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mechanisms, thermal NOx produced from the reaction of molecular nitrogen with 

oxygen and fuel NOx which produced from the oxidation of nitrogen-containing coke 

specie deposited on the catalyst inside the reactor. 

The identified control technologies are listed in Table 4, including the currently 

implemented NOx-reducing UOP high efficiency (low-NOx) combustor design, low­

NOx combustion promoter, and good combustion practices. 

The BACT technology review showed potential additional control technologies for the 

FCCU regenerator, including adding a NOx-reducing additive, selective non-catalytic 

reduction (SNCR), selective catalytic reduction (SCR), and catalytic feed hydrotreating. 

3.1.3.1 NOx-Reducinq Additive 

NOx reducing additives affect the availability of nitrogen species to be oxidized and 

reduced, and performance of the additives is dependent on the application. Multiple 

evaluations of NOx-reducing additive have been conducted by BWO to determine the 

effectiveness on NOx reduction from the FCCU regenerator. All tests to date have 

proven ineffective for reducing NOx emissions from the FCCU regeneration. 

Use of a NOx-reducing additive is determined to be technically infeasible for the FCCU. 

3.1.3.2 Selective Catalytic Reduction 

SCR is a post combustion control technology that injects ammonia in the flue gas in 

the presence of a catalyst (typically vanadium or tungsten oxides) to produce N2 and 

H20. The ideal temperature range for an SCR is 600° to 7S0°F with guaranteed NOx 

removal rates of 90+%. Design considerations include targeted NOx removal level, 

service life, pressure drop limitation, ammonia slip, space limitation, flue gas 

temperature, composition and 502 oxidation limit. 

An SCR requires three diameters in length of straight pipe before the catalyst bed and 

one diameter after the catalyst bed in order to stabilize the flow and achieve good 

contact within the catalyst bed. The unobstructed height would have to be 

approximately 36 feet minimum above grade. It also requires two horizontal, long 

radius elbows that would swing out approximately 18 feet to make the appropriate 

turns needed to approach the SCR without excessive pressure drop and erosion ofthe 

pipe elbows. The pipe diameter after the pall filter is 6 feet, therefore 9 feet of length 

is needed for each long radius turn. The SCR would be slightly wider than the pipe 

diameter and is assumed to be 7 foot diameter by 3 feet wide for this flow rate. The 

SCR would have to be located after the Pall filter to prevent plugging of the catalyst. 

An Ammonia storage tank and vaporizer would also be required. Approximately 150 

square feet is needed for the SCR system and 50 feet of vertical clearance for this area. 

As shown on Figure 1, there is not enough area to include the minimum oftwo 9-feet­

long radius elbows and the SCR system near the Pall Filter. 
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A SCR system is determined to be technically infeasible for the FCCU regenerator. 

3.1.3.3 Selective Non-Catalytic Reduction 

SNCR is a post-combustion control technology that reacts urea or ammonia with flue 

gas without the presence of a catalyst to produce N2 and H20. The typical operating 

temperature range for an SNCR is 1,600° to 2,000°F. The SNCR temperature range is 

sensitive as the reagents can produce additional NOx if the temperature is too high or 

removes too little NOx if the reaction proceeds slowly due to the temperature being 

too low. 

The flow dynamics required for a SNCR could not be met due to the installed blowback 

filter. As such, a SNCR is determined to be technically infeasible for the FCCU 

regenerator. 

3.1.3.4 Technically Feasible Controls for FCCU - NOx 

Table 4 ranks the technically feasible technologies according to reported achievable 

emission reductions, and shows their annualized costs to support the economic 

feasibility evaluation. The economic feasibility evaluation showed that control 

technologies determined to be technologically implementable were economically 

infeasible with incremental cost effectiveness ratios exceeding $25,000 per ton. 

Therefore, the current controls, UOP high efficiency (low-NOx) combustor design, low 

-NOx combustion promoter, and good combustion practices are considered BACT for 

the FCCU regenerator. 

3.1.4 FCCU -Ammonia 

BWO operates an FCCU regenerator that emits ammonia from the coke burn-off 

phase. No specific control technologies were identified for control of ammonia 

emissions from a FCCU. Wet scrubbers may be utilized to reduce PM and ammonia 

emissions from FCCUs. Ammonia control technologies that may be utilized for the 

FCCU are listed in Table 6. 

