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EXECUTIVE SUMMARY

ProposedRule 1D9.17 Emissions of Oxides of Nitrogen from Petroleum Refineries and Related
Operations(PR 1109.1)establishesNOx and Carbon Monoxide (COgmission limitsthat
represent Bst Available Retrofit Controlfechnology (BARCT) for combustion equipment
located at sixteen petroleum refineries and facilities with operations related to petroleum refineries
(e.g., sulfur recovery planteydrayen plams). Implementation of PR 1109.1 is expected to achieve
6.5 to 8 tons per day of®k emissiorreductionsThe established BARCNOX limits will require
approximately 220 pieces of NOx equipment to be retrofit with established, achieved in practice
NOx controls. These complex projects will require significant engineering, design, glannin
logistics, funding, order/delivery, installation, and commissionAudging to the complexity of

PR 1109.1 ischallenges to install pollution controlsn existing units,within the existing
configuration of the refineryand the customized nature of kaadividual emission reduction
project

PR 1109.1 will require large refinebpilers angrocess heaters
to meet a NOx concentration limit of 5 ppmv, which w
represent the lowest NOXx levels in the natieR 1109.1 does
include compliance flexibilit recognizing that some units ar ;¢

already operating at levels near the proposed BARCT limi

5ppmv and/or have selective catalytic reduction (SC

systems. For these units PR 1109.1 has conditional NOx li

that operators can meet, provided a serieonditions are met 12.3tpd
that will ensurethatthe greatesNOx emission redctions will
be realizedwhile recognizingemission reduction projects witl
a costeffectiveness well over $50,000 per ton of NOx reduc

2017 NOx Emissions from
RECLAIM Facilities

PR 1109.1 Facilities = Other Facilities

Based on the BARCT analysis for PR 1109.1, the-effettiveness for each class and category is
less thar$50,000 per ton of NOx reduced. This is a conséive estimate thaissumes that each
facility will comply directly with the NOx limitsspecified in PR 1109.PR 1109.1 includes two
alternative implementation approachhbat will helpto further reduce compliance castee B

Plan and the ECap. The BPlan allows operators to meet the NOx concentration limits in
aggregatand recognizes that certain units may be more challenging than others to meet a specific
NOx limit. The B Capachieves the same emission reductions as if the facility complied girectl
with the proposed NOXx limits. Both alternatives will require operatdnave a permjthat limits

the NOx concentration for each individual unit, which currently many of the units dovet ha

Although implementation of PR 1109.1 will be ces$tecive, significant capital investment will

be required. Staff estimates based refinery cost data that implementation costs will range from
$179 million $1 billiondepending on the refinerif. projects wererequired to bemplemented

outside ofa r e f itumarounyddwsndow, operational disruptions would likely occur and
operators would experience even higher costs. As a result, PR 1109.1 allows operators to submit
an FPlan which is an implementation plérat has specific emission targets and implememtatio
dates There are fivé-Planoptions that are designed to maximize early emission reductibese

feasible. There are certain projecssich as crude unitthat have long turnaround cyclésat
required longer implementation timeframes

PR 1109.1 islesigned to partially implement CMBb5 of the Final 2016 Air Quality Management
Plan (AQMP)andis needed to transition refineries and facilities with related operdtiomsthe
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Regional Clean Air Incentives Market (RECLAIM) program tmamandandcontrol regulatory
structure Petroleum refineries and facilities with related operations to petroleum refineries
represent the largest source of NOx emissions in the RECLAIM pro¢meaddition,PR 1109.1
includes provisions to achieve eagiyission reductions where feasible, consistent Galifornia

State Assembly Bill 61Which seek&n expedited schedule for timeplementation of BARCT no

later than December 31, 2023 for facilities that are in the gtaenhouse gasapandtrade
program. Three of the five major refineries are located in the AB 617 communityilofikigton,
Carson, West Long Beach. Implementation of PR 1109.1 will provide needed NOx emission
reductions for this community as well as other communities throughout the Basin.
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Chapter 1 Background

INTRODUCTION

The South Coast Air Quality Management District (South Coast AQNHDdVerning Board
adopted thékegional Clean Air Incentivelslarket (RECLAIM) program in October 1993. The
purpose of RECLAIMwasto reduceNitrogen OxidesNOx) andSulfur Oxides $OX emissions
through a markebased approador facilities with NOx or SO»emissions greater than or equal
to four tons per yeaiTheprogram replaced a series of existing and future comraaddontrol
rules and was designedpoovidefacilities with complianceflexibility. RECLAIM was designed
to achieveemission reductions aggregate equivaletd what would occur under a command
andcontrol regulatory approach. Regulation XX REgional Clean Air Incentives Market
(RECLAIM) (Regulation XX) includes a series of rules that specify the applicability and
procedures for determimg NOx and SOx facility emissions allocations, progranuiregnents, as
well as monitoring, reporting, and recordkeeping requirements for RECLAIM facilities.

In response tohe growing concern that hundreds of units in RECLAIM are currently operating
abowe NOx Best Available Retrofit Control Technology (BARCT) ission levels Control
Measure CMBO5 of the 2016 AQMP committed ientify approaches to make the program more
effective in ensuring equivalency with commaartticontrol regulations implementinrgARCT

and to providen assessment of the RECLAIM progranorder to achieve further N@imission
reductionsof five tons per daytpd). During the adoption of the 2016 AQMP, the Resolution
directed staff to modify Control Measure CMI5 to achieve the ¥ie tons per day NOx emission
reduction as soon as feasiblgt no later than 2025, and to transition the RECLAIM program to a
commanedandcontrol regulatory structure requiring BARd&vel controls as soon as
practicablé.

On July 26, 2017 California SeatAssembly Bill 617 Nonvehicular Air Pollution: Criteria &
Pollutants and Toxic Air Contaminants (AB 617) was approved by the Governor, which addresses
nonvehicular air pollution (criteria pollutants and toxic air contaminants). It is a companion
legidation to Assembly Bill 398 California Global Warming Sotions Act of 2006 (AB 398),

whi ch was al so appr oved,-ancttradé pregramn dan degducinGal i f o

greenhouse gas emissions from stationary sources. RECLAIM facilities that aeeciaptnd

trade program are subject to the requirements Bf6A7. Requirements include an expedited
schedule for implementing BARCT for camdtrade facilities and a requirement for tAe
Districts throughout California to adopt an expedited BARCT schedule by January 1, 2019 to
implement BARCT no later than Dexmber 312023by assigning the highest priority to those
permitted units that have not modified emissions related permit conditions fpretitest period

of time.

PR1109.11 Emissions of Oxides of Nitrogen from Petroleum Refineries and Reliecatims

(PR 1109.1)will facilitate the transition ofpetroleum refineries and facilitiewith related
operations to petroleum refineries to a coamdand-control regulatory structure and partially
implementControl MeasurecMB-05 of the 2016 AQMPPetroleum ritneries and facilities with
related operations to petr ol eumandtradé progeam.i e s
PR1109.1 applieso NOx emitting combustion equipment at facilities, including asphalt plants,
biofuel plantshydrogen productioplants petroleum refineriedacilities that operate petroleum
coke calcinerssulfuric acidplants and sulfur recovery plant3he propose rule will establish

NOx and Carbon Monoxide (COgmission limits to reflect BARCTor most combustion

1 http://www.agmd.gov/docs/defauttource/Agendas/Governirgpard/2017/201-Apr-001. pdf?sfvrsn=2
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equipment ategories at these facilitie®dditionally, PR 109.1 establishes provisions for
monitoring, recordkeepin@ndreportingand provides alt@ative implementation and compliance
approaches including an Implementation Compliance PlaRla@l), BARCT Equivant
Compliance Plan (#lan), and BARCT Equivalent Mass Cap Plardap).

REGULATORY BACKGROUND

Rule 11091 Background

On Novemberl, 185, South CoastAQMD adopted theRule 11® i Emissionsof Oxidesof
Nitrogenfrom Boilersand Process Heatens Petrolem RefineriegRule 1109) The rule wagast
amended on August 5, 198Rule 1109was applicable to allboilers and process heatetin
petroleum refineriesand establisheéd NOx refinerywide emission limit of 0.14 [b/MMBtu
(approximately 120 ppmNOx corected to three percent oxygen) fiie units operated on
gaseous fuel, 0.308 Ib/MMBf@pproximately 250 ppmNOx corrected to thee percent oxygen)

for theunits operated on liquid fuel, and the weighted average sé¢lih@ts for theunits operated
conaurrently on both liquid and gaseous fueleen the units are firing at the maximum rated
capacity After December 31, 1995 the linfor gaseous fuels is reduced to 0.03 Ib/MMBtu when
firing on the maximum rated capacity. Rule 1109 includes provisionghbatass emissions
cannot be greater than the mass emissions that are representative of 0.03 Ib/MMBtu at the
maximum rated capagi In addition, Rule 1109 included an Alternative Emissions Control Plan
that allowed an operator to submit a methodologyt tt@uld provide equivalent emission
reductions than the NOx standards in the rule. Since RECLAIM was adopted in 1993, the 1995
NOx standard of 0.03 Ib/MMBtu was never implemented. No Alternative Emissions Control Plans
were submitted and approved underéri109.

RECLAIM Program

The RECLAIM program is a markéiased program that was adopted in 1993 and applies to
facilities with NOxand SOx annual emissions greater than or equal to four tons perngeer
designed to achieve BARCT in aggregatéhen the NDx RECLAIM program wasadopted,
facilities were issuednannual allocatiomf RECLAIM Trading Credits (RTCswhich declined
annually from 1993 until 2003 and remained constant after 280Be end of each compliance
year, facilities in the RECLAIM pragm must hold RTCs that are equal to or greater than the
faci | i tepmiésonsalndeRECLAIM, facilities have the option to purchase RTCs, reduce
throughput, implement process modifications, or install pollution controls to reduce emissions.
RECLAIM is designed to achieve BARCT in aggregateheWt/ RECLAIM was adoptg all
petroleum refineries anf@cilities with operationgelatedto petroleum facilities (relatedcilities)
transitioned tdhis marketbased program.

Pursuant to Health and Safety C&bxtion40440, South Coast AQMD is required to periodically
assess the adacement in control technologies that are representative of BARCT to ensure that
RECLAIM facilities achieve the same emission reductions that would have occurred under a
commanedandcontrol approach and that RECLAIM sources contribute to the efforts Batsia

to achieve the federal National Ambient Air Quality Standards (NAAQS). Over the course of
RECLAIM, there have been two BARCT reassesssiemtNOX in 2005 and 2015.

2005NOx Shave

Assessment of actual NOx emission reductions as a result ainteedments to the NOx
RECLAIM program in 2005 demonstrated that allowing for the use of shutdown RTCs in a market
where many facilities have not yet installed BARCT controls can fudékay or eliminate the
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need for facilities to install equipment to te@ their NOx emissions. The NOx RTC shave target

for the 2005 amendments was 7.7 tons per day from )@D11. The actual NOx emission
reductions between the timeframe of 2006 antR20as 4 tons per day. Of these 4 tons per day,

2.6 tons per day (or €b) originated from facility shutdowns, while 1.4 tons per day (or 35%)
came from either emission controls, process changes, or from a decrease in production levels due
to the recession

2015 NOx Shave

On December 4, 2015, Regulation XX was amendedduoces NOx allocations for the largest
NOx emitters byl2 tons per dayRefineries and related industries represented approximately
7.9tons per day (66 percent) of thetons per dayThe table below shows the NOx reduced levels
for different combustion uts under RECLAIM in 2005 and 2015 BARCT assesssiantl NOx
shave.

Table 1-1. 2005 and 2015 RECLAIM BARCT Levels

2005 NOX 2015 NOX Oxygen
Correction
Level Level
(%)

Fluid Catalytic Cracking Units 85% reduction| 2 ppmv 3
Refinery Boilers and Process Heaters 5 ppmv 2 ppmv 3
Refinery Ga Turbines N/A 2 ppmv 15
Petroleum Coke Calciner 30 ppmv 10 ppmv 3
ISulj‘ur Recovery Ung/Tail Gas N/A 2 ppmv 3
ncinerators

The intent of the BARCT reassessments was to ensure the RECLAIM program achieves BARCT
in aggregate; however, evaluation of theitsl at petroleum refineries and related industries
indicate 88 percertf the equipmenrdt those failities are not operating at levels representative of
BARCT.

