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burners in service must compensate by firing at higher rates, which increases bridgewall oxygen
and NOx formation. While burner maintenance may not be a frequent occurrence, this operating
scenario must be considered in establishing limits for ULNB installations on natural draft heaters,
which constitute most of the refinery heaters at LAR.

In order to demonstrate the infeasibility of retrofitting a heater based on SCAQMD’s BARCT
determinations, we conducted a technical feasibility evaluation to retrofit an ULNB at one of the existing
LAR refinery heaters. The method we used to evaluate the feasibility of ULNB in this study is based on
the consensus API Standard 560, Fifth Edition, Addendum 1 for the oil and gas industry that has been
developed by subject matter experts across segments to enhance operational safety, environmental
protection and sustainability across the refining industry. Based on our analysis, it is technically infeasible
and unsafe to retrofit ULNB technology at this heater, failing several of the key design features
recommended in API Standard 560 by significant margins, including the ratio of allowable firebox height
to tube circle diameter, floor firing density, flame height, burner-to-burner spacing, and burner-to-tube
spacing.

Similarly, a post-combustion control such as SCR that is mandated by BARCT has unique site-specific
feasibility issues. Not considered by SCAQMD is the fact that an SCR installation requires a significant
footprint area. Inherent to the technical feasibility of any retrofit that includes a new SCR system, the
available free space at or near the heater must be evaluated in order to determine if it can even physically
be accommodated. MPC has also preliminarily conciuded that 52% of SCR systems otherwise required
by Proposed Rule 1109.1 cannot physically be installed due to space constraints in the existing process
units. It is critical that any technology-forcing standard that necessitates installation of post-combustion
controls such as SCR must consider such inherent space constraints, either in determining installation is
technically infeasible for that heater category or that the costs associated with redesigning, relocating, and
rebuilding process equipment and infrastructure are prohibitive under the cost-effectiveness analysis.

2. Categorizing refinery equipment solely based on heat release duty (burner size) makes it
infeasible to achieve the proposed BARCT NOx levels; Proposed Rule 1109.1°s BARCT
standards must also consider physical characteristics in determining the feasible level of NOx
emissions from existing equipment.

An appropriate classification of refinery heaters and boilers for BARCT must also consider along with
heat release duty, at a minimum, the unique design of heaters that can make it technically infeasible for a
ULNB retrofit. Additionally, it is imperative that BARCT consider the existing footprint that is available
or unavailable for a new SCR system, and the foundational support infrastructure that can become
overloaded when heavy SCR equipment is installed vertically due to nearby ground-level plot space being
unavailable. As noted in Attachment B, process heaters come in various shapes and sizes, and have been
constructed with specific physical features, such as configuration, geometry, and firebox dimensions, and
have foundation supports that are fixed at time of original construction. Considerations for retrofit
feasibility must include whether the NOx reduction pollution control technology can be accommodated
within these constraints.

Key design limits for determining the technical feasibility of ULNB at refinery heaters that need to be
considered for categorization under Proposed Rule 1109.1 include, but are not limited to, API Standards
535’s and 560’s refining industry recognized safe design criteria that are associated with a heater’s
physical shape (i.e., vertical cylindrical style or cabin or box styles and associated floor-fired burner
configurations that may be present). Some of the design criteria in the API standards that should be used
for determining technical feasibility of a ULNB retrofit are as follows:
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« Vertical Cylindrical:

o Vertical cylindrical heaters shall be designed with a maximum height-to-diameter ratio of
3.00, where the height is that of the radiant section (inside refractory face) and the
diameter is that of the tube circle, both measured in the same units.

o The minimum clearance from grade to burner plenum or register shall be 2 m (6.5 ft) for
floor-fired heaters.

o The floor heat flux density for floor-mounted burners cannot exceed 300,000 Brwhr/ft?.

o Bumer arrangement must meet normalized burner-to-burner and bumner-to-coil spacings
in equations (S) through (10) of API 560. For vertical cylindrical heaters, the ratio of the
bumner-circle-diameter (BCD) to the tube-circle-diameter (TCD) shall be designed to
satisfy equations (11) through (13) of API 560.

o The bumer flame length design shall not exceed 60% of the radiant section height.

o The minimum clearance between the flame envelope, as defined in API RP 535, Section
3.22, and unshielded refractory walls shall be 0.50 ft unless it can be shown that
refractory service temperature and velocity limits are not exceeded.

e Cabin or Box:

o For single-fired, box-type, floor-fired heaters with sidewall tubes only, an equivalent
height-to-width factor shall be determined by dividing the height of the wall bank (or the
straight tube length for vertical tubes) by the distance between wall tube banks and
applying the limitations specified in Table 1 of API 560.

o In cabin and box style heaters, the distance between the unshielded end wall refractory
and the nearest burner centerline shall be between 45% and 60% of the burner-to-burner
spacing.

o The minimum clearance from grade to burner plenum or register shall be 2 m (6.5 ft) for
floor-fired heaters.

o The floor heat flux density for floor-mounted burners cannot exceed 300,000 Btu/hr/ft2.

o Bumer arrangement must meet normalized burner-to-burner and burner-to-coil spacing in
equations (5) through (10) of API 560.

o The bumer flame length design shall not exceed 60% of the radiant section height.

o The minimum clearance between the flame envelope, as defined in API RP 535, Section
3.22, and unshielded refractory walls shall be 0.50 ft unless it can be shown that
refractory service temperature and velocity limits are not exceeded.

These and other design limits are critical to reduce the risk of flame impingement and to conform to
recognized and accepted good engineering practices. MPC’s internal standards for heater design reference
API Standards 535 and 560 and also contain additional design limits specific to ULNB installations based
on the company’s significant experience in this area.

For reference, we have included a flowchart illustrating the steps SCAQMD should take when
categorizing process heaters. Please refer to Attachment D, This example is not intended to be inclusive
of all the key design criteria that must be considered for feasibility of ULNB and SCR at an existing
heater.

3. The SCR performance to the level specified in Proposed Rule 1109.1 is technically infeasible for
many refinery heaters.

The technical paper in Attachment B points to several real-world considerations with operating an SCR at
refinery heaters that make it infeasible to sustain a long-term performance level of 2 ppm NOx at 3%
oxygen with maximum 5 ppm ammonia slip on a 24-hour average. A few of these critical parameters are
summarized as follows.
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Allowable Ammonia Slip — Achieving the required NOx removal efficiencies on a continuous
basis will require a higher level of ammonia slip (i.e. 10 ppmvd), especially for NOx limits with a
short-term average compliance period in Proposed Rule 1109.1. There are relatively few
operating variables that can be used other than ammonia to manage NOx performance with a
fixed bed system like SCR. The ammonia slip limit needs to reflect this accordingly.

CFD Modeling — Even with proper CFD modeling and SCR system design, it is still common for
improper mixing to occur initially or over time, resulting in degradation of the NOx removal
performance. To meet a 2 ppm limit at 3% oxygen, for example, an SCR vendor will be required
to specify an even lower level to account for such intrinsic variabilities. It has not been
commercially proven that the 2 ppm limit can be met for the majority of refinery heaters, much
less a lower specification. Reasonable tolerances needs to be incorporated in the NOx and
ammonia slip limits with respect to both a higher absolute limit and corresponding longer
averaging period.

