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Mr. John Jenks
Environmental Engineer APR 28 2017

Utah Division of Air Quality

195 North 1950 West DIVISION OF AIR QUALITY
P. 0. Box 144820

Salt Lake City, Utah 84114-4820

N | m UTAH DEPARTMENT OF
ENVIRONMENTAL QUALITY

RE: Best Available Control Measure Analyses for HollyFrontier’s Woods Cross Refinery
Dear Mr. Jenks:

Please find enclosed one copy of the report, Best Available Control Measure Analyses for HollyFrontier's Woods
Cross Refinery.

If you have any questions or comments about the information presented in this letter, please do not hesitate to
call Regina Doyle at HollyFrontier at (801)397-7432 or me at (801) 272-3000 ext. 305.

Sincerely,

MSI TRINITY CONSULTANTS

‘iﬂh JL&M

Linda Conger
Managing Consultant
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1.0 INTRODUCTION

In 2006, the United States Environmental Protection Agency (EPA) strengthened the 24-hour PM3s
standard from 65 micrograms per cubic meter (ug/m3) to 35 pg/m3. As such, all or portions of seven Utah
counties failed to meet the new 24-hour PM; s standard. Ultimately, only three areas of the state (Salt Lake
City including Davis County, Logan, and Provo) were designated as nonattainment for the 24-hour PMzs
standard. Once an area is designated as nonattainment, the Clean Air Act requires that fine particle
pollution be controlled by a state, a state implementation plan (SIP) detailing how and when the 24-hour
PM: s standard would be met is required to be prepared and submitted to EPA for approval.

The moderate PM2 s nonattainment areas were required to meet the new standard by 2014. However, as
the SIP for Salt Lake City was nearing completion, the D.C. Circuit Court of Appeals found that EPA had
incorrectly interpreted the Clean Air Act when determining how to implement the National Ambient Air
Quality Standards (NAAQS) for PMzs. The January 4, 2013 court ruling held that the EPA should have
implemented the PM2s5 NAAQS based on both Clean Air Act (CAA) Subpart 1 and Subpart 4 of Part D, title
1. Previously, EPA had (incorrectly) required states to develop their SIPs based on subpart 1 only. Ifa
moderate PM;s nonattainment area is not able to attain the 24-hr PM; s standard by the December 31,
2015 attainment date, Subpart 4 allows EPA to re-classify that area as a serious PMz s nonattainment area.

As of the December 31, 2015 attainment date, all three of Utah’s PM2 s nonattainment areas were found to
be exceeding the 24-hour PM; 5 standard, and as such, EPA reclassified each of the three areas to serious.

Once re-classified to serious, the attainment date for the area is December 14, 2019. A new serious area
PM; s SIP is being prepared by the Utah Division of Air Quality (UDAQ) and the requirements of such are
detailed in 40 Code of Federal Regulations (CFR) 51 Subpart Z. This rule requires the UDAQ to identify,
adopt and implement Best Available Control Measures (BACM) on major sources of PMzs and PMzs
precursors (sulfur dioxide, oxides of nitrogen, volatile organic compounds, and ammonia).

HollyFrontier's Woods Cross Refinery has potential to emit emissions of PMzs and/or PM2 s precursors
above the 70 tons or more per year and is thus classified as a major source which is subject to the
implementation rule. As a major source subject to the rule, the UDAQ has requested assistance from
HollyFrontier in determining acceptable pollution controls that meet BACM/Best Available Control
Technology (BACT) controls.

This document provides a written evaluation of each available control strategy for HollyFrontier PM;s
and precursor emission sources, taking into account technological, energy, environmental and economic
feasibility, provides documentation to justify the elimination of any available control option, establishes
BACM, and emission monitoring requirements for each emission unit.
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2.0 FACILITY OVERVIEW

HollyFrontier Woods Cross Refining, LLC is located at 1070 West 500 South in Woods Cross, Utah. Its
Universal Transverse Mercator (UTM) Coordinates for the facility, in NAD27, are 4526.227 kilometers
North and 424.00 kilometers East in Zone 12 at an elevation of 4,260 feet above mean sea level. The
refinery is located in Davis County which is non-attainment area for PM25, maintenance for ozone (0s3)
and particulate matter (PMo), and attainment for sulfur dioxide (SO2), nitrogen oxides (NOy), volatile
organic compounds (VOC), and carbon monoxide (CO). The refinery is located within four miles of Salt
Lake County, which is in non-attainment for PMzs, PM1o, and SOz, and a maintenance area for Oz. The
facility is subject to emission limitations and emission caps as found in HollyFrontier approval order (AO)
DAQE-AN101230041-13, PM, State Implementation Plan (SIP), and Consent Decree requirements.

The HollyFrontier Woods Cross Refinery is owned by HollyFrontier Woods Cross Refining, LLC. The
Woods Cross Refinery is a 40,000 barrel per day (BPD) refinery permitted up to 60,000 BPD that produces
a variety of products including gasoline, natural gas liquids (NGL), propane, butanes, jet fuels, fuel oils,
and kerosene products.

The Standard Industrial Code (SIC) for the refinery is 2911 (Petroleum Refining). A list of the equipment
permitted at the refinery is presented in Appendix A.
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3.0 BEST AVAILABLE CONTROL MEASURE SELECTION PROCESS

According to 40 CFR Part 51, Subpart Z, BACM is “any technologically and economically feasible control
measure that can be implemented in whole or in part within 4 years after the date of reclassification of
a Moderate PM2s nonattainment area to Serious and that generally can achieve greater permanent and
enforceable emissions reductions in direct PM; s emissions and/or emissions of PMzs plan precursors
from sources in the area than can be achieved through the implementation of RACM on the same
source(s). BACM includes BACT”. However, the UDAQ has indicated that for this analysis, that any
technologically and economically feasible control measure has to be implemented by the end of 2018 to
be considered BACT.

In the preparation of this BACM analyses, several sources of information were examined including EPA’s
RBLC RACT/BACT/LAER Clearinghouse, state agency databases, vendor data, and published literature.

EPA'’s established five-step procedure that starts with the most stringent emission limits and lists all
control technologies was utilized for determining the appropriate BACM limit for NOx, SO2, PM2s, and
VOC. This is referred to as “Top-Down” BACT and includes the following five steps as outlined in the
Draft New Source Review Manual, dated 1990.

3.1 Step 1 - Identify All Existing and Potential Emission Control Technologies

The first step in the top-down procedure is to identify all available control technologies and emission
reduction options for each subject pollutant. Available control technologies are those with a practical
potential for application to the emission unit. HollyFrontier is a petroleum refinery. In order to identify
the appropriate control technologies, the following sources were referenced:

US EPA RACT/BACT/LAER Clearinghouse (RBLC)
US EPA Control Technology Center

Recent Permit Actions

Vendor Information

M V'V VY

3.2 Step 2 - Eliminate Technically Infeasible Options

The second step in performing the top-down BACT analysis is to eliminate technically infeasible options.
Technically infeasible is defined as a control option that, based on physical, chemical, and engineering
principles, would preclude the successful use of said control option on the emissions unit under review
due to technical difficulties. Two key concepts in determining whether an undemonstrated technology is
feasible are availability and applicability. A Technology is considered available if it can be obtained
through commercial channels. An available technology is applicable if it can be reasonably installed and
operated on the source type under consideration. Technically infeasible control options are then
eliminated from further consideration.

3.3 Step 3 - Evaluate Control Effectiveness of Remaining Control Technologies

The third step of the BACT analysis is to rank all the remaining control options not eliminated in Step 2,
based on control effectiveness for the pollutant under review. The emission limit or removal efficiency
used in the ranking process is the level the technology has demonstrated it can consistently achieve under
reasonably foreseeable worst-cast conditions with an adequate margin of safety.
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3.4 Step 4 - Evaluate Most Effective Controls and Document Results

In this step, an analysis is performed on each remaining control technology in order to determine whether
the energy, economic, or environmental impacts from a given technology outweigh their benefits.
Information including control efficiency, anticipated emission rate, expected emissions reduction, and
economic, environmental, and energy impacts are to be considered.

If the top-ranked technology is chosen and there are no significant or unusual environmental impacts
associated with that technology that have the potential to affect its selection, the BACT analysis is
complete and no further information regarding economic, environmental, and energy impacts is required.
However, if the top-ranked option is not chosen, an assessment of economic, environmental, and energy
impacts (taking into consideration source-specific circumstances that distinguish it from other sources
where the technology is in use or has been required) is performed on the next most cost-effective
technology until the technology under consideration is not eliminated.

3.4.1 Energy Impact

The energy impact of each evaluated control technology is the energy benefit or penalty resulting from
the operation of the control technology at the source. The costs of the energy impacts either in additional
fuel costs or the cost of lost power generation impacts the cost-effectiveness of the control technology.

3.4.2 Environmental Impacts

The second evaluation to be reviewed is the environmental evaluation. Non-air quality environmental
impacts are evaluated to determine the cost to mitigate the environmental impacts caused by the
operation of a control technology.

3.4.3 Costs of Control

This third evaluation addresses the economic impact of the control technologies. The cost to purchase and
to operate the control technology is analyzed. The capitol and annual operating costs are estimated based
on established design parameters or documented assumptions in the absence of established designed
parameters. The cost-effectiveness describes the potential to achieve the required emissions reduction in
the most economical way. It also compares the potential technologies on an economic basis. US EPA’s Air
Pollution Control Cost Manual was used as well as vendor estimates to determine control costs.

3.5 Step 5 - Selection of BACM

The fifth, and final step is selection of the BACT (BACM) emission limit corresponding to the most
stringent and technically feasible technology that was not eliminated based upon adverse economic,
environmental, and energy impacts. BACM is the technologically and economically feasible control option
that can be implemented that achieves permanent and enforceable emissions reductions. It typically is
the highest ranked control technology and must not be less stringent than any applicable federal New
Source Performance Standards (NSPS), National Emission Standards for Hazardous Air Pollutants
(NESHAP), or state-specific standards.
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4.0 BEST AVAILABLE CONTROL MEASURE DETERMINATION ANALYSIS FOR
NITROGEN OXIDES

BACMs were evaluated for oxides of nitrogen (NOx) emissions from certain emission units in operation or
proposed at the Woods Cross Refinery. These units include: process heaters, boilers, flares, sulfur
reduction unit (SRU), fluidized catalytic cracking units (FCCU), and emergency diesel and natural gas-fired
engines.

4.1 Process Heaters and Boilers

Atthe Woods Cross Refinery, there are 24 existing or proposed process heaters (4H1, 6H1, 6H2, 6H3, 7H1,
7H3,8H2,9H1,9H2, 10H1, 10H2, 11H1, 12H1, 13H1, 19H1, 20H2, 20H3, 23H1, 24H1, 25H1, 27H1, 30H1,
30H2, 33H1) 10 asphalt tank in-line heaters (68H2-H7, 68H10-H13), and 6 boilers (Boiler #4, #5, #8, #9,
#10,and #11). The list of the ratings for this equipment is presented in Appendix A.

4.1.1 Step 1 - Identify All Existing and Potential Emission Control Technologies

Nitrogen oxides (NOy) are formed during the combustion of fuels by oxidation of chemically-bound
nitrogen in the fuel and by thermal fixation of nitrogen in the combustion air. There are three different
formation mechanisms: thermal, fuel, and prompt NOx. Thermal NOy is primarily temperature dependent
(above 2000°F); fuel NOy is primarily dependent on the presence of fuel-bound nitrogen and the local
oxygen concentration. Prompt NOy is formed in relatively small amounts from the reaction of molecular
nitrogen in the combustion air with hydrocarbon radicals in the flame front.

There are a variety of options available for control of NOyx emissions from combustion sources. These
include equipment or modifications to equipment that reduce NOy formation, add-on control devices, or
combinations of both. Table 4-1 lists potential NOx control technologies for refinery heaters and boilers.
Abbreviated descriptions of each control technology are provided in Table 4-1.
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Table 4-1 Potential NOx Control Technologies for Refinery Process Heaters and Boilers

Control Technology

Description

Low NOyx Burners (LNB)

Reducing NOy emissions through burner design.

Next generation and ultra-low NOy
burners (ULNB)

Reducing NOx emissions through burner design.

External flue gas recirculation (FGR)

Flue gas is recirculated by a fan and external ducting and is
mixed with combustion air

Selective catalytic reduction (SCR)

Post combustion control. Injection of ammonia into a
catalyst bed within the flue gas path.

Selective non-catalytic reduction
(SNCR)

Post combustion control. Injection of ammonia directly into
the flue gas at a specific temperature.

Non-selective catalytic reduction
(NSCR)

Post combustion control. Precious metal catalysts promote
reactions that reduce most NOy in exhaust streams with low
oxygen content.

LNB + FGR Combination of low NOyx burners and flue gas recirculation.

ULNB + FGR Combination of ultra-low NOyx burners and flue gas
recirculation.

LNB + SNCR Combination of low NOx burners and post-combustion add-
on SNCR.

ULNB + SNCR Combination of ultra-low NOx burners and post-combustion
add-on SNCR.

LNB + SCR Combination of low NOx burners and post-combustion add-
on SCR.

ULNB + SCR Combination of ultra-low NOx burners and post-combustion
add-on SCR

EMy™ Post-combustion control. The EMx™ system uses a coated
oxidation catalyst in the flue gas to remove both NOx and
other pollutants with a reagent such as ammonia.

LNB + EMy" Combination of low-NOy burners and post-combustion add-
on EMx™.

ULNB + EMy" Combination of ultra-low NOy burners and post-combustion

add-on EMx™,

Water/Steam injection

Decreases NOyx formation by injecting steam with the
combustion air or fuel to reduce flame temperature.

Low excess air

Reduce excess air level by maintaining CO at minimum
threshold using in-situ CO analyzer in the flow gas stream.

Staged Air/Fuel Combustion or
Overfire Air Injection (OFA)

A controlled portion of the total combustion-air flow,
typically 10-20%, is directed through over-fire ports
located above the highest elevation of burners in the
furnace.

CETEX CETEX descales and coats tubes which reduces fire box
temperature by improving heat transfer in applications
where the tubes are externally scaled.
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4.1.1.1 Low NOx Burners

Low-NOy burner (LNB) technology uses advanced burner design to reduce NO, formation through the
restriction of oxygen, flame temperature, and/or residence time. There are two general types of LNB:
staged fuel and staged air burners. In a staged fuel LNB, the combustion zone is separated into two regions.
The first region is a lean combustion region where a fraction of the fuel is supplied with the total quantity
of combustion air. Combustion in this zone takes place at substantially lower temperatures than a
standard burner. In the second combustion region, the remaining fuel is injected and combusted with left
over oxygen from the first region. This technique reduces the formation of thermal NOx.

4.1.1.2 Ultra-Low NO4 Burners

Ultra-low NOx burners (ULNB) recirculate hot, oxygen-depleted flue gas from the flame or firebox back
into the combustion zone. This reduces the average Oz concentration within the flame without reducing
the flame temperature below the temperatures that are necessary for optimal combustion efficiency.
Reduced O; concentrations in the flame have a strong impact on fuel NOx which makes these burners
effective for controlling NOy.

There are several types of ULNB currently available. These burners combine two NOy reduction steps into
one burner, typically staged air with internal flue gas recirculation (IFGR) or staged fuel with IFGR,
without any external equipment. In staged air burners with IFGR, fuel is mixed with part of the combustion
air to create a fuel rich zone. High pressure atomization of the fuel creates recirculation. Secondary air is
routed into the burner block to optimize flame and complete combustion. This type of design is usually
used with liquid fuels.

In staged fuel burners with IFGR, fuel pressure induces IFGR which creates a fuel lean zone and a reduction
in oxygen partial pressure. This design is predominantly used for gas fuel operations.

4.1.1.3 External Flue Gas Recirculation

In external flue gas recirculation (FGR), flue gas is recirculated using a fan and external ducting and is
mixed with the combustion air stream thereby reducing the flame temperature and decreasing NO,
formation. External flue gas recirculation only works with mechanical draft heaters with burners that can
accommodate increased gas flows. Achievable emission reductions are a function of the amount of flue
gas recirculated and is limited by efficiency losses and flame instability at higher recirculation rates. Flue
gas recirculation has not been demonstrated to function efficiently on process heaters that are subject to
highly variable loads and that burn fuels with variable heat value.

4.1.1.4 SCR

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 nitrogen oxides and oxygen to form
nitrogen and water. The reactions take place on the surface of the catalyst. The function of the catalyst is
to effectively lower the activation energy of the NOx decomposition reaction. Technical factors related to
this technology include the catalyst reactor design, optimum operating temperature, sulfur content of the
fuel, catalyst de-activation due to aging, and the ammonia slip emissions.
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The applicability of SCR is limited to heaters that have both a flue gas temperature appropriate for the
catalytic reaction and space for a catalyst bed large enough to provide sufficient residence time for the
reaction to occur. Optimum NOyx reduction occurs at catalyst bed temperatures of 600°F to 750°F for
vanadium or titanium based catalysts and 470°F to 510°F for platinum catalysts!.

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 salts. These salts may condense as
the flue gas is cooled leading to increased particulate emissions.

The SCR process also causes the catalyst to deactivate over time. 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.

4.1.1.5 SNCR

Selective non-catalytic reduction (SNCR) is a post-combustion NOx control technology based on the
reactions of ammonia and NOx. SNCR involves injecting urea/ammonia into the combustion gas to reduce
the NOy to nitrogen and water. The optimum exhaust gas temperature range for implementation of SNCR
is 1,600 to 1,750°F for ammonia and from 1,000 to 1,900°F for urea-based reagents. Operating
temperatures below this range results in ammonia slip which form additional NOy. In addition, the
ammonia/urea must have sufficient residence time, approximately 3 to 5 seconds, at the optimum
operating temperatures for efficient NOx reduction. At optimum temperatures, NOy destruction
efficiencies range from 30 to 50%?2.