Implementation of the 2015 shave is designed to reduce NOx allocations by 12 tons paenday fro
2016 t02012.The reduction in NOx allocations were greater towards the end of the shave period,
with the greatest reductions occurring in 2022. Implementatiasitave does not necessary imply
that a source will install pollution controls or reducassions as facilities under RECLAIM have

the option to purchase RTCs. The 2015 NOx shave was expectdlice NOx as follows:

2016: 2 tons per day

2017: O tons er day

2018: 1 ton per day

2019: 1 ton per day

2020: 2 tons per day

2021: 2 tons per day

2022 4 tons per day

= =4 -8 -8 _-9_95_-2

2 http://www.agmd.gov/docs/defatdburce/Agendas/Governisigpard/2016/201@ct7-037. pdf?sfvrsn=9
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2016 Regulation X2Amendments

During the 2015 rule development of Regulation XXnoarporate the 12 tons per day shave,
concerns wereaised that use of RTCs from shutdowns was contributing to the delay in installation
of pollution contols. RECLAIM staff estimated that the shutdown of Cal Portland Cement allowed
over 2 tons per day d®TCs to become available for sale and were subsdygymirchased by
other facilities to meet compliance obligations rather than installation of BARCTotonto
address RTCs from facility shutdowns, in October 26Re 20021 Allocations for Oxides of
Nitrogen (NOx) and Oxides of Sulfu(SOx) (Rule 20@), which is one of the rules within
Regulation XX, was amended to address the treatment of RTCs upPerRECLAIM facility
shutdowns. The objective of the amendments was to prevent the RTCs assoclatatiltt
shutdowns from entering the market andagieg the installation of pollution controls at other
NOx RECLAIM facilities. The amendments estabéidhthe criteria for determining a facility
shutdown (i.e., permanent or temporary) and the methogltdogplculate the amount of reduction

of future NOXRTCs holdings.

2018 Regulation XX Amendments

On January 5, 2018, the Board adopted amendments to F@&$ Applicability (Rule 2001)

and 2002. Amendments to Rule 2001 ended the addition of anyiéaaiiito RECLAIM, and Rule
2002 included provisiorte establish the overall process to transition facilities from the RECLAIM
program to a commarahd-corrol regulatory structure. Before a facility can be transitioned out
of RECLAIM, the facility must éher have all equipment at BARCT or be subject tala that
establishes BARCT requirements il their equipment. Subsequently,S. EPA informed staff

that RECLAIM facilities could not transition out of the program until the entire program had been
amended andState Implementation PlaisiP)-approved,so this provision was amended to not
allow transitioning out of RECLAIM.

RECLAIM Emission Reductions

The RECLAIM program was designed to achieve BARCT in the aggregate and the intent of the
BARCT reassessents was to ensure emission reductions were achidnat are equivalent to
BARCT. However, evaluation of thenits at petroleum refineries and relatedustries indicate

88 percent of the equipment at those facilities are not operating at levelsmigiresef BARCT.

As of August 2021, only 22 permiteave been submitted from petroleum refineries and related
industries for large NOx reduction proje¢tsg., selective catalytic reduction (SCR) projeutd
low-NOx burner¥, compared to the 91 SCR peojs assumed to be needed to achieve the NOx
shave.Upon completion, those 22 projects will account for approximately 2.43p@ndayof

NOx reduced. Fuher, 10 out of the approximately 100 boilers and process heaters 40
MMBtu/hour or greater are curréy at or below 5 ppmv NOX or less.
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Figure 11 shows the percentage ¢

emissions from each equipmerategory mHeat er s/ Bo

. . MMBtu/h
in Proposed Rule 1109.Ihe highest 200 6% <1% n Heatelﬁsll?r,oilers < 40
emitting category of equipment a ? MMBtu/hr

petroleum refineries and related facilitie m SMR Heaters

are process heaters arabilers that are
rated at40 MMBtu/hour or greaterthis 49,
category accounts for approximately 5

12%
SRU/TG Incinerators

m Gas Turbines

isai 9%

percentof the total NOx emissions. 0 2 ECCUs

Figure 12 shows the NOx coeatrations 4% m Coke Calciners
of boilers andheaters rated at or greatt 58% _

than 40 MMBtu/hourStaff found that 95 = Vapor Incinerator

percentof those units are currently nc

meeting a 5 ppmv or 2 ppmv NOXx limit ~ Figure 1-1 . Percentageof NOx Emissionsby
determined to represent the BARC Equipment Category

limits during the 2005 and 2015

RECLAIM respectiely.

140 -

130 A
120 q
E 110 A
o
£ 100 -
E 90 4
|
= 80 4
(s}
S 70 A
E 60
8 50 +
3
< 40 A
g a0
20 4
10 1 11T 5 ppm NOX limit
0 2 ppm NOXx limit

Figure 1-2. NOx Concentration Levels of Boiles and Heaters&40 MM Btu/hr

The trend of annual NOx emissions from the seven highest emitting refineries suBje@tliao. 1

since RECLAIM adoption in 188 to 2019 is provided in the Figure31Estimated emissions in

1995 were higher than the ones ir@3ue to the prevalence dfet use of missing data and
difficulties associated with installation and certification of continuous emission monitoring
systens (CEMS). Reported annual emissions decreased in the third compliance year due to the
completion ofCEMS installation and certdation for most major sources. The emissions reported

by CEMS are more accurate than emission factors used by facilitieg doeirfirst compliance

year or the missing data procedures used by many facilities during the secopliance year.
Emission fators and missing data procedures tend to rely on conservative estimates -@mas®rst
assumptions which could have overstateglemissions in the first two compliance years.
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Refineries implemented emission reduction projedts o 2001,however, in gearal emission
reductions leveled off over the past 20 y&ars
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Figure 1-3. Trend of Annual NOx Emissions from Major Refineries

2016 Air Quality Management Plan (2016 AQMP)

The 2016 AQMP includes control m&ure CMBO5 which committed to identifying the
approaches to make the RECLAIM programreneffective. During the adoption of the 2016
AQMP, t he Board approved a Resolution that di
measure (CMBJ5) to achieve theve tons per day of NOx emission reduction commitment as

soon as feasible, and no lateanh2025, and to transition the RECLAIM program twoanmand

andcontrol regulatory structure requiring BARC&vel controls as soon as practicabl@&o

facilitate the transition of facilities from RECLAIM to a commasahdcontrol regulatory
structamrdi,nga riiull ed i s needed f or e acfourteemi t i n
landing rules that is needed for the RECLAIM transition and is in part implementingGSMB

AB 617: Nonvehicular Air Pollution i Criteria Air Pollutants and Toxic Air Contaminant s

The adoption of AB 617 on July 26, 2017 by the California Legislature addressed facilities that
are in capandtrade program and subject to tleguirements of AB 617. Requirements include an
expedited schedule for implementing BARCT for @aquttradefacilities and a requirement for

the Air Districtsthroughout California to adopt an expedited BARCT schedule by January 1, 2019
to implement BARCT no later than December 023by assigning the highest priority to those
permitted units that have not madi emissions related permit conditions for ¢ineatest period

of time. AB 617 requirementshall notapply to a unit that has implemented BARCT due to a
permit revision or a new permit issuance since 2007.

PROPOSED RULE 1109.1

PR 1109.1 is necessary tohieveNOx reductiondor the region taneetthe state and federal air
guality standardsBased on 2017 emissions dastaff estimatesapproximately220 units are
currently not operating at levels representative of BARCT. Potential NOx emission reductions
from implementation of PR 1109atesubstantibdue to the size of the equipment, and the number

3 hitp://mww.agmd.gov/docs/defatsburce/reclaim/reclairannualreport/1995reclaimreport.pdf2/rsn=8
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and magnitude of units operating above proposed BARCT levels. PR 1109.1 will in part implement
CMB-05 by establishing NOx and CO limits that represent BAR&Tombustion equipment at
petroleum refinerieand related facilities and will comply with AB 617 through implementing
BARCT at facilities currently in the RECLAIM program. Under RECLAIM, facilities have the
option to reduce emissions or to purchase Rib@seet the annual compliance obligation taeas

that they hold RTCs equal to or greater than their emissions. PR 1109.1 facilities tend to purchase
RTCs as their primargomplianceoptionunder RECLAIMand are currentlfolding 55 percent

of the RTCsm the RECLAIM program. PR 1109.1 is a commamd-control rule that will require

all unitsto meet NOx concentration limits either directly or in the aggregate.

Third Party Consultants

Staff contracted with two engineering consulgarnh May 2019:Fossil Energy Research
Corporation (FERCo) and NortomBineering Consultants Inc. (NE®@)provide technical review

and input regarding the proposed BARGIOx emission limits, cost estimates provided by
refineriesands t af f 6 s appr oach aecdstsmleete bostdram refigeyiesweoe € St |
not provded. Both consultants presented their findings and recommendations at the Working
Group Meetingtl6and summarized their findings and recommendations in written reports which

are included in Appendices B tugh G of this staff report.

Fossil Energy Reseeh Corporation (FERCo0)

FERCo has extensive knowledge and understanding of SCR as the predominate form of NOx
control technology implemented at the local refineries. FERCo has a team of engineers that have
robust experience in designing, engineering, aptihozing SCR systems in conjunction with

vendors that have performed work for the local refineddsSRC® slesign and engineering
experiencénelped teevaluaesites peci f i ¢ i ssues @angineerng strenptlais i | 1 t
also in SCR system optimization which qualifies this team to perform an analysis of existing SCR
systems to determine whether further reductions can be achieved.

The FERCo contractvas primarily to address the space constraints ehallengesspecific to
petroleum refineries when installing NOx control equipment, in particular SCR installations.
FERCo also assisted staff with the cost assessi8tff.and FERCo conducted several fagili

site visits to assess the availability oep for installation of NOx controls and discuss potential
BARCT issues and concerns.

F E R C staiesnent of work (SOWjescribes the tasks to includg follows

1 Perform site visits and engineering evaluatiéthe affected equipment (including, but not
limited to, feasibility of installation of new controls or equipmgnt)

1 Consider any challenges associated with installation of control technglsgiésas space
constraints

1 Review installatiorchallenges at multiple facilities and provide engineeringpaesptions
when appropriateand

1 Conduct a feasibility study to determine if further optimization can be performed on
currently installed NOx control systems to help achieve further reductions.

Norton EngineeringConsultants Inc(NEC)
Norton Engineering és a team of qualified engineers with technical experience in NOx control
technologies and BARCT experience with refinery applicatidsC was contractetb review
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and conduct an independeatiewo f s BARECT assessmenStaff relied on NEC to addse
technical questions and to provide their expertise on control technology and combustion
equipment.

Nortonbdés SOW descr iadfdlenvst he t asks to include

1 Performatecmicalfeasibility assessmenncluding a review otommercially viable NOx
controltechnologies and emission reduction levels that each technology can achieve, and
any caveats associated with achieving the NOx redugtions

1 Evaluat potential emissions ofother a pollutants, including PM, ammonia, and CO,
when implementing BARCT

Reviewand veri the initial cost that were submitted in 2Q0&8d

Analyzethemodification anduse of U.S. EPA SCR cost model, model input assumptions,
local labor costs, another factors that affect the casffectiveness calculation.

In March2021, refinerie submitted revised cost estimates. Staff extended the conittabiokton
to provide athird-partyreview of the revised cost data submitted by refineries.

OTHER RELATE D RULEMAKING
The figure belowshowsthe other ruledevelopmentshatwill be requiredin conjunction with, or

to supportPR 1109.1.

Proposed Rescinded

Rule 1109 PAR 1304 PR 429.1
AExisting rule for ANSR exemptions for AEstablishes startup
refinery operations installation of BARCT and shutdown
that will be rescinded controls related to the requirements for PR
RECLAIM transition 1109.1 sources

PAR 2005

ANSR applicability
changes for equipment
replacements with
BARCT controls
related to the
RECLAIM transition

Figure 1-4. Other Related Rulemaking

Staff is proposng to rescind Rule 1109 whdPR 1109.1 is considered for adoptiddince the
adoption of RECLAIM, no facilities have been subject to Rule 1P08posed Amended Rule
13047 Exempions (PAR 1304) and Proposed Amended Rule 200w Source Review for
RECLAIM (PAR 2005) will implement a narroiBed Available Control TechnologyBACT
exemption for PMo and SOx emission increases associated withoaddir pollution control
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equipmeninstallations or modifications at a RECLAIM or former RECLAIM facility to cognpl

with a BARCTNOX standardLastly, Proposed Rule 429i1Startupand Shutdown Provisions at
Petroleum Refinerieand Related Operatiorf®R 429.1)will exempt equipment durgnstartup

and shutdowrevents and limit the duration and frequency of those teviam refineries and

associated facilities that are subject to PR 1109.1. For more informatiAR1H304 PAR 2005,
andPR429. 1 please refer t o tetumder Prdpnsed Rule StatfsstlsoA QMD
preparing Preliminary Draft Staff Reports for these rulemakings that includes additional details
regarding the proposals.