Ammonia emissions are typically estimated using emission factors derived by EPA 

from a limited number of source test data. BWO performed a source test in 2016 that 

demonstrated approximately 98 percent reduction from the emissions predicted by 

the EPA emission factor. Performing this source test on a regular basis is considered 

BACT. 

The BACT technology review showed potential additional control technologies for the 
FCCU regenerator, including a wet gas scrubber. However, as discussed in Section 

3.1.1.2, the FCCU has insufficient physical space for the wet gas scrubber at the FCCU 

Regenerator exhaust after the addition of the flue gas blowback filter; therefore, it is 

technically infeasible. 
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As no additional technologies were identified as technically feasible, no economic 

analysis was conducted. Therefore, the current control, regular source testing, is 
considered BACT for the FCCU. 

3.2 HEATERS >40 MM BTU/HR 

Process heaters greater than 40 million British thermal units (MM Btu) per hour design 

heating rate have been identified by EPA as sources that could add control devices to 

reduce emissions even if that combustion system utilizes natural draft air movement. 

BWO operates four process heaters with design ratings greater than 40 MM Btu/hr, 

H-621, H-622, H-624 (Reformer) and H-404 (Crude). All the BWO heaters in this 

category already have low NOx (LNB) or ultra-low NOx burners (ULNB). 

3.2 .1 Heaters >40 MMBtu/hr- PM2.5 

PM emissions from process heaters and boilers with properly designed and tuned 

burners are inherently low when gaseous fuels are used. Filterable PM in gas-fired 

sources that are properly turned originates from the dust in the inlet air and metal 

erosion within the sources (e.g., tubes, combustion surfaces, etc.). Sources that not 

properly turned may also produce filterable PM as a result of incomplete combustion 

of fuel hydrocarbons that agglomerate to form soot particles. 

BWO operates heaters with heat ratings greater than 40 MMBtu/hr that produce 

emissions for direct PM 2.s. The identified control technologies for direct PM 2.s are 

listed in Table 2, including the currently implemented use of only natural gas or 

refinery fuel gas for combustion (i.e., no oil burning) and good combustion practices 

such as regular oxygen {02) monitoring. 

The BACT technology review showed potential additional control technologies 

including ESP, WGS, dry gas scrubber (DGS), and an 0 2 Trim System. 

3.2.1.1 Electrostatic Precipitator 

An ESP is a particle control device that uses electrical forces to move the particles out 

of the gas stream onto collector plates. This process is accomplished by the charging 

of particles in the gas stream using positively or negatively charged electrodes. The 

particles are then collected as they are attracted to oppositely opposed electrodes. 

Once the particles are collected on the places, they are removed by knocking them 

loose from the plates, allowing the collected layer of particles to fall down into a 

hopper. ESP's are used primarily to capture coarse particles at high concentrations. 

Small particles at low concentrations are not effectively collected by an ESP. 

The organic nature of the ultra-fine particulates generated by gaseous fuel 

combustion is such that acquiring the necessary electrical charge is difficult. ESP's 

also rely on gravity settling of the collected particulates. The fine particles produced 
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in gas-fired heaters are such that gravity settling is unlikely to occur and any particles 

collected on the plates would likely be re-entrained in the flue gas as the plates are 

rapped . As such ESP are not used for particulate control for combustion devices 

burning natural or refinery fuel gases. 

The size and space requirements for an ESP are described in Section 3.1.1.1. As shown 

on Figures 1, 2 and 3, there is insufficient space adjacent to the heaters for the 

required length of pipe and total square footage required to construct an ESP for the 

heaters. 

Based on the limited effectiveness and size and space constraints, an ESP is 

determined to be technically infeasible for the >40 MM Btu/hr heaters 

3.2.1.2 Wet Gas Scrubber 

WGS may be used to remove PM2.s and acid gases from waste streams through 

impaction, diffusion, interception and/or absorption of the pollutant onto droplets of 

liquid. In the WGS, the flue gas follows a path around the packing material and the 

inertial of the entrained particulate causes the particles toll out of the gas flow and 

impact the thin film of scrubbing liquid. The fine particulate generated from gaseous 

fuel combustion has little inertia so that the particles follow the gas stream through 

the packing without impacting the scrubbing liquid and being collected. Therefore, 

WGS are not effective PM2.s control technology for application to a gas fired refinery 

heater. 