Heater Turndown and Variable Heat Input Operation — Many refinery process heaters do not
operate at consistently high levels of utilization (low turndown). For example, heaters in
hydrotreating and desulfurization processes will operate at relatively low utilization (high
turndown) for the start-of-run after a tumaround but will then require higher duty utilization as
catalyst activity degrades in the reactors towards end-of-run for the process unit prior to
maintenance turnaround activities. Additionally, heater duty may normally fluctuate on a day-to-
day basis as a result of variable feed compositions and other frequent changes to heat demand.
These fluctuations will impact SCR performance because the flue gas temperature and inlet NOx
entering the reactor correspondingly vacillates, thus lowering the NOx removal efficiency at the
SCR system. This needs to be considered for establishing sustained NOx and ammonia slip
emissions limits for heaters with SCR.

Unexpected Catalyst Fouling - Although SCR systems are designed to operate at the guaranteed
performance at end-of-run operation prior to conducting heater maintenance activities, predicting
the actual operating condition of a heater for a several-year period is difficult. For example, it is
impossible to predict dust fouling from refractory or heater tube scaling as the materials
deteriorate over time. For example, MPC observed the fouling of SCR catalyst on a process
heater within just 20 months of operation, reducing the NOx control efficiency by 8% and
causing a 9-day unplanned outage. Given this uncertainty, any NOx or ammonia slip limits must
be established to allow for compliance during heater operation, up to and including end-of-run
operations prior to a process unit turnaround.

As we have explained above, an appropriate evaluation to determine the sustained and consistent
performance levels of SCR systems operating in refinery heater service is critical to establishing BARCT.
SCAQMD has not considered the fundamental realities that impact SCR performance to meet a 24-hour
average NOx standard at a level demonstrated for several years of operation for the wide variety of
refinery heater designs. A sustained NOx removal efficiency of 92% for SCR installed at refinery heaters
is generally reasonable based on current performance of systems at refinery process heaters and
considering real-world operational factors in Attachment B.

Cost Evaluation

California law requires that prior to establishing BARCT requirements, SCAQMD must assess cost-
effectiveness of each potential control option. This entails calculating the actual cost, in dollars, of the
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potential control option. Health and Safety Code § 40920.6(a)(2). It also entails calculating the
incremental cost-effectiveness of each option to inform the District’s BARCT determination. /d. §
40920.6(a)(3). This is consistent with the requirement that BARCT itself must be set at an “achievable™
level after accounting for “economic impacts.” /d. § 40406. The current body of evidence assembled by
SCAQMD does not satisfy these requirements.

4. The SCAQMD has not considered the incremental cost-effectiveness calculations for Proposed
Rule 1109.1 as required under California Health and Safety Code.

Health and Safety Code § 40920.6(a)(3) clearly requires SCAQMD to calculate the incremental cost-
effectiveness of technically feasible BARCT options. SCAQMD has conducted such an analysis for other
rules and it has been conclusive in its BARCT determination. For example, in the September 2020 draft
staff report for the BARCT assessment of NOx emission reductions from combustion equipment at
publicly owned treatment works facilities, excerpted below, the SCAQMD demonstrated through its
incremental cost analysis that the alternative control option was not viable.”

Health and Safety Code section 40920.6 requires an incremental cost-effectiveness analysis for
Best Available Retrofit Control Technology (BARCT) rules or emission reduction strategies
when there is more than one control option which would achieve the emission reduction
objective of the proposed amendments relative to ozone, carbon monoxide, sulfur oxides, oxides
of nitrogen, and their precursors. Incremental cost-effectiveness is the difference in the dollar
costs divided by the difference in the emission reduction potentials between each progressively
more stringent potential control options as compared to the next less expensive control option.

The proposed project would require one facility to meet 18.8 ppm at 15 percent oxygen on a dry
basis on three turbines. The next progressively more stringent potential control option would be
to require turbines to meet 5 ppm at 15 percent oxygen on a dry basis and would affect two
facilities and a total of six turbines. To meet 5 ppm, one facility would be required to implement
SCR on their existing turbines. The other facility would be required to replace their turbines with
lower emitting turbines to meet 5 ppm.

Incremental cost-effectiveness = (8160,832,987 - $6,712,430) /(1,791 — 138) =
$93,237 per ton of NOx reduced

The incremental cost analysis pr l above d ates that the alternative control option is
not viable when compared to the control strategy of the proposed amendments.

MPC has estimated the average and incremental cost-effectiveness on a high-level for multiple scenarios
of presumed technical feasibility for ULNB and SCR. Two examples are provided here to illustrate the
impact from SCAQMD failing to take consider the required incremental cost-effectiveness for BARCT.
The total capital and operating costs for the control options are engineering estimates and do not take into
account lost opportunity cost that may occur due to additional refinery downtime required for compliance
(e.g., to extensively overhaul the heater for a ULNB retrofit or to relocate process equipment to
accommodate an SCR).

T, Proposed Rule 1179.1 - NOx Emission Raducticns from Cormby

or 2020, DY Ll weww. aQmd A9 0000291 - dse.pdf
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Example 1: Retrofit of ULNB and SCR Assumed to Both be Technically Feasible

Table 1 summarizes the cost-effectiveness for a 200 MMBtwhr heater at LAR that currently performs at
41 ppmvd NOx at 7.9% oxygen (56 ppmvd corrected to 3% oxygen) with corresponding annual actual
emissions of 43.3 tons per year. MPC assumes for purposes of this example that it is technically feasible
to retrofit the existing heater design with ULNB and SCR (i.e., the existing firebox dimensions are
acceptable for ULNB under API code and there is sufficient existing physical space for a new SCR
system), Consideration of a full heater replacement with ULNB and SCR is also considered in the control
technology evaluation to attempt to meet the 2 ppm NOx standard, since the retrofits of the existing heater
design cannot reliably achieve this level of performance.

Table 1: Cost-effectiveness calculations for Example 1

NOx Emissions 25-Year
Reduction Average Incremental
Control Compared to Annualized Cost- Cost-
Technology NOx Performance Current Cost effectiveness | effectiveness
Option Level Conditions (tpy) | (SMM/yr) (S/ton) (S/ton)
Current conditions | 41 ppmvd @ 7.9% (56 ppmvd @ 3% O-), 43.3 tpy NOx actual emissions
ULNB only 33 ppmvd @ 7.9% 8.7 0.29 33,375 “
O; (~20% control)
SCR only!"! 92% control (> 2 39.9 1.03 25,7177 23,661
ppm at outlet)
Combined ULNB | Combined 93.6% 40.6 1.32 32,483 417,184
+ SCR!Y control (> 2 ppm at
outlet)
Heater replacement | May meet 2 ppmvd 414 8.06 200,582 8,060,255
with combined proposed limit
ULNB + SCR

[1] The SCR system is assumed to be 92% efficient in controlling inlet NOx. A SCR system with a greater control efficiency
likely would be needed to reach this level of NOx performance, which may not be technically feasible. The costs in this table do
not include the substantial costs for these types of SCR systems if it was determined to be technically feasible.