PUBLIC PROCESS

PR 1109.1 was developed thgh a public process that included a series of \grksroup

Meetings and one community meeting in the AB 617 communit@asson, Wilmington, and

West Long BeachTable 1-2 summarizes the Working Group Meetings held throughout the
development of PR 11094dnd provides a summary of the key topitscussecat each of the

Working Group Meetings. Working Group Meetings ranged from one tdhfives and included
detailed presentations, which aftTablgl8mdvides on t |
asummary of additional PR 1109.1 meetings.

Staff bega the rule development process in the first quarter of 2018 amdhducted®4 Working
Group Meetingsto date. Staff will continue to conduct Working Group Meetings as well as
individual stakeholder méiags as neededheWorking Group is composed dalffected facilities,

the Western States Petroleum Association (WS$P&9nsultants, equipment vendors,
environmentabnd communitygroups,andother agencies such as t@alifornia Air Resources
Board CARB) and the U.S. EPAT he purpose of thé/orking GroupMeetingsis towork through

the development of the proposed ruliscuss proposeule conceptand identify and address key
issues. The focal point of many of the Working Group Meetings was the BARCT assessment and
the development of the proposed NOXxitsrior PR 1109.1. As a result of the impacts of COVID
19 and i n accor da BxeativenOrderrne92M al WGking &noup Meetings
after March 18, 2020 were conducted remotely via video conferencing and teleconferencing.

Prior to the relese of this Preliminary Draft Staff Report and Preliminary Draft Rtiiese
versions of the draproposed rule language were released to the public between November 2020
and July 2021. The initial version of the rule language was released on Octob8B@3th2
subsequent version included an alternative compliance option on December 24282®third
revision to the draft proposed rule language was released on July 21, 2021.

Table 1-2. Summary of Worki ng Group Meetings and Released Documents

Date Meeting Title ‘ Highlights

Working 1 Rulebackground
February 21,2018 Group 1 Potential universe
Meeting #1 1 Equipment types and NOx emissions
1 Provided update on theirsey questionnairestatus
Working (distribution, meeting with stakeholdeend
June 14, 2018 Group revisions)
Meeting #2 1 Revised universe and equipment
1 BARCT legal requirementand assessmeapproach

4 http://www.agmd.gov/home/rulesompliance/rules/scaqmdile-book/proposedules/proposedule-1109-1
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Chapter 1

Background

| Date Meeting Title Highlights
1 Emission data evaluation for all equipment catego
Working 1 Progress of ruledevelopment
August 1, 2018 | Group 17 WSPA comments
Meeting #3 1 Firstthreesteps of BARCT technology assessmen
1 Presented the resulto©m the fourth step of the
September 12 Working technology assessménfiAssessment o_f Ppllution
2018 ' | Group Control TecRI@I1 eqgignmentf o
Meeting #4 |  Presented emergifgOx controltechnologies
1 Control technologies and potential reductions
1 Analysis of the survey data submitted by the
Working stakeholders
ggilgmber 28, Group 1 Methodology for data analysis for eachtlo¢ seven
Meeting #5 source equipment categories
1 Low NOx burner/ultrdow NOx burner technologieg
Working 1 Updates and revisions to tearvey data
1 Update on the Request for Proposal
January 31, 2019 Group . X
Meeting #6 1 Key takeaways from meetings with control
technoloy vendors
1 NOx control technologies from meetings with
Working manufacturers
April 30, 2019 Group 1 BACT requirements due to equipment retrofit or
Meeting #7 replacement
1 U.S. EPASCR MWstModel
Working 1 Update omontractg withhird-party consultants
June 27,2019 | Group T CEMS data analysis .
Meeting #8 1 Methqdolpgy to determine operational peak
1 Modification to theU.S. EPA SCR GstModel
1 NOx amission baseline
. 1 U.S. EPASCR WstModel modifiedwith
Working
December 12, Group stakeholdecosts
2019 Meeting #9 1 BARCT recommendations for the heaters and boil
1 John Zink Combustions presented their new SOLLE
burner technology for refinery heaters
f ClearSign Cor& burner project
1 Revised coseffectiveness assessment for b@land
Februaryls, Working heaters . _
2020 Group 1 BARCT I\.IO>.< limits for gas turbines, FC&Jand
Meeting #10 SRU/TG incinerats
1 Internal combustion engis€ICESs) applicability in
rule
Transitioned tdRemote Participation via Zoom Video Conference DUe@¥ID-19
Working 1 Proposed BARCNOX limits for theSMR heaters
May 21, 2020 Group andICEs
Meeting #11

PR 1109.1 Preliminary Draft Staff Report
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Background

| Date Meeting Title Highlights
1 Proposederaging timesor boilers, process heatel
SMR heaters, gas turbines, FCE&SRU/TG
Incinerators and auxiliary ICE
Working 1 Follow-up on proposed_ BARCINOXx limits for ICEs
1 Proposed BARCNOKX limits for coke calcinesand
July 17, 2020 Group .
Meeting #12 vapor incinerators
1 Response to th&/SPAcomment letter
1 Follow-up on SMR heate®ARCT assessment
1 BARCT NOx assessment for sulfuric acid plants
Working (furnaces and startup heaters and boilers)
August 12, 2020 | Group 1 BARCT Evaluation of heaters and boilers with
Meeting #13 existing SCRs
1 Co-pollutants and sulfur cleamp in refinery fuel ga
1 Rule implementation concepts
Working 1 Proposed BARCNOKX limits
Group 1 Projected NOx emissioreductions
Meeting #14i | 1 Concepts for rule implementation
Community | T Request for equipment information feach refinery
Meeting with and the anticipated control technology by comnyur
August27, 2020 | impacted representatives
communities
of Carson,
Wilmington,
and West
Long Beach
October 23, 2020 ReleasedFirst Version of PR 1109.Rule Language
1 Response to stakeholdérs c o mment s |
Working updates to thBARCT assessments and rule langu
November 4,
2020 Group concgpts . .
Meeting #15 | 1 Rule implementatiowoncept BARCT-Compliance
AlternativePlan (B-CAP)
Working 1 Revisions taCO and (EMS requirements
Group 1 Updates to the impmentation schedule
December 10, Meeting #16 | 1 FERCo andNEC presentations
2020 Consultarg 1 Revisionsto PR 1109.1 based on feedback from
presented FERCo andNEC
Final Repors

December 24, 2020

Release®econd Version of PR109.1Rule Language

Working 1 Multiple SCRreactors
February 4, 2021| Group 1 Rulelanguage updates
Meeting #7 | § Presentation by ClearSign
February 11 Working 1 Other related rulemaking projects .
2021 ' Group 1 New approaches to achieve BARCT for large boil¢
Meeting #18 and heaters

PR 1109.1 Preliminary Draft Staff Report
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| Date Meeting Title Highlights

1 Review of BARCT and incremental cest

effectivenessaassessments

Responses to submitted comment letters

Request for revised cost data

Proposedn updatedNOx limit for large boilers and

heaters (O 40 MMBtu/ hr

Working 1 Reconsideration dFCCU and Vapor Incinerator

March4, 2021 Group BARCT assesment

Meeting #B | § Revised implementation schedule and approach v
considerations for turnaround schedules

1 Introduced BARCT Equivalent Compliance Plan
(B-Plan)

=

E

1 BARCT implementation and compliance plans
Working 1 Proposed Ruld29.1for startupand shutdown
April 30, 2021 Group provisions at petroleum refineries
Meeting 20 | § Presentation bgZlearSign™ aboutcombustion
update
1 Introducing Bridge Concepts
Working 1T Response to stakehol de
May 27, 2021 Group 1 IncrementalCostEffectiveress Assessment
Meeting #21 | § Alternativel-Plan Concepts
I Gas Turbine and SMR Heater follow up
1 WSPA proposal and staff response
. 1 Facility provided updated costs and staff analysis
Working I BARCT reassessment for large boilarsl heaters
June 30, 2021 | Group 9
Meeting #£2 ard FCCLs
1 Initial concepts for mass emissions approach whig

was the revised ap
1 Bridge limit considerations
Working 1 PMI/Co pollutant discussion
July 14, 2021 Group 1 BARCT reassessment for Vapor Incinerators
1

Meeting #23 BARCT Equivalent Mass Cap (Bap)
corsiderations

July 21, 2021 Release Third Version of PRL09.1Rule Language
Working 1 BARCT reassessment for Vapor Inaiaers

July 28, 2021 Group 1 Discussion of July 21 version of Proposed Rule
Meeting #24 1109.1

PR 1109.1 Preliminary Draft Staff Report 1-12 Augug 2021
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Table 1-3. Summary of Other Meetings
Date Meeting Title

September 18, 2020 Stationary Source Committee Update
November 3, 2020 November 6, @20 CEQA meeting with all 16 Facilities
Multiple B-Plan and Plan Meetings with all
January 1320217 August 20, 2021 the 5 major petroleum refineries and the
Environmental and Community Groups
February 19, 2021 Stationary Source Committee Update
Sepember 1, 2021 Public Workshop

* Referenceto BCAP was ¢ hangeRl adlmude staff intooduced a netv Boncept
that was againCap.feerred to as a 0B

Throughout the rulemaking, staff has been meeting individual stakeholdersn Januay 2021
staff initiated individualmeeting with the five major petroleum refineriesd environmental and
community groupsSince January 2021, staff Hasld over 50 meetings with Chevron, Marathon
(Tesoro Refinery)PHhllips 66, Torrance Refining, andalero.SinceFebruary2021, $aff held 15
meetings witmetwith representatives of BarJustice, Coalition for Clean Air, Natural Resources
Defense Counciland Communities for a Better Environmenh May 2021 after ta WSPA
proposed an alternative appch to PR 1109.1, staff began meeting weekly with Wairdheld
tenmeetingeginningMay 20, 2021Staff also met periodicallyout on a less frequent basigh
AltAir, World Oil, and Eco Services

PR 1109.1 Preliminary Draft Staff Report 1-13 Augug 2021
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INTRODUCTION

BARCT ASSESSMENTAPPROACH

SUMMARY OF THE BOILER AND HEATER BARC T ASSESSMENT
SUMMARY OF PETROLEUM COKE CALCIN ER BARCT ASSESSMENT
FLUID CATALYTIC CRACKING UNITS (FCCUS) BARCT ASSESSMENT
SUMMARY OF THE GAS TURBINE BARCT ASSESSMENT

SULFUR RECOVERY UNITS/TAIL GAS TREATING UNITS BAR CT
ASSESSMENT

SUMMARY OF THE FLARE AND VAPOR INCINERATOR BARCT
ASSESSMENT

AVERAGING TIM E DISCUSSION
THIRD PARTY CONSULTANT ASSESSMENTS



Chapter 2 BARCT Assessment

INTRODUCTION

Affected Facilities
PR 1109.1 will affect 16 facilities, including nine petroleum refineries, three sefiakries, and
four facilities with related operations.

9 Petroleum Refineries 3 Small Refineries

* Chevron
* Marathon (Carson) Asphalt Refineries
Marathon (W|Im|pgton) » Lund_ay—Thagard DBA World Oil - Arr Liquide Large Industries
Marathon — Calciner Refining
S * Air Products and Chemicals
» Marathon — Sulfur Recovery = Valero Wilmington Asphalt e
Plant Plant (Carson & Wilmington)
Phillips 66 (Carson)
Phillips 66 (Wilmington)
« Torrance Refining Company
Ultramar (Valero)

4 Related Operations

Hydrogen Plants

Biodiesel Refinery Sulfuric Acid Plant
* Alt Air Paramount « Eco Services Operations

Figure 2-1. PR 1109.1 Affected Facilities

PR 1109.1 will be applicable to 16 out of @46 facilities in the NOx RECLAIM program as of
October 2020 however, based orhé¢ 2017 RECLAIM Annual Emission Reports, these 16
facilities are esponsible for 12.8ut of 19.9tons per day of the NOx emissions.