The size and space requirements for a WGS are described in Section 3.1.1.2. As shown 

on Figures 1, 2 and 3, there is insufficient area adjacent to the heaters for a WGS 

including all the necessary equipment. 

Based on the limited effectiveness and size and space constraints, a WGS is 

determined to be technically infeasible for the >40 MM Btu/hr heaters. 

3.2.1.3 Dry Gas Scrubber 

DGS have only 50-80% efficiency for PM2.s and do not work effectively with varying 

velocities. Additionally, the temperatures of the exhaust gases from the heaters are 

too high for materials typically used in DGS. 

A DGS system is determined to be technically infeasible for the heaters. 

3.2.1.4 Technically Feasible Technologies for Heaters >40 MMBtu/hr- PM2.s 

Table 2 ranks the technically feasible technologies according to reported achievable 

emission reductions, and shows their annualized costs to support the economic 

feasibility evaluation. The economic feasibility evaluation showed that control 

technologies determined to be technically implementable were economically 
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infeasible with incremental cost effectiveness ratios exceeding $25,000 per ton. 

Therefore, the current controls, use of natural gas and refinery fuel gas in combination 

with good combustion practices, are considered BACT for the heaters with >40 

MMBtu/hr ratings. 

3.2.2 Heater >40 MMBtu/hr- S02 

502 emissions from process heaters are a direct function of the sulfur content of the 

fuel that is burned. Reduced sulfur compounds in the fuel are readily oxidized to 502 

and to a small extent 503. Both natural gas and refinery fuel gas contain sulfur, mostly 

in the form of H2S. BWO operates >40 MM Btu/hr heaters that produce emissions for 

502. By limiting the sulfur content of the fuel, emissions of 502 will be reduced. 

Emissions of 502 from process heaters can be controlled by fuel specification or by 

using post-combustion controls. 

The identified control technologies for S02are listed in Table 3, including the currently 

implemented use of only natural or refinery fuel gas for combustion (i.e., no oil 

burning) and compliance with New Source Performance Standards (NSPS) Subparts J 

and Ja fuel gas standards. 

The BACT technology review showed potential additional control technologies for the 

large heaters including WGSs. 

Table 3 ranks the technically feasible technologies according to reported achievable 

emission reductions, and shows their annualized costs to support the economic 

feasibility evaluation . The economic feasibility evaluation showed that the WGS was 

economically infeasible with incremental cost effectiveness ratios exceeding $25,000 

per ton. As an added control, BWO previously installed a caustic scrubber to treat fuel 

gas during outages of the Amine and Sulfur Recovery Units to maintain the fuel 

standards and prevent additional 502 emissions. 

Therefore, the current controls, use of only natural gas or refinery fuel gas compliant 

with NSPS Subparts J and Ja, are considered BACT for the >40 MM Btu/hr heaters. 

3.2.3 Heaters >40 MM Btu/hr- NOx 

3.2.3.1 Reformer Heaters (H-621, H-622, H-624) 

BWO operates three Reformer heaters with heat ratings >40 MM Btu/hr that produce 

emissions for NOx. The identified control technologies for NOx are listed in Table 4, 

including the currently implemented use of only natural gas or refinery fuel gas for 

combustion (i.e., no oil burning) and LNBs. 

The BACT technology review showed potential additional control technologies 

including ULNB and a sorbent injection or pass-through. 
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3.2.3.1.1 Ultra-Low NOx Burners 

The Reformer heaters are currently fitted with LNB. ULNB are not technically feasible 

due to the design constraints of the heaters which cannot physically accommodate 

the flame path. 

3.2.3.1.2 Sorbent Injection or Pass-Through 

With Sorbent Injection a powdered sorbent is injected into the flue gas which reacts 

with the NOx. The compound is then removed by a downstream particulate matter 

control device such as an ESP or a fabric filter (bag house). 