For Example 1, the incremental cost-effectiveness analysis shows that both the combined ULNB and SCR
retrofit and the heater replacement control technology options are not cost-effective as compared to the
alternative control option of installation of SCR only.

Example 2: Retrofit of SCR Assumed to be Technically Feasible

Example 2 is for a heater with low NOx burner technology for which further reductions with ULNB is
technically infeasible and an SCR retrofit is assumed to be technically feasible. Table 2 summarizes the
cost-effectiveness for a 100 MMBtwhr heater at LAR that currently performs at 27 ppmvd NOx at 7.3%
oxygen (36 ppmvd corrected to 3% oxygen) with corresponding annual actual emissions of 17.5 tons per
year. Consideration of a full heater replacement with ULNB and SCR is also considered in the control
technology evaluation to attempt to meet the 2 ppm NOx standard, since the retrofits of the existing heater
design cannot reliably achieve this level of performance.
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Table 2: Cost-effectiveness calculations for Example 2

NOx Emissions 25-Year
Reduction Average Incremental
Control Compared to Annualized Cost- Cost-
Technology NOx Performance Current Cost effectiveness | effectiveness
Option Level Conditions (tpy) (SMM/yr) (S/ton) ($/ton)
Current conditions | 27 ppmvd @ 7.9% (36 ppmvd @ 3% O2), 17.5 tpy NOx actual emissions
SCR! 92% control (> 2 16.1 1.39 86,364 -
ppm at outlet)
Heater replacement | May meet 2 ppmvd 16.4 6.62 404,407 22,148,395
with combined proposed limit
ULNB + SCR

[1] The SCR system is assumed to be 92% efficient in controlling inlet NOx. A SCR system with a greater control efficiency
likely would be needed to reach this level of NOx performance, which may not be technically feasible. The costs in this table do

not include the substantial costs for these types of SCR systems if it was determined to be technically feasible.

For Example 2, the average and incremental cost-effectiveness values show that both the SCR retrofit and
the heater replacement control technology options are significantly above the threshold and thus
economically infeasible.

Figure 1 displays the cost-effectiveness results for Examples 1 and 2 relative to the $50,000 per ton cost-
effectiveness threshold established by the SCAQMD Governing Board in the 2016 Air Quality
Management Plan and to the relative control technology options on an incremental basis.®

ality Management Paar

Approv

ed March 3, 2017
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Figure 1: Average and incremental cost-effectiveness analysis for Examples 1 and 2

These two examples are representative of many existing refinery heaters and boilers at LAR when
considering the actuality of implementing such retrofit NOx controls and the associated NOx performance
and cost. Coupling this with the reality that some heaters cannot be safely retrofitted with ULNB or have
no physical space nearby for an SCR, the resulting cost-effectiveness inclusive of redesign, rebuild, or
replacement of the heater and/or its associated process equipment, as well as the lost opportunity cost due
to additional refinery downtime, far exceeds the $50,000 per ton cost-effectiveness threshold. If
SCAQMD is considering major equipment redesign and/or replacement to accommodate ULNB and/or
SCR with a new heater design, these costs must be considered in the BARCT analysis.

Norton/FERCo Report Review

The SCAQMD is incorrectly using these third-party reports as the basis for their technical feasibility
determinations under BARCT. Attachment C outlines our fundamental concerns with the NEC and
FERCo reports that has led SCAQMD to make inappropriate conclusions for BARCT. While the NEC
and FERCo studies are informative and speak to many of the safety concerns noted in this letter, there are
several technical concems for ultra-low NOx burners (ULNB) and selective catalytic reduction (SCR)
that are either not addressed or that are not addressed appropriately for refinery process heaters.
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Conclusions

SCAQMD has not complied with California law and has inappropriately determined BARCT in Proposed
Rule 1109.1:

The SCAQMD has not considered the specific technical feasibility issues associated with
installing the same controls on the broad universe of process heater designs at refineries.
Categorizing refinery equipment based only on heat release duty makes it infeasible to achieve
the proposed BARCT NOx levels; Proposed Rule 1109.1's BARCT standards must consider
physical characteristics in determining the feasible level of NOx emissions from existing
equipment.

The SCR performance to the level specified in Proposed Rule 1109.1 is technically infeasible for
many refinery heaters.

The SCAQMD’s cost-effectiveness determinations ignore actual costs.

The SCAQMD has not considered the incremental cost-effectiveness calculations for Proposed
Rule 1109.1 as required under California Health and Safety Code.

Due to the significant impacts that this rulemaking will have on our refinery and the refining industry as a
whole, MPC again requests that Proposed Rule 1109.1 rulemaking be paused to provide adequate time for
more meaningful review and comment during this rulemaking process.

Please note that in submitting this letter, MPC reserves the right to supplement its cor ts as it d
necessary, especially if additional or different information is made available to the public regarding the
Proposed Rule 1109.] rulemaking process.

Thank you for the opportunity to provide comments. We are glad to discuss further and look forward to
continued dialogue.

Sincerely,

5 ’
Brad Levi
Vice President — Los Angeles Refinery

Attachments

ccCl

SCAQMD

Sarah Rees — Acting Deputy Executive Officer

Susan Nakamura - Assistant Deputy Executive Officer
Michael Krause — Planning and Rules Manager
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ce: SCAQMD Governing Board Refinery Committee
Dr. William Burke ~ Governing Board Chairman
Hon. Ben Benoit — Governing Board Vice-Chairman and Refinery Committee Member
Hon. Larry McCallon — Governing Board Member and Refinery Committee Chairman
Hon. Lisa Bartlett - Governing Board Member and Refinery Committee Member

ce: SCAQMD Governing Board
Hon. Joe Buscaino — Governing Board Member
Hon. Michael Cacciotti — Governing Board Member
Hon. Vanessa Delgado — Governing Board Member
Hon. Gideon Kracov - Governing Board Member
Hon. Sheila Kuehl — Governing Board Member
Hon. V. Manuel Perez — Governing Board Member
Hon. Rex Richardson —~ Governing Board Member
Hon. Carlos Rodriguez — Governing Board Member
Hon. Janice Rutherford — Governing Board Member

ecc: 2021-02-01 MPC Second Comment Letter on Revised Draft of SCAQMD PR1109.1
Greg Busch, MPC RE
Ruth Cade, MPC RE
Chris Drechsel, MPC RE
Ben Franz, MPC LAW
Denis Kurt, MPC LAR
Robert Nguyen, MPC LAR
Tim Peterkoski, MPC EA
Robin Schott, MPC LAR
Vanessa Vail, MPC LAW
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Sr. Technical Lead - Oil & Gas

Resume Highlights

Fired Equipment Specialist
Management

Field Installation Review

Troubleshooting

Inspection
Design Emergency
Shutdown Systems
Wrote Emergency

Procedures

Job Title:
Senior Technical Lead, Oil & Gas

Years with EN Engineering: 5
Total Years of Experience: 40+

Primary Office Location:
Catlettsburg, KY

Education:

» Master of Science in
Mechanical Engineering from
the University of Kentucky,
1976

« Bachelor of Science in
Aerospace Engineering from
West Virginia University, 1972

Military United States Air Force
Education Experience:

* Air University Diploma in
communications, leadership,
management, tactics, and
strategy, 1999

» Federal Emergency
Management Agency (FEMA),
Emergency Management
Institute Course for managing
multiple projects.