SNCR reduces both thermal and fuel-derived NOyx. The SNCR systems require rapid chemical diffusion in
the fuel gas. The injection point must be selected to ensure adequate flue gas residence time.

Unreacted ammonia in the emissions is known as slip and is potentially higher in SNCR systems than in
SCR systems due to higher reactant injection rates.

4.1.1.6 NSCR

Non-selective catalytic reduction (NSCR) is a flue gas treatment add-on NOx control technology for exhaust
streams with low oxygen (0:) content. Precious metal catalysts are used to promote reactions that reduce
NOy, CO, and hydrocarbons (HC) to water, carbon dioxide, and nitrogen. One type of NSCR system injects
areducing agent into the exhaust gas stream prior to the catalyst reactor to reduce the NOx. A second type
of NSCR system has an afterburner and two catalytic reactors (one reduction catalyst and one oxidation
catalyst). In this system, natural gas is injected into the afterburner to combust unburned HC (at a
minimum temperature of 1700°F). The gas stream is cooled prior to entering the first catalytic reactor
where CO and NOy are reduced. A second heat exchanger cools the gas stream (to reduce any NOx
reformation) before the second catalytic reactor where remaining CO is converted to CO-.

! Midwest Regional Planning Organization, Petroleum Refinery Best Available Retrofit Technology (BART)
Engineering Analysis, March 30, 2005.
2EPA, 2003.
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The control efficiency achieved for NOx from NSCR ranges from 80 to 90 percent. The NOx reduction
efficiency is controlled by similar factors as for SCR, including the catalyst material and condition, the
space velocity, and the catalyst bed operating temperature. Other factors include the air-to-fuel (A/F)
ratio, the exhaust gas temperature, and the presence of masking or poisoning agents. The operating
temperatures for NSCR system range from approximately 700° to 1500°F, depending on the catalyst. For
NOx reductions of 90 percent, the temperature must be between 800° to 1200°F. One source indicates that
the 02 concentration for NSCR must be less than 4 percent; a second source indicates that the O,
concentration must be at or below approximately 0.5 percent.

4.1.1.7 Water/Steam Injection

The injection of water or steam decreases NOx formation by reducing the flame temperature. Water or
steam is delivered either by injecting it directly into the root of the flame or by feeding it with the gaseous
fuel. Water or steam injection can impact combustion unit operation by worsening flame pattern, reducing
unit efficiency, and affecting unit stability.

4.1.1.8 Low Excess Air

Minimizing the amount of excess air (i.e., oxygen) during the initial stages of combustion decreases the
amount of NO, formed. However, reducing the amount of oxygen can cause incomplete combustion, which
increases carbon monoxide (CO) emissions. The combustion unit can be operated based on the CO
concentration moderating the excess air and therefore, controlling the amount of NOy generated. This CO
level would be monitored by an in-situ CO analyzer in the flue gas stream. This technique requires a high
level of instrumentation and automation required for burner control (e.g., actuators for draft & air
control).

4.1.1.9 Overfire Air (Boilers only)

In this technique, which is only applicable to boilers, a controlled portion (typically 10-20%) of the total
combustion-air flow is directed through over-fire ports located above the highest elevation of burners in
the furnace. The removal of the air flow from the burners results in a fuel rich primary combustion zone
to limit the NOx formation. The combustion of the CO produced in the primary combustion zone is
completed using the air supplied by the over-fire air ports.

4.1.1.10 CETEX

Removing the scale and applying a coating to the heat transfer surfaces can reduce the firebox
temperature and decrease NOy formation by improving heat transfer. This technique applies in units
where the heat transfer tubes are externally scaled. Conversely, the layer of scaling acts as insulation
protecting the tubes from damage. Removing the scale to reduce emissions will also reduce firing rate.

4,1.2 Step 2 - Eliminate Technically Infeasible Options
SNCR has been commercially installed throughout the world. Installations include coal-fueled heating

plant boilers, electric utility boilers, municipal waste incinerators, cement kilns and many package boilers.
The NOy reduction efficiency of SNCR processes depends on many factors including:

> Flue gas temperature in reaction zone
> Uniformity of flue gas temperature in the reaction zone
> Normal flue gas temperature variation with load
> Residence time
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Distribution and mixing of ammonia/urea into the flue gases

Initial NOx concentration

Ammonia/urea injection rate

Heater configuration, which affects location and design of injection nozzles.

vV VVYV

The problem with the use of SNCR is that as the load changes, the optimum injection temperature window
moves. In petroleum refineries, the loads vary considerably depending, for example, upon product needs
or feedstock run. If ammonia is injected at just the right temperature, then NOx can be reduced by
approximately 60%. If ammonia is injected too hot, then more NOx is produced. If ammonia is injected too
cold, then ammonia does not react resulting in ammonia being emitted to the atmoshere. The exhaust
temperatures of the process heaters and boilers range from approximately 430°F to 1000°F. Thus, no
process control method has been developed that can match the temperature and rate of ammonia
injection with flue gas rate, temperature, and other variables to ensure optimum emission control. Thus,
SNCR was eliminated as not technically feasible for use as a post-combustion control for NOx emissions
from the process heaters and boilers.

NSCR is a flue gas treatment add-on NOy control technology for exhaust streams with low O; content.
Efficient operation of the catalyst typically requires the exhaust gases contain no more than 0.5% oxygen3-
A second source* indicates that the NSCR technique is effectively limited to engines with normal exhaust
oxygen levels of 4 percent or less. Thus, NSCR was eliminated based on not having lean burn furnaces.

The EMy" catalyst is the latest generation of SCONOx™ technology. EM," is a multi-pollutant catalyst that
does not require ammonia. The emissions of NOy are oxidized to NO2 and then absorbed onto the catalyst.
A dilute hydrogen gas is passed through the catalyst periodically to regenerate the catalyst. This gas
absorbs the NO; from the catalyst and reduces it to N2 before it exits the stack.

EM," operates in a temperature range between 300°F to 700°F. The potassium carbonate coating reacts
with NO; to form potassium nitrites and nitrates, which are deposited onto the catalyst surface. When all
the potassium carbonate coating on the surface of the catalyst has reacted to form nitrogen compounds,
NOx can no longer be absorbed and the catalyst must be regenerated.

The EM," system catalyst is subject to reduced performance and deactivation due to exposure to sulfur
oxides. The EMy" system is typically used to control emissions from natural gas-fired combustion
turbines, reciprocating engines, and industrial boilers in which the sulfur concentration in the exhaust
stream is low. The higher concentration of sulfur in the refinery gas will poison the EMy" catalyst.

EMy" has not been demonstrated on refinery fuel gas-fired process heaters or boilers since the SCONO™
catalyst is sensitive to contamination by sulfur in the combustion fuel. This technology has been
demonstrated to function efficiently on combustion sources burning fuels like natural gas. SCONO,™
systems have been installed at combined-cycle and co-generation turbine plants with capacities ranging
from 5.2 to 32MW. Thus, since EMy™ was not identified or has been demonstrated for use on refinery
process heaters or boilers, EMy" was determined to be technically infeasible and was eliminated for
further consideration.

3 http://www.meca.org/resources/ MECA stationary IC engine report 0515 final.pdf Accessed 2/16/2017.
4 https://www3.epa.gov/ttn/chief/ap42/ch03/final/c03s02.pdf. Accessed 2/16/2017
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External flue gas recirculation (FGR) only works with mechanical draft heaters with burners that can
accommodate increased gas flows. All but one heater at the refinery is naturally drafted. Also, heaters
with burners closer than three feet cannot physical install FGR and associated piping. There is a safety
risk associated with FGR at the process heaters due to the potential for formation of explosive gas
mixtures if a heater tube should fail. Few applications have been made to refinery process heaters due to
this risk. Thus, external flue gas recirculation is not technically feasible for the process heaters and boilers
at the Woods Cross Refinery.

Water/steam injection can impact combustion unit operation by worsening flame pattern, reducing unit
efficiency, and affecting unit stability. The modest NOyx reductions at the heater may be offset by NOx
emissions resulting from steam generation elsewhere. Also, minimal NOx reductions will be gained in
units already fitted with low NOy burners. Water/steam injection is predominantly used on gas turbines.

No data could be found on the effectiveness of water/steam injection on process heaters and limited data
was found for use on boilers. Thus, steam injection was determined to be not technically feasible for the
process heaters or boilers at the Woods Cross Refinery.

Low access air was also considered technically infeasible for use on refinery heaters and boilers since low
oxygen operation results in longer flames that could cause flame impingement. Also, it is difficult to
maintain safe operating conditions at low oxygen levels.

4.1.3 Step 3 - Evaluate Control Effectiveness of Remaining Control Technologies
Table 4-2 presents a summary of the control efficiencies for the remaining NOy control technologies that
can be applied to process heaters and boilers.

Table 4-2 NOx Control Efficiencies

Technology Range of Control
(%)
ULNB + SCR 85-99
LNB + SCR 80-99
ULNB + SNCR 75-95
SCR 80-90
ULNB (including FGR) 66-76
LNB + SNCR 50-89
LNB+FGR 45-60
SNCR 30-50
LNB 50-60
FGR 50-60
Overfire Air (Boilers only) 30-50
CETEX (Process heaters only) NA

According to data found in EPA’s Petroleum Tier 2 BACT Analysis Report, Final Report (2001), Table 4-3
presents NOx control technologies with typical emission limits ranked from most efficient to least efficient.

04171725 4-9 MSI Trinity



Table 4-3 Typical Emission Levels based on Control Technologies

Technology Typical Emission Level
ppmv Ib/MMBtu
SCR + GCP 7 0.0085
SCR 18 0.022
GCP 29 0.035
No controls 89 0.11

GCP = Good Combustion Practices

Table 4-4 presents a summary of the permitted process heaters and boilers at the HollyFrontier's Woods
Cross Refinery. Table 4-5 presents a summary of the potential technically feasible options for reducing
NOx for each process heater and boiler at the Refinery.
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Table 4-4 Process Heaters and Boilers at HollyFrontier’s Woods Cross Refinery

A.0.ID So:ll?clng Source Description Status ( MI;RA?SttIS/ghr)
I1.A.3 4H1 FCC Feed Heater In Service 68'4./39'9
(restricted to)
I.A.10 6H1 Reformer Reheat Furnace In Service 54.7
11.A.11 6H2 Prefractionator Reboiler Heater In Service 12.0
11.A.12 6H3 Reformer Reheat Furnace In Service 37.7
I.A.16 7H1 HF Alkylation Regeneration Furnace [ In Service 4.4
A17 7H3 HF Al_kylation Depropanizer In Service 333
Reboiler
11.A.19 8H2 Crude Furnace # 1 In Service 99.0
11.A.21 9H1 DHDS Reactor Charge Heater In Service 8.1
11.A.22 9H2 DHDS Stripper Reboiler In Service 4.1
11.A.24 10H1 Asphalt Mix Heater In Service 13:2
11.A.25 10H2 Hot Oil Furnace In Service 99.0
11.A.27 11H1 SRGP Depentanizer Reboiler In Service 24.2
I.LA.30 12H1 NHDS Reactor Charge Furnace In Service 50.2
11.A.32 13H1 Isomerization Reactor Feed Furnace | In Service 6.5
11.A.38 19H1 DHT Reactor Charge Heater In Service 18.1
11.A.41 20H2 Fractionator Charge Heater In Service 47.0
1.A.42 20H3 Fractionator Charge Heater In Service 42.1
1.A.46 23H1 Reformate Splitter Reboiler Heater In Service 21.0
11.A.48 24H1 Crude Unit Furnace In Service 60.0
11.A.50 25H1 FCC Feed Heater In Service 45.0
1L.A.54 27H1 Reactor Charge Heater Not Built 99.0
11.A.57 30H1 Hydrogen Reformer Feed Furnace Not Built 123.1
11.A.58 30H2 Hydrogen Reformer Feed Furnace Not Built 123.1
I11.A.60 33H1 Vacuum Furnace Heater Not Built 130.0
11.A.81 68H2 North In-tank Asphalt Heater In Service 0.8
11.A.82 68H3 South In-tank Asphalt Heater In Service 0.8
11.A.83 68H4 Northwest In-tank Asphalt heater In Service 0.8
11.A.84 68H5 Northeast In-tank Asphalt Heater In Service 0.8
11.A.85 68H6 Southeast In-tank Asphalt Heater Not Built 0.8
11.A.86 68H7 Southwest In-tank Asphalt Heater Not Built 0.8
11.A.87 68H10 North In-tank Asphalt Heater Not Built 0.8
11.A.88 68H11 South In-tank Asphalt Heater Not Built 0.8
11.A.89 68H12 North In-tank Asphalt Heater Not Built 0.8
11.A.90 68H13 South In-tank Asphalt Heater Not Built 0.8
11.A.63 Boil. #4 Boiler #4 In Service 35.6
I11.A.64 Boil. #5 Boiler #5 In Service 70.0
11.A.65 Boil. #8 Boiler #8 In Service 92.7
11.A.66 Boil. #9 Boiler #9 In Service 89.3
IL.A.67 Boil.#10 Boiler #10 In Service 89.3
I.LA.68 Boil.#11 Boiler #11 Not Built 89.3
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Table 4-5 Technically Feasible Control Options for NO, for Process Heaters and Boilers

Source NOx Reduction Technology
ID LNB ULNB FGR SCR SNCR | NSCR| Steam Low | CETEX
Injection | Access
Air
4H1 Equipped -- No No3 No No No No No
6H1 Yes! Yes! Yes Yes No No No No No
6H2 Yes? Yes! No No3 No No No No No
6H3 Yes? Yes! No No3 No No No No No
7H1 Yes! Yes? No No3 No No No No No
7H3 Yes! Yes! No No3 No No No No No
8H2 -- Equipped | No No3 No No No No No
9H1 Yes! Yes! No No3 No No No No No
9H2 Yes! Yes! No No3 No No No No No
10H1 Yes! Yes! No No3 No No No No No
10H2 | Proposed -- No | Proposed | No No No No No
11H1 Yes! Yes! No No3 No No No No No
12H1 Yes Equipped | No No3 No No No No No
13H1 Yes! Yes! No No3 No No No No No
19H1 | Equipped -- No No3 No No No No No
20H2 -- Equipped | No No3 No No No No No
20H3 -- Equipped | No No3 No No No No No
23H1 -- Equipped | No No3 No No No No No
24H1 -- Equipped | No No3 No No No No No
25H1 -- Equipped | No No3 No No No No No
27H1 | Proposed -- No | Proposed No No No No No
30H1 | Proposed -- No | Proposed | No No No No No
30H2 | Proposed == No | Proposed | No No No No No
33H1 | Proposed -- No | Proposed No No No No No
68H2 No? No? No No No No No No No
68H3 No? No? No No No No No No No
68H4 No? No? No No No No No No No
68H5 No? No? No No No No No No No
68H6 No? No? No No No No No No No
68H7 No? No? No No No No No No No
68H10 No? No? No No No No No No No
68H11 No? No? No No No No No No No
68H12 No? No? No No No No No No No
68H13 No? No? No No No No No No No
Note: Proposed means unit will be equipped with these controls when constructed.
1 This option is only feasible if there is space in the firebox for larger burners.
2LNB and ULNB are not available on such small (<1 mmBtu/hr) heaters.
3 Existing process heaters are naturally drafted.
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Table 4-5 (Continued) Technically Feasible Control Options for NO« for Process Heaters
and Boilers

Source NOx Reduction Technology
ID LNB ULNB FGR SCR SNCR | NSCR| Steam Low | CETEX
Injection | Access
Air
Boiler 4 Yes -- No Yes No No No No Yes
Boiler 5 Yes Yes No | Equipped No No No No Yes
Boiler 8 | Equipped Yes No [ Equipped | No No No No Yes
Boiler 9 Yes Yes No | Equipped [ No No No No Yes
Boiler Yes Yes No | Equipped | No No No No Yes
10
Boiler | Proposed Yes No | Proposed | No No No No Yes
11

4.1.4 Step 4 - Evaluate Impacts and Document Results

As stated previously, several sources of information were examined including EPA’s RBLC
RACT/BACT/LAER Clearinghouse, state agency databases, vendor data, and published literature to
identify the most effective NOx control technologies, most stringent emissions limitations to compare
against current NOx controls that have been or proposed to be implemented at the Woods Cross Refinery.