The size and space requirements for an ESP are described in Section 3.1.1.1. As shown 

on Figures 1, 2 and 3, there is insufficient space adjacent to the heaters for the 

required length of pipe and total square footage required to construct an ESP for the 

heaters. Likewise, there is inadequate space for a fabric filter (bag house). 

A sorbent injection or pass through system is determined to be technically infeasible 

for the heaters. 

3.2.3.1.3 Technical ly Feasible Technologies for Reformer Heaters - NOx 

Table 4 ranks the technically feasible technologies according to reported achievable 

emission reductions, and shows their annualized costs to support the economic 

feasibility evaluation. The economic feasibility evaluation showed that control 

technologies determined to be technically implementable were economically 

infeasible with incremental cost effectiveness ratios exceeding $25,000 per ton. 

Therefore, the current controls, use of only natural gas or refinery fuel gas and LNB, 

are considered BACT for the >40 MM Btu/hr reformer heaters. 

3.2.3.2 Crude Heater (H-404) 

BWO operates a Crude heater with a heating capacity> 40 MM Btu/hr that produces 

emissions for NOx. The identified control technologies for NOx are listed in Table 4, 

including the currently implemented use of only natural gas or refinery fuel gas for 

combustion (i.e., no oil burning) and ULNB. 

The BACT technology review showed potential additional control technologies 

including SCR unit and a dry sorbent injection or pass-through. 

3.2.3.2.1 Selective Catalytic Reduction 

SCR is a process that involves the post combustion removal of NOx from flue gas with 

a catalytic reactor. In the SCR process, ammonia injected into the exhaust gas reacts 

with NOx and 02 to form nitrogen and water. The reactions take place on the surface 

of the catalyst. The application of SCR is limited to heaters that have both a flue gas 
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temperature appropriate for the catalytic reaction and space for a catalyst bed large 

enough to provide sufficient resident time for the reaction to occur. Optimum NOx 

reduction occurs at catalyst bed temperatures of 600° to 7S0°F for vanadium or 

titanium based catalysts and 470° to 510°F for platinum catalysts.3 

Sulfur content of the fuel can be of concern for systems that employ SCR. Catalyst 

systems promote partial oxidation of sulfur dioxide to sulfur trioxide which combined 

with water to form sulfuric acid . Sulfur trioxide and sulfuric acid react with excess 

ammonia to form ammonia salt. These salts may condense as the flue gas is cooled 

leading to increased particulate emissions. 

The SCR process also causes the catalyst to deactivate overtime. Catalyst deactivation 

occurs through physical deactivation and chemical poisoning. To achieve high NOx 

reduction rates, SCR vendors suggest a higher ammonia injection rate than 

stoichiometrically required which results in ammonia slip. This slip leads to emissions 

trade-off between NOx and ammonia. 

An SCR requires three diameters in length of straight pipe before the catalyst bed and 

one diameter after the catalyst bed in order to stabilize the flow and achieve good 

contact within the catalyst bed . The unobstructed height would have to be 

approximately 36 feet minimum above grade. It also requires two horizontal, long 

radius elbows that would swing out approximately 18 feet to make the appropriate 

turns needed to approach the SCR without excessive pressure drop and erosion of the 

pipe elbows. An Ammonia storage tank and vaporizer would be required. There is not 

adequate space to house an SCR system for the crude heater. 

An SCR is determined to be technically infeasible for the Crude Heater. 

3.2.3.2.2 Technically Feasible Technologies for Crude Heater- NOx 

Table 4 ranks the technically feasible technologies according to reported achievable 

emission reductions, and shows their annualized costs to support the economic 

feasibility evaluation. The economic feasibility evaluation showed that control 

technologies determined to be technically implementable were economically 

infeasible with increment al cost effectiveness ratios exceeding $25,000 per ton . 

Therefore, the current controls, use of only natural gas or refinery fuel gas and ULNB, 

are considered BACT for the Crude Heater. 

3.3 BOILERS (1, 2, 6) >40 MMBTU/HR 

Industrial boilers greater than 40 MM Btu/hr design heating rate have been identified 

by EPA as sources that could add control devices to reduce emissions even if that 

3 Midwest Regional Planning Organization, Petroleum Refinery Best Available Retrofit Technology (BART) 
Engineering Analysis, March 30, 2005. 
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combustion system utilizes natural draft air movement. The three BWO boilers 

already have ULNBs. 