* Air Command and Staff School
Diploma in communications
leadership, management,
tactics, and strategy, 1990

Overview: An engineering manager, fired equipment specialist, and
mechanical engineer with over 40 years of experience working for two large
petroleum companies and two consulting engineering firms.

Relevant Projects & Experience:

EN Engineering, Catlettsurg, KY, Senior Technical Lead. Trained operators
and engineers on the design, operation, safety systems, troubleshooting,
heater tuning, and maintenance for fired heaters, ultra-low NOx burners
(ULNBs), combustion air preheaters (APHs), selective catalytic reduction
(SCR) units, forced draft (FD) fans, and induced draft (ID) fans at a major
refinery. Trained operators and engineers on the design, operation, safety
systems, troubleshooting, heater tuning, and maintenance for fired heaters,
ultra-low NOx burners (ULNBs), combustion air preheaters (APHs), selective
catalytic reduction (SCR) units, forced draft (FD) fans, and induced draft (ID)
fans at a major petrochemical plant. Reviewed and recommended changes to
the design, operation, and control of a platformer heater and its air preheater
(APH), selective catalytic reduction (SCR) unit, forced draft (FD) fan, and
induced draft (ID) fan. Reviewed and recommended changes to a major
refiner's fired heater specifications. Developed operator heater training
program and trained operators and engineers for Texas Transmission
Company. Analyzed the heat transfer and stresses on a waste heat generator
exchange tubes and recommended changes to improve tube life. Developed
designed conditions, wrote heater specification, developed heater data sheets,
submitted proposal to heater vendors, analyzed bids, and recommended a
vendor for a large transmission company. Performed steam and boiler studies
and recommended a new boiler purchase for petrochemical plants. Sized and
specified relief valves for supercritical fluid vessels.

EEC, Catlettsburg, Mechanical Lead. Developed operator heater training
program and trained operators for a major Texas petrochemical plant. Analyzed
and specified relief valves for boilers and natural gas transmission
compressors. Designed, wrote specifications, developed control and burner
management systems, oversaw installation, trained operations and
maintenance personnel, start — up and tested a new boiler and boiler feedwater
pumps for a chemical plant. Troubleshot, analyzed, and recommended
solutions for a boiler feedwater corrosion problem at a marine terminal.
Evaluated several heat exchangers designs by using TEMA and ASME Section
VIIl, Div 1 for an ethylene plant. Wrote specifications based upon API - 610 and
analyzed two new boiler feedwater pumps at a major chemical plant. Wrote
specifications based upon ASME Section | and analyzed a new boiler and its
ancillary equipment for a major chemical plant. Analyzed heat treating furnace
at a major steel mill. Analyzed and reported on several heat recovery steam
generators (HRSG) performance at a major coke plant. Performed a study on
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Executive Summary

Refineries operate many different designs of heaters with unique process fluids, tube materials, shapes
and sizes, burner orientations, firing conditions, tube orientations, and draft types. There is no "one size
fits all” feasible ULNB/SCR retrofit for existing refinery heaters. Not all existing process heaters can be
safely retrofitted with ULNBs and SCRs due to flame impingement and related safety risks, inadequate
area in and around the heater for operating and maintaining the heater safely, and lack of physical space
to install, operate, and maintain post-combustion emissions control equipment.

It is imperative that any existing refinery process heater being considered for a ULNB retrofit is first
assessed for its capability to be safely operated and maintained with the new technology. Design
standards and recommended practice documents from the American Petroleum Institute (API), as well as
company-specific refinery heater and burner specification documents, provide the technical criteria for a
case-by-case NOx emissions control retrofit evaluation. Computational fluid dynamic (CFD) modeling is
conducted on the specific heater's physical design and variable operating conditions to support the
technical feasibility analysis.

Similarly, determining the feasibility and performance of installing SCR technology on an existing refinery
process heater requires a case-by-case assessment of the exhaust conditions (i.e, NOx and excess oxygen
concentrations and operating temperature range) and the available physical footprint to accommodate
the SCR infrastructure.

Therefore, four possible scenarios result from conducting a feasibility analysis of retrofitting existing
process heaters with ULNBs and SCRs:

1. ULNBs may not be safely installed due to flame impingement and/or operations and maintenance
personnel's inability to safely execute their duties, and an SCR cannot be installed due to limited
available space or excessive installation costs.

2. ULNBs may be safely retrofitted in an existing process heater, but an SCR may not be installed
due to limited space or to structural concerns with the heater foundation (if constructed vertically)
or at other nearby platform support structures if space if available. Depending on the type of
ULNB, required turndown, the fuel gas composition, tramp air, safe operating conditions, and
combustion air preheat, the controlled NOx from the installation is normally in the range of 25 to
50 parts per million on a volume dry basis (ppmvd) corrected to 3% excess oxygen.

3. ULNBs may not be safely installed due to flame impingement and/or operations and maintenance
personnel’s inability to safely execute their duties, but an SCR may be safely installed. Depending
on the type of burner in the existing process heater, combustion air preheat, safe operating
conditions, excess air (oxygen), tramp air, and the heater's operating mode, the NOx formation
entering the SCR could be between 50 to 130 ppmvd. The SCR NOx removal efficiency and any
associated outlet NOx limit must consider real-world operational variability and deviations from
the theoretical assumptions used in the initial SCR design. With a reliably proven and sustained
NOx removal efficiency of 92% for most installations with a higher inlet NOx concentration, the
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corresponding outlet NOx from the SCR is normally 4.0 to 10.4 ppmvd with a corresponding
maximum ammonia slip limit of 10 ppmvd to sustainably meet the underlying NOx limit during
normal operations.

4. ULNBs may be safely installed and an SCR may also be safely retrofitted at the existing process
heater. From scenario #2 above, the ULNB-controlled NOx concentration is normally 25 to 50
ppmvd corrected to 3% excess oxygen. The SCR NOx removal efficiency and any associated outlet
NOx limit must consider real-world variability and deviations from the theoretical assumptions
used in the initial SCR design. Given the lower NOx concentration entering the SCR, the sustained
NOx removal efficiency may be lower than that in scenario #3. At a 92% control efficiency, the
outlet NOx is 2.4 to 4.0 ppmvd with a corresponding maximum ammonia slip limit of 10 ppmvd
to sustainably meet the underlying NOx limit during normal operations.

Any emissions limits for NOx, ammonia, and other pollutants that are established for retrofit NOx controls
at a refinery heater under scenarios #2 to #4 above must consider the inherent variability in operating
conditions that appreciably impact the actual control efficiency on a short-term basis.

SCAQMD’s Proposed Rule 1109.1 requires every existing refinery process heater with a design heat
release of 40 MMBtu/hr or greater on a higher heating value (HHV) basis to meet 2 ppmvd NOx and

5 ppmvd ammonia slip corrected to 3% excess oxygen (O:) and on a 24-hour rolling average. These limits
and associated averaging period are not proven and/or are infeasible for many existing refinery heaters.
For those heaters that can potentially meet these emission limits under ideal conditions, the limits as
proposed provide no margin for compliance with respect to the inherent operational variability that is
experienced by refinery process heaters.