NUMBER OF FACILITIES NOX EMISSIONS
(2017 ANNUAL EMISSIONS)

HPR 1109.1 mRemaining RECLAIM Universe

EPR 1109.1 mRemaining RECLAIM Universe

6%,
16 Facilites

12.3tpd
62%

94%
246 Facilities

Figure 2-2. Number of Facilities and NOx Emissiors PR 1109.1 versus RECLAIM
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Affected Equipment

PR 1109.1 applies to neadil combustion equipment at petroleum refineries and related facilities.
Based on Sout h Cdatalsase ad adliy&eveys, stedsidentified284 units

that will be subject to the PR 1109.With six majorcategorie®f equipment:

Process SRUITG Vapor
Hea'gers & Incinerators Incinerator s
Boilers

Calciners

Figure 2-3: Major Categoriesof Equipment

Heaters and boilerare the largest equipment categories represe8ingercent of equipment.
There are many subcategories of equipment, especially in the process heattearohtegoy

which includessteam methane reforméMR) heaters sulfuric acid plant furnasgard startup
heater®r boilers. The vapor incinerator category also includes several subsets including soil vapor
extraction units, thermal oxidizers, andecsmall flare.

The table belovsummarizes the number of PR 1109.1 equipment at the 16 refineriesliated
facilities.

Table 2-1. PR 1109.1Affected Equipment by Facilit
Process

Heater/ Start-Up
SMR SRUITG Vapor Gas — “oater/ | ECCu
Incinerator Incinerator = Turbine .

Heater/ Boiler

Boiler
Tesoro 30 2 0 4 1 1 0 0
Carson
Tesoro
Wilmington 33 0 0 2 0 0 0 0
Tesoro
Sulfur 0 2 0 0 0 0 0 0
Recovery
Plant
TesoroCoke 0 0 0 0 0 0 1 0
Calciner
Torrance 28 2 2 0 1 1 0 0
Chevron 37 4 5 4 1 1 0 0
P66-Carson 10 2 0 0 0 0 0 0
P66-
Wilmington 34 2 0 1 2 1 0 0
Ultramar 19 1 0 1 1 1 0 0
AltAir 25 1 4 0 0 0 0 0

PR 1109.1 Preliminary Draft Staff Report 2-2 August2021
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Process
Heater/ Start-Up
IR In?:li?nlé/r;%r Inc\i/r?epr?irtor Tu?ti?le Heater/ | FCCU Cglg:(r?er Flare
Heater/ Boiler
Boiler
Lunday
Thagard 5 0 2 0 0 0 0 0
Air
Products- 1 0 0 0 0 0 0 0
Carson
A|r.Prc_Jdocts 1 0 0 0 0 0 0 0
-Wilmington
Air Liquide 1 0 0 0 0 0 0 0
Eco-Services 0 0 0 0 2 0 0 1
Valero
Asphalt 4 0 0 0 0 0 0 0
Plant

There are thresource categoriesf combustion equipment at petroleusfineries and related
facilities thatarenotincluded inPR 11091: refinery flares, small heaters used for comfort heating
and internal combusticenginegICESs). These categories are regulated umdéstingSouth Coast
AQMD rules. Details of exclusion are provided in the following sectiong#oh category

Refinery Flares

Refinery flaresthat are used exclusively to burn excess hydrocarbon gasexdcumeed fron
RECLAIM and will also be excluded from PR 1109.1. Those flaresurrentlyregulatedunder
Rule1118i Control of Emissions frorRefinery Flare. Two types of flares are generally operated

at refineries: elevated flares and flares, usually defined by the height of the flare tip above ground.
However,there isa small flare usedat one of the facilities with related operation to pletm
refineries for plant activities such as tank degassing and truck unloatiiatis subject toPR

1109.1 The BARCT assessment for that usitiscussed later in this chapter and in Appendix G

Small Heaters

Refinery boilers and heaters used in te&q@eum refiing process are all greater than 2 MMBtu

per hour. Small heaters (less than or equal to 2 MMBtu per hour) used for comfort heating that are
not used irrefinery processingoperationsare not subject to PR 11099mall ratural gadired

watea heaters, bders, and procesheates (less than or equal to 2 MMBtu/hr) at PR 1109.1
facilities will be regulatedinderRule 1146.2 Emissionof Oxidesof Nitrogenfrom Large Water
HeatersaandSmall BoilersandProcess Heate(Rule 1146.2) Units regilated undeRule 1146.2

are small and generally used for large water heaters and do not inoitgleithin the operating
procesf therefinery.

Internal Combustion Engines

There are three diesel ICEs at facilities witthie PR 1109.1 universe thateaused to poer gas
turbines during startupnly. All these ICEsrelow-use (less than 13 hours per yeanjjineswith

NOx emissions less than 0.001 ton per.daBARCT assessment for these units was conducted
and presented during the Working Group Megt#11l held orMay 21, 2020 and a followp
assessment was presented during Working Group Meeting #12 held on July 17, 2020. SCR was

PR 1109.1 Preliminary Draft Staff Report 2-3 August2021
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determined to be the best it control technology to reduce NOx; however, because these ICEs
are only used for shortnie periods dung the starup of gas turbines, they would not reach the
minimal temperature required for the SCR to reduce NOx. Staff evaluated ICE replacement to
achieve significant NOx reductions. Based on the NOx limits in Rule 111Brfissions from
Gaseousand Liquid-Fueled Engines (e 1110.2) staff evaluatedrall ppmv NOXx limit, as
required for stationary ICE, as well as a 36 ppmv NOXx limit, as alléarddw-use ICE (less than

500 hours/year). The BARCT assessment demonstrated that meBig emissionimit of 11

ppnv or 36 ppnv was not coseffective and wouldchavetechnical challengestaff considered
including a lowuse exemption in PR 1109.1 (e . , operating for 0100
establishing NOx limits and requirementghié wnit exceeds thannual operating ho@xemption.
However, staff determined the best path forward for theseukBMCESs was to allow them to be
subject toRule 1110.2 which has a provision under subparagrépii)(E) for auxiliary engines

used to power ber engines ogas turbines during startups.

BARCT ASSESSMENT APPROACH

The purpose of BARCT assessment is tssess available pollution controls to establish emission
limits for specific equipmentategories consistent with the state.lekvder Californa Health and
Safety CodeSection40406, BARCT is defined as:

Aan emission | i mitat iunmdegtedd teductien adthievaldedy o n t
each class or category of source, taking into account environmental, energy, and economic
i mpacts. 0

The BARCT assessmenbllows aframeworkthroughthe rule development process and includes
public participationThe figure belowshows the BARCT assessment approach. A summary of the
BARCT assessment is provided in this chapter. A complete BARCT assessmeghfolasa or
cdegory is presented in Appendices B through G.

Assess South Assess Assécs Other Assess Cost-Effectiveness BARCT

Coast AQMD Emission Reculatory Pollution p I b
Regulatory Limits of St Control an Increr.nenta Emission

Requirements | Existing Units i Technologies Cost-Effectiveness Limit

Analyses

Technology Assessment

Figure 2-4. BARCT Assessment Approach

Retrofit Versus Replacement

During the rule development of commaadd-control rules for the RECLAIM traiitgon, industy
stakeholders commentedonthec ope of HfAbest avail adblreelrattirvod i
Health & Safety Cod8 40440 ( b) (1) . A commenter stated th
precludes th&outh Coast AQMDrom requiring emissias limitsthatcan only be coseffectively

met by replacing the basic equipment with new equipment. Stagvieslithat the use of the term
Aretrofito does not preclude replacement tech
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The online MerriamWe b st er Di ct i onar ymamher thatoes sot preclede r o f i t
replacing equipment. That dictionary establishes the following definitiontfor re f) to furnishii 1
(something, such as a computer, airplane, or building) with new or modified parts or equipment

not available or consideratecessary ahe time of manufacture,) 2o install (new or modified

parts or equipment) in something previously manufactured or construgtedadapt to a new

pur pose or htee/dwwvmedadiivdbster.dom/dictioary/retrofit This definition

does not preclude the use of replacement parts as a retrofit.

The online Dictionary.com is more explicit in allowing replacement paltsincludes the

following definitions for retréit as a verbfi 1to modify equipment @ airplanes, automobiles, a

factory, etc.) that is already in service using parts developed or made available after the time of
original manufacture, 2o install, fit, or adapt (a device or system) or use withrething oldey

to retrofit solar heatg to a poorly insulated housg, (of new or modified parts, equipment, etc.)

to fit into or onto existing equipment, th replace existing parts, equipment, etc., with updated
part s or htts/ywswdetmsary.0oom/browse/retrofitThis definition clearly includes
replacement of existing equipment within the
term Aretrofi to c anmcingexstingguipmenthe concept of re

Moreover,thesat ut ory definition of fAbest avail abl e
replacing existing equipment with new cleaner equipmeleialth & Safety Code§8 40406

provi des: AAs us ewvilableretré ht scohapbEe&nsitaeamisaont ogy o
limitation that is based on the maximum degree of emission reduction achievable, taking into
account environmental, energy, and economic i
BARCT is anemissions lintation, and is not limitedo a particular technology, whether aoia

or replacement. Certainly, this definition does not preclude replacement technologies.

Staffalso notsthat the argument precluding replacement equipment would havieercentrary

to the purposes of BARCT oF example, staff has proposadd the Board adopted in Rule 1135

a BARCT that may be more cesftfectively be met for diesdlieled engines by replacing the
engine with a new TielV diesel engine rather than inkiteg additioral addon controls on the

current engine which may be many decades dlthe South Coast AQMDwvere precluded from

setting BARCT for these sources, the oldest and dirtiest equipment could continue operating for
possibly many more years, evéhough it wald be coseffective and therwise reasonable to
replace those engines. There is no policy reason for insisting that replacement equipment cannot
be an element of BARCT as long as it meets the requirements of the statute including cost
effediveness.

The case law supports an expaasreading of BARCT. In explaining the meaning of BARCT,

the California Supreme Cour-forcingethndardtdesmried tB ARCT
compel the development of new technologies to meet public health lg{dmedan Coatings

A s s ¥ South Coast Air Quality Mgt. Disb4 Cal. 4' 446, 465 2012). In fact, the BARCT
requirement was placed in state law for 8muth Coast AQMO n or der t o fAencol
aggressive | mpr ove me ndesigned to agment rathgruthetestrairytbe and
South Coast AQMD s r e g u |l a(Anoerican Cpatig® suprab4 Cal. &' 446, 466.

Accordingly, BARCT may actually be more stringent than BACT, because BACT must be
implemented today by a source receivinmeamit todaywhereas BARCT mayf so specified by

theSouth Coast AQMDbe implemented a number of years in the future after technology has been
further developedAmerican Coatings, supr&4 Cal. 4' 446, 467.
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The Supreme Court further held that whatrallenging tle South Coast AQND 6 determination

of the scope of a fAclass or category of sour c
must show thatth€ out h Coadtet AQMD®O&at i on 1 s Aarbitrary,
(American Codhgs, supra54 Cal. 4"446, 44). Therefore, th&outh Coast AQMDBnay consider

a variety of factors in determining which sources must seetificBARCT emissions level. If,

for example, some sources could not @d&tctively reduce their emissions fler becauseheir

emissions a already low, these sources can be excluded from the category of sources that must
meet a particular BACT. Therefore, tBeuth Coast AQMDnay establish a BARCT emissions

level that can costffectively be met by replacingisting equipnent rather thamistalling ade

on controls, andthB o ut h Co a gdfinitisn@MIie&aegory of sources which must meet

a particular BARCT is within th&outh Coast AQMD s di screti on as | ong a:
irrational.

Emerging Technology

The BARCT emission levels can also be technology forcing NOx concentration limits, meaning
the limits can be based on emerging technology provided the NOXx limit is achievable by the
compliance date. Emerging technology is technology that daevecemissiomeductons but is

not widely available at the time the NOx limit is established and the rule is adopted. When South
Coast AQMD adopts rules with technology forcing emission limits, the limits are given a future
implementation date to allownte for the tehnologyto develop. BARCT limits evolve ovéme

as technology improves or new pollution control technologies emerge; setting future effective
emission limits is appropriate and the approach has been used, and upheld, in otHgouthes.
Coast AQMD adpted volatile organic compoundvQC) limits in Rule 1113i Architectural
Coatings in 2002 with a future effective date of July 1, 2006 based on emerging technology (e.g.,
reformulated coatingsY he technology to meet the lower VOC limits veasnmerciallyavailable

but had performance issutbst hadyet tobe overcomeThe American Coating Association sued

the South Coast AQMD for adopting technology forcing BARCT limist the South Coast
AQMD prevailed in the Supreme Court of Californipholding the hility to adopt technology
forcing BARCT limits.