Table 4-6 presents a summary of BACT determinations for NOy for process heaters with heat capacities
between 10 and 100 MMBtu/hr. All units listed in Table 4-6 are fired on refinery gas. Table 4-7 presents
a summary of BACT determination for NOx for process heaters with heat capacities equal to or greater
than 100 MMBtu/hr. These tables list the lowest emission rates identified in the past several years from
select plants.
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Table 4-6 BACT Determinations for NOx from Process Heaters and Boilers with Heat
Capacities between 10 and <100 MMBtu/hr

Facility Permit Size (MMBtu/hr) Limit Control
Date (Ib/MMBtu)
Sinclair Wyoming Refining 10/15/2012 50 0.025 (3-hr. avg.) ULNB
Company
Sinclair Wyoming Refining 10/15/2012 64.2 0.030 ULNB
Company
Sinclair Wyoming Refining 10/15/2012 449,33.4,46.3 0.035 (30-day ULNB
Company rolling avg)
Valero Refining - New Orleans | 11/17/2009 24,32,4,52,86 0.04 (3 hravg) ULNB
LLC St. Charles Refinery
Valero Refining - New Orleans | 11/17/2009 68,90 0.05 (3 hravg.) LNB
LLC St. Charles Refinery
Tuscaloosa, Alabama 09/28/2009 | 57,49, 34.7,98.3, 0.025 NGULNB
69.3,78.2,60.9
Chevron Products Company, 04/14/2009 73.25,73.95; 0.03 ULNB
Pascagoula Refinery 54.53 (30-day rolling
avg.)
Conoco Phillips Company, 02/09/2009 45.0,98 0.03 (annual ULNB
Ponca City Refinery average)
Sunoco Inc., Tulsa Refinery 05/27/2008 44,57.3 0.03 (3 hravg.) ULNB
Navajo Refining Company, 12/14/2007 9.6, 35 0.03 ULNB
Artesia Refinery (3-hrroll. avg.)
Arizona Clean Fuels Yuma LLC | 04/14/2005 25,23.2,99.5 0.04 (3-hravg.) LNB

Table 4-7 BACT Determinations for NOx from Process Heaters and Boilers with Heat
Capacities 2100 MMBtu/hr

Facility Permit Date | Size (WMBtu/hr) Limit Control
(Ib/MMBtu)
Sinclair Wyoming Refining 10/15/2012 233 0.03 (3hravg.) | ULNB
Company
Diamond Shamrock, Texas 12/30/2010 355.6 0.010/0.015 SCR+LNB
(annual/hourly)
Valero Delaware City Refinery | 02/26/2010 240,456 0.04 SCR+LNB
Valero Refining - New Orleans | 11/17/2009 100, 135, 336 0.04 (3-hravg.) | ULNB
LLC St. Charles Refinery
Tuscaloosa, Alabama 09/28/2009 198, 254 0.025 (3-hravg.) | NGULNB
ConocoPhillips, Ponca City 02/09/2009 125,131.3 0.03 (annual ULNB
Refinery avg.)
Navajo Refining Company, 12/14/2007 120 0.035 (3-hr ULNB
Arteris Refinery rolling avg)
BP Products North America 10/2007 355,331 0.04 ULNB
Inc., Whiting Indiana
BP Products North America 10/2007 208 0.02 SCR+LNB
Inc., Whiting Indiana
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The top-ranked control option involves the use of LNB with SCR as the post-combustion control device
for process heaters and boilers. This option is typically applied to process heaters and boilers
approximately 100 MMBtu/hr or greater in rating. The NOx emission level achievable with this control
option is 0.0085 1b/MMBtu based on a three-hour average although emission levels reported in RBLC
range from 0.01 to 0.04 I1b/MMBtu.

The second ranked option is the use of ULNB; the third highest ranking option is the use of LNB.

Several sources of data indicate that ULNBs are capable of achieving lower NOy emission levels than LNBs.
Emission levels for NOx reported by one refinery using ULNBs range from 0.050 to 0.031 lb/MMBtu.
Controlled NOx emissions of 0.025 Ib/MMBtu have been reported for the Selas ULNx® burner. This
emission level is reported for natural gas firing and a firebox temperature of 1250°C (2280°F). A John
Zink burner for natural draft heaters was designed to meet 0.03 1b/MMBtu or 25 to 28 ppmv depending
on fuel composition.

No additional controls were identified for small heaters such as the stab-in tank heaters which are rated
at 0.8 MMBtu/hr.

The boilers at Hollyfrontier Woods Cross Refinery are chemically treated to remove scale on the boiler
heat tubes which improves boiler efficiency and reduces NOx emissions.

Table 4-8 presents a list of HollyFrontier’s process heaters and boilers and the control technology being
currently utilized.
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Table 4-8 Current Control Technologies on HollyFrontier Process Heaters and Boilers

04171725

Holl A Control
A.0.ID SourceyID Source Description Technology
11.A.3 4H1 FCC Feed Heater LNB
11.A.10 6H1 Reformer Reheat Furnace GCP
1.A.11 6H2 Prefractionator Reboiler Heater GCP
11.A.12 6H3 Reformer Reheat Furnace GCP
I.A.16 7H1 HF Alkylation Regeneration Furnace GCP
LA17 7H3 HF Al.kylation Depropanizer GCP
Reboiler
11.A.19 8H2 Crude Furnace # 1 NGULNB
11.A.21 9H1 DHDS Reactor Charge Heater GCP
11.A.22 9H2 DHDS Stripper Reboiler GCP
11.A.24 10H1 Asphalt Mix Heater GCP
I1.A.25 10H2 Hot Oil Furnace LNB + SCR
11.A.27 11H1 SRGP Depentanizer Reboiler GCP
I1.LA.30 12H1 NHDS Reactor Charge Furnace NGULNB
11.A.32 13H1 Isomerization Reactor Feed Furnace GCP
11.A.38 19H1 DHT Reactor Charge Heater LNB
11.A.41 20H2 Fractionator Charge Heater ULNB
11.A.42 20H3 Fractionator Charge Heater ULNB
11.A.46 23H1 Reformate Splitter Reboiler Heater ULNB
11.A.48 24H1 Crude Unit Furnace ULNB
11.A.50 25H1 FCC Feed Heater ULNB
11.A.54 27H1 Reactor Charge Heater LNB+SCR
11.A.57 30H1 Hydrogen Reformer Feed Furnace LNB+SCR
11.A.58 30H2 Hydrogen Reformer Feed Furnace LNB+SCR
ILA.60 33H1 | Vacuum Furnace Heater LNB+SCR, air
preheat
I1.A.81 68H2 North In-tank Asphalt Heater GCP
11.A.82 68H3 South In-tank Asphalt Heater GCP
11.A.83 68H4 Northwest In-tank Asphalt Heater GCP
11.A.84 68H5 Northeast In-tank Asphalt Heater GCP
I11.A.85 68H6 Southeast In-tank Asphalt Heater GCP
11.A.86 68H7 Southwest In-tank Asphalt Heater GCP
11.A.87 68H10 North In-tank Asphalt Heater GCP
11.A.88 68H11 South In-tank Asphalt Heater GCP
11.A.89 68H12 North In-tank Asphalt Heater GCP
11.LA.90 68H13 South In-tank Asphalt Heater GCP
11.A.63 Boil. #4 Boiler #4
11.A.64 Boil. #5 Boiler #5 SCR
11.A.65 Boil. #8 Boiler #8 LNB+SCR
I11.A.66 Boil. #9 Boiler #9 SCR
11.A.67 Boil.#10 Boiler #10 SCR
11.A.68 Boil.#11 Boiler #11 LNB+SCR
11b/MMscf
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4.1.4.1 Energy and Environmental Impacts

With the application of a SCR, additional adverse impacts are anticipated which include ammonia
emissions and the handling and disposal of a spent catalysts as a solid waste stream. Ammonia that is
injected in the SCR system and exits the unit without participating in the chemical reduction of NOy
emissions leads directly to emissions of ammonia and can lead indirectly to the formation of secondary
particulate matter. These problems are less severe when the SCR catalyst is new and activity is greatest
because the ammonia rate can be set near-stoichiometric levels. As the catalyst ages, the activity decreases
requiring a higher ammonia injection rate to maintain the rate of NOx reduction required for continuous
compliance with NOx emission levels.

Besides an environmental and air quality impact, an adverse energy impact is expected due to the
electrical requirements of the SCR system operation and to the reduction in energy efficiency attributable
to the power drop across the SCR catalysts grid.

4.1.4.2 Economic Impact

According to EPA, SCR reduces NOy by 90 percent or greater in an uncontrolled mechanical draft process
heater. SCR systems require mechanical draft operation due to the pressure drop across the catalyst. The
only heater at HollyFrontier that is mechanically drafted is 6H1. All other heaters are naturally drafted.

In order to use an SCR system or systems on the process heaters at Holly Frontier, the refinery would need
to replace all naturally draft heater with mechanical draft heaters which would not be economically
feasible as well as limit refinery operations for a lengthy period of time. Thus, SCR is eliminated as
technically infeasible for use on the naturally drafted heaters at HollyFrontier.

An analysis was performed to evaluate the technically feasibility and cost effectiveness of upgrading
existing process heaters with LNB or ULNB. In conversations with representatives from John Zink, when
upgrading the existing units to LNB or ULNB, the floor of each heater box would have to be reconstructed
to insert the LNB or ULNB which are typically longer and wider than the existing burners. Also, LNB and
ULNB have a lower heating duty per burner than traditional burners; therefore, in some cases, will result
in a need for additional burners to achieve the firing rate needed for the process application. Most heaters
at HollyFrontier are not designed to accommodate additional burners and would need to be reconstructed
all together. If additional burners cannot be added and the heater is not reconstructed, then a process
rate decrease would need to take place.

An additional consideration with retrofitting existing heaters to LNB or ULNB is the flame pattern. LNB
and ULNB generally produce a longer flame in the fire box which can extend to contact process piping or
the convection section of the heater. Contact with process piping can result in coking of the inside of the
process pipes which results in a loss of heat transfer and eventual plugging. Flame extension into the
convection section can result in heat transfer not consistent with engineered design resulting in process
coking, inadequate heat transfer, heater box temperature, and loss of process control.

Thus, the application of LNB or ULNB on existing units (6H1, 6H2, 6H3, 7H1, 7H2, 7H3, 9H1, 9H2, 10H1,
11H1, and 13H1) is not technically possible due to space limitations in the firebox, lower heat duty, and a
longer flame. It is not economically feasible to reconstruct all existing process heaters. Thus, for these
reasons, retrofit of existing process heaters with LNB or ULNB has been determined to be technically and
economically infeasible.
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4.1.5 Selection of BACM

According to EPA, 7 ppmv of NO, should generally be considered as LAER or the most stringent control
measure for NOx emissions from new refinery process heaters. Refiners can achieve this level of control
through a combination of combustion controls (LNB with internal flue gas recirculation) and SCR. For
boilers 100 MMBtu/hr or greater, the most stringent control is a NOx limit of 5 ppm @ 3% O using SCR.
For boilers < 20 MMbtu/hr, the most stringent control is a NOx limit of 9 ppm using LNB.

The Bay Area Air Quality Management District (BAAQMD), South Coast Air Quality Management District
(SCAQMD), California Air Resources Board (CARB) BACT guidelines were reviewed for determining BACT
emission rates for the refinery heaters with a firing rate greater than 50 MMBtu/hr. NOy limits range from
5 ppmdv (the most stringent identified by SCAQMD) to 10 ppmdy, all corrected to 3% O.. A 5 ppmdv
emission rate at 3% O equates to approximately 0.006 1b/MMbtu; a 10 ppmdv emission rate at 3% O2
equates to approximately 0.012 1b/MMbtu. These limits were accomplished through the use of SCR and
LNB. These controls are not practical for HollyFrontier for the reasons presented above (i.e. SCR requires
mechanical draft) for the process heaters. Further, if SCR were practical, ammonia is a PMzs precursor
which leads to higher PMz 5 emissions. Thus, these more stringent emission limits for the process heaters
at HollyFrontier are not considered BACM.

The process heaters at HollyFrontier equipped with ULNB (20HZ2, 20H3, 23H1, 24H1, 25H1) have an
emission limit of 0.04 Ib/MMBtu which equates to approximately 30 ppbdv at 3% Oz; 10H2, and future
heaters 27H1, 30H1, 30H2, 33H1 which are or will be equipped with LNB and SCR have an emission limit
of 0.02 Ib/MMbtu which equates to approximately 15 ppmdv at 3% O.. Compliance with these limits
is/will be verified every three years through stack testing. This represents BACM for these heaters.

For the stab-in heaters, only good combustion practices (GCP) were identified to control NOx emissions
from these small heaters which is considered BACM. Compliance for 68H6, 68H7, 68H10, 68H12, and
68H13 is verified every three years through stack testing.

The highest-ranking option, LNB and SCR, is used on Boilers #8 and #11. Boilers #5, #9, and #10 are
equipped with SCR. The NOy emission limit is 0.02 Ib/MMBTU for Boilers #8-#11 and represents BACM.
Boiler #5, equipped with SCR, has a NOx emission limit of 0.03 Ib/MMBtu which also represents BACM.
Stack test are performed every three years to verify that these units are in compliance with the
permissible limits. Boiler #4 is a limited use boiler and it was not technically or economically feasible to
install a SCR on this unit.

The cost of installing and operating CEMS on each heater and boiler was examined. The estimated
equipment cost including a shelter and a NO, CEMS with affiliated equipment plus installation is over
$201,600 per system. Total annual operating costs were estimated to be approximately $72,820. See
Appendix B for a detailed cost analysis. Based on potential to emit (PTE) emissions for process heaters,
the average cost-per-ton to monitor for NOy with a CEMS is $17,255.
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4.2 Flares

Flares are used at petroleum refineries to destroy organic compounds in excess refinery fuel gas, purged
products, or waste gases released during startups, shutdowns, and malfunctions. Most flares have a
natural gas pilot flame and use the fuel value of the gas routed to the flare to sustain combustion.

There are two flare stacks located at the Northwest corner of the refinery. During refinery upsets, process
equipment may experience over-pressures which are relieved through a spring-loaded pressure safety
valve (“PSV”). Piping headers connect these devices to the flare stack, which is used to safely burn the
released hydrocarbons. A small, continuous flame of purchased natural gas acts as a pilot light to ignite
the process vapors as they enter the flare tip for final destruction.

The South Flare (66-2) handles relief gases from the Crude #2 Unit (Unit 24), FCC #2 Unit (Unit 25), Poly
Unit (Unit 26), Hydrocracker/Hydroisom Unit (Unit 27), SWS #2 Unit (Unit 28), Hydrogen Plant (Unit 30),
Tank Farm (Unit 68), Crude Unloading (Unit 86), and Rail Unloading (Unit 87).

The North Flare (66-1) handles relief gases from the FCC Unit (Unit 4), Reformer Unit (Unit 6), Alkylation
Unit (Unit 7), Crude Unit (Unit 8), DHDS Unit (Unit 9), SDA Unit (Unit 10), SRGP Unit (Unit 11), NHDS Unit
(Unit 12), Isomerization Unit (Unit 13), Amine Treatment Unit (Unit 16), SRU (Unit 17), SWS Unit (Unit
18), DHT Unit (Unit 19), GHC Unit (Unit 20), NaHS Sour Gas Treatment Unit (Unit 21), Sour water
stripper/ASU (Unit 22), BenZap Unit (Unit 23), Vacuum Unit (Unit 33), Tank Farm (Unit 68), and
Loading/Unloading (Unit 87).

4.2.1 Step 1 - Identify all Existing and Potential Emission Control Technologies

For safe flare operation, the design of the flares requires the use of a pilot light. The combustion of the
natural gas to fuel the pilot light and the combustion of refinery gases produces NOx.

A search of the RBLC, state databases, and emission control literature was conducted to find available
control technologies to control flare emissions. Flares operate primarily as air pollution control devices.
The only technically feasible control options for emissions of all pollutants from flares are:

» proper equipment design and work practices;

» good combustion practices;

» conversion from air assisted to steam assisted, and
» flare gas recovery systems.

No add-on controls for NOy emissions from flares were identified.

4.2.1.1 Proper Equipment Design and Work Practices

Proper equipment design and work practices include minimizing the quantity of gases combusted,
minimizing exit velocity, ensuring adequate heat value of combusted gases, and installing an automatic
pilot reignition. The flares at the Woods Cross Refinery are designed and operated in accordance with 40
CFR 60.18, general control device requirements which include a flame present at all times, no visible
emissions, and heat content and maximum tip velocity specifications that meet the requirements of the
rule. The use of pipeline-quality natural gas to fuel the pilot lights will reduce NOyx emissions.
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4.2.1.2 Good Combustion Practices

A certain level of flame temperature control can be exercised for a flare by implementing fuel to air ratio
control. Generation of NOy is dependent on temperature. As the temperature rises, the generation rate of
NOy rises. Good combustion practices can be used to minimize emissions of NOx.

4.2.1.3 Conversion from Air Assisted to Steam Assisted

Flares produce lower flame temperatures when operating with low heating value gases at low combustion
efficiencies than when operating with high heating value gases at high combustion efficiencies. This leads
to reduced formation of NOy in the flame. In general, emissions were lower in steam assisted flare tests
than in air assisted flare tests conducted under similar conditions.

4.2.1.4 Flare Gas Recovery Systems

Flaring can be reduced by installation of a flare gas recovery system. A flare gas recovery system includes
a seal system to allow for recovery of process gases vented to the flare. Compressors recover the vapors
and route them to the fuel gas treatment system for HzS removal. After conditioning of the recovered
vapors, the gases are combined with other plant fuel gas sources and combusted in heaters, boilers, and
other devices that operate using fuel gas.

If the pressure in the flare gas headers exceeds the seal system settings, excess flare gases are allowed to
flow to the flare for combustion. The pressure in the flare gas system increases due to additional process
gas flow that cannot be recovered by the flare gas compressors. Once the pressure drops and the excess
gases are combusted, the seal system re-establishes itself for continuous recovery of vapors.

The flare gas recovery system will not be sufficient to prevent flaring from process unit startup and
shutdown events where large volumes of process gases will be sent to the flare. Also, during process
upsets or malfunctions, the flare gases may not be entirely recovered due to the constraints of the flare
gas recovery system. The flare gas recovery system will be sized for normal operating conditions.

4.2.2 Step 2 - Eliminate Technically Infeasible Options

None of the identified control options is considered technically infeasible for the flares at the Woods Cross
Refinery.

4.2.3 Step 3 - Evaluate Control Effectiveness of Remaining Control Technologies

The top-ranking control option is the installation of a flare gas recovery system. Flare gas recovery
systems are achieved in practice. The second highest ranking control option includes proper equipment

design and work practices which includes good combustion practices. The destruction efficiency of a
properly operated flare is 98%. The flares at the Woods Cross refinery are steam assisted.
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4.2.4 Step 4 - Evaluate Impacts and Document Results

HollyFrontier will install a flare gas recovery system to recover vent gas which is the highest ranked
control option.

Proper equipment design and work practices include minimizing exit velocity and the quantity of gases
combusted and ensuring adequate heat value of combusted gases. Because the flares are located at a
petroleum refinery, the flare must comply with the requirements and limitations presented in 40 CFR Part
60 Subpart Ja and the design and work practice requirements of 40 CFR 60.18.

Emissions from the HollyFrontier Woods Cross Refinery flares under normal operation will consist only
of the emissions from the combustion of natural gas in the flare pilot flames and a small amount of purge
gas that is circulated through the flare system for safety reasons (i.e., to prevent air from entering the flare
lines).