3.3 .1 Boilers - PM 2.s 

BWO operates three boilers that produce emissions for direct PM2.s. The identified 

control technologies for direct PM2.s are listed in Table 2, including the currently 

implemented use of only natural gas or refinery fuel gas for combustion (i.e ., no oil 

burning) and good combustion practices such as regular 0 2 monitoring. 

The BACT technology review showed potential additional control technologies 

including ESP, WGS, DGS, and an 0 2 Trim System. 

3.3.1.1 Electrostatic Precipitator 

An evaluation of ESP for natural gas and refinery fuel gas fired heater/boilers is 

provided in Section 3.2.1.1. 

The size and space requirements for an ESP are described in Section 3.1.1.1. As shown 

on Figures 1, 2 and 3, there is insufficient space adjacent to the boilers for the required 

length of pipe and total square footage required to construct an ESP for the boilers. 

Based on the limited effectiveness and size and space constraints, an ESP is 

determined to be technically infeasible for the >40 MM Btu/hr boilers. 

3.3.1.4 Wet Gas Scrubber 

An evaluation of WGS for natural gas and refinery fuel gas fired heater/boilers is 

provided in Section 3.2.1.2. 

The size and space requirements for a WGS are described in Section 3.1.1.2. As shown 

on Figures 1, 2 and 3, there is insufficient area adjacent to the boilers for a WGS 

including all the necessary equipment. 

Based on the limited effectiveness and size and space constraints, a WGS is 

determined to be technically infeasible for the boilers. 

3.3.1 .5 Dry Gas Scrubber 

An evaluation of DGS for natural gas and refinery fuel gas fired heater/boilers is 

provided in Section 3.2.1.3. 

A DGS system is determined to be technically infeasible for the boilers. 

3.3.1.6 Technically Feasible Technologies for Boilers - PM2.s 

Table 2 ranks the technically feasible technologies according to reported achievable 

emission reductions, and shows their annualized costs to support the economic 
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feasibility evaluation . The economic feasibility evaluation showed that control 

technologies determined to be technically implementable were economically 

infeasible with incremental cost effectiveness ratios exceeding $25,000 per ton. 

Therefore, the current controls, use of only natural gas or refinery fuel gas and good 

combustion practices, are considered BACT for the boilers. 

3.3.2 Boilers - S02 

BWO operates three boilers that produce emissions for S02. The identified control 

technologies for S02 are listed in Table 3, including the currently implemented use of 

only natural gas or refinery fuel gas for combustion (i.e., no oil burning) and 

compliance with New Source Performance Standards (NSPS) Subparts J and Ja fuel gas 

standards. 

The BACT technology review showed potential additional control technologies for the 

boilers including WGS. 

3.3.2.1 Wet Gas Scrubber 

An evaluation of WGS for natural gas and refinery fuel gas fired heater/boilers is 

provided in Section 3.2.1.2. 

The size and space requirements for a WGS are described in Section 3.1.1.2. As shown 

on Figures 1, 2 and 3, there is insufficient area adjacent to the boilers for a WGS 

including all the necessary equipment. 

A WGS is determined to be technically infeasible for the boilers. 

3.3.2.2 Technically Feasible Technologies for Boiler-502 

Table 3 ranks the technically feasible technologies according to reported achievable 

emission reductions, and shows their annualized costs to support the economic 

feasibility evaluation. A caustic scrubber as previously added to treat fuel gas during 

outages of the Amine and Sulfur Recovery Units to maintain the fuel standards and 

prevent additional S02 emissions. 

Therefore, the current control, use of only natural gas and refinery fuel gas that meets 

Ja fuel standards, is considered BACT for the boilers. 

3.3.3 Boilers - NOx 

BWO operates three boilers that produce emissions for NOx. The identified control 

technologies for NOx are listed in Table 4, including the currently implemented use of 

only natural gas or refinery fuel gas for combustion (i.e., no oil burning) and ULNB. 

The BACT technology review showed potential additional control technologies 

including SCR, flue gas recirculation (FGR), WGS, and SNCR. 
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