Class and Category of Equipment

One of the first steps in the BARCT assessment is to establish the class and category of equipment.
Staff collaborated with the stakeholders to establish tres @ad categgrby accounting for the

type of equpment, size, fuel type, and other unique operational features of the units. The following
table lists the initial class and category of equipment established for the BARCT assessment of the
equipment subjedo PR 1109.1Based on the BARCT technology ass®ment, the only category

that has been distinguished by fuel type is the Gas Turbine category and the fuel type is included
in the table for other categories for informational purpoBesiewable fal gaslisted in the
following table isthe gasgeneratedt abiofuel plant
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Table 2-2. Class and Categoy of Equipment
Size

Equipment Category (MMBtu/hour) Fuel Type
<20
Boilers Q07 <40 Refinery Fuel Gas,
A0i7 AL10 Natural Gas
>110
Flares All Natural Gas
FCCls All Coke BurnOff
Refinery Fuel Gas,
FCCU Starmip Heaters All Natural GasUltra-
Low-Sulfur Diesel
Gas Turbines Fueled with All Natural Gas
Natural Gas
Gas Turbines Fueled with RefineryFuelGas
Other Proces&as,
Gaseous Fuel other than All h
Natural Gas Propane, Butane, Othe
Gaseous Fuels
Petroleum Coke Calciners All Natural Gas
<
2 ..20 Refinery Fuel Gas,
2071 <40
Process Heaters = Natural GasRenewable
407 AL10
~110 FuelGas

Refinery Fuel Gas,

SRU/TGIncinerators All Natural Gas, Tail Gas
Renewable Fuel Gas

PSAOff Gas, Refinery

SMR Heaters Al Fuel Gas, Natural Gag
SMR Heaterswith Gas PSAOff Gas, Natural
. All
Turbine Gas
Refinery Fuel Gas,
Sulfuric Acid Funaces All Natural Gas, Hydrgen
Sulfide
Sulfuric Acid Startip Heates All Natural Gas
Sulfuric Acid Stantip Boilers All Natural Gas
Refinery Fuel Gas,
Vapor Incinerators All Natural Gas, Renewab
Fuel Gas

Technology Assessment

Stdf conducted a thorough technology assessmept/aluate the NOx control technologies that
will achieve the BARCT level for combustion equipment at petroleum refineries and facilities with
related operations to petroleum refimsrisubject to PR 1109.1.h@ technology assessment
consists of four stepgacluding the assessment of South Coast AQMD requiremammsmplete
assessment of emission limits of existing ynieview of other regulatory requirements, and
assessment @valable pollution control tehnologies.
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Assesssouth | A\ssessment of South Coast AQMD (Retgry Requirements

coastagvp  Staff reviewed existing South Coast AQMIIOx regubtionsfrom combustion

Regulatory equipment at petroleum refineries and facilities with related opesatidre
. Requirements combustionequipment within the refing sector consistof six main source

categores previouslydiscussed (see Figure32. In addition, saff evaluatedhe

South Coast AQMDNOx reguktionsfor combustion equipmeimt nonrefinery settingso assess
potential technology transferThis includes the evaluation of rules amegulations afcting
equipmentcategories that will be regulated under PR 1109.1 (eajers and procedseaters
The technology assessment includes a review of existing South Coast A€dulations to
determine if NOxlimits have been established for similar typ#sequipment that should be
considered for PR109.1. In addition to the NOx rules, staff also evaluated BARCT
assessments which were previously conducted in 2005 and 2028 af the RECLAIM program
toreducd a c i dllocatignéThe following aible summarizes the South Coast AQMD NOX rules
that staff evaluated as part of the BARCT technology assessment.

Table 2-3. South Coast AQMD Regulatory Requirements

Regulation/Rule Title Relevant Unit/Equipment Fuel Type

Refinery Boilers and Proces
Heaters, Petroleum Coke
Calcines, FCCls, Gas
Turbines
Refinery Boilers and Proces
Heaters, Petroleum Coke
RECLAIM BARCT (2015) Calcines, FCCls, Gas See Table 2
Turbines, SRU/TG
Incineratas

RECLAIM BARCT (2005) SeeTable 22

Rule 1110.2 Emissions from

Gaseousand LiguidFueled Stationary and Portable | Gaseous Fuel&jquid

. Engines Fuels
Engines
Rule 1118.1 Control of Landfill Gas,Digester
Emissions fromNon-Refinery Non-Refinery Flare Gas,ProcessGas, VOC
Flares Off-Gas
Rule 1134 Emissions of Oxides Gaseous Fueliquid
of Nitrogen from Stationary Gas Gas Turbines

. Fuels
Turbines
Rule 11461 Emissions of Oxides
of Nitrogen from Industrial, Gaseous Fuels, Nen
Institutional and Commercial Boilers and Process Heater| Gaseous-uels, Landfill
Boilers, Steam Generators, and Gas, Digester Gas

Process Heaters

Rule 11471 NOx Reductions from
Miscellaneous Sources

Incineratos, Afterburnes,
Remediation Ung Thermal
Oxidizers, Calcineg/Kilns

Gaseous-uels, Liquid
Fuels
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Assess Assessment of Emission Limits of Existing Units
Emission This step of the BARCT assessment higiiis the emissions levels that can be
Limits of achieved for the existing units in the different categories of equipment. To
Existing Units ~ conduct this assessment, staff leated the current emissions and NOx
concentrations of the existing units in the PR 1109.1 universe. Da&sisiing
units include South Coast AQMD data such esmt limits, source test dat@EMS, andannual
emission reports as well as the comprehensiata whichstaff received througtthe facility
surveys Summares of the emission levels being achievesh equipmentfor each class and
categoryin the PR 1109.1 univers®e included later in this chaptevith detailed information
discussed later in éhappendices

Other Regulatory Requirements
AssessOther  The next step of the technolp@ssessment is to identify othagencies that
Regulatory regulate the same or similar equipment and compare the regulatory requirements
 Requirements  and emissions limits. The purpose of this step isatuate if there are applicable
emissions limits that should be consider€éde table below includes thetlisf
regulations by other agencies which staff reviewed for applicable emissions limits. The specific
emission limits and their impact on the BARG3sessment is included for each class and category
discussedn the appendiesfor each of the equipment egjories
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Table 2-4. Other Regulatory Reguirements
Relevant
Units/Equipment

Regulatory Entity Regulation/Rule Title

Regulation 910-30171 RefineryWide
NOx limit for boilers, steam generators
and preess heaters, excluding CO
Bay Area Air Quality | Boilers

Management District| Regulation 910-3071 Refinery NOx
Emission Limit for COBoilers
Regulation 9, Rule 9Limits Emissions
of NOx from Stationary Gas Turbines
Rule 4306 Boiler, Steam Generators,
and Process Heatér?hase 3

Rule 43201 Advancel Emission
Reduction Options for Boilers, Steam
Generators, and Process Heaters Greg
Than 5.0 MMBtu/hr

Heater and Boiler

FCCU

Gas Turbine

Heater and Boiler

San Joaquin Valley Heater and Boiler

Air Pollution Control

District
Rule 4311 Flares Flare and Thermal
Oxidizer
Rule 4313 Lime Kilns Petroleum Coke Calciner

Title 30, Part 1, Chapter 117, Subchap{ Petrdeum Coke Calciner
B, Division 3, Rule §117.310 Emission | FCCU

TexasCommission
on Environmental

Qualit Specifications for Attainment Gas Turbine
y Demonstration SRU/TG Incinerator
— Assessment ¢follution Control Technologies
Pollution The net step is to research the commercially available emission control

Control technologies and seek information on any emerging emission control
Technologies = techrologies. As part of this assessment, staff met with multiple air pollution
control vendors who have experience workiwith petroleum refineries and

related industries to discuss NOx emissions control technologies. Staff also invited several vendors
toprsent at the Working Group Meetingsngthee addr
available and applicable teatingies for the purpose of NOx emissions reduction. Staff also relied
on the thirdparty consultants who also reached out to the technelegyors and had discussions
on the level of emission controls that can be addewith the statef-the-art technabgy.
AppendixA has descriptions for the NOx control technologies, emission reduction performance,
and the applicable units they can cohttioe following section contains an overview of the control
technologies staftvaluated.
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Table 2-5. Technology Vendors
Vendor Control Equipment

CECO Peerless SCR and AIG systems
Zeeco LNBs and ULNBs
Cormetech SCR catalysbptions
Umicore SCR catalyst options
John Zink Hamworthy LNB, ULNB, and Solex burners
CleaSigrE Duplex™ Technology

Table 2-6. Commercially Available NOx Controls per Equipment Categor

Technology @ Heater Boiler | FCCU il EEE Slbe VT

Calciner Turbine Incinerator | Incinerator

Water/Steam
Injection
Flue Gas
Recirculation
NOx
Combustion X
Additive
Ultra-Low
NOx Burners
Low NOx
Burners
Selective
Catalytic X X X X X X X
Reduction
LoTOxE w/
Wet Gas X X X X X X
Scrubber

UltraCat ™ X X X

The mostutilized NOx controls are lowor ultralow NOx burners and poesbmbustion controls
such adow temperaturexidation process for NOxcontrol (LoTOXE ), UltraCaf™ catalystfilter
manufactured by T¢¥Mer Corporation(UltraCatf™), and SCR. Théable belondemonstrates the
potential achievable NOx reductioasdAppendix A contains detailed descriptions of the control
technology.
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Table 2-7. NOx Control Technologies, Application and Performance
NOx Contr Achi eval

AT Perf or ma

~95% Redu

Tecdinogi e:
LoTOxE or Ul Etorr Petrol e@an cior

SCR F C CsU
Boi IPrkocdesast er § Gr e dtheam
SCR or ULNB Tur bi nes Reducti
20330 p'g’m
Opti mal i

Boi IPe o sHesaadf aured

UL NB by RefilneGays| 44350 pganwb
Opti mal i

SRUTIGnci ner at (
ULNB Acid Hhanmalrs 5554 sgi

(operaing on refinery fuel
renewable fuelpr natural gas)

UL NB Boi lf@eres$ ealt brya 5 pf@anv

@ Based on a 3 percenb@orrection
@ Rapid Mix™ burner(RMB) from JohnZink

In addition to the commercially availableechnobgies, staff evaluated several emerging
technologies that are currently not widely available but have deratet the potential for
emission reductions in the future. The following table summarizes the emerging technologies, and
their application ad potetial NOx reduction.

Table 2-8. Summary of Emerging Technolog

NOx Contr

, Application, and Performance

Potent.
PoteAppbhl sat Perfor ma
(p p mvt 3

Technol og

Cl eafMi gn Boilers/ Proc <9
Great South Pr oxxceleat er <10
SolIT¥ x Process He <5

The C| e ar Semergnd technology is already being implemented at local fgcilithe

ClearSign Corgé technology operates like a traditiondLNB burner and is a diredturner
replacement. There is currentlydemonstration project that began March 2021 at World Oll,
where @ ear Si gnE Core burner t ec hnolrateg reatvinpue |1 n st
capacityof 39 MMBtu/hr equipped with five burnerslhe unit is currently achievinground

9 ppmvand is aritipated to achieve even lower NOXx leveige the burners arerther optimized
Further discussion on the Clear SignE Core tec

PR 1109.1 includes a 9 ppmv NOx limit for process heaters less than 40 MMBtu/hour based on
the potential of these emerging technologies. To allow time #otdbhnology talevelop the
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9 ppmv limits will not be required until ten years after rule adoptiodonce50 percent or more
of the burnersire replacedr thereplacel burners represenO5ercent or more of the heat input
of the process heaters

Initi al BARCT Emission Limit and Other Considerations

After completing the technology assessment, sefdbmmends an initial BARCNOXx emission
limit established using information gathered frone ttechnology assessmewll provided
emission concentration vads(i.e., initial and final)in this report have the unit pfart per million
volume ppm\) based on a dry basi&dditionally, staffevaluates other considerations that could
affect the enssion limits that represent BARCT, including ammonia limits iRSGre kely to

be installed, CO limits, averaging timesd conditional limits for those units operating close to
the BARCT NOXx limits.In addition, staff evaluates units that are congdeyutliers due to low
emissions, lowuse, or high costffectiveness.