This paper outlines in Section 1 the different types of process heaters used at refineries and their
associated combustion design factors. Key characteristics that are considered by engineers to determine
the feasibility of retrofitting these distinct designs of refinery process heaters with NOx emissions controls
are described in Section 2. Section 3 presents four possible NOx control retrofit cases or scenarios that will
result from a given feasibility analysis of applying ULNBs and SCR at an existing heater and the
corresponding level of NOx performance expected during normal operations following the retrofit project.
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1 Common Refinery Heater Types and Design Factors
for NOx Controls

Process heaters are classified in different ways. The South Coast Air Quality Management District
(SCAQMD) classifies heaters per their heat release on a higher heating value (HHV) basis. However, for a
given heat release or heat release range, heaters come in different physical shapes, sizes, burner
orientations, process fluid types, tube materials, firing conditions, coil orientations, and air drafts. When
evaluating existing heaters to be retrofitted with ultra-low NOx burners (ULNBs) and selective catalytic
reduction (SCR) units, these other heater design criteria for a given heat release or heat release range will
significant influence whether the existing process heater or boiler can accommodate the proposed NOx
control technology.

This section explains the different heater classifications at a given heat release or heat release range that
are common to the petroleum refining sector.

1.1 APl and Company-specific Standards for Safe Heater Design,
Operation, and Maintenance

It is important to first recognize that design standards and recommended practice documents from the
American Petroleum Institute (API) as well as company-specific refinery heater and burner specification
documents provide the technical criteria for the design of heaters and combustion systems for safe
operation. Throughout this report, reference is made to four APl documents: API-535 (reference 1), API-
536 (reference 2), and API-560 (the currently published Fifth Edition and approved Addendum 1 to be
published, references 3 and 4). These documents govern the design, operation, and maintenance of
burners for fired heaters, post-combustion NOx controls (i.e,, SCR), and fired process heaters in general
refinery service, respectively. These documents have been revised over the years to address emerging
technologies (i.e., ULNB), as well as learnings from safety and operational incidences that have occurred
for the various types of refinery heaters that are used today.

These API and related company-specific documents (e.g., reference 8) address recognized and generally
accepted good engineering practices (RAGAGEP) for refinery process heaters, burners, and post-
combustion NOx controls. By adhering to the specified procedures and criteria when evaluating future
modifications, such as adding combustion controls or installing post-combustion technology, to a heater
complex, the technical feasibility of such changes can then be determined. For example, in order to satisfy
API standards, ULNB retrofits for natural draft heaters may require a complete redesign of the heater
floor, new fuel gas piping, additional instrumentation and controls, a new induced draft fan, and electrical
upgrades for flame scanners and pilot ignition. For some existing heater designs, installing ULNBs cannot
meet the APl standards without a complete reconstruction or replacement of the heater, which effectively
means that the heater design cannot be feasibly retrofitted.

When evaluating the feasibility of changes at a heater that may impact combustion, computational fluid
dynamic (CFD) modeling is conducted for the given specific heater design and the new technology option
being considered. CFD modeling is an advanced engineering calculation procedure that uses complex
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engineering algorithms to simulate the combustion and flue gas flow characteristics inside the burner and
heater to determine if flame impingement may occur. This simulation analysis provides an understanding
of the heater's impacts on safety (i.e., heat flux, tube metal temperature) for comparison to the APl and
company-specific design standards associated with a potential retrofit of new burners or associated
combustion equipment.

These design standards contain technical criteria that apply to different types of furnace designs and
burner characteristics. Understanding these key heater and burner design characteristics is essential to
evaluating the feasibility of retrofitting a given heater with new NOx emissions controls.

1.2  Shape and Size Characteristics

Process heaters are classified by their dimensional shape and physical size. Three common process
heaters shapes are illustrated in Figure 1-1.

Stack Stack

Convection

Convection Saclen

Section
Bridgewall

Cylindrical Box Cabin
vC)

Source: reference 9

Figure 1-1 Common physical shapes of petroleum refinery process heaters.

The three common types of heaters are referred to as vertical cylindrical (VC), also called a “can” heater,
box, and cabin heaters. The shape and physical size set the existing physical geometry that all internal
equipment must fit inside, such as interior tubes that hold process fluid, burners, and interior target-fired
walls. Each unique configuration needs to be evaluated for the feasibility of installing NOx emissions
controls.
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Figure 1-1 also shows the flue gas flow and the basic areas of the heater: radiant section, bridgewall,
convection section, and stack. Generally, the process fluid absorbs about 60% to 70% of the total required
absorbed duty while the convection section absorbs approximately 30% to 40%. Very few heaters may not
have a convection section, in which case the flue gas temperature leaving the heater may be over 1,250°F.
The flue gas is made in the radiant section, flows from the radiant section through the convection section,
and out the stack. The bridgewall is the area where the flue gas leaves the radiant section and enters the
convection section and is a key location where temperature, pressure, and excess oxygen are measured to
safely control the heater.

These areas of the heater and other more detailed components of refinery heaters relate to safe design
parameters that are found in APl and company-specific documents. Figure 1-2 is an illustration of a VC
heater identifying these areas and components for reference.
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Source: reference 9

Figure 1-2 Areas and components of a refinery process heater.

APl and company-specific heater design documents refer to the bridgewall or to other areas and
components of the heater for safe design parameters. Some examples of these parameters that are
described in this report include minimum clearance from grade to burner, maximum floor firing heat flux
density, maximum tube metal temperature, etc.
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1.3  Burner Orientations and Firing Conditions

Four types of burner orientations are normally found at refinery heaters, including fired upward, fired
downward, fired horizontally to a target wall, or fired horizontal to an opposed burner. Each orientation
poses unique conditions that may lead to unacceptable flame coalescence or impingement for ULNB
retrofits. Such flame impingement on various heater surfaces can be catastrophic. For example:

* Flame impingement on process tubes will overheat the tubes, which may result in a tube rupture
and a firebox explosion.

* Flame impingement on the tube hangers will cause the hangers to overheat, break, and allow the
tube to fall near or into the flame.

* Flame impingement on the refractory surfaces may overheat the refractory, cause the refractory
to fall (spall) off the metal shell, and overheat the metal shell creating cracks in the shell. Because
operations and maintenance personnel must work near the heater, cracks in the metal shell
becomes a safety issue and should be avoided. If the metal shell crack is large enough, the
structural integrity of the heater may be significantly compromised, and the heater may collapse.

Figure 1-3 shows both an unfavorable (left) and a favorable (right) flame to flame interaction and
coalescing patterns, for example.

Favorable flame patterns
images courtesy of MPC

Unfavorable flame patterns

Figure 1-3 Unfavorable and favorable flame to flame interaction and coalescence.
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Guidelines for burner spacing are found in industry standards such as API-535 (reference 1), API-560
Addendum 1 (reference 4), or in company-specific standards (e.g., reference 8) that are based in part on
these API publications.

1.3.1 Burner Configuration in Vertical Cylindrical Heaters

Vertical cylindrical (VC) heater burners are arranged in a circle on the floor and fired upward. The diameter
of the burner circle can restrict the ability to perform burner retrofits. If the burner circle diameter is too
small (i.e,, burner to burner spacing will be too dose), the flames will coalesce and grow with a potential
of flame impingement on the shock tubes or arch refractory. If the burner circle diameter is too large (i.e,,
burner to burner spacing will be too far apart), the radiant section flue gas circulation currents will “pull”
the flames into the tubes.