Proper equipment design and work practices include minimizing exit velocity and the quantity of gases
combusted and ensuring adequate heat value of combusted gases.

Flare management plans have been developed for both the north and south flares. These plans contain
procedures to minimize or eliminate discharges to the flare during startups and shutdowns. To verify that
the procedures are followed, records are maintained.

The flares at the refinery are steam-assisted which leads to lower NOyx formation in the flare flame.

4.2.4.1 Energy, Environmental, and Economic Impacts

Since HollyFrontier has chosen the highest ranked control option, flare gas recovery, energy,
environmental and costs analyses are not required.

4.2.5 Step 5 - Select BACT

Holly is utilizing the following design elements and work practices as BACM for the flares:

Use of low sulfur fuel such as natural gas as fuel for pilot flame;

Maintaining an acceptable net heating value and exit velocity of flared gases under all flow
conditions in accordance with manufacturer specifications;

Use of a thermocouple to monitor presence of the pilot flame;

Implementation of good combustion, operating, and maintenance practices;

Implementation of Flare Management Plans;

Flare operation in accordance to 40 CFR Part 60, Ja and design and work practice standards as
codified in 40 CFR Part 60.18; and,

Installation of flare gas recovery system.

vV VYV

YNV Y

v

No more stringent measures were identified for the flares at the Woods Cross Refinery. The flare design
includes steam assisted combustion. The flares will be equipped with a flare gas recovery system for non-
emergency releases, and a continuous pilot light. Pilot and sweep fuel will be natural gas or treated
refinery gas. The north and south flares are equipped with flow meters and gas combustion monitors.

The proposed BACM controls and compliance monitoring method conducted for HollyFrontier flares are
summarized in Table 4-9.
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Table 4-9 Proposed BACM Controls and Compliance Monitoring Methods for Flares
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Pollutant

Unit

Control Technology

Monitoring Methods

NOx

66

Flare gas recovery system

Flow meters, Btu monitor
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4.3 Sulfur Recovery Unit Tail Gas Incinerator

The SRU off gas is routed to the tail gas incinerator followed by a wet scrubber (4V82 or 25 FCCU
scrubber). The SRU does not operate if the scrubbers are not in operation. Oxides of nitrogen are formed
during the combustion of natural gas in the incinerator by oxidation of chemically-bound nitrogen in the
fuel and by thermal fixation of nitrogen in the combustion air.

4.3.1 Step 1 - Identify all Existing and Potential Emission Control Technologies

The available control technologies for NOx control from the tail gas incinerator are the same technologies
listed in Table 4-2 above as well as the application of LoTOx™ which is a low temperature oxidation
process which utilizes ozone to oxidize insoluble NO and NO; to N20 (a highly soluble species of NOy)
which can be effectively removed by a variety of air pollution control equipment including wet scrubbers.

4.3.2 Step 2 - Eliminate Technically Infeasible Options

The only options that are technically feasible for an SRU tail gas incinerator is combustion control utilizing
LNB or ULNB and utilization of a LoTOx™ system. The other technologies are either based on lowering
flame temperature, which is not compatible with the primary function of an incinerator, or add-on
controls that have not been demonstrated as technically feasible for a thermal oxidizer. There are
significant technical differences between thermal oxidizers and the combustion sources for which these
technologies have been demonstrated in practice.

4.3.3 Step 3 - Evaluate Control Effectiveness of Remaining Control Technologies

Technically feasible NOx control technologies are combustion control utilizing LNB or ULNB fired on
natural gas and/or the application of a LoTOx™ system.

4.3.4 Step 4 - Evaluate Impacts and Document Results

The tailgas incinerator is a thermal incinerator that is used to facilitate the oxidation of the common
reduced sulfur compounds to SO prior to release to the atmosphere. The incinerator combusts natural
or refinery gas which creates the NOx emissions. The tailgas incinerator is equipped with low NO, burners
to reduce NOx emissions that may form during the combustion of gaseous fuels.

During normal operation, the gases from the SRU tailgas incinerator which is equipped with LNBs are
routed to either Unit 4 or Unit 25 wet gas scrubbers. These wet gas scrubbers are configured to include
the LoTOx™ process which provides greater than 95% NO, reduction.

A review of the RBLC Clearinghouse identified two refineries, Sunoco Tulsa Refinery and Valero’s St.
Charles Refinery, with NOx limits on the tail gas treatment units. These limits ranged from 0.14 Ib/MMBtu
or 11b/hr and 9.4 Ib/hr and were met utilizing good combustion practices and proper equipment design.
No indication of burner type was presented for these tail gas treatment units.

4.3.4.1 Energy, Environmental and Economic Impacts
As mentioned above, the tailgas incinerator is a thermal incinerator that is used to facilitate the oxidation

of the common reduced sulfur compounds to SO: prior to release to the atmosphere. The incinerator
combusts natural or refinery gas which creates the NOx emissions.
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The tailgas incinerator on the SRU at HollyFrontier is equipped with LNBs which reduce NOx emissions
that may form during the combustion of gaseous fuels. There are energy and environmental impacts
associated with the use of the tailgas incinerator and pipeline natural gas. Additional energy and fuel are
both required leading to increased NOx emissions. However, emissions from the tailgas incinerator are
controlled through one of the FCCU wet scrubbers which utilizes LoTOx™ to further reduce NOx emissions.

Wet scrubbers generate waste in the form of a slurry. Typically, the slurry is treated to separate the solid
waste from the water. Once the water is removed, the remaining waste will be in the form of a solid which
can generally be landfilled. There are no other anticipated energy, environmental, or environmental
impacts associated with the use of the wet gas scrubbers during normal SRU operation.

4.3.5 Step 5 - Select BACT

During normal operations, emissions from the three-stage Claus SRU followed by a tailgas incinerator are
sent to one of the wet gas scrubbers. Thus, NOx BACM for the three-stage Claus SRU is the use of good
combustion practices, pipeline quality natural gas in tail-gas incinerator with proper equipment design,
wet scrubbing, and LoTOx™. No other measures were identified as more stringent to control NOx
emissions. HollyFrontier is meeting the NOx emission rates of 40 ppm NOx per 365-day rolling average
and 80 ppm NOx per 7-day rolling average from the wet scrubbers.

The proposed BACM controls and compliance monitoring method conducted for HollyFrontier's SRU
tailgas incinerator are summarized in Table 4-10.

Table 4-10 Proposed BACM Controls and Monitoring Method for SRU Tail Gas Incinerator
Pollutant Unit Control Technology Monitoring

NOx 17 Tailgas incinerator followed by 02 CEMS
wet scrubbing, good combustion
practices, pipeline quality fuel,
LoTOx
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4.4 Fluidized Catalytic Cracking Unit (FCCU)

This BACM review was based on data summarized by EPA in the RBLC RACT/BACT/LAER Clearinghouse,
review of state databases and review of recent consent decrees. While the emission limits imposed by
consent decrees do not necessarily represent BACT or LAER, they do represent the most stringent
emissions limitations placed upon FCCUs.

The two FCCU regenerators at HollyFrontier are full-burn units which is recognized by EPA as an
inherently low NOy design. The predominant NOx species inside an FCCU regenerator is NO that is further
oxidized to NO; upon release to the atmosphere. NOx in the regenerator can be formed by two
mechanisms, thermal NOx produced from the reaction of molecular nitrogen with oxygen and fuel NOy
which is produced from the oxidation of nitrogen-containing coke specie deposited on the catalyst inside
the reactor.

4.4.1 Step 1 - Identify all Existing and Potential Emission Control Technologies

The following is a list of control technologies which were identified for controlling NOx emissions from
the FCCUs:

SNCR,

SCR,

LoTOx, and

Catalyst additives and low NOx combustion promoters.

VVVYV

4.4.2 Step 2 - Eliminate Technically Infeasible Options

All the options are technically feasible.

4.4.3 Step 3 - Evaluate Control Effectiveness of Remaining Control Technologies

The remaining control options were ranked in order of reduction:

LoTox - 80 to 95% reduction with SCR

SCR - 80 to 90% reduction

SNCR - 60 to 80% reduction

Catalyst additives and low NOx combustion promoters - 40 to 75% reduction.

VVVYV

4.4.3.1 SNCR

The SNCR system is a post-combustion control technology that reacts with urea or ammonia with flue gas
without the presence of a catalyst to produce N2 and H;0. The typical operating temperature range for an
SNCR is 1,600°F to 2,000°F. The SNCR temperature range is sensitive as the reagents can produce
additional NOy if the temperature is too high or removes too little NOy if the reaction proceeds slowly if
the temperature is too low. The NH3 slip in SNCR applications can range from 10 to 100 ppmv. SNCR has
been used successfully with CO boilers but are typically not used with full burn units due to low NOy
removal at temperatures below 1,400°F. In full burn units, such is utilized by HollyFrontier, the flue gas
must be heated to 1,600 to 1,800°F to achieve NOx removal rates of 50% and greater.
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4.4.3.2 SCR

Selective catalytic reduction is a post combustion control technology that injects ammonia in flue gas in
the presence of a catalyst (typically vanadium or tungsten oxides) to produce Nz and Hz20. An SCR is
similar to SNCR with the exception that a catalyst is used to accelerate the reactions at lower
temperatures. The ideal temperature range for an SCR is 600°F to 750°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 SOz oxidation limit. SCR
suppliers typically guarantee the performance of the unit for NOx removal, service life, pressure drop,
ammonia slip and SOz oxidation. Ammonia slip, referring to the amount of ammonia which passes through
the process unreacted, is typically guaranteed to 10 ppmv.

4.4.3.3 LoTOx™

The Belco LoTOx™ technology is a selective, low temperature technology that uses ozone to oxidize NOx
to water soluble nitric pentoxide (N20s). These higher oxides of nitrogen are highly soluble. Inside a wet
gas scrubber, the N2Os forms nitric acid that is subsequently scrubbed by the scrubber nozzles and
neutralized by the scrubber’s alkali reagent. Since the process is applied ata controlled temperature zone
in the wet gas scrubber, it can be used at any flue gas temperature. The controlled temperature zone in
the wet gas scrubber is below 300°F. Since the LoTOx™ technology does not use a fixed catalyst bed, it
can handle unit upsets without impacting overall reliability and mechanical availability.

The LoTOx™ technology generates ozone on demand based on the amount of NOx in the flue gas. There is
no storage of ozone required. Emission reductions using this process have been estimated to range from
80 to 95%.

4.4.3.4 Catalyst Additive and Combustion Promoters

Several vendors offer NOx reducing catalyst additives and combustion promoters. Current NOyx additives
affect the availability of nitrogen species to be oxidized and reduced and the performance of the additives
is dependent on the application. Grace Davison’s XNOx is a combustion promoter additive that can reduce
NOx emission from 50-75% in the regenerator. Grace Davison’s DENOX promoter can reduce NOy
emissijons up to 60%. Engelhards CLEANNOx and OxyClean reduce NOx emissions by 45%. INTERCAT'’s
COP-NP can reduce emissions from approximately 40-65%. The NOx combustion promoters (catalysts and
additives) are added directly into the FCCU reactor and regenerator. These additives can withstand the
harsh environment of the regenerator but do not have the same life as catalyst.

A benefit associated with the use of additives is flexibility. Additives can be added and removed from the
operation depending on the refiner’s needs but are more expensive than FCC catalysts with an average
cost approaching $20 per pound. The additional cost associated with the recommended usage rate of
these additives may triple the current catalyst cost resulting in negative process unit economics. Higher
removal rates may require more additive and that can impact yields, product quality and unit throughput.
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4.4.4 Step 4 - Evaluate Impacts and Document Results

SNCR is not feasible in this application because of the need to heat the flue gas to reach the optimum
operating levels of the SNCR. The amount of NOy reduction is also lower. Most EPA consent decree
applications have achieved a 5 to 30% reduction with others in the industry achieving up to 70%
depending on process conditionsS. A drawback of using SNCR technology is the potential formation of
ammonium sulfate salts and resultant fouling. These salts will exist as small particulates.

A SCR system can achieve between 80-90% reductions on uncontrolled NOy emissions. SCRs operate in
the temperature range of FCC regenerator flue gas. This control technology has a high NO4 reduction rate
when compared to other NOy control technologies. Although SCR offers high NOy reduction rates, catalyst
deactivation can occur from salt formation on the catalyst surface, cracks of the catalyst from the substrate
material can occur from thermal stresses, and thermal degradation of the catalyst can occur at
temperatures greater than 800°F. Other items that can lead to catalyst deactivation include erosion of the
catalyst due to excessive catalyst fines loading and plugging of the catalyst system due to catalyst fines.

At the plants where SCR’s have been installed, the majority of them have third stage separators or ESP’s
located before the SCR catalyst bed to protect against upsets in the FCC regenerator.

LoTOx™ in conjunction with wet scrubbing systems has been demonstrated to effectively reduce high
levels of NO, from a FCCU. The efficiency obtained from the combination of LoTOx™ and wet gas scrubbing
systems is comparable to an SCR.

To apply SCR to the output of a wet gas scrubber with a LoTOx™ system is technically infeasible. The low
temperature of the exhaust stream combined with the concentration of NO, make further application of
an add-on control like SCR impractical.

Combustion promoters will not reduce the NOy emissions alone to meet NOx BACT levels.

A review of the literature and the EPA’s RBLC indicate that SCRs or LoTO™ in conjunction with wet
scrubbing systems are used for the reduction of NOy in a number of FCCUs. BELCO, a subsidiary of DuPont,
provided a list of locations where the LoTOx ™ technology has been installed in FCCU regenerator
applications. Table 4-11 presents a list of a few of these facilities. Table 4-12 presents the results of a
search of the RBLC clearinghouse and a list of select refineries and the NOy control technologies being
utilized at these refineries.

5 Advances in Fluid Catalytic Cracking, Chapter 17, FCC NOx Emissions and Controls, Jeffrey A. Sexton, 2010.
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Table 4-11 LoTOx™ NOx Reduction Technology Installations

Application Location Capacity | Start-up
Refinery FCCU (New EDV Scrubber HollyFrontier : i
with LoTOx technology Woods Cross, UT Confidential | 2012,2016
Re_zfmery Bkl (New BV Sernbher Petrochina, Sichuan | Confidential 2010
with LoTOx technology)
Refinery FCCU (New EDV Scrubber - . . .
with LoTOx technology) West Pacific, Dalian | Confidential 2010
Refinery FCCU (Retrofitted LoTOx Valero, St. Charles,
Technology to existing EDV scrubber) LA HOHBOE bipsd adbn
Refinery FCCU (Retrofitted LoTOx Valero, Delaware
addition to existing CANSOLV unit) City, DE 76,000 ipsd 2e1d
Refinery FCCU (Retrofitted LoTOx Flint Hills, Corpus
addition to existing EXXON scrubber) Christi, TX 45,000 bpsd Ehgs
Refinery FCCU (New EDV Scrubber Petrobras, REFAP 3
ith LoTOx technology) Brazil 7000 miday 2009
Refinery FCCU (New EDV scrubber Valero, Houston, .
with LoTOx technology) Texas sE,000 bpsd | apntl 2007
[Refinery FCCU (Retrofitted LoTOx
Technology to existing EDV® wet Mar;f\thon, Texas 72,000 bpsd belTuary
City, Texas 2007
scrubber)
Refinery FCCU (New EDV scrubber BP, Texas City,
with LoTOx technology) Texas L0000 bpad | June2007
Table 4-12 BACT Determinations for NO, for FCCU
Facility Permit ID/ NOx Concentration Limit Control
Permit Date
Alon Refining Krotz | LA-0261 73.0 ppmvd @ 0% O 365-day rolling | Consent Decree -
Springs Inc. Krotz 04/26/2012 average LoTOx
Springs Refinery 146.0 ppmvd @ 0% O 7-day rolling
average
Valero Energy Corp. | DE-0020 20.0 ppmvd @ 0% O 365-day rolling LoTOx
Valero Delaware City | 02/26/2010 average
Refinery 40.0 ppmvd @ 0% O 7-day rolling
average
Sunoco, Inc. Sun OH-0308 20.0 ppmvd @ 0% O2 365-day rolling SCR
Company Inc. Toledo | 02/23/2009 average
Refinery 40.0 ppmvd @ 0% O 7-day rolling
average
Shell Oil Company TX-0290 20.0 ppmvd @ 0% 02 365-day rolling SCR
Deer Park Refinery 09/27/2007 average
Limited Partnership 40.0 ppmvd @ 0% O 3-hour average
ExxonMobil Oil Corp. | CA-1138 20.0 ppmvd @ 0% O2 365-day rolling SCR
ExxonMobil 03/23/2007 average
Torrance Refinery 40.0 ppmvd @ 0% O3 7-day rolling
average
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4.4.4.1 Energy, Environmental, and Economic Impacts

There are environmental and economic impacts associated with a wet gas scrubber. Wet scrubbers will
generate water vapor plumes, which during the winter months may reduce visibility. In addition, wet gas
scrubbers generate wastewater, which must be managed and disposed of at the refinery. Lastly, wet gas
scrubbers produce a significant amount of solid waste. Although wet gas scrubbers can be costly to install
and annual operating costs can be comparatively high, wet gas scrubbers will be utilized to reduce NOy
emissions from the HollyFrontier FCCUs.

HollyFrontier is not proposing a SCR due to not being economically feasible because a third stage
separator or ESP would have to be installed as part of the crude processing operations.

4.4.5 Step 5 - Select BACT

Thus, LoTOx™ systems in conjunction with wet gas scrubbers are utilized by HollyFrontier to reduce NOx
emissions in the regenerator flue gas from Units 4 and 25. The use of LoTOx™ in conjunction with wet gas
scrubbers has a comparable removal efficiency as a SCR for NOx.