Ammonia Emissions

Currently, wherpostcombustion equipment such as SCR is being permitted, ammonia emissions
from ammonia slip are evaluated. Under Regulation XNlew Source Revie\{Regulation XIII),

the BACT ammonia concentration limit for SGigstemsis 5 ppmv. Staff did consider including

an ammonia concentration limit in PR1109.1 but believes that this is a Regulation XllII issue and
will be best addressed during permitting precdsvaluating the ammonia BACT limit during
permitting providesthe opportunity for an individual evaluation of the ammonia limit per
equipment to ensure that the proposed NOx limit in1R89.1 is achieved. Any additional
provisions for monitoring ammoniaill also not be included in PR 1109.1 but may be required
during permitting. When considering technical feasibility and costs of control equipment, staff
assumed a ppmv ammonia limit would be applied.

Carbon Monoxide Limits

In addition to NOx limits, R 1109.1 establishes CO limits in order to maintain CO emissions
The South Coast AQMD region is in attainment for CO but is seeking to prevent any increase in
CO emissions, which has the potential to rise when NOx emissions are controlled. The CO limits
included in PR 1109.1 reflect limits in existing permits. PR 1ll@llows operators to retain
existing CO permit limit, if it is higher than the proposed CO limitin PR 1109.1; however, facilities
with CO limits in their existing permits that are lowerrthe levels in the proposed rule will be
required to maintairhbse lower CO permit limits.

Averaging Times

Averaging times are another key consideration when establishing the NOx limit. The need for
appropriate averaging times was frequently discussedt via NEC during st af
assessment. NEC stressed the neetbhger averaging times for the facilities to comply with the
low-NOx limits being proposed. A more detailed discussion of averaging times for each equipment
category is available in AppendB through Appendix G. Tab29 summarizes these averaging

times.

Cost-Effectiveness and Incremental CosEffectiveness Analyses

- . Once the technical assessment is complete, staff evaluates the cost

ost-Effectiveness . ... .. .. .

T  cffectiveness of initiaBARCT NOx emission limit, or rage of potential

A e e limits. If the NOx controls that achieved theximum emission reduction is
Analyses not costeffective, the next level of control is evaluated.
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Costeffectiveness is measured in termgosét of thecontrolmethod to meet the proposed NOx
limit per tons of NOx reduced over the lifetime of the control equipmEné data needed to
conduct the asteffectiveness analysis inclusleapital and installation costs, operating and
maintenance costs, emission reductions, discountaateequipment lifelf the cost per ton of
emissions reduced igithin a defined thrdwld, the control method is considered to dust
effective.

The South Coast AQMD relies on the Discounted Cash HR@F methodwhich converts all

costs, including initial capital investmgsrand costs expected in the present and future years of
equipmen life, to a present valuén the interest of transparency and comparability, staff is also
providing costeffectiveness values based on the Levelized Cash Flow (LCF) method in Chapter
4 andAppendix B through Appendix G’he main difference between th€b and LCF methods

lies in how the costs are expressed. DCF utilizes the present value, or a stream of all present and
future costs discounted to and summed up in the same yetal TheLCF method annualizes

the present value of total costs as if asts, including the initial capital investments, would be
paid off in the future with an equal annual installment over the equipmerfdif¢his reason, a
costeffectiveness value as calated using DCF is always lower than that calculated using LCF.
The current DCF thresholidr NOx and SO»was established in 2010 SOx RECLAIM BARCT
assessment as $50,000 per ton redutld $50,000 per ton of emissions reduced threshold was
also used irthe 2016 AQMPIf the threshold is inflated to represent curreallats using the
Marshall and Swift Index, the current value for DCF threshold would be about $G@&0@th of
emissions reduced

Incremental Cost Effectiveness Analysis

Finally, Californa Health and Safety Code Sectid@20.6(a)(3) states thanhincremental cost
effectivenesaissessment should performedonidentified potential control options that meet air

quality objective. To determine the incremental ceftectiveness under thgaragraphSouth

Coast AQMDcalculatesthe difference in the dat costs divided by the difference in the emission
reduction potentials between each progressively more stringent potential control option as
compared to the next less expensive controboptdncethe BARCT assessment is complete and

NOx limits are estdlshed, staff considers incrementally more stringent optiordemonstrate

that the NOx limit represents the ma x i mum degr ee of reduction ac
c at e glberingremetal costeffectiveness assessment is presented in Chapter 4.

BARCT Emission Limit
According to CalifornieHealth and Safety Code SectiSections40920.6(a)(1)
BARCT and 40920.6(a)(2), potential controls to meet an air quality objective, which is to
Emission assess thBARCT emission limits, must be identified and the exfé¢ctiveress

Limit assessment should be conducted thereafter. The final proposed BARCT emission
limit for each class and category is the emission limit that achieves the maximum
degree of emission reduct®rand is determined to be cedtective. Staff
evaluated the cogffectiveness for the most stringent initial BARCT emission limit. If the most
stringent initial BARCT limit is not costffective, the next less stringent limit was assessed. The
following table summarizes the proposed NOXx limits that represent BAR@Tapplicable CO
limits, andthe proposed averaging tis#®r each class and catary.
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Table 2-9. Proposed NOx and CO Emission Limits
EmissionLimit s Averaging

Equipment Category (ppmv)® Time
N[0 CcO (Rolling)®

<20 MMBtu/hr 40/58% 400 24-hour
Boilers 071 <40 MMBtu/hr 40/58% 400 24-hour
A1071 OL10 MMBtuhr 5 400 24-hour
>110 MMBtu/hr 5 400 24-hour

Flares 20 400 2-hour
2 365-day

FCCU 5 500 7-day
gz: Turbines Fueled with Natural 5 130 24-hour

Gas Turbines Fueled witBaseous

Fuel other than Natural Gas 3 130 24-hour
. 5 365-day

Petroleum Coke Calciners 10 2,000 7-day
< 20 MMBtu/hr 40/9% 400 24-hour
Process | Q07 <40 MMBtu/hr 40/9% 400 24-hour
Heaters | 307 Q110 MMBtu/hr 5 400 24-hour
>110 MMBtu/hr 5 400 24-hour
SRU/TG Incinerator 30 400 24-hour
SMR Heaters 5 400 24-hour
SMR Heaters with Gas Turbine 5 130 24-hour
Sulfuric Acid Furnaces 30 400 365day
VaporIncinerators 30 400 24-hour

@ BARCT NOXx limits for all equipment categes arespecifiedat 3% oxygercorrection
except for Gas TurbinemdSMR Heaters with Gas Turbinehich arespecifiedat 15%
oxygencorrection

@ Averaging times apply to units operaii a certified CEMSRequirements, including
averaging times, for unitsithout CEMS are aurce test subdivision of the rule

®  The 40ppnv limit is effective 6 months after rule adoption, thepmv limit is effective
upon burner replacement.

@ The 40ppmv limit is effective 6 maths after rule adoption, treppmv limit will be
effective ten years after rule adoptibarner replacement.

Boilers and Process Heaterk ess than 40 MMBtu/hour

The BARCT assessmefdr boilers and process heaters less than 40 MNiBtu/lists two NOXx
limits. As detailed in Appendix Bhe technical assementsoncluded ppmvNOXx is technically
feasiblebased on burner technolodgr boilers less th@a40 MMBtu/hour however, he co$
effectiveness analysis concludedwts not coseffective to require rdpcament of existing
burners The assessment dfid existing units showedll boilers less thad0 MMBtu/hourare
currently achievindessthan 40 ppmyPR 1109.Irequires boilersdss than 40 MMBtu/hour to
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comply with the 5 ppmv it when50 percent or more of the burnere replacedr thereplacel
burners represent 50 percent or more of the heat ofghe boiler.

Similarly, as detailed in Appendix B, the technical assessmegnsluded 9 ppmv NOX is
technically feasible basedn emerging burner technology for process heaters less than
40 MMBtu/hour; however, the costffectiveness analysis concluded it was not cost effective to
require replacement of existing burners. The sssent of the existing units showedalk two
process heateress than 40 MMBtu/hour are currently achieving less thapp#v. PR 1109.1

has a different timeframe fevhen a process heater must comply with the 9 ppmv limit because it
is based on emerging technology. The 9 ppmv hailitnot be requird until ten years after rule
adoption and onlyvhen50 percent or more dhe burnersare replacear the replacel burnes
represent 50 percent or more of the heat ioptite process heaters.

Establishing Conditional NOx Limit s

Once the NOx limitsvereestablished, stafvaluaté the data to see if there are any cost outlier
Cost outliergend toarisewhen units are sed at low capacities or if the emission reductions are
low, which typically occurs for units performing near the propd&BCT NOx limits. Staff tries

to provide relief for projects with very high costs tltht not result in significant emission
reductions. South Coast AQMD rules typically address these outliers by includirgdewr low
emitting exemptions, or by allowing a higrearditional limit for units already achieving close to
the proposed limitst af f f or mer | y mealimdsor édtt owi t hese was efi ¢
Acondi t i,@as erditiohal limitstbetter describe these alternagwaissionlimits as the
rule will includeconditions for whem unitcan besubject tahese limis.

Facilities cannot install a new NOx control technology and requestotigitionallimit for that

unit. The intent of the conditional NOx limit is to recogniagits with existing NG control
technology thaaremeeting theconditionallimit at times, bupossiblynot continually or cantake
actionto lower the emissions to tleenditionallimit. For example, dcilitiesmay be able to reduce
emissions on weltontrolled units to belw the conditionallimits by performing maintenance,
tuning the SCR, upgding catalyst, or improving the ammonia injection griche conditional
limit could address concerns with strandesbets for those facilities previously investing in
expensive contis. The rule will require those units to haveanditionalpermit limit shortly after

rule adoption. The short timeframe is because those units should already be achieving below, or
close to, the proposetbnditionallimits with no further action needed be taken ominimal
upgradesUnits performing below the NOx limit thaépresents the primary BARCT but that do
not have a permit limit at that level will not be allowed to requestdhditionallimit. Conditional
NOx and CCemissionlimits are listedn the individual sections for each class and category.

WSPA Comment ddonditional Limits

Staff has received a public comment requestinganfy that the proposedonditionallimits are

in fact BARCT for the sources to which they apply. Staff agre#stiis interpretation. In essence,
the proposedaonditionallimits apply to specific categories of sources that meet the criteria of
having both a high costffectiveness and mimal potential for emission reductions if they were
held to the otherwisaplicable BARCT limit. In addition, these sources are expected to be able
to meet theconditional limits without installing new control equipment. Finally, the sources
subject to he conditionallimits were selected so as to ensure that the sources regainihe
original class or category @burces analyzed for BARCT determationwould have an overall
costeffectiveness not exceeding $50,000 perddiNOx reduced According tothe California
Supreme Courthe Di strict 6s s el gafsourcerior RPARCTaules wilansts o r
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be disturbed wunlcecaspriicdi ouAnphieaairbciatmrra@oya binmy s 0 As ¢
Coast Air Quality Management Disg4 Ca. 4" 446, 474 (2012)Review under the arbitrary and

capricious standard more deferential than the substantial evidence staridandrican Coatigs,

54 Cal. 4' 446, 479. There the court noted that the District carefully considered the comments of

the affected industry and provided a reasoned explanation for its choicesiofégthe court held

AWe will not di stur b thécausellhers is evidentepeven substagtiale n t
evidence, supporti ngAmaricah ©atihgs, suprasyd Cat. ' 446,475f i cat i

Establishing Interim NOx Limits

PR 119.1 includesinterim limits that will serve as a bridg&ter facilitiestransition out of
RECLAIM before theyare required taneet theproposed limits in PR 1109.1U.S. EPA has
commented that since facilities in RECLAIM are operating under an emigsipnan enforceable
mechanismsuch as interim limitsare needed to ensuemissions from each source do not
increaseandadversely affet progress towards attainmeartdto ensure compliance with Section
110(1) of the federal Clean Air Act. Interitimits areset at levels to prevent backslidjmgflect
current NOx emissiottevels and are not intended to require the facilities to irstalditional
emission controlsStaff evaluated existin@lOx concentration levels that are currently being
achieved basd on existing permits, source tests, and CEMS. tfettaim NOx and CO mission
limits are listed in the individual sections for eachssl and category.

WSPA Interim Limit Comment

During the rulemaking procesthe WSPA provided aalternativeoption to the interim limits.
WSPA proposefdhcilities stay in the RECLAIM programmtil all units at the RECLAIM facilities
meet the NOx emissiolimits in PR 1109.1 Due to the number and scope of emission control
projectsthat will be required to comply witRR 1109.1,staff anticipateshere could be some units
that do not meet theRP1109.1 NOx limitsapproximatelyuntil 2033 Under theNSPA proposal
facilities would remainin the RECLAIM program unit 2033 obeyond Further, undethis
approach, facilities cdd use RTCs in lieu of installing emission control equipment until tsie la
unit was required to meet tiR 1109.INOx emission limit. Staff consulted withe U.S, EPA
and CARB, and both agencies agreed that use of RTCs cannot be used to meet BARET limit
established under Proposed Rule 11@8this approach would be in éict conflict with the intent

of AB 617. Staf had a detailed discussion of this approach injthig 2021 RECLAIM Working
Group Meeing.