Significant engineering analysis, including CFD modeling, is necessary to evaluate whether flame
impingement or flame coalescing has the potential to occur. To fully understand whether ULNBs can be
safely installed for the equipment, each existing process heater must be individually evaluated.

Flame length restrictions are highly dependent on the heater height. Figure 1-4 shows two side-by-side
natural draft VC heaters of different sizes.
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Figure 1-4 Two vertical cylindrical heater configurations.

The firebox for the jet reboiler is only 13 feet tall, which constrains long flame envelopes associated with
ULNB technology and thus may be infeasible to retrofit. Burner retrofits must comply with API-560
Addendum 1, API-535, and company-specific vertical spacing requirements. Likewise, the Jet R-3 Heater is
21 feet tall; taller than the Jet Reboiler Heater, but still may present a problem in installing ULNBs.
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1.3.2 Burner Configuration in Upward Fired Cabin or Box Heaters

Figure 1-5 shows a small natural draft cabin heater that is upward fired.

Burners are located underneath
the heaters and fired upward.

image courtesy of MPC

Figure 1-5 Upward fired natural draft cabin heater.

Upward fired cabin or box heater burners usually are arranged in-line down the length of the heater. If the
burner to burner spacing is too close, the flames will coalesce and grow with a potential of flame
impingement on the shock tubes or arch refractory. If the burner to burner spacing is too far apart, the
radiant section flue gas circulation currents will “pull” the flames into the tubes. Safely installing ULNBs
may not be possible in order to avoid flame impingement. Conformance with API-560 Addendum 1, API-
535, and company-specific design standards must be evaluated on an individual basis.

As with vertical cylindrical heaters, a CFD model may be necessary to determine the feasibility of
retrofitting a heater such as this with ULNBs.

Downward fired burners in refinery process heaters are less common than upward firing burners. An
example illustration of downward firing burners is in Figure 1-6.
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Figure 1-6 Downward fired cabin heater illusiration
If the burner to burner spacing is too close to each other, the flames will coalesce and grow with a

potential of flame impingement on the floor refractory. The radiant section flue gas circulation currents
may “pull” the coalescing flames into the tubes.

1.3.3 Burner Configuration in Horizontal Fired Cabin or Box Heaters

Wall mounted horizontally fired burners pose unique flame length restrictions given the proximity to
target walls or other burners mounted opposite of them. Figure 1-7 shows a horizontal fired box heater.
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Figure 1-7 Horizontal fired “3-in-1" box heater.

The horizontally fired box heater above includes pressure relief doors, which are normally sources of
infiltration air, also called tramp air.

Figure 1-8 shows an example schematic of a cabin heater CFD model with two horizontally opposed
burners.
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image courtesy of MPC
Figure 1-8 CFD model of horizontal fired cabin heater.

This example shows some space between the flame tips; however, some existing process heater designs
may not have this space when ULNBs are installed. If adequate burner-to-burning spacing does not exist,
then the flames will interact with either other, spread outward, and impinge on the tubes. Even with
enough flame tip spacing between the burners, the radiant section internal currents may pull the flames
into the radiant section tubes.

Figure 1-9 shows a burner firing towards a target wall for an operating heater.
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Figure 1-9 Burner firing towards a target wall.

Installing ULNBs with long flames may hit the target wall, spread out, impinge on the tubes, and create
additional NOx by hot flue gas and flames near the floor circulating back to the burner. Also, if the flame
envelopes are too dose to each other, they may spread out and impinge on the process tubes. These
consideration must thoroughly be evaluated against the APl and company-specific design standards
before installing ULNBs at an existing heater.
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1.4 Process Coil (Tube) Arrangements Relative to Burners

Process heater tubes can be arranged in several different manners. Each design has unique burner
constraints to avoid burner coalescence or flame impingement. Figure 1-10 shows several heater tube and
burner arrangements found in the refining industry.
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Source: reference 9
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Figure 1-10  Process coil and burner orientations.
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In evaluating existing process heaters for retrofitting with NOx emissions controls, the coil configurations,
burner conditions, and corresponding spacing between the coils and burners need to be considered to
ensure that flame impingement does not occur.

Transfer of heat from the burners to the process coils depends on the tube, burner, and refractory wall
arrangements. Figure 1-11 shows an illustration of a single fired heater.
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Source: reference 9

Figure 1-11 Heat transfer for a single fired process heater.

In this example, the flame from the radiating plane is on one side of the tube, so the maximum heat flux is
on the front side of the tube facing the radiating plane. The maximum heat flux can be 1.8 to 1.9 times the
average heat flux, which may present a concern for tube integrity. This firing condition needs to be
considered when evaluating the feasibility of retrofitting burners in existing process heaters, as it could
increase the heat flux at the tubes and refractory wall.

Figure 1-12 shows a heat transfer illustration of a double fired heater.
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Figure 1-12  Heat fransfer for a double fired process heater.
For this design, flames are located on both sides of the tube. In theory, the heat flux should be the same

on both sides of the tubes. Even so, spacing between the burner flames and tubes must be sufficient to
ensure no flame impingement occurs at the tubes for any ULNB retrofit project.

1.5 Heater Draft Conditions

Four basic draft conditions exist for process heaters: natural draft, induced draft, forced draft, and balance
draft. Each style presents its own inherent challenges and limitations to install ULNBs and SCRs at existing
process heaters.

Figure 1-13 illustrates a single fired natural draft cabin heater with horizontal coils.
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Figure 1-13  Natural draft cabin heater.

Natural draft heaters are very common in refineries. VC, box, and cabin heaters can all be natural draft. In
order to satisfy API standards, ULNB retrofits generally require heater floor redesigns, new fuel gas piping,
controls, instrumentation, a new induced draft (ID) fan (changing heater from natural draft to induced
draft due to increased flue gas pressure drop), and possible electrical upgrades for the ID fan, flame
scanners and pilot ignition.

Installing an SCR on top of the convection section may not be possible because this would create excess
stresses on the existing heater structure and foundation. The space around the heater needs to be
evaluated to determine if sufficient usable space is available for installation of an SCR and its ancillary
equipment (i.e, ammonia skid, ammonia storage tank, induced draft fan).

Figure 1-14 shows a single fired, forced draft cabin heater with horizontal coils.
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Figure 1-14 Forced draft cabin heater.

Forced draft heaters are not very common in refineries. VC, box, and cabin heaters may be forced draft.
ULNB retrofit considerations for forced draft heaters are similar to natural draft heaters. Forced draft
heaters may change to an induced draft or balance draft heater in order to accommodate ULNBs.

Figure 1-15 shows a single fired, induced draft cabin heater with horizontal coils.
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Figure 1-15  Induced draft cabin heater.

VC, box, and cabin heaters may be induced draft. This illustration shows a retrofitted SCR to either a
natural draft or induced draft heater. Because of the increased pressure drop, an induced draft (ID) fan is
necessary to overcome the pressure drop. Cooling the flue gas going to the ID fan, not shown in the
illustration, may be necessary for the fan design and operation.

