ..................................................................................................... Selective Catalytic Reduction 

SIP ........................................................................................................... State Implementation Plan 

SNCR .......................................................................................... Selective Non-Catalytic Reduction 

SO2 .................................................................................... Sulfur Dioxide Significant Impact Levels 

tkIS ...................................................................................... ThyssenKrupp Industrial Solutions, Inc. 

tpd ................................................................................................................................. Tons Per Day 

TPY .............................................................................................................................. Tons per Year 

VOC ...................................................................................................... Volatile Organic Compound  

yr ................................................................................................................................................. Year 
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