The most stringent control identified as LAER in the RBLC database was SCR that is being utilized at the
Deer Park Refinery with emission limits of 20 ppmvd @ 0% O: based on a 365-day rolling average and
40-ppmvd @0% O; based on a 3-hour average. According to HollyFrontier’'s Consent Decree,
HollyFrontier designed the NOx Control system to achieve a NOx concentration of 20 ppmvd or lower on
a three-hundred sixty five (365) day rolling average basis and 40 ppmvd on a seven (7) day rolling average
basis, each corrected to 0% O. These levels are consistent with RBLC findings presented for several
refineries as listed in Table 4-12.

After the 15-month demonstration period, the NOy emission rates at HollyFrontier are slightly higher than
the design and are 40 ppm NOx per 365-day rolling average and 80 ppm NOy per 7-day rolling average.
Although these limits are slightly higher that the most stringent controlled facility, the use of LoTOx™ and
wet gas scrubber achieves a NOx control efficiency that is comparable to a SCR and is a top ranking control
technology. Thus, the use of LoTOx™ and a wet gas scrubber to achieve the above listed emission rates has
been determined to be BACM for the FCCUs operated by HollyFrontier.

The proposed BACM controls, NOx emission limits, and compliance monitoring methods conducted for
HollyFrontier’s FCCUs are summarized in Table 4-13.

Table 4-13 Proposed BACM Controls, NOx Emission Limits, and Monitoring Methods for

FCCUs
Pollutant | Unit Control NOx Emission Limit Monitoring
Technology Method
NOy 4,25 | Wet Gas Scrubbers | 40 ppm per 365-day rolling average | CEMS, Annual
80 ppm per 7-day rolling average Rata
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4.5 Emergency Diesel Engines

Diesel emergency equipment at the Woods Cross refinery consists of a 135 kW portable diesel generator
at the East Tank Farm, 224 HP diesel powered water well No. 3, 393 HP fire pump No. 1, 393 HP fire pump
No. 2, 180 HP diesel fire pump, three 220 HP diesel-powered plant air backup compressors, 470 HP diesel
standby generator at the Boiler House, 380 HP diesel standby generator at the Central Control Room, and
a 540 HP diesel standby generator.

Diesel engines are classified as compression ignition (CI) internal combustion engines. In diesel engines,
air is drawn into a cylinder as the piston creates space for it by moving away from the intake valve. The
piston’s subsequent upward swing then compresses the air, heating it at the same time. Next, fuel is
injected under high pressure as the piston approaches the top of its compression stroke, igniting
spontaneously as it contacts the heated air. The hot combustion gases expand, driving the piston
downward. During its return swing, the piston pushes spent gases from the cylinder, and the cycle begins
again with an intake of fresh air.

The predominant mechanism for NO, formation from internal combustion engines is thermal NOy which
arises from the thermal dissociation and subsequent reaction of nitrogen and oxygen molecules in the
combustion air.

4.5.1 Step 1 - Identify all Existing and Potential Emission Control Technologies

The following technologies were evaluated for controlling NOy emissions from the CI combustion engines.
They are categorized as combustion modifications and post-combustion controls. Combustion
modifications include: ignition timing retard, air-to-fuel ratio, and derating. Post combustion controls
include SCR, NSCR catalyst, and NOy absorption systems.

4.5.1.1 Ignition Timing Retard

As described above, the injection of diesel fuel into the cylinder of a CI engine initiates the combustion
process. With ignition timing retard, this combustion modification lowers NO, emissions by moving the
ignition event to later in the power stroke when the piston is in the downward motion and combustion
chamber volume is increasing. Because the combustion chamber volume is not at its minimum, the peak
flame temperature is reduced which reduces the formation of thermal NOx.

4.5.1.2 Air-to-Fuel Ratio
Diesel engines are inherently lean-burn engines. The air-to-fuel ration can be adjusted by controlling the
amount of fuel that enters each cylinder. By reducing the air-to-fuel ratio to near stoichiometric,

combustion will occur under conditions of less excess oxygen and reduced combustion temperatures.
Lower oxygen levels and combustion temperature reduce NOy formation.

4.5.1.3 Derating

Derating involves restricting engine operation to lower than normal levels of power production. Derating
reduces cylinder pressure and temperatures which reduces NO, formation.
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4.5.1.4 Selective Catalytic Reduction

Selective catalytic reduction systems introduce a liquid reducing agent such as ammonia or urea into the
flue gas stream before the catalyst. The catalyst reduces the temperature needed to initiate the reaction
between the reducing agent and NOy to form nitrogen and water.

For SCR systems to function effectively, exhaust temperatures must be high enough (200°C to 500°C) to
enable catalyst activation. For this reason, SCR control efficiencies are expected to be relatively low during
the first 20 to 30 minutes after engine start up, especially during maintenance and testing. There are also
complications controlling the excess ammonia (ammonia slip) from SCR use.

4.5.1.5 Non-Selective Catalytic Reduction

Non-selective catalytic reduction system are used to reduce emission from rich-burn engines that are
operated stoichiometrically or fuel-rich stoichiometric. In the engine exhaust, NSCR catalysts convert NOx
to nitrogen and oxygen. NSCR catalytic reactions require that O levels be kept low and that the engine be
operated at fuel-rich air-to fuel-ratios. Lean-burn engines are characterized by an oxygen-rich exhaust
which minimizes the potential for NOx reduction.

4.5.1.6 NOx Absorption Systems (Lean NOx Traps)

NOyabsorber development is a new catalyst advance for removing NOy in a lean (i.e., oxygen rich) exhaust
environment for both diesel and gasoline lean-burn direct-injection engines.

With this developing technology, NO is catalytically oxidized to NO2 and stored in an adjacent chemical
trapping site as a nitrate. The stored NOy is removed in a two-step reduction step by temporarily inducing
arich exhaust condition. NOy adsorbers (sometimes referred to as lean NO, traps) employ precious metal
catalyst sites to carry out the first NO to NO; conversion step. The NO; then is adsorbed by an adjacent
alkaline earth oxide site where it chemically reacts and is stored as a nitrate. When this storage media
nears capacity it must be regenerated. This is accomplished in by creating a rich atmosphere with injection
of a small amount of diesel fuel. The released NOy is quickly reduced to N2 by reaction with CO on a
rhodium catalyst site or another precious metal that is also incorporated into this unique single catalyst
layer.

4.5.2 Step 2 - Eliminate Technically Infeasible Options

NSCR catalysts are effective to reduce NOx emission when applied to rich-burn engines fired on natural
gas, propane or gasoline. The proposed diesel engines are inherently lean-burn engines; thus, NSCR is
eliminated from further consideration.

In addition, NOyx absorbers were eliminated from further consideration since NOyx adsorbers are
experimental technology and no commercial applications of NOx absorbers were identified in state or
EPA’'s RBLC RACT/BACT/LAER Clearinghouse databases as being employed on stationary emergency
generators or fire pumps. Also, the literature indicates that testing of these NOy absorbers has raised
issues about sustained performance of the catalyst. Current lean NOy catalysts are prone to poisoning by
both lube oil and fuel sulfur.
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4.5.3 Step 3 - Evaluate Control Effectiveness of Remaining Control Technologies

The remaining control options, combustion modifications and the post-combustion control, SCR will be
examined further. Combustion controls have been demonstrated to reduce NOyemissions from Cl engines
by approximately 50%; the use of a SCR can reduce emissions in the range from 70 to 90%.

4.5.4 Step 4 - Evaluate Impacts and Document Results

The top control option, SCR, uses a reducing-agent like ammonia or urea (which is usually preferred) with
a special catalyst to reduce NOy in diesel exhaust to N2. The SCR catalyst sits in the exhaust stream and
the reducing agent is injected into the exhaust ahead of the catalyst. Once injected the urea becomes
ammonia and the chemical reduction reaction between the ammonia and NO takes place across the SCR
catalyst. With the use of an SCR, there is the potential for some ammonia to “slip” through the catalyst.

SCR systems have two key operating variables that work together to achieve NOyx reductions. These are
the exhaust temperature and the injection of urea or ammonia. The exhaust temperature must be between
260°C and 540°C for the catalyst to operate properly. SCR systems will not begin injection of ammonia in
the form of urea until the catalyst has reached the minimum operating temperature. Urea is a critical
component in determining the control efficiency of the SCR. It must be injected in the exhaust stream
upstream of the SCR system. In the catalyst, it reacts to reduce NOy to from Nz and H20. The reaction takes
place because the catalyst lowers the reaction temperature necessary for NOx.

Since SCR systems require an operating temperature between 260°C and 540°C, reaching these
temperatures may be difficult in routine maintenance and testing operations where the engine is typically
operated at low load for a short period of time. If the critical temperatures are not met while the engine is
running, there will be no NOx reduction benefit. To have NOx reduction benefit, the engine would need to
be operated with higher loads and for a longer period of time. This would be a challenge for HollyFrontier
since each engine, with the exception of the generator at the East Tank Farm, is limited to 50 operating
hours per year.

Urea handling and maintenance must also be considered. Urea crystallization in the lines can damage the
SCR system and the engine itself. Crystallization in the lines is more likely in emergency standby engines
due to their periodic and low hours of usage.

4.5.4.1 Energy, Environmental, and Economic Impacts

There are several downsides with using an SCR. First, an improperly functioning SCR system can create
excess ammonia emissions. SCR systems also add significant equipment to the engine system which
increases the possibility of failures and increasing on-going maintenance costs.

Cost evaluations were prepared to determine the cost of control per ton of NOx removed from an SCR for
the emergency generators and fire water pump. SCR retrofit information was obtained from Wheeler
Machinery in Salt Lake City. Based on the cost information provided by Wheeler, the calculated costs per
ton of NOx removed are presented in Table 4-14 and in Appendix B.
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Table 4-14 Cost Effectiveness of Installing SCR on Emergency Diesel Engines for NOy

Control
Equipment Cost
Effectiveness

($/Ton)
135 kW generator (east tank farm) $ 16,201
224 HP (water well #3) $ 353,677
393 HP Fire Pump #1 $ 353,998
393 HP Fire Pump #2 $ 353,998
220 HP plant air backup compressor #1 $ 353,456
220 HP plant air backup compressor #2 $ 353,456
220 HP plant air backup compressor #3 $ 353,456
470 HP diesel generator (boiler house) $ 354,736
380 HP diesel generator (central control room) $ 355,095
540 HP standby generator $§ 723,683

In addition to the costs presented in Table 4-15, the cost of urea is $1 per KW and its shelf life is
approximately two years. This would increase the cost of operation a SCR for emergency standby engines
since the low number of annual hours of operation could lead to the expiration of the urea. The urea would
have to be drained and replaced, creating an extra maintenance step and an increased cost to
HollyFrontier.

4.5.5 Step 5 - Select BACT

According to HollyFrontier’s approval order, the 135 kW generator at the tank farm is limited to 1,100
operating hours per year. However, since its commission date of 11/15/2010, this generator has run only
89.9 hours (as 0of 3/9/2017). Based on the economic costs to install a SCR system, the likelihood that the
engine would not be at proper operating temperature for the SCR to be effective due to limited operating
hours, and the extra maintenance and disposal costs if urea were used, SCR has been eliminated from
further consideration.

Currently, California has the most aggressive emission reduction standards for diesel engines. The MSM
identified includes the use of SCR systems to reduce NOx on diesel engines 1000 HP or greater. SCR
systems have not seen wide application on emergency standby engines less than 1000 HP. Maine
Department of Environmental Protection requires non-emergency engines to install SCR technology for
NOx control if their potential annual NOx emissions exceed 20 tons as best available control technology.

Periodic maintenance is performed on the engines in accordance with manufacturer specifications. For
those engines subject to Subpart ZZZZ, oil is changed and hoses/belts inspected every 500 hours or
annually.

Thus, the only control technologies for the diesel emergency generators and fire pumps (except the 135
kW generator at the East Tank Farm) are the work practice requirements to adhere to GCP and NOy Tier
standard for each engine and the best practice of performing periodic maintenance. These requirements
have been determined to be BACM. These control strategies are technically feasible and will not cause
any adverse energy, environmental, or economic impacts.

The proposed BACM controls, emission limitations, and compliance monitoring methods for
HollyFrontier emergency diesel engines are summarized in Table 4-15.
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Table 4-15 Proposed BACM Controls, Emission Limitations, and Compliance Monitoring
Method for Emergency Diesel Engines

Pollutant Units Control Technology Emission Limitations Monitoring
Method

All emer. 600 hours total rolling
Engines 12-month period
except . )

NOy ETF gen. Work Practice Rfequlrem(?nts, Non-resettable hour
ETF Good Combustion Practice 100 hours perroliing meter
portable 12-month period
generator
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4.6 Emergency Natural Gas-Fired Engines

HollyFrontier operates two natural gas-fired spark ignition emergency standby generators, each at 142
kW, at the Administration building. During combustion, the formation of NOy is a result of thermal or fuel-
bound reactions. The thermal formation of NOx occurs when nitrogen and oxygen reacts at high
temperatures. NOy is also generated from the oxidation of nitrogen contained in the fuel. Since natural gas
contains low concentrations of nitrogen, emissions of NOy are primarily due to the thermal formation of
NOy in the combustion chamber.

4.6.1 Step 1 - Identify all Existing and Potential Emission Control Technologies

Four (4) control technologies were identified to reduce NOx emissions from spark ignition engines which
include:

SCR,

NSCR,

lean burn technology, and
good combustion practices.

VvV V.V V

4.6.1.1 Selective Catalytic Reduction

Selective catalytic reduction is a post-combustion NOx control technology in which an aqueous urea
solution is injected in the exhaust air stream which evaporates into ammonia. The ammonia and NOx react
on the surface of the catalyst forming water and nitrogen. SCR reactions occur in the temperature range
of 650°F to 750°F. Precious metal catalysts are used to reduce NOx.

4.6.1.2 Non-selective Catalytic Reduction

Non-selective catalytic reduction is a catalytic reactor that simultaneously reduces CO, NOy, and HC
emissions. The catalytic reactor is placed in the exhaust stream of the engine and requires fuel-rich air-
to-fuel ratios and low oxygen levels.

4.6.1.3 Lean Burn Technology

Combustion is considered “lean” when excess air is introduced into the engine along with the fuel. The
excess air reduces the temperature of the combustion process which reduces the amount of NOx produced.
In addition, since there is excess oxygen available, the combustion process is more efficient and more
power is produced from the same amount of fuel.

4.6.1.4 Good Combustion Practices

Control of combustion temperature is the principal focus of combustion process control in natural gas-
fired engines. There are combustion control tradeoffs, however. Higher temperatures favor complete
consumption of the fuel and lower residual hydrocarbons and CO but result in increased NOy formation.
Lean combustion dilutes the fuel mixture and reduces combustion temperatures and therefore reduces
NOx formation. This allows a higher compression ratio or peak firing pressures resulting in higher
efficiency. However, if the mixture is too lean, misfiring and incomplete combustion may occur.
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Because the NOy produced is primarily thermal NOy, reducing the combustion temperature will result in
less NOx production. Thus, the main strategy for combustion control is to control the combustion
temperature. This is most easily done by adding more air than what is required for complete combustion
of the fuel. This raises the heat capacity of the gases in the cylinder so that for a given amount of energy
released in the combustion reaction, the maximum temperature will be reduced.

4.6.2 Step 2 - Eliminate Technically Infeasible Options

The NSCR technique is effectively limited to engines with normal exhaust oxygen levels of 4 percent or
less. This includes 4-stroke rich-burn naturally aspirated engines and some 4-stroke rich burn
turbocharged engines. Engines operating with NSCR require tight air-to-fuel control to maintain high
reduction effectiveness without high hydrocarbon emissions. To achieve effective NOy reduction
performance, the engine may need to be run with a richer fuel adjustment than normal. This exhaust
excess oxygen level would probably be closer to 1 percent. Lean-burn engines could not be retrofitted
with NSCR control because of the reduced exhaust temperatures. Thus, the add-on combustion control of
NSCR is deemed technically infeasible. In addition, the operation of each generators is limited to 50 hours
for testing (non-emergency) purposes. Since it is unlikely that these units will achieve normal operating
temperature for any period of time, the add-on control using SCR, which requires a consistent operating
temperature to be effective, is also technically infeasible.

4.6.3 Step 3 - Rank Remaining Control Technologies by Effectiveness

The remaining control technologies, lean burn technology and good combustion practices are both
effective in reducing NOy emissions.

4.6.4 Step 4 - Evaluate Most Effective Controls

In lean burn engines, the combustion process is enhanced by pre-mixing the air and fuel upstream of the
turbocharger before introduction into the cylinder. This creates a more homogeneous mixture in the
combustion chamber. The microprocessor-based engine will regulate the fuel flow and air/gas mixture
and ignition timing to achieve efficient combustion.

Combustion controls are integral in the combustion process as they are designed to achieve an optimum
balance between thermal efficiency-related emissions (CO and VOC) and temperature related emissions
(NOy). Combustion controls will not create any energy impacts or significant environmental impacts.
There are no economic impacts from combustion controls because they are part of the design for modern
engines.

EPA describes natural gas generators as Stationary Spark Ignition Internal Combustion Engines (SI ICE).
Depending on the year of manufacturer, natural gas generators are regulated by 40 CFR Part 60 Subpart
J1]] and 40 CFR Part 63, Subpart ZZZZ. Here, the EPA provides emissions standards that manufacturers
must meet, emissions standards owners/operators must meet, EPA certification requirements, testing
requirements, and compliance requirements.

According to Subpart JJJJ, the NOx Emission Standards for stationary emergency engines >25 HP is 2.0
g/HP-hr or 1 ppmvd @ 15% O.. The HollyFrontier natural-gas fired emergency generators were
manufactured in 2012 and as such, meet the Subpart ]]J] NOx emission standards.
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4.6.4.1 Energy, Environmental, and Economic Impacts

There are no energy, environmental or economic impacts associated with the use of lean burn technology
and good combustion practices.