SUMMARY OF THE BOILER AND HEATER BARCT ASSESSMENT

Background

The largest equipment category under PR 1109.1 is the boilers and process heaters ttatsgory
unitsrepresenbver 60 percet of the NOx emission sources at refineries and related iness
Process heaters aredirectfired heaters designed to supply the heat necessary to raise the
temperature of feedstock to the distillation or reaction levels. Process heatess@ extensively

in various processing units throughout the refinimgluistry with some having specialized
applicdions, design arrangements, capacities, and combustion fuel sources. Staff evaluated several
types of heaters as separate categories ddesign differences. Specialized heaters are used for
different purposeand may combust different fuel types, sushiefinery gas, natural gas, pressure
swing adsorption (PSA) off gas, sulfur, and hydrogen sulfide. Examples of specialized heaters
include SMR heaters located in hydrogen plants which can have over 350 snradtr<and
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sulfuric acid furnaces which onlyake two large burners. Each burner type will have different
design requirements for the intended application and have different assoostted

Boilers are combustion sources used to generate the steam net@splant operations. Steam

is primarily used for heating, separating hydrocarbon streams, hydrogen procagstnipping

medium, ando produce electricity by expansion thrdug tubine. There are algwo specialized

boiler applications that wereonsideredseparatly: CO boilersand heat recovery boilers. The
specialized boilers are typically associated vather units at the refinenAlthough the term

Aboi | er oesdrilysmiheatarithht generates steam, CO boilé?R109.1are heates that

process waste gas from the FCCU with an integral waste heat recovery system used to produce
steam. There is one CO boiler that will be subject to PR 1109.1 and that ubg wilbgct to the

NOx limits of the corresponding FCCkince the flue ga&s exit through a common stack
Similarly, aheat recovery boilé main function is to recover excegasteheat to generate steam.
However,unlike the CO boileeat recoverpoilersareunfired units and are not a source of NOx
therefore, heat recoveboilers are not subject to PR 1109.1. An exampbehefat recovery boiler

is a boiler unit located downstream of a gas turbine referred to as a Heat Recovery Steam Generator
(HRSG) Further discussion regarding the CO boiler can be found in Appendix B.

Due to the variety of boilers and process heaters that will be subject to PR 1109.1, staff segregated
them into six major subcategories prior to conducting the BARCT assessmeng. F&jdrows
the six subcategories.

Process He

Boil ers
Sulfuric Acid Plant
Boilers Steam , Heaters
(excludes Steam Methane FCcU \ 4 \ 4
Process heat Methane Reformer StartU Starto/
Heaters recovery Reformer Heates Heat erps Shljitrd (E)wn
& CO Heaters with Gas Furnacs
boilers) Turbine Hea'_[ers &
Boilers

Figure 2-5. SixMajor Sub-Categoriesof Boilers & Process Heaters Category

Each of the large boiler and process heater subcategories were divided into smaller categories
based on size or maximum rated heat input in order to coralumbre granular BARCT
assessment. Equipment was also grouped into subcategories to reflectittablapigchnology

control options. Staff divided the boilers and heaters into the four category sizes as described in
the table belowor the purpose of BART assessment.
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Table 2-10. Boiler and ProcessHeater Size Categories
Heaters and Boilers Size
Categories
<20 MMBtu/hr
Q0 to <40 MMBtu/hr
&40 toQL10 MMBtu/hr
>110 MMBtu/hr

The size categories were established based on the initiakfbagtveness calculation that
demonstrated it would not be cost effective to install SCRs on lesgsthanrd0 MMBtu/hour.
Staff wentone step furtheto separate categories into four sizb-sategorieso ensure the larger
units with more emission reductigpotential were not driving down the average-effdctiveness
of the class and category.

NOx Limits that RepresentBARCT

The intial BARCT Assessment was presented in Working Group Meétthgn December 12,
2019 and updated in the following WorkingdBp Meetings: #10 on February 18, 2020, #13 on
August 12, 2020, #15 on November 4, 2020, #17 on February 4, 2021, #18 oar{Fdby 2021,
and#19 on Mach 4, 2021 Thelarge boiler and heateategories were reassessed using revised
cost data to determenconditional limits aWorking Group Meeting #22 odune 30, 2021The
table below summarizes the BARCT assessment for reoded process heaters that were
demonstrated to be technically feasible and -effsctive (see Appendix B for the detailed
analyss).
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Table 2-11. Summary of BARCT NOx Assessment for Boilers and Heaters

il Assess Assess Other R
Equipment Coast AQMD Emission S — Pollution Initial BARCT
Category* Regulatory Limits of 8 L Control Emission Limit

Requirements Existing Units AL Technologies

Boiler (size MMBtu/hr)

pp pp 40/8° ppmv

20 - <40 9 ppmnm 3-81 pp 40/5% ppmv
™0-C110 | 25/ 2 [ 6880 pg 5 ppmv
>110 5/ 2 p|4.-217 p 5 ppmv

Process Heater (size MMBtu/hr) |

<20 12 pp| 3-58 pp 40/9% ppmv
Cr0- <40 9 ppmn 3-81 pp 40/9% ppmv
A0-0Q110 | 25pPpmy1l.-434 p 5 ppmv

>110 5/ 2pp| 1 570 pi 5 ppmv

SMR Heater |

SMR Heater with Gas Turbine |
3-5 ppl 5ppmv_|
Sulfuric Acid Furnace

Al N/A | 2360 pgd N/ A 2 and) 30ppmv

@ BARCT NOXx limits for all equipmentategories areorrected t®% oxygen, except for SMR Heaters
with Gas Turbinevhich arecorrected tdl5% oxygen.

@ Concentration limits based on technology assessment represent the maximum NOXx emission
reductions for optimal instalieon without consideratin for cost.

® The 40ppnv limit is effectiveon January 1, 2023the 5 pprv limit is effective umn burner
replacement.

@ The 40ppnv limit is effectiveon January 1, 2023he 9 ppnv limit is effective 10 years after rule
adoptionupon burner replacement.

The BARCT assessment was cantkd for each class and category listed in the table ahtiee.
conducting the BARCT assessment, some equipment size categories were combined for the same
equipment type where the proposed NOx limit waes same. For examplevhere the BARCT
assessment of related classes or categories of equipment concluded the same NOXx limits were
technically feasible and caesffective, those categories were combined to streamline the rule
requirementsFor examplethe boilers and process aerBARCT assesment evalugdfour size
categories (<20 MMBtu/hour, 20 to <40 MMBtu/hour, 40 to 110 MMBtu/hour,

and >110MMBtu/hour) butthe PR 1109.1Table 1 NOx linits are based on two sizategories

(<40 MMBt u/ houruwhaund ©40 MMB

Conditional EmissionLimit s

Bailers and Process Heaters
Staff establishedonditionalemissionlimits for boilers greater tharl10 MMBtuwhour, process
heaters between 40 110 MMBtu/hour, process heategseater thari10 MMBtu/hour, and SMR
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heaters due thigh costeffectiveness fortte class and categorylugh costeffectiveness of some
units.

For boilersgreater thari10 MMBtu/hour, the class and category is cost effective for all units to
meetthe 5ppmv NOXx limit;however, there were a couple of units operating neds pipenvlimit

with very high coseffectivenessrfiore than $200,000 per ton reduced) that the rule will address.
Staff identifiedfive units operating at less thah5 ppmv as ost outliers and willinclude a
conditionallimit of 7.5ppmv for boilers >110 MMBtu/hour. The potential emission reductions if
those units were required to megbfimv is 0.02ons per dayith a cost ofalmost $20million
dollars

Rule 1109.1 also estafihesa second criteda that boilers greater than 110 MMBtu/howith the
potentialemission reduction ahore than 20 tons per year NOx emissidite potential emission
reductions are based on the difference of the baseline emissions aRR th€09.1 Thle 1
concentration hnit, scaled to the baseline emissiom$is second condition is to ensure those units
with high emissiorpotentialwill not be allowedo holdhigher NOx limits. The conditional limits
areintended for ungthat are already well ctrolled, including SCReontrols

For process heaters greater tioaequal to40 MMBtu/hour, the revised cost estimatieat were
providedby refineriego staff in March 2021 resulted in a cestectiveness greater than $50,000
per ton of NOx reduced. Staff used all of theised refinery costs even though the facilities
provided few details on the scope of the projects or justification for the segmiftost increases
received from some facilitie3.o reduce the average cadtectiveness, staftlentifiedunitswith
high-cost effectivenessperating neathe 5 ppmMimit in order to reduce the overall cost of the
rule. An iterative processsummarizd in the figure belowwas used to identify theonditional
NOx concentration level where the cegtectiveness for units ale theconditionalemission
limit would be less than $50,000 per ton of NOx redudést NOx reduction projects famits
alreadyachievinglower NOx emissiontypically represent cost outlier§able below shows the
Boilers and Heaters performing undenddional limits.
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Table 2-12. Boilers and HeatersPerforming under Conditional L imits

Proposed
Facility ID Category  Device ID (MMBtu/hr) BARCT limit
(ppmv)
800436 Boiler D1122 140 7.5
800026 Boiler D1550 245 7.5
181667 Boiler D1236 340 7.5
181667 Boiler D1239 340 7.5
171109 Boiler D429 352 7.5
800436 Heater D384 48 18
800436 Heater D385 24 18
174655 Heater D419 52 18
181667 Heater D231 60 18
181667 Heater D232 60 18
181667 Heater D234 60 18
181667 Heater D235 60 18
800436 Heater D770 63 18
181667 Heater D950 64 18
800026 Heater D768 110 18
800026 Heater D6 136 22
800436 Heater D388 147 22
171109 Heater D78 154 22
800030 Heater D159 176 22
800030 Heater D160 176 22
800030 Heder D161 176 22
800030 Heater D643 220 22
174655 Heater D532 255 22
174655 Heater D63 300 22
800030 Heater D82 315 22
800030 Heater D83 315 22
800030 Heater D84 219 22
800436 Heater D388 147 22
800436 Heater D158 204 22
800436 SMR Heater D777 146 7.5
1746% SMR Heater] D1465 427 7.5
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Is Cost
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Figure 2-6: Process to Establish Conditional NOx Limits For Large Process Heaters

When staff presented the conditional NOx limit assessWé8PA disagreed with the approath
remo\e cost outliers and commentdthtthe process sedto identify units that could potentially meet
the conditionalimits for boilers and process heatepeater than or equal to 40 MMBtu/hour was
flawed Staff relied on annual NOx CEMS data to identify d@x levelsthatunits could achieve.
WSPA disageed with this assessment as the unitsheiliequired to meet the Rule 1109.1 limits based
on a 24hour averageStaff presented thigerative procesased for establishing the conditadhimits,

as shownn the above figurdyy evaluaing the overall ost effectiveness of the class and category
removingunits from theaveragestarting with units performing near the proposed BARCT lifrhe
iterative process was repeated until the class and categmgffartiveness was less than $50,000 per
tonof NOx reducednd the conditional limits was established based on that précesklition,based

on the WSPA comment on the averaging time used in the assesstantviewedthe CEMS data

for the units performing near the established conditionaldin®e ensure the units could meet the
conditional limits based on th@oposedaveragingime in the rule.While theRECLAIM programis
based on annual compliana@mmaneandcontrol rules, such as PR 1109équire compliancéo

be demonstrad based o shorteraveragng periodcs. Staff re-evaluated the CEMS datar the units
performing below theconditionallimits based on a 2lBour averagdo ensure those unitset the
conditional emissionlimit over a considerable amount of time.d., 80 percent)Refer to the
appendices for more discussion and detailed arsalyf conditionalemissionlimit for each of the
equipment classes.

Step 1 Step 2 Step 3 Step 4

Identify units Identify

percent of time If unit cannot Re-assess cost-
for which ‘

achieve effectiveness

IS that a unit can gl

achieve

Conditional Limit for

data is close to
the Conditional . considerable
. Limit over 24-
Limit : amount of
hour averaging

(80% of Limit) period time, remove
unit

In evaluating the process heatémstween40 and 110 MMBtu/hour and heatergreater thahlO
MMBtu/hour, several unitswvith different sizeswere identifiedwith combined stacks. For the
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conditionallimit assessment, staff considered units to fall into the larger category if even one of the
combined units wakess that10 MMBtu/hour.