Figure 1-16 shows a single fired, balanced draft cabin heater with horizontal coils.
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Figure 1-16  Balanced draft cabin heater.

VC, box, and cabin heaters may be balanced draft. The primary purpose of a balanced draft heater is to
reduce fuel flow and recovery energy for a given process absorbed duty. By installing an air preheater
(APH), the combustion air temperature increases and the flue gas temperature decreases. The result is a
reduction in fuel flow for the same process absorbed duty. Retrofit considerations for ULNB in a balanced
draft heater are the same for a natural draft heater except the combustion air duct to the burners will also
need to be modified.

Retrofitting an SCR to a balanced draft heater may be difficult and costly. The SCR could potentially be
placed on top of the APH provided that the existing structure and foundation can accommodate the
added stress and if sufficient usable space is available.

The SCR could potentially also be located aside the APH depending on the available space. Necessary
roadways for operations, maintenance personnel, first emergency responders, equipment should not be
considered available space. Equipment laydown and staging areas should also not qualify as available
space.

Replacing the APH with the SCR is not recommended, since a greater fuel firing rate will be needed to
maintain the same process absorbed duty demand. As a result, the heater may need to be re-permitted to
account for the increased firing rate, energy usage and operating costs will increase, and additional
carbon dioxide, a greenhouse gas, will be generated.
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2 Design and Operational Characteristics for NOx
Control Retrofits

There are several technical considerations for retrofits of existing heaters with ULNBs and SCRs. Specifics
for each are included below.

2.1 Mechanisms of NOx Formation

NOx formation is well known for the past 40 years. NOx is formed by atomic nitrogen and oxygen
combining to form nitric oxide (NO) and nitrogen dioxide (NO;) plus other less prevalent NOx species. In
process heaters, NO is predominant at about 95% of the total NOx while the remainder is NO: at heater
design conditions. A higher flue gas oxygen content during turndown operations will result in a relative
increase in NO; formation. For calculation purposes, SCAQMD considers all NOx to be NO..

NOx formation is classified as thermal, fuel bound, and prompt NOx. Thermal NOx is formed from high
temperature dissociation of nitrogen and oxygen molecules into atomic nitrogen and oxygen. The atomic
nitrogen and oxygen combine to produce NOx compounds, primarily NO. Fuel bound NOx is produced
by burning fuels with nitrogen compounds. The atomic nitrogen is release during the combustion process
and combines with atomic oxygen to produce NOx. Prompt NOx occurs instantaneously even when
burning natural gas. Very little prompt NOx occurs during combustion.

Thermal NOx is the predominant NOx generator for gaseous fuels such as natural gas and refinery fuel
gas (RFG). Since existing and new heaters burn gaseous fuels instead of fuel oils, thermal NOx formation is
primarily addressed in this paper.

22 Types of NOx Emissions Contirol Technologies

NOx control has evolved over the past 40 years. NOx control technologies are generally classified as
combustion controls that prevent formation of NOx at the source and post—-combustion NOx reduction
technologies. Several control methods have been and are continually being developed and used for NOx
reduction, such as the following

Combustion NOx reduction:

Water or Steam Injection into the Combustion Zone

External Flue Gas Recirculation

Staged Air Burners (later developed into ULNB)

Staged Fuel Burners (later developed into ULNB)

Staged Fuel with Internal Fuel Gas Recirculation (IFGR) Burners, referred to as ultra-low NOx
burners (ULNB)

1 S N
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Post-combustion NOx reduction:

1. Selective Non-Catalytic Reduction (SNCR)
2. Selective Catalytic Reduction (SCR)

NOx reduction is controlled both at the source and through post-combustion measures, if feasible, A
summary of each method is provided in this paper, noting that staged air and staged fuel burners were
developed into ULNB technology. ULNBs and SCRs are evaluated in more detail given their better NOx
reduction performance relative to the other technologies.

221 Water or Steam Injection Into the Combustion Zone

Both water or steam injection into the combustion zone reduces the adiabatic flame temperature and
reduces the mole percentages of both oxygen and nitrogen in the combustion air. Both of these effects
reduce the thermal NOx formation.

Water injection requires a source of water supply, piping, and an injector (atomizer). The water must be
effectively atomized to get the maximum benefit from NOx reduction. The latent heat of vaporization and
the amount of water will cool the flame temperature and reduce the thermal NOx. However, more fuel is
needed to maintain a constant process energy absorption which results in more greenhouse gases being
produced and emitted into the atmosphere.

Water injection requires installation costs and continual operating costs. Too much water injection will
create flame instability and the burner will flame out. Water injection to control NOx is not typically used
in refinery process heaters. ULNBs are better, more efficient, and have no operating costs to reduce NOx.

Steam injection is not widely used for refinery process heaters, but it is used. It, too, requires a source of
steam, piping, and injectors. It does not need to be atomized, since it is already in the vapor form. It
otherwise works the same way as water injection for NOx control.

Steam injection requires installation costs and continual operating costs. Too much steam injection will
create flame instability and the burner will flame out. Steam injection to reduce NOx is used in process
heaters in refineries, but not as much as ULNBs. ULNBs are better, more efficient, and have lower
operating costs relative to water or steam injection.

222 External Flue Gas Recirculation (FGR)

External flue gas recirculation takes a portion of the flue gas going to the stack and injects it with the
combustion air going to the burner. The external flue gas flow cools the flame temperature and it reduces
the mole percent of both oxygen and nitrogen in the combustion air. Both of these effects reduce the
thermal NOx formation.

External FGR is measured by the percent of flue gas flow that is recirculated from the flue gas flow to the
stack. Too much external FGR will make the flame unstable and go out. The maximum amount of external
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FGR for NOx control should be around 20 to 25%. Most applications prefer the external FGR to be less
than 20% to ensure the burner flame remains stable.

External FGR is typically used in large single burner package boiler applications and is not generally used
in process heaters. However, some process heaters that have a high heat release single burner that
requires a forced draft (FD) combustion air fan may use external FGR to minimize NOx formation.

For package boilers, flue gas is taken from a stack connection that is typically close to grade. External flue
gas flow is ducted from this stack connection to the inlet of the combustion air FD fan. The FGR flow rate
is controlled by a damper in the duct from the stack and a damper upstream of the FD fan. Since process
heater stacks are several feet above grade, this type of arrangement is not practical for process heaters.

For the relatively few process heaters that have external FGR, flue gas is taken from a stack connection
which is several feet above grade. Insulated ducting from the stack to an FGR fan and ducting from the
FGR fan to the burner must be installed for this technology. Even though the installation of external FGR is
expensive, it may need to be used to help reduce NOx formation for a process heater with a single, large
heat release burner application.

Most process heaters are natural draft with several small heat release burners. Installing external FGR on
these heater types is impractical. Since ULNBs use both internal flue gas recirculation and fuel staging,
they are more effective in reducing NOx formation and thus are more prevalent in process heaters.

223 Staged Fuel with Internal Flue Gas Recirculation (IFGR or ULNB)

The current field-proven ULNBs use both staged fuel and IFGR to effectively reduce NOx formation during
the combustion process. The total fuel is injected into two sections (primary and secondary) of the burner
tile.