4.6.5 Step 5 - Select BACT

The most stringent controls identified is the use of natural gas, good combustion practices and
maintenance in accordance with manufacturer recommendations with an emission rate of 1 ppmvd @
15% 0; or 2.0 g/HP-hr. BACT for NOx emissions from 2012 model year SI ICE generators at HollyFrontier
is the application of a lean burn engine fired on natural gas, good combustion practices, limited operating
hours, and operation in accordance to manufacturer’s recommendations. The generators are EPA certified
and the manufacturer lists a NOy emission rate of 2.0 g/HP-hr or 1 ppmvd @ 15% O,. The engines are in
compliance with the applicable emission limits of 40 CFR Part 60 Subpart J]J] and 40 CFR Part 63 Subpart
ZZ77. Maintenance on the engines will be performed in accordance with manufacturer specifications
which includes inspection of the air cleaner. The proposed controls and maintenance satisfy BACM.

The proposed BACM controls, emission limitations, and compliance monitoring methods for
HollyFrontier the emergency natural gas-fired engines are summarized in Table 4-16.

Table 4-16 Proposed BACM Controls, Emission Limitations, and Monitoring for Emergency
Natural Gas Engines

Pollutant Units Control Technology Emission Limitation Monitoring
Method
NOy Nat. gas fired | Work Practice Requirements, | 600 hours total rolling | Non-resettable hour
emergency Good Combustion Practice 12-month period for meter
engines all emergency engines
04171725 4-37 MSI Trinity



5.0BEST AVAILABLE CONTROL MEASURE DETERMINATION ANALYSIS FOR
SULFUR DIOXIDE

BACM'’s were evaluated for oxides of sulfur dioxide (SO;) emissions from certain process units in
operation or proposed at the Woods Cross Refinery. These include: process heaters, boilers, flares, SRU,
FCCUs, and emergency diesel and natural gas-fired engines.

5.1 Process Heaters and Boilers

Sulfur dioxide (SO2) emissions from process heaters and boilers are a direct function of the sulfur content
of the fuel that is burned. Reduced sulfur compounds in the fuel are readily oxidized to SO; and to a small
extent SO3. Both refinery gas and natural gas contain sulfur, mostly in the form of hydrogen sulfide (H.S). |
In general, refinery fuel has higher sulfur content than pipeline quality natural gas.

5.1.1 Step 1 - Identify all Existing and Potential Emission Control Technologies

The following is a list of control technologies which were identified for controlling SO, emissions:

fuel specification - low sulfur fuels;

wet flue gas desulfurization (wet FGD);
advanced flue gas desulfurization (AFGD);
dry absorption (dry FGD); and,
Emerachem EMX.

VVVVYVY

5.1.1.1 Fuel Specifications

In general, sulfur combusted in the fuel will be converted to SO;. By limiting the sulfur content of the fuel,
emissions of SOz will be reduced. Emissions of SO2 from process heaters and boilers can be controlled by
fuel specifications or by using post-combustion controls.

Pipeline quality natural gas has very low sulfur content (approximately 4 ppmv) generally in the form of
mercaptans used for odorization. The gas may also contain trace quantities of reduced sulfur compounds
(a few grains/100 scf). SO, emissions from natural gas-fired equipment are generally considered the
lowest practically achievable for that fuel and do not require additional control equipment.

Refinery fuel gas has a higher sulfur content than the natural gas purchased from a pipeline. The refinery
gas sulfur content is dependent on the removal efficiency of the fuel gas amine scrubbing units in a
refinery. HollyFrontier operates an amine scrubbing system to produce refinery gas with less than 60
ppmv H:S, on an annual average basis (40 CFR 60, Subpart Ja). On a short-term basis, variability in the
operation of the amine scrubbing system may result in spikes in the sulfur concentration of the lean gas
produced (e.g., as much as 162 ppmv sulfur on a 3-hour average basis). Based on natural gas usage, SO;
emissions are determined based on 0.60 Ib SO;/MMscf.

5.1.1.2 Flue Gas Desulfurization
Flue gas desulfurization (FGD) is commonly used for control of SO from solid fuel-combustion, such as

coal. FGD technology can be achieved through a variety of wet or dry scrubbing processes. Generally
speaking, it has control efficiencies of up to 95 percent on coal-fired combustion systems.
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The simplest method for flue gas desulfurization is with the use of a wet scrubber. In a wet caustic
scrubbing system, the flue gas and a caustic solution flow counter-current to each other. The sulfur reacts
with the caustic solution and is stripped out of the flue gas.

The advanced FGD process accomplishes SO; removal by utilizing a single absorber which performs three
functions which are prequenching the flue gas, adsorption of SO, and oxidation of the resulting calcium
sulfite to wallboard-grade gypsum. Incoming flue gas is cooled and humidified with process water sprays
before passing to the absorber.

In the absorber, two tiers of fountain-like sprays distribute reagent slurry over polymer grid packing that
provides a large surface area for gas/liquid contact. The gas then enters a large gas/liquid disengagement
zone above the slurry reservoir in the bottom of the absorber and exits through a horizontal mist
eliminator. As the flue gas contacts the slurry, the SO; is absorbed, neutralized, and partially oxidized to
form calcium sulfite and calcium sulfate.

Dry FGD systems spray lime slurry into an absorption tower where the SO: is absorbed by the slurry
forming calcium sulfite and calcium sulfate. The liquid-to-gas ratio is such that the water evaporates
before the droplets reach the bottom of the tower. The dry solids are carried out with the gasand collected
with a fabric filter or an electrostatic precipitator (ESP).

5.1.1.3 Emerachem (EMx™)

Emerachem EMx™ is an add-on technology that utilizes a catalyst to absorb the SO in the flue gas. The
catalyst is periodically regenerated using hydrogen. The regenerated stream is treated in a sulfur recovery
unit or adsorbed on carbon.

5.1.2 Step 2 - Eliminate Technically Infeasible Options

FGD is commonly used for control of SO: from solid fuel-combustion, such as coal. A review of the recent
literature, recent permits, and the RBLC database did not result in AFGD and wet FGD or dry FGD as BACT.
Limestone slurry scrubbing systems are usually applied to power plants for flue gas desulfurization. With
wet caustic scrubbing, water contamination issues arise with the disposal of large volumes of sodium
sulfite and sodium sulfate solution. In addition, based on available literature, FGD technology is not
commercially demonstrated on refinery process heaters because it is cost-prohibitive compared to the
cost of desulfurizing the fuel gas (in this case, via the use of an amine scrubbing system).

As mentioned above, Emerachem EMx™ is an add-on technology that utilizes a catalyst to absorb the SO;
in the flue gas. This technology has not been proven to run longer than one year without a turnaround.
HollyFrontier requires the refinery heaters to be able to operate at least three years between turnarounds.
Thus, Emerachem EMx™ was not considered to be technically feasible on the refinery heaters at the
refinery.

5.1.3 Step 3 - Evaluate Control Effectiveness of Remaining Control Technologies
The top-performing feasible SOz control technology is the firing of 100% purchased natural gas in the
heater, because of the very low sulfur content of natural gas. The next most effective control

technology is the use of refinery fuel gas treated to sulfurlevels that meet the requirements of 40 CFR
60, Subpart Ja.

04171725 5-2 MSI Trinity



5.1.4 Step 4 - Evaluate Impacts and Document Results

Several sources of information were examined including EPA’s RBLC RACT/BACT/LAER Clearinghouse,
state agency databases, vendor data, and published literature to identify the most effective SO; control
technologies, most stringent emissions limitations to compare against current SO; controls that have been
or proposed to be implemented at the Woods Cross Refinery. Table 5-1 presents a summary of select
BACT determinations for SO for process heaters and boilers. All units listed in Table 5-1 are fired on
refinery gas.

Table 5-1 BACT Determinations for SO, for Process Heaters and Boilers

Facility Permit Date Size H2S Limit Control
(MMBtu/hr) (Ib/MMBtu)
Lima Refining 12/23/2013 Crude 60 ppmv (365-day | Refinery fuel gas
Company distillation rolling average) sulfur removal
unit II
Sinclair Wyoming 10/15/2012 50,233 -- Follow Ja Fuel Gas
Refining Company H;S limits (162 ppm

in RFG, 3-hour basis
and 60 ppm in RFG,
365-day rolling

average)
ConocoPhillips 11/19/2008 Crude 34 ppmv H;S (rolling | Fuel gas cleanup-
Company heater, No1l 365-day average) chemical
Billings Refinery, & No2H; | 162 ppmv HzS 3-hour | absorption/amine
Montana Heater rolling avg. during | system

startup/shutdown

Valero Refining - 11/17/2009 24,52, 83, - Use of pipeline
New Orleans LLC 86, 100, quality natural gas
St. Charles 135,336 or refinery fuel
Refinery gases with an H,S

concentration less
than 100 ppmv

(annual average)

As seen from Table 5-1, the only method indicated to control SO; emissions in process heaters and boilers
is to limit the sulfur content in the gaseous fuel. HollyFrontier employs an amine treatment unit which
uses methyl diethanolamine (MDEA) to remove H:S out of plant fuel gas to a level of 60 ppm or less on an
annual basis.

5.1.4.1 Energy, Environmental, and Economic Impacts

There are no anticipated energy or environmental impacts associated with top control option which is the
treatment of the refinery fuel gas to limit the sulfur content of the fuel.

5.1.5 Selection of BACM

BACT for SO; is a refinery-wide permit limit on the sulfur content on the refinery gas system, including

both short-term and long-term H2S limits and the use of pipeline quality natural gas to supplement the
refinery gas when needed.
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The most stringent emission limit identified is at the Hyperion Energy Center which has a maximum
refinery gas sulfur level of 35 ppmv, based on an hourly rolling 24-hour average, excluding periods of
startup, shutdown, and malfunction. The Hyperion Energy Center is comprised of an Integrated
Gasification Combined Cycle (IGCC) Power Plant with a petroleum refinery. A second facility, the Billings
Refinery in Montana lists a H2S limit of 34 ppmv based on a rolling 365-day average using a chemical
absorption/amine system. Although this limit is more stringent than HollyFrontier’s 60 ppmv limit based
on a 365-day average, HollyFrontier utilizes an amine treatment system to limit sulfur content.

Thus, BACT has been determined to limit the sulfur content on the refinery gas to meet the limit of 60
ppmv on a 365 day basis and 162 ppmv based on a three-hour rolling average. The HzS fuel content of the
refinery gas is verified through a continuous emission monitor. These limits meet the applicable NSPS
Subpart Ja and AO requirements.

The cost of installing and operating CEMS on each heater and boiler was examined. The estimated
equipment cost including a shelter and a SO, CEMS with affiliated equipment plus installation is over
$201,600 per system. Total annual operating costs were estimated to be approximately $72,820. See
Appendix B for a detailed cost analysis. Based on PTE emissions from the process heaters, the average
cost-per-ton to monitor for SO, with a CEMS is over $1.6 million dollars.

The proposed BACM controls, SO, emission limits, and compliance monitoring methods conducted for
HollyFrontier the process heaters and boilers are summarized in Table 5-2.

Table 5-2 Proposed BACM Controls, SO, Emission Limits, and Monitoring Methods for
Process Heaters and Boilers

Pollutant Units Control Technology Emission Limit Monitoring

SO 4H1, 6H1, 6H2, 6H3, | Sulfur content onthe | H2S content of 60 ppmvona | CEMS located
7H1, 7H3,8H2, 9H1, | refinery gas 365 consecutive operating at plant fuel
9H2, 10H1, 10HZ, Pipeline quality day average. gas mix
11H1,12H1, 13H1, | natural gas H2S content to 162 ppmv ona | qrym/header
19H1, 20H2, 20H3, | (supplemental) as 3-hour rolling average basis.
23H1, 24H1, 25H1, | needed
27H1,30H1, 30H2,
33H1, 68H2, 68H3,
68H4, 68H5, 68H6,
68H7, 68H10,
68H11, 68H12,
68H13, Boilers #4,
#5, #8, #9, #10, #11
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5.2 Flares

SO; emissions from flares result primarily from the combustion of sulfur-containing gases vented from
the refinery processes. A minor contributor to SOz emissions from the flares is the natural gas combustion
of the pilot flame.

5.2.1 Step 1 - Identify all Existing and Potential Emission Control Technologies

The following control technologies were identified to control SO; emissions from flares:

» Maintain flared gas parameters (e.g. heat content, composition, velocity) to allow for good
combustion,

Meet the requirements of 40 CFR 60.18 and 40 CFR Part 60 Subpart Ja,

Proper design including know-out pot and seal drum and monitor for continuous presence of
flame,

Good combustion, operating, and maintenance practices,

Limit sulfur content of feedstock and fuels,

Root cause analysis, and

Flare gas recovery.

Y

Y

YVVVY

5.2.1.1 Maintain Flare Gas Parameters

The key parameters to be maintained to assure proper gas flow through the system and appropriate
conditions for thermal destruction of combustible pollutants include flame presence, exit gas velocity,
temperatures at flare inlet and outlet and combustion zone, pressure and pressure differentials of system
components, and liquid levels in water seals and knockout drum.

5.2.1.2 Meet the Requirements of 40 CFR 60.18

If a flare is used as the control device, it has to meet the specifications described in the general control
device requirements (Sec. 60.18). This includes that flares be designed and operated with no visible
emissions except for periods not to exceed a total of 5 minutes during any 2 consecutive hours, that a
flame is present at all times, that either the heat content specifications and the maximum tip velocity
specifications are met, to name a few of the requirements.

5.2.1.3 Proper Design
Flare design depends on the sources of the gas being vented into the flare heater and such gas

characteristics as flowrate, composition, and temperature, the available gas pressure and utility costs.
Safety, regulatory, and environmental requirements are considered as well.

5.2.1.4 Good Combustion, Operating, and Maintenance Practices

Good combustion and operating practices are a potential control option for improving combustion
efficiency of the flare. Good combustion practices include proper operation, maintenance, and tune-up of
the flare per manufacturer’s specifications.
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5.2.1.5 Limit Sulfur Content of Feedstock and Fuels

HollyFrontier processes sweeter crudes, those lower in sulfur content, than sour crudes which are
pumped from wells in Mexico and Saudi Arabia, for example. Crudes, such as black and yellow wax crudes,
are inherently low in sulfur, around 900 ppm. Western Canadian Select which is also processed by
HollyFrontier has a sulfur content of 34,000 ppm.

Pipeline quality natural gas has very low sulfur content (approximately 4 ppmv) generally in the form of
mercaptans used for odorization. The gas may also contain trace quantities of reduced sulfur compounds
(a few grains/100 scf). SO emissions from natural gas-fired equipment are generally considered the
lowest practically achievable for that fuel and do not require additional control equipment.

Refinery fuel gas has a higher sulfur content than the natural gas purchased from a pipeline. HollyFrontier
operates an amine scrubbing system to produce refinery gas with less than 60 ppmv Hz2S on an annual
average basis (40 CFR 60, Subpart Ja). On a short-term basis, variability in the operation of the amine
scrubbing system may result in spikes in the sulfur concentration of the lean gas produced (e.g., as much
as 162 ppmv sulfur on a 3-hour average basis).

5.2.1.6 Root Cause Analysis

Developing and implementing procedures for conducting a root cause analyses (RCA) following process
upsets and malfunctions that produce flare gas in excess of a designated volumetric flow rate threshold is
an effective option for minimizing flaring during these events. Performing a RCA involves a specific
evaluation of each flaring incident caused by process upset or malfunction, including the identification of

the causes of flaring, assessment of measures to eliminate or reduce future flaring from the same cause,
and implementation of any feasible measures identified.

5.2.1.7 Flare Gas Recovery System
Flaring can be reduced by installation of commercially available recovery systems. A flare gas recovery

system is a system comprised of compressors, pumps, heat exchangers, knock-out pots and water seals,
installed to prevent or minimize the combustion of vent gas in a flare.

5.2.2 Step 2 - Eliminate Technically Infeasible Options

The control technologies identified above have been determined to be technically feasible.
5.2.3 Step 3 - Evaluate Control Effectiveness of Remaining Control Technologies
The top ranking control option is the installation of a flare gas recovery system. Flare gas recovery systems

are achieved in practice. The second highest ranking control option includes proper equipment design
and work practices, good combustion practices, and limiting of sulfur content of feedstock and fuels.

5.2.4 Step 4 - Evaluate Impacts and Document Results
HollyFrontier will install a flare gas recovery system to recover vent gas which is the highest ranked

control option. Since this is the highest ranked control option, energy, environmental and costs analyses
are not required.
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Proper equipment design and work practices include minimizing exit velocity and the quantity of gases
combusted and ensuring adequate heat value of combusted gases. Because the flares are located at a
petroleum refinery, the flare must comply with the requirements and limitations presented in 40 CFR Part
60 Subpart Ja and the design and work practice requirements of 40 CFR 60.18.

Flare management plans have been developed for both the north and south flare. These plans contain
procedures to minimize or eliminate discharges to the flare during startups and shutdowns. To verify that
the procedures are followed, records are maintained. A RCA is initiated for each event resulting in
emissions of SO; greater than 500 pounds in any 24-hour period or a discharge to the flare in excess of
500,000 standard cubic feet above the baseline in any 24-hour period and corrective action is
implemented for reportable flaring incidents.

The amount of H;S is limited in the refinery fuel gas to 162 ppm for continuous, intermittent, routinely-
generated refinery fuel gases and this limit is continuously monitored or intermittently monitored under
an EPA approved alternative monitoring system.

Emissions from the HollyFrontier Woods Cross Refinery flares under normal operation will consist only
of the emissions from the combustion of natural gas in the flare pilot flames and a small amount of purge
gas that is circulated through the flare system for safety reasons (i.e., to prevent air from entering the flare
lines).

5.2.4.1 Energy, Environmental, and Economic Impacts

Since HollyFrontier has chosen the highest ranked control option, flare gas recovery, energy,
environmental and costs analyses are not required.

5.2.5 Step 5 - Selection of BACM

Holly is proposing the following design elements and work practices as BACM for the flares:

v

Use of low sulfur fuel such as natural gas as fuel for pilot flame;

Maintaining an acceptable net heating value and exit velocity of flared gases under all flow
conditions in accordance with manufacturer specifications;

Use of a thermocouple to monitor presence of the pilot flame;

Implementation of good combustion, operating, and maintenance practices;

Implementation of flare management plan;

Conduct of Root Cause Analyses;

Flare operation in accordance to 40 CFR Part 60, Ja and design and work practice standards as
codified in 40 CFR Part 60.18; and,

» Installation of flare gas recovery system.

v

VVVVYV

No other measures were identified as more stringent measures for the flares at the Woods Cross Refinery.
The flare design includes steam assisted combustion. The flares will be equipped with a flare gas recovery
system for non-emergency releases, and a continuous pilot light. Pilot and sweep fuel will be natural gas
or treated refinery gas.

The north and south flares are equipped with flow meters and gas combustion monitors. H2S and SO;
CEMS are also installed on each flare. Records of discharges greater than 500 1b SOz in 24-hour period and
in excess 0of 500,000 scfabove baseline in 24-hour period would cause a root cause analysis to be prepared
and corrective action taken.

04171725 5-7 MSI Trinity




The proposed BACM controls, SO; emission limits, and monitoring methods conducted for HollyFrontier
the flares are summarized in Table 5-3.

Table 5-3 Proposed BACM Controls, SO, Emission Limits, and Monitoring Methods for Flares

Pollutant | Unit Control Technology Emission Limit Monitoring
Methods
SO2 66 Flare gas recovery system 500 Ib SO in 24-hour period | Flow meters,
Low sulfur fuel, GCP 500,000 scf above baseline in | gas combustion
Flare management plan 24-hr period monitors, and
H,S and SO, CEMS
04171725 5-8 MSI Trinity




5.3 Sulfur Recovery Plant

Hydrogen sulfide that has been removed in the Amine Treatment Unit (Unit 16) is processed in a Claus
SRU to convert the H2S to elemental sulfur which is sold commerecially. H2S rich gases from the Sour Water
Stripping Unit (SWS) (Unit 18) go to Unit 22, the ammonia stripper. Unit 22 removes ammonia and results
in a feed to the SRU that produces higher recovery than would occur of the ammonia were left in the gas.
The SO; and remaining HS are sent to catalytic reactors where additional sulfur is recovered. Any
unconverted H,S and SO are sent to the SRU Tailgas Incinerator (17-1) where purchased natural gas is
used to burn any remaining H,S. It should be noted, however, that in October 2016, the effluent from the
SRU Tailgas Incinerator is redirected to a Belco wet gas scrubber (Unit 4 or Unit 25). The SRU does not
operate if the wet gas scrubber is not operational. The recovered elemental sulfur is stored in a sulfur pit
as a liquid until sold. Liquid sulfur is pumped from the pit and loaded into trucks for shipment off-site.

5.3.1 Step 1 - Identify all Existing and Potential Emission Control Technologies

Control options for SOz emissions include equipment configuration as well as proprietary adaptations of
the Claus SRU technology.

Equipment configurations are control options. Equipment configurations include:

Claus SRU without tail gas treatment unit (TGTU),
Claus SRU without incinerator,

Claus SRU with TGTU but without incinerator,
Claus SRU with TGTU and with incinerator, and
Claus SRU with TGTU and wet scrubbing.

VVVVYyVv

In any of the configurations above (i.e. Claus SRU without TGTU), a Claus unit can be replaced with a
different number of Claus units. For example, a three-stage Claus unit can be replaced with two-stage
Claus unit. Also, the TGTU could be replaced with multiple TGTUs.

Other alternatives, which include a number of proprietary adaptations of the Claus SRU technology, were
identified. These adaptations generally operate by extending the Claus reaction to improve the
thermodynamically achievable sulfur conversion efficiency. The propriety adaptations identified include:

the Superclaus process,

the Euroclaus process,

the Mobil Oil Direct Oxidation process,

the COPE, Oxyclaus, and SURE processes,

the Selectox process,

the Sulfreen process,

the Maxisulf, CBA, Clinsulf, and MCRC processes,

the Wellman-Lord, CANSOLV, and CLINTOX processes,

the Stretford, Z-SORB, LO-CAT, and CrystaSulfliquid-phase oxidation reduction technologies, and,
the Shell Claus Offgas Treating (SCOT) process.

VNVNNYNYN VYN VN

5.3.1.1 Superclaus Process
The Superclaus process is a conventional Claus process with a propriety catalyst replacing the

conventional, activated alumina Claus catalyst in the final catalytic reactor stage. The proprietary catalyst
in the Superclaus process oxidizes H2S to form elemental sulfur and water.
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5.3.1.2 Euroclaus Process

The Euroclaus process is an enhancement of the Superclaus process with a hydrogenation reactor
inserted upstream of the final catalytic reactor stage. This hydrogenation reactor reduces SO
concentration in the final reactor stage.

5.3.1.3 Mobil Oil Direct Oxidation Process

The Mobil Oil Direct Oxidation Process also involves a hydrogenation reactor and a catalytic direct
oxidation reactor added to the back end of a Claus SRU.

5.3.1.4 COPE, OxyClaus, and SURE Processes

Oxygen enrichment is used in order to improve temperature control in the first-stage thermal reactor in
several proprietary adaptations of the Claus process. These include the COPE, OxyClaus, and SURE
processes. The typical SRU reaches its ultimate capacity when maximum allowable front-end pressure
prevents further increase in feed rate. The front-end pressure of an SRU is usually limited by either
process seal leg depth, combustion air blower discharge pressure or the operating pressure of an
upstream amine unit regenerator. Oxygen enrichment reduces process flow rate by reducing the quantity
of nitrogen that enters with the combustion air. This reduction in process flow rate allows a corresponding
increase in SRU feed rate.

5.3.1.5 Selectox

The Selectox process is similar to the conventional Claus process but has a catalytic oxidizer in place of
the first-stage thermal reactor.

5.3.1.6 Sulfreen

The Sulfreen process utilizes a conventional Claus process with an additional Claus-type reactor after the
final sulfur condenser. This additional reactor operates at a temperature below the sulfur dew point and
adsorbs the sulfur on the Claus catalyst. Each of the two beds in the additional reactor is cycled between
adsorption and regeneration. During the regeneration cycle, the hot gases are produced in an integral
heater and, after desorbing the sulfur from the catalyst, are passed through an integral condenser.

5.3.1.7 Maxisulf, CBA, Clinsulf, and MCRC Processes

The Maxisulf, CBA, Clinsulf, and MCRC processes are similar to the Sulfreen process but without the
integral heater and the recycle function in the sub-dew point part of the process.

5.3.1.8 Wellman-Lord, CANSOLYV, and CLINTOX Processes

The Wellman-Lord, CANSOLV, and CLINTOX process are essentially wet scrubbers in which proprietary
solvents are used for SO, removal. All of these technologies require an upstream combustion device in
order to convert reduced sulfur compounds to SO;. Also, any of these technologies can be used with or
without SRU’s upstream of the combustion device. When used in conjunction with an upstream Claus
SRU, these technologies allow the SO to be stripped from the solvent and returned to the front end of the
SRU.
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5.3.1.9 Stretford, Z-SORB, LO-CAT, and CrystaSulf Liquid-Phase Oxidation Reduction
Technologies

Stretford, Z-SORB, LO-CAT, and CrystaSulf are proprietary liquid-phase oxidation-reduction technologies
providing indirect oxidation of H2S to form elemental sulfur and water. The Stretford process uses a
vanadium-based chelating agent, the Z-SORB process uses a zinc-based chelating agent, and the LO-CAT
and CrystaSulf technologies use proprietary, iron-based chelating agents.

5.3.1.10 Shell Claus Offgas Treating (SCOT) Process

The SCOT process removes sulfur from Claus SRU vent streams and is the basis for the TGTU.

5.3.2 Step 2 - Eliminate Technically Infeasible Options

Several of the identified proprietary technologies, Wellman-Lord CANSOLV, CLINTOX, LO-CAT, and
CrystaSulf control strategies are considered technology infeasible because, based on available literature,
they have not been demonstrated to function efficiently in removing sulfur from acid gas streams from
refinery sour water strippers and amine regeneration units.

Any control strategy involving a combustion device to burn the acid gases to control SO; emissions is a
technically infeasible control option because it would not meet the NSPS requirements set forth in 40 CFR
60, Subpart Ja.

Using a conventional Claus SRU without a TGTU, either with or without an incinerator, also is technically
infeasible as a control option because it would not meet the NSPS requirements set forth in 40 CFR 60,
Subpart Ja. The same applies to a Claus SRU that is replaced with any of the Claus adaptations that use
oxygen enrichment (COPE, OxyClaus, and SURE) or the Superclaus, Euroclaus, Mobil Oil Direct Oxidation,
Selectox, Sulfreen, Maxisulf, CAB, Clinsulf or MCRC processes.

5.3.3 Step 3 - Evaluate Control Effectiveness of Remaining Control Technologies

The SRU at the Woods Cross Refinery is comprised of a three-stage Claus SRU followed by tailgas
incinerator and a wet scrubber. This control option will achieve an overall sulfur recovery efficiency of
99.8 percent.

Several other alternative control strategies similar to the one utilized by HollyFrontier were identified
that would achieve similar control efficiencies. These include:

> any number of SRU’s in parallel, followed by any number of TGTU’s in parallel,

> one three-stage Claus SRU followed by any number of parallel TGTU’s and a downstream
incinerator,

> three, three-stage Claus SRU'’s followed by any number of parallel TGTU’s and a downstream
incinerator.

5.3.4 Step 4 - Evaluate Impacts and Document Results

Each of the control options would allow sulfur to be emitted to the atmosphere at a rate that is the same
as the control option proposed by HollyFrontier. The Claus SRU employs a three-stage reactor train to
convert feed sulfur, in the form of H:S, into elemental sulfur. The system is operated sub-
stoichiometrically with air such that only one third of the HzS is oxidized to SO2. This oxidation reaction
occurs primarily in the first reactor.
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The second reaction begins in the first reactor and continues in the two catalytic reactors. Each of the
three reactor states is followed by a condenser that cools, condenses, and removes the elemental sulfur.

In addition to the two primary chemical reactions described above, secondary reactions also occur due to
impurities in the system. Hydrocarbons in the acid gas streams entering the thermal reactor are partially
oxidized to form carbon dioxide and water. Carbon dioxide and unreacted hydrocarbons react with sulfur
to form carbonyl sulfide (COS) and carbon disulfide (CSz). These carbon-sulfur compounds may be
partially hydrolyzed in the first catalytic reactor to form H,S but mainly flow unreacted through the SRU.

Because the Claus process, from the third condenser of the Woods Cross Claus SRU, the resuiting SRU off
gas is routed to a tail gas incinerator and then to one of the wet gas scrubbers (4V82 FCC or 25 FCC
Scrubber).

The EPA’s RBLC database was reviewed to determine SO, control methods for SRU’s. The results of this
search are presented in Table 5-4.

Table 5-4 BACT Determinations for SO for Sulfur Recovery Units

Facility Permit Date SO, Concentration Limit Control

Lima Refining 12/23/2013 19.18 Ib/hr (12-hour average) Tail gas treatment unit

Company 250 ppmv dry basis 0% excess air | and tail gas incinerator

Diamond Shamrock 12/20/2013 | No limits listed SCOT technology and

Refining Company tail gas incinerators to

Valero McKee achieve 99.8% sulfur

Refinery recovery

BP Products, North 09/20/2013 250 ppmv dry basis 0% excess air, | SRU followed by tail

America Inc. 12-hour average gas incinerator. Meets
subpart ] requirements

Valero Refining, Texas | 08/19/2010 | 267.01b/hr Minimize TGCU down

LP, Corpus Christi time and operating rate

East Texas Refinery

Valero Refining, Texas | 03/29/2010 | 761.01b/hr Minimize TGCU down

LP, Corpus Christi time and operating rate

West Texas Refinery

Valero Refining - New | 11/17/2009 | 250 ppmvd 12-hour rolling Thermal oxidizers -

Orleans LLC St. average comply with Subpart ]

Charles Refinery requirements

Sunoco Company Inc. | 01/29/2008 | 9.881b/hr Tail gas treatment units

Toledo Refinery 250 ppmv dry basis 0% excess air | and SRU Incinerator for

rolling 12-hour average H,S

Navajo Refining 12/14/2007 | 192.0 ppmvd 12-hour rolling Tail gas incinerator

Company, LLC Arteria average @ 0% O:

Refinery

5.3.4.1 Energy, Environmental, and Economic Impact

Wet scrubbers generate waste in the form of a slurry. Typically, the slurry is treated to separate the solid
waste from the water. Once the water is removed, the remaining waste will be in the form of a solid which
can generally be landfilled. During normal operation, the use of a three-stage Claus SRU followed by the
tailgas incinerator and a wet scrubber is a top ranked technology and besides waste generation, no
adverse energy or economic impacts are anticipated.
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5.3.5 Step 5 - Selection of BACM

The existing equipment and control options chosen by HollyFrontier are widely used and have
demonstrated 99.8% sulfur recovery efficiency or better in the petroleum industry. The SO, BACM
emission limit is based on the use of a three-stage Claus SRU followed by tail gas incinerator and a wet
scrubber during normal operations. Amine scrubbing is used to reduce H.S emissions in the fuel gas at
HollyFrontier. The FCCU wet scrubbers (4V82 FCC Scrubber and 25FCC Scrubber) are equipped with
CEMS to measure SOz emissions. The SRU is not operated if the wet scrubbers are not operational.

The most stringent controls identified for a SRU > 10 LTPD is a three-stage Claus, amine-based tail gas
treating units with an expected control efficiency of 99.9% (10 ppmvd).

The proposed BACM controls, SOz emission limits, and monitoring methods conducted by HollyFrontier
for the SRU are summarized in Table 5-5.

Table 5-5 Proposed BACM Controls, SO, Emission Limits, and Monitoring Methods for SRU

Pollutant | Unit | Control Technology Emission Limit Monitoring
Methods

SO, 17 Three-stage Claus 95% sulfur recovery based on 30-day | Flow rate and H2S
followed by tail gas average except during startup, concentration in
incinerator and a wet shutdown, malfunction the feed
scrubber 0.05 tons per day (wet scrubbers) SO, CEMS

17.7 tons per year (wet scrubbers)
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5.4 FCCU

Depending on the feed sulfur content and FCCU design, sulfur emissions in the form of SOz and SO3 from
the regenerator can vary significantly. In the FCCU reactor, 70 to 95 percent of the incoming feed sulfur
is transferred to the acid gas and product side in the form of H2S. The remaining of the incoming feed
sulfur is attached to the coke where it is oxidized into sulfur oxides and emitted in the FCCU regenerator
flue gas.

5.4.1 Step 1 - Identify all Existing and Potential Emission Control Technologies

The following is a list of control technologies which were identified for controlling SO; emissions from the
FCCUs:

Control of sulfur in the FCCU feed

Feed hydrotreatment

Wet Gas Scrubbers

Wellman-Lord Flue Gas Desulfurization Process
DeSOx Additives

VVVVYV

5.4.1.1 Control of Sulfur in FCCU Feed

HollyFrontier processes sweeter crudes, those lower in sulfur content, than sour crudes which are
pumped from wells in Mexico and Saudi Arabia, for example. Crudes, such as black and yellow wax crudes,
are inherently low in sulfur, around 900 ppm. Western Canadian Select which is also processed by
HollyFrontier has a sulfur content of 34,000 ppm.

5.4.1.2 Feed Hydrotreatment

At HollyFrontier, the Unit 4 feedstock is hydrotreated in Unit 20, the gas oil hydrocracker (GHC). The GHC
unit desulfurizes gas oil to the FCCU which reduces sulfur in the unit products. In the feedstock
hydrotreatment process, the FCCU feedstock is treated over a metal catalyst in a hydrogen environment
before the cracking process. Depending on initial sulfur levels, flue gas emissions of SO; can be reduced
by up to 90 percent with the additional benefit of reductions in nitrogen compound and trace metal
emissions. The feed to Unit 25 is not hydrotreated but lower sulfur feed is used by this unit.

5.4.1.3 Wet Gas Scrubbers

Wet gas scrubbers are principally defined in Section 6.1.1.3. The water used in a wet gas scrubber is mixed
with an alkaline reagent to react with the SO to form sulfate and sulfite salts. These compounds are
captured as a wet solid in the filtering section of the wet gas scrubber. The SO2 removal efficiencies
typically range from 95 to 99.9%.

5.4.1.4 Wellman-Lord Flue Gas Desulfurization Process
In the Wellmann-Lord flue gas desulfurization process, flue gas enters the absorber and gas is scrubber
using an aqueous sodium sulfate solution. The scrubbed flue gas exits the absorber, passes through a set

of demisters and is discharged to the atmosphere. The SO, removal efficiency using this process is
between 85 to 98%.
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5.4.1.5 DeSOx Additives

DeSOx additives are typically metal oxide catalysts that are added to the regenerator to convert SO to
S0s. The metal oxide catalyst is introduced to the feed in the riser with the regenerated catalyst. The SO3
is adsorbed to a sulfate and then recycled back to the reactor with the FCCU catalyst where it is reduced
in the riser/reactor to H,S which is controlled by a refineries sulfur plant.

5.4.2 Step 2 - Eliminate Technically Infeasible Options

All options are technically feasible.

5.4.3 Step 3 - Evaluate Control Effectiveness of Remaining Control Technologies

The following lists the ranking of the remaining control options:

Wet Gas Scrubbers - 95-99.9%

Wellman-Lord Flue Gas Desulfurization Process - 85-98%
Feed hydrotreatment - <90%

DeSOx additives - 30%

Control of sulfur in the FCCU feed - Baseline

VVVVYy

5.4.4 Step 4 - Evaluate Impacts and Document Results

According to EPA’s RBLC, wet scrubbers have been successfully applied to several refinery FCCUs to
control emissions of SO2. Recent consent decrees will require several refineries to install wet gas
scrubbers to reduce SO; emissions. Several designs of wet scrubbers are available (plate or tray towers,
spray chambers, and venturi) and emission control levels for SO; between 95-99.9% have been achieved.