The primary fuel flow is about 15 to 25% of the total fuel. It is injected into the throat of the burner
through holes in the burner tile. The primary fuel jet acts as an eductor that pulls in flue gas from the
heater floor. The primary fuel with the IFGR is mixed with the total combustion air required for the total
fuel flow resulting in the flame temperature in the primary combustion region being very low. Also, the
mole percentage of both oxygen and nitrogen in combustion air and resulting flue gas are reduced. Even
though the excess oxygen is relatively high, the low flame temperature and the reduced mole
concentrations significantly reduces NOx formation.

The secondary fuel is about 75 to 85% of the total fuel flow. The secondary fuel is injected up the outside
of the burner throat tile and into the flue gas stream from the primary fuel combustion at the exit of the
burner throat tile. Due to the secondary fuel jet action, flue gas in the surrounding area is entrained and
mixed with the secondary fuel before the mixture reaches the exit of the burner throat. The secondary fuel
and IFGR mixture combust up the length of flame, resulting in a longer flame than conventional burners.
This is a key feasibility consideration when evaluating this technology in existing heater fireboxes.
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An example illustration of primary and secondary flow distribution associated with John Zink's CoolStar
ULNB technology is shown in Figure 2-1.

Primary Gas Flow

Secondary Gas Flow

Gas Tips

Air Louvers

Windbox

Source: reference 7

Figure 2-1 John Zink CoolStar burner flow distribution.

The ULNBs are self-contained with no moving parts and thus results in low operating costs relative to
other NOx reduction technologies. The ULNBs are relatively efficient in reducing NOx formation at the
combustion source. They are primarily used for NOx control in refinery process heaters compared to the
other types of aforementioned combustion controls.

See Section 2.3 for important design considerations for the feasibility and performance of retrofitting
ULNB technology in existing heaters.

224 Selective Non-catalytic Reduction (SNCR)

With SNCR, ammonia or urea is directly injected into the flue gas steam at a specified flue gas
temperature range. The NOx mixes with the ammonia or urea to chemically convert NOx to molecular
nitrogen and water vapor.

SNCR technology is not typically used in process heaters due to a narrow flue gas temperature operating

range and a relatively low NOx removal efficiency compared to an SCR. Since SCRs are more efficient than
SNCR for NOx performance and have a better operating temperature range, they are primarily considered
for post-combustion NOx reduction in process heaters.
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225 Selective Catalytic Reduction (SCR)

Similar to SNCR, SCR technology uses ammonia (aqueous or anhydrous) or urea as the reducing agent.
Ammonia is injected into the flue gas where it is mixed and flows over a catalyst bed to convert NOx into
nitrogen and water vapor. To optimize NOx removal, some residual amount of ammonia remains in the
flue gas. This residual ammonia is called ammonia slip.

See Section 2.4 for important design considerations when assessing the feasibility and performance of
retrofitting SCR technology in existing heaters.

2.3  ULNB Design Considerations

Specific ULNB design considerations are discussed below. Each of these should be evaluated to determine
the technical feasibility of ULNB retrofits and potential limits if ULNBs are feasible.

2.3.1 Spacing and Flame Impingement

Flame impingement (i.e., flame contact with heater refractory, tubes, tube hangars) is a major safety
concern, and ULNBs are not feasible if this occurs. Combustion occurring in the visible flame creates high
temperatures greater than 2,000°F with very active turbulence. When the flame impinges on tube surfaces,
more local energy is transferred by radiation, convection, and conduction through the tube to the process
fluid. Flame impingement may cause coke formation on the inside surface of the process tube. This
internal coke will continue to build up and insulate the tube from the cooling effects of the process fluid.
This can cause the tube temperatures to exceed tube metal temperature limits. If flame impingement
continues to occur, the metal temperature will increase and the tube can rupture, releasing process
hydrocarbons into the heater’s firebox, risking a fire or heater explosion.

Flame impingement can also overheat heater tube hangers causing them to fail, which may then result in
the process tubes falling that will create further impingement on the tubes. In addition, flame
impingement on refractory can occur, causing the material to erode and fall, which will then result in
overheating of the metal shell. If the local outside surface of the shell gets too hot, thermal expansion will
occur. However, the shell around the hot spot is relatively cool and will not expand. The subsequent
thermal expansion at the hot spot and the surrounding cooler surfaces can create a buckling effect with
the potential of rupturing or cracking the shell. A ruptured shell for integrally supported heaters may even
cause the heater to structurally fail.

Any of these conditions presents dangerous working conditions for operations and maintenance
personnel working near the heater. Therefore, an ULNB retrofit is not technically feasible if flame
impingement cannot be avoided. CFD modeling should be conducted prior to the installation of ULNBs to
help determine technical feasibility for each individual heater. Key design factors that can lead to flame
impingement are discussed below

23.1.1 ULNB Flame Length

Inherently, ULNBs have long flames to stage the fuel and reduce peak flame temperatures (reference 1,
references 3 and 4). At high heat releases, the visible flame length may reach 30 to 35 feet or higher
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depending on operating conditions, At low heat releases, the visible flame length can exceed 10 feet,
depending on the ULNB model. API-535 states that natural draft low NOx burners typically have flame
heights of 1.5 to 2.5 feet/MMBtu. This can be an issue of technical feasibility because long flames can
readily be pulled to the process tubes and refractory walls due to flue gas recirculation currents within the
heater.

Figure 2-2 shows an example of flame impingement on process tubes.
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Figure 2-2 lllustration of flame impingement on process heater tubes.

In this design, the heater is a natural draft, double fired box heater with a vertical coil. The convection
section is offset from the center of the box requiring the radiant section flue gas to go through the
radiant tubes and to the convection section. Installing ULNBs with long flames could result in flame
impingement, as shown. Further, long flames with certain heater geometries can cause flame
impingement on the radiant arch (roof) refractory, the radiant roof tubes, or the convection shock tubes.
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Such flame impingement, as described earlier in this document, could result in catastrophic failure.
Therefore, flame impingement on the interior components of the heater must be avoided.

Figure 2-3 (also shown earlier as Figure 1-9) shows a burner firing towards a target wall.
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Source: reference 6

Figure 2-3 Burner firing towards a target wall.

27



Comments and Responses to Comments on the 2022 AQMP

Installing ULNBs with long flames may impact the target wall, spread out, impinge upon the tubes, and
create additional NOx by hot flue gas and flames near the floor circulating back to the burner.

Another example is Figure 2-4 (shown earlier as Figure 1-8), which is a CFD model for a cabin heater with
two horizontally opposed firing burners.
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Figure 2-4 CFD model of horizontal fired cabin heater.

This example shows some space between the flame tips; however, some existing process heater designs
may not have this spacing when ULNBs are retrofitted. If adequate space does not exist, then the flames
will interact with either other, spread outward, and impinge on the tubes. Even with enough flame tip
spacing between the burners, the radiant section internal currents may still pull the flames into the radiant
section tubes.

23.1.2 Sufficient Spacing
Sufficient spacing is required between the following locations to prevent flame impingement:
¢ Burners and the radiant tubes
o Radiant refractory side and end walls along with the top of the flame to the arch refractory

e Arch tubes, and / or the convection shock tubes
e Burner to burner
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