The Wellman-Lord Flue Gas Desulfurization process has been used successfully in Japan, Germany, and
the United States but no new units were identified that have been built in recent years.

DeSOy additives are added to a regenerator to reduce the SOy from the flue gas of the regenerator. This
catalyst converts SOz in the regenerator to SO3 and stabilizes it as a metal sulfate. This metal sulfate is
then introduced to the feed in the riser with the regenerated catalyst. The riser has a reducing atmosphere
as opposed to the oxidizing atmosphere in the regenerator. The metal sulfate is converted to H2S in the
riser/reactor and released with the products to the fractionator.

Although more than 70 refiners have successfully used DeSOx additives worldwide, there are a number
of operating variables that have been identified as having significant effects on the performance of SOy
reduction additives. Some of these include the presence of combustion promoters, the ratio of catalyst
circulation rate to unit catalyst inventory, temperature, availability of oxygen in the regenerator, feed
sulfur content, and SOx concentration. Various scientific studies have shown that the fraction of sulfur in
the feed has a direct impact on the coke sulfur content deposited on spent catalyst and, thus, on SOy
emissions. Since the sulfur content of the proposed feed is low and the amount of SO control that can be
achieved by using DeSOx additives is significantly less than the top ranking option, DeSOx additives are
eliminated from further consideration.

Table 5-6 presents a summary of BACT determinations for SO; from FCCU units.
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Table 5-6 BACT Determinations for SO, for FCCU

Facility Permit Date Emission Limit Control
Krotz Springs 04/26/2012 25 ppmvd@0% 02 365-day rolling average None listed
Refinery

Valero Delaware | 02/26/2010 25 ppmvd@0% 02 365-day rolling average | Wet gas scrubber
City Refinery

Valero Three 04/05/2007 25 ppmvd@0% O, 365-day rolling average | Wet gas scrubber
Rivers Refinery

Valero Texas City | 04/03/2007 25 ppmvd@0% 02 365-day rolling average Wet gas scrubber
Refinery

Map Texas City 03/28/2007 20 ppmvd@0% 02 365-day rolling average Wet gas scrubber
Plant

ExxonMobil 03/23/2007 25 ppmvd@0% 02 365-day rolling average Low sulfur feed
Torrance Refinery
Chevron El 03/30/2007 25 ppmvd@0% O 365-day rolling average Low sulfur feed
Segundo Refinery

ConocoPhillips 02/09/2007 25 ppmvd@0% O2 365-day rolling average Wet gas scrubber
Ponca City
Refinery

Valero St. Charles | 02/08/2007 25 ppmvd@0% O2 365-day rolling average Wet gas scrubber
Refinery

5.4.4.1 Energy, Environmental, and Economic Impacts

Wet scrubbers generate waste in the form of a slurry. Typically, the slurry is treated to separate the solid
waste from the water. Once the water is removed, the remaining waste will be in the form of a solid which
can generally be landfilled. There are no other anticipated environmental, energy, or economic impacts
associated with the use of the highest ranking control technology.

5.4.5 Step 5 - Selection of BACM

The top control option, wet gas scrubbers with a control efficiencies of up to 99% is utilized by
HollyFrontier to reduce SO, emissions from the FCCU’s (Unit 4 and 25) and is considered BACM.

No more stringent control technologies were identified to reduce SO, emissions from an FCCU. Marathon
Ashland Petroleum Texas City list a 20 ppmvd @ 0% O based on 365-day rolling average and a 7-day
average of 50 ppmvd @0% O; emission rates based on control by a wet gas scrubber.

The proposed BACM controls, SO; emission limits, and monitoring methods conducted for the FCCU’s at
HollyFrontier are summarized in Table 5-7.

Table 5-7 Proposed BACM Controls, SO, Emission Limits, and Monitoring Methods for FCCU

Pollutant | Unit | Control Technology Emission Limit Monitoring
Method
SO2 4,25 | Wet Scrubbers <25 ppmvd at 0% Oz based on a 365-day | SO, CEMS
rolling average
<50 ppmvd at 0% O based on a 7-day
rolling average
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5.5 Emergency Diesel Engines

As presented above, diesel emergency equipment at the Woods Cross refinery consists of a 135 kW
portable diesel generator at the East Tank Farm, 224 HP diesel powered water well No. 3, 393 HP fire
pump No. 1, 393 HP fire pump No. 2, 180 HP diesel fire pump, three 220 HP diesel-powered plant air
backup compressors, 470 HP diesel standby generator at the Boiler House, 380 HP diesel standby
generator at the Central Control Room, and a 540 HP diesel standby generator.

Sulfur dioxide emissions occur from the reaction of various elements in the diesel fuel. Sulfur in diesel
fuel oxidizes during combustion to SOz and sulfur trioxide (SO3). In the presence of water vapor, these
hydrolyze to H,SO4.

5.5.1 Step 1 - Identify all Existing and Potential Emission Control Technologies
Only one control option was found to reduce SO; emissions from the proposed CI combustion engines
which is the use of low-sulfur diesel fuel.

5.5.2 Step 2 - Eliminate Technically Infeasible Options

The control option identified in Step 1 is technically feasible.

5.5.3 Step 3 - Evaluate Control Effectiveness of Remaining Control Technologies

The use of ultra-low sulfur diesel fuel containing no more than 15 parts per million by weight of sulfur is
the only feasible SO; control technology for the emergency diesel combustion engines.

5.5.4 Step 4 - Evaluate Impacts and Document Results

Based on the emission standards of 40 CFR Part 60, Subpart I1I], the minimum standards that would meet

BACT requirements for SOz emissions from IC engines at the Woods Cross Refinery include a maximum
sulfur content of 15 ppmw or 0.0015 percent by weight.

5.5.4.1 Energy, Environmental, or Economic Impacts

There are no anticipated energy, environmental or economic impacts associated with the use of ultra-low
sulfur diese] fuel.

5.5.5 Step 5 - Select BACT

The emergency generators at the Woods Cross Refinery will burn only ultra-low-sulfur diesel fuel with a
maximum sulfur content of 15 ppmw and limited hours of operation. No more stringent control
technologies were identified for control of SO, from emergency diesel generators.

BACM for SO, emissions from the emergency diesel generators and fire pumps is the use of ultra-low-
sulfur diesel fuel, limited operating hours, the work practice requirements to adhere to GCP, and the best
practice of performing periodic maintenance. These control strategies are technically feasible and will not
cause any adverse energy, environmental, or economic impacts.
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Maintenance is performed on the engines in accordance with manufacturer specifications. For those
engines subject to Subpart ZZZZ, oil is changed and hoses/belts inspected every 500 hours or annually.

The proposed BACM, emission limitations, and monitoring methods for SO for the emergency diesel
engines are presented in Table 5-8.

Table 5-8 Proposed BACM Controls, Emission Limitation, and Monitoring Methods for SO,
for the Emergency Diesel Engines

Pollutant Units Control Technology Emission Limit Monitoring Methods
All emer. 600 hours total rolling 12-
Engines month period
except . Non-resettable hour meter

SO ETF gen. Ultra-low-sulfur diesel Sulfur content £0.0015%
ETF fuel 1100 hours per rolling 12- | by weight
portable month period
generator
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5.6 Emergency Natural Gas-Fired Generators

S0 is generated during the combustion process from the thermal oxidation of the sulfur contained in the
fuel.

5.6.1 Step 1 - Identify all Existing and Potential Emission Control Technologies

Only one control technology was identified to reduce SO; emissions and this is through the use of low
sulfur fuels.

5.6.2 Step 2 - Eliminate Technically Infeasible Options

The above listed control technology is technically feasible.

5.6.3 Step 3 - Evaluate Control Effectiveness of Remaining Control Technologies

The use of low sulfur fuels is the highest ranking control technology for SI IC engines.
5.6.4 Step 4 - Evaluate Impacts and Document Results

The amount of sulfur in natural gas is regulated per 40 CFR 72.2. Pipeline-quality natural gas contains 0.5
grains or less of total sulfur per 100 standard cubic feet. Thus, natural gas is a low sulfur content fuel.

5.6.4.1 Energy, Environmental, or Economic Impacts

There are no environmental, energy or economic impacts that would preclude the use of natural gas in
these engines.

5.6.5 Step 5- Select BACT

BACT for SO; emissions for the SI IC engines at HollyFrontier is the use of natural gas and limiting hours
of operation. No more stringent control technologies to reduce SOz emissions from natural-gas fired lean
burn engines was identified. Maintenance is performed on the engines in accordance with manufacturer
specifications.

The proposed BACM, emission limitations, and monitoring methods for SO from the emergency natural
gas-fired engines are presented in Table 5-9.

Table 5-9 Proposed BACM Controls, Emission Limitations, and Monitoring Methods for SO,
for Natural Gas-Fired Emergency Engines

Pollutant Units Control Technology Emission Limitations Monitoring
SO; Nat. gas fired | Low sulfur fuels such as 600 hours total rolling Non-resettable hour
emergency natural gas 12-month period for all meter
engines emergency engines
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6.0 BEST AVAILABLE CONTROL MEASURE DETERMINATION ANALYSIS FOR
PM2.s

BACM'’s were evaluated for PM2s emissions for certain emission units in operation or proposed at the
Woods Cross Refinery. These emission units include: process heaters, boilers, flares, cooling towers, SRU,
FCCU, and emergency diesel and natural-gas fired engines.

6.1 Process Heaters and Boilers

PM;s is particulate matter 2.5 microns or smaller. Particulate matter emissions from process heaters and
boilers with properly designed and tuned burners are inherently low when gaseous fuels are used.
Filterable particulate matter in gas-fired sources that are properly tuned originates from the dust in the
inlet air and metal erosion within the sources (e.g., tubes, combustion surfaces, etc.). Sources that are not
properly tuned may also produce filterable particulate matter as a result of incomplete combustion of fuel
hydrocarbons that agglomerate to form soot particles. These particles pass through the firebox and are
emitted in the exhaust gas. Condensable particulate matter can also result from oxidation of fuel sulfur (to
sulfur trioxide) and from incomplete combustion of hydrocarbons in the fuel.

6.1.1 Step 1 - Identify all Existing and Potential Emission Control Technologies

The following is a list of control technologies identified for controlling PM 5 emissions:

good combustion practice;

use of low sulfur gaseous fuels;
proper design and operation;
wet gas scrubber;

electrostatic precipitator (ESP);
cyclone; and

baghouse/fabric filters.

YN YV VY VYN

6.1.1.1 Good Combustion Practices

By maintaining the heaters in good working order per manufacturer specifications with low sulfur
gaseous fuels, emissions of PM; s are reduced. Proper combustor design and operation to achieve good
combustion efficiency in heaters and boilers will minimize the generation of filterable particulate matter,
CO and VOC’s. Good combustion efficiency relies on both hardware design and operating procedures. A
firebox design that provides proper residence time, temperature, and combustion zone turbulence in
combination with proper control of the air-to-fuel ratio, are essential elements of good combustion
control.

6.1.1.2 Gaseous Fuel Specifications

A form of particulate matter control from combustion sources is the use of a specified gaseous fuel (e.g.,
natural gas). Whereas solid fuel (e.g., coal) produces a larger amount of particulate matter, gaseous fuels
are considered “clean” with respect to generation of particulate matter emissions. Natural gas is processed
to meet certain specifications such that the key combustion parameters (i.e., heating value, sulfur content,
percent methane) are relatively consistent throughout the country.
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Refinery fuel gas is a byproduct of refining operations that is processed and utilized on-site. As a result,
refinery fuel does not meet pipeline natural gas composition specifications. With proper burner design
and operation, refinery fuel gas-fired sources can achieve PM2s emission levels that approach those of
natural gas.

6.1.1.3 Wet Gas Scrubber

A wet gas scrubber is an air pollution control device that removes PM2 s and acid gases from waste streams
from stationary point sources. PM2s and acid gases are primarily removed through the impaction,
diffusion, interception and/or absorption of the pollutant onto droplets of liquid. Wet scrubbers are
particularly useful in removing PM2 s with the following characteristics:

Sticky and/or hygroscopic materials;
Combustible, corrosive or explosive materials;
Particles that are difficult to remove in dry form;
PM; s in the presence of soluble gases; and

PM; ;s in gas stream with high moisture content.

VVVVYYVY

6.1.1.4 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 plates, they are removed by
knocking them loose from the plates, allowing the collected layer of particles to fall down into a hopper.
Some precipitators remove the particles by washing with water. ESP’s are used to capture coarse particles
at high concentrations. Small particles at low concentrations are not effectively collected by an ESP.

6.1.1.5 Cyclone

A cyclone operates on the principle of centrifugal separation. The exhaust enters the top and spirals
around towards the bottom. As the particles proceed downward, the heavier material hits the outside
wall and drops to the bottom where it is collected. The cleaned gas escapes through an inner tube.

6.1.1.6 Baghouse

A baghouse removes particulate from an exhaust stream by passing the gas through a fabric filter bags
that are periodically cleaned using any of a number of techniques such as high-pressure reverse flow air
pulses, high intensity sonic horns and shaking. A baghouse is generally capable of achieving the lowest
particulate emission rates of any type of add-on particulate control device.

6.1.2 Step 2 - Eliminate Technically Infeasible Options

In a wet scrubber, the flue gas is introduced into a chamber filled with packing material that provides a
large surface area for liquid-particle contact. Scrubbing liquid is evenly introduced above the packing and
flows down through the bed. The liquid coats the packing and establishes a thin film. The particulate in
the flue gas is extracted when it impacts the thin film of the scrubbing liquid. The spent scrubbing liquid
must be treated and disposed of.
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The flue gas follows a path around the packing material and the inertia of the entrained particulate causes
the particles to fall 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, wet scrubbers
are not a suitable control technology for application to gas fired refinery heaters and is eliminated based
on technical infeasibility.

ESPs rely on the ability of a particle to acquire an electrical charge. Once charged, the particles migrate
from the flue gas to oppositely charged plates where they deposit. The deposits are removed by “rapping”
the plates and they settle by gravity to collection hoppers. The organic nature of the ultra-fine particulates
generated by gaseous fuel combustion is such that acquiring the necessary electrical charge is difficult.
ESPs also rely on gravity settling of the collected particulates. The fine particles produced 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, ESPs are not used for particulate
control for combustion devices burning natural/refinery gas and are eliminated based on technical
infeasibility.

Cyclones use inertia to remove particles from the gas stream. The cyclone imparts centrifugal force on the
gas stream, usually within a conical shaped chamber. Particles in the gas stream are forced toward the
cyclone walls by the centrifugal force of the spinning gas. The collected particulate must be treated and
disposed of as appropriate. The centrifugal force on the small particles resulting from gaseous fuel
combustion is insufficient to separate them from the gas stream; the particulate follows the gas stream
through the cyclone. Therefore, cyclones are not a suitable control technology for application to refinery
heaters and were eliminated based on technical infeasibility.

The use of baghouses for post-combustion controls is common on residual oil and coal-fired combustion
units that require significant particulate matter reduction, and which typically have much higher
particulate loading, solid particle sulfur content, and larger sized particles. Baghouses have not been used
for particulate control for combustion devices burning gaseous fuels such as natural gas or refinery fuel
gas.

Particulate matter emissions are made up of two fractions: filterable and condensable. Due to the
relatively high proportion of condensable particulate matter emissions (approximately 72% condensable
according to AP-42), the majority of combustion particulate matter will not be collected by a fabric filter
treating the flue gas. Also, due to the low particulate concentration, a cake will be slow to form resulting
in poor collection efficiency.

Fabric filters rely on the build-up of a filter cake to act as a filtering medium for collection of particulate
matter. Periodically, this filter cake is removed, and filtration efficiency declines until a filtering cake can
be re-established. The ultra-fine size of particulate emissions from firing of gaseous fuels is such that no
cake could be established in a fabric filter. Instead, the very fine particles would be expected to either pass
through the bags uncontrolled, or they would “blind” filter bags fairly quickly, resulting in unacceptable
pressure drops and requiring frequent bag replacement. Thus, baghouses are not technically feasible for
control of PMz s from refinery-gas fired process heaters.

6.1.3 Step 3 - Evaluate Control Effectiveness of Remaining Control Technologies

PM:s emissions from properly designed and controlled natural gas-fired equipment are generally
considered the lowest achievable.
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Combustion of refinery fuel gas will result in slightly higher PM2s emissions than combustion with
pipeline-quality natural gas because of the higher molecular weight hydrocarbons (propane and butane)
and the presence of sulfur compounds. The presence of higher molecular weight hydrocarbons in refinery
fuel gas makes it more difficult to properly tune the burner to minimize the formation of particulates. The
higher level of sulfur compounds in refinery fuel gas results in production of more S0z, a compound that
contributes to condensable particulate matter emissions.

The next most effective technically feasible PM control option is the use of good combustion practices in
combination with use of low sulfur gaseous fuel.

6.1.4 Step 4 - Evaluate Impacts and Document Results

The concept of applying combustion controls and appropriate furnace design or “proper combustion” to
minimize PM, s emissions include adequate fuel residence time, proper fuel-air mixing, and temperature
control to ensure the maximum amount of fuel is combusted. Optimization of these factors for PM;;s
control can result in an increase in the NOy emissions. Heater and boiler designers strive to balance the
factors under their control to achieve the lowest possible emissions of all pollutants. Thus, the only control
technology identified in the RBLC database for the refinery fuel or natural gas-fired process heaters and
boilers is a work practice requirement to adhere to good combustion practices and use of low sulfur
gaseous fuel.

Table 6-1 presents a summary of BACT determinations for PMz s for process heaters and boilers. All units
listed in Table 6-1 are fired