Table 2-13. Applicable NOx Limit for Units with Combined Stacks

Unit Sizes for Combined Stacks Unit Size for

<40 MMBtu/hr M0toO1 10 > 110 MMBtu/hr Determining
MMBtu/hr NOx Limit Based

AA0to AL10

Yes Yes No MMBtu/hr

Yes No Yes > 110 MMBtw/hr
Yes Yes Yes > 110 MMBtw/hr
No Yes Yes > 110 MMBtwW/hr

For process heatebetweerd0 and 118IMBtu/hour, staff determined @onditionalemissionlimit

of 18 ppmv would reduce theosteffectiveness to less than $50,000 fmer of NOx reducedRule
1109.1 als@stablishes a second criteria tfzailities cannot apply for the conditional limit fprocess
heaters between 40 and MNBtu/hour if thepotentialemission reduction projeds more thanl0

tons per yeam NOx emissionsThe potentiakmission reduabins are based on the difference of
the baseline emissions and tR& 1109.1Table 1 concentrationimit, scaled to the baseline
emissions.This second audition is to ensure those units with high emission potential will not be
allowed thehigher NOx limits The conditional limits are intended for units that are already well
controlled, including SCR controls.

For process heateggeater thart10 MMBtu/hour staff determined aonditionalemissionlimit of

22 ppmv would reduce the cesffediveness to lesthan $50,00Qvith a second criteria for projects
that had the potential to reduce emissions more than 20 tons pethgsarprojects haven average
costeffectiveness of $44,000 per ton of NOx reduced and représgions per day of Rx
emission redu@ns from this classRule 1109.1 also establishes a second criteria ttoeegs
heaters >110 that have a potengiadission reduction ¢f0 tons per d@y of NOxarenot eligible for the
conditional 22 ppmv limitThe potential emission reductions aredshen the difference of the
baseline emissions and tAR 1109.1 Table 1 concentration lingtaled to the baseline emissions.
The specific units stafflentified as meeting theonditionallimits are listed in AppndixB.

SMR Heaters

For SMR heaters, tee units were identified achieving greater than the proposed SRARET
NOx limit that had very high costffectiveness. The entire class and categoigosteffective,
but thesethree units are cost outliers with an estimated Present Worth Value Rouggade to
meet 5 ppm up to $10,000,000 with potentidiOx emission redctions of 0.015dnsperday. For
this category, the rule will includecandtional NOx limit of 7.5 ppmv A more detailed discussion
and analysis can be found in Appendix B.

Inter im Limits

Boilers and Process Heaters

Staff established interim NOand CO emissiofimits based on the current emission levels or
existing permit limitsfor boilers and process heaters. The interim limit for boilers and process
heaters less than 40MBtu/hour will be 40 ppmv as most units eddy have permit limits at
40ppmv. For the larger units, the NOx concentrations range from less than 2 ppmwv to ove
130ppmv and most units do not have permit limits. Staff considered setting a high concentration
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limit that would accommodate all unitsut if the interim limit was set too higlgperators with
controlled units with SCRs could stop running them as iefftty, which would result in
backsliding. For boilers and process heaters greateothegual to40 MMBtu/hour, the rule will
have a limitconsistent with the original RullELO9, which is a facilityvide boiler and heater limit

of 0.03 pounds per MMBthased on the maximum firing rate of the units. The averaging time will
diverge from theRule 1109 15minute average and instead be consisteétit the current annual
regulatory construct of RECLAIM. All interim limits will allow a 36day rolling averagesathe
interim limits are intended to prevent backsliding and not place further regulatory requirements
the facilities. Most interim limitswill apply until a unit is required to meet another PR 1109.1
emission limit; however, since the 0.03 posipdr MMBtu limit is based on all boilers and heater,
that limit will apply until all the boilers and procedseaters greater thaor equal to

40 MM Btu/hourat that facilityare required to meet another RPR)9.1 emission limit. This does
not add an additional bden to the facility as the emission level of pound per MMBtu will decrease
as controls are installebhstead, this requirement it is to peat the facilitywide level to increase

as lowemitting units are removed from that total.

The rule also includessthird option of the-Plan compliance schedule that allows a lower emission
reduction targetluring the initial phaseavailable only for tbse facilities with lower emissions
from large boilers and process heaters either because they already implemneotsitierable
number of control projects, or the facility has newer, leamitting units. Facilitieshat elect to
comply with the third ofpon under {Plan compliance schedule will have to meet an interim limit
of 0.02 pounds per MMBtu based on the maxim firing rate of the units. Staff anticipates two
facilities (Chevron and Valero Refinery) are cuthgeligible for this compliance schald option.

Facilities that elect to comply with a@ap will be held tan annual mass cap. Those facilities
will be held to a mass céyased on the 2017 emissions.

SMR Heaters

The interim limit for SMR heaters wibe set based on current emission levéhe emissions for

SMR heaters vary considerably depending on if there are SCRs installed so there will be two
interim limits: 20 ppmv for units with existing SCRs and 60 ppmv for units without existing SCRs.

Averaging Times

For the units greater than equal to 40 MMBtu/hour, staff initially proposed an eigour
averagingtimeSt a f f -pasty consultantdNEGtressed the need for the longer averaging times
to meet the low NOx levels being proposéiie to thecomplexity and variability of the fuel
composition in refinery fuel gas at facilities subject to PR 1109.1, NEC recommenddtbar24
averaging time to lbw the facilities the time to achieve the proposed -N@x levels.
Demonstrating compliance of thermentration limit averaged over a petiof time can be done
when the emissions data is continuously monitored and collected. Units such as boilevsessl p
heaters less than 40 MMBtu/hr that do not have CEMS will be dependent on periodic source tests
to demonstrate compliance. Data cokectluring that source test will be based on approved source
test protocols and are typically shorter periods oétsuch as min or 2hour averaging.

Carbon Monoxide Limits

PR 1109.1 establishes a 490nmv CO limit for boilers and process heaters, except for the SMR
heater with a gas turbinehere the CO limit i430ppmv, since these unit achieve lower CO levels.
Any units with lower CO limits in existing permits will have to maintain the permitted limits.
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Startup and Shutdown Boilers and Process Heaters

There aresevenstartup process heateasd one startup boilehat will be subject to PR 1109.1.

Five of the haters are used only during FCCU startup which can be once every 5 years. Two
heaters andbailer areused forsulfuric acid production units and are also used during unit startup.
Based on the BARCT assessment, it is not-etisctive to retrofit thesenits due tothe low
emissionsFCCU startup heateannual emissions are 0.0@hs per daysulfuric acid startup
heaters are 0.000a8ns per dayandsulfuric acidstartup boileris 0.0003tons per dayThese

units will fall under a lowemissions exeption but will have to meet the applicable rule limits
based on their size if the use excetb@dsexempon thresholdTheFCCUstartupheaterswill have

a lowruse eemptionof 200 hous.

Emission Limit Summary

The table below summarizes the emission BrimtPR 1109.1 for boilers and heatéd$averaging
timesin the tables belowapply to units operatma certified CEMSUnits not required to operate
CEMS will be required to demonstrate compliance based on a source test pedeermedonger
than 2hours.
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Table 2-14. PR 1109.1 Emission Limits for Boilersand Process Heaters

BOILERS

Rated Heat Input NOXx (PPmV)‘ CO (ppmv) ‘ Rolling Averaging

<40 40/% 400 24-hour
040 5 400 24-hour

PROCESS HEATERS

Rated Heat Input Capacity | NOX (ppmv) | CO (ppmV)‘ Rolling Averaging

<40 40/9° 400 24-hour
040 5 400 24-hour

STEAM METHANE REFORMER HEATERS

NOX (ppmv) ‘ CO (ppmv) ‘ Rolling Averaging
3% O Correction Time'

STEAM METHANE REFORMER HEATERS WITH GAS TURBINE ‘

Equipment Category

NOXx (ppmv) ‘ CO (ppmv) ‘ Rolling Averaging
15% O Correction Time'

SULFURIC ACID FURNACES ‘

Equipment Category

NOXx (ppmv) ‘ CO (ppmv) ‘ Rolling Averaging
3% O Correction ‘ Time'

Furnace 30 400 365day

@ Averaging times apply to units operatiagertified CEMS, units not required to operate
CEMS will be required talemonstrate compliance based omaree test performed no
longer than 2 hours.

@ The 40ppnv limit is effective on January 1, 2023, th@pnv limit is effective upon
burner replacenrd.

®  The 40ppnv limit is effective 6 on January 1, 2023, the@ limit is effective 10 years
after rule adption upon burner replacement.
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Table 2-15. Conditional NOx Emission Limits for Boilers and Process Heaters

Rolling

o) (ppmy)  Corection Averaging
Boilers >110MMBtu/hour 7.5 400 3 24-hour
Process Heatef3101 Q110 MMBtu/hr 18 400 3 24-hour
Process Heaters >1MMBtu/hr 22 400 3 24-hour
SMR Heaters 7.5 400 3 24-hour

@ Averaging times apply to units operating a certified CEMS, units not required to operate CEMS will
be requied to demonstrate compliance based on a source téstrped no longer than 2 hours.

Table 2-16. Interim NOx Emission Limits for Boilers and Process Heaters
O2 Rolling

Correction = Averaging
(%) Time®

CO

(Ppmv)

I?A(K/I”grti/igﬂ IrProcess Heaters <40 40 ppmv 400 3 3658y
Pursuant to
Boilers and Process Heatést 0 paragraphs
MMBtu/hour (0(2) (see 400 3 365day
following
Table
20 ppmv 365day
SMR Heaters 400 3
60 ppmv 365day
SMR Heaters with Gas Turbine 5 ppmv 130 15 365day

@ Averaging times apply to units operating a certified CEMS, umutgequired to operate CEMS will
be required to demonstrate compliance based on a source test performed no longer than 2 hours.

@ SMR Heaters with postombustion air pollution control equipment installed befdate of rule
adoption

® SMR Heaters withoutgstcombustion air pollution control equipment installed befdage of rule
adoption

Table 2-17. Interim NOx Emission Limits for Boilers and Process Heater&© 4 0 MMBt u/ hour
Facility NOx

An Owner or Operator that D Rolling
. Emission Rate :
Elects to Comply with an o Averaging
_ (pounds/million .
Approved: Btu) Time
B-Planor B-Capusing

Boilerand Process Heaters I-Plan Option 3 0.02 365day
©40 MMBt u/ B-Plan 0.03 365day

Facilities that elect to comply with a®@ap will be held to amnnual mass cap. Those facilities
will be held to a mass cap based on the 20dis®ons.
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SUMMARY OF PETROLEUM COKE CALCINER BARCT ASSESSMENT

Background

The Marathon TesoroRefinery) petroleum coke calciner is the ordguipmenof its kind in the
South Coast AiDistrict and is operatingnderthe NOx RECLAIM programBased orthe 2018
NOx surveyquestionnairgthis petroleumcoke calciner has two connected combustion devéces,
rotary kiln and pyroscrubbgthat share a commatack equipped with a single CEMBhere are
no existing NOx controls, but the equipment has controls @x &1d particulate matter (PM).
The preliminary BARCT assessment for this category was presentadforking Group
Meeting#2 on June 14, 2018 and theal assessment was presented during Working Group
Meeting #12 held on July 17, 202Uhere are no spedaif South Coast AQMD regulatory
requirements fothe petroleumcoke calciner beyond the requirentenn RECLAIM. BARCT
assessments were conducted the petroleumcoke calcinerin 2005 and 2015 as part of the
RECLAIM program which established NOgmissionslimits of 30 ppmv and 10 ppmy,
respectivelyThe next section will summarize the BARCT assessiioepetroleum coke calciner.
The complete BARCT agssment is included in Appendix C.

NOx Limits that Represent BARCT
Table below summarizes the petroleunkeaalciner NOx concentration limits demonstrated to
be technically feasible and ceeffective §ee Appendix C for the detailed analysis).

Table 2-18. Summary of BARCT Assessment foiPetroleum Coke Calciner

Assess South Assess Assess Other Assess
[Se[WlJo]lIgsl@M Coast AQMD Emission —— Pollution Initial BARCT
Category* Regulatory Limits of . g Control Emission Limit

Requirements J Existing Units LG Technologies

Petroleum
Coke 65185 ppmv
Calciner

B NOx limits arecorrected t8% oxygen

Interim Limits

Interim limit for the petroleum coke calciner is based on current operating conditioid.0PHR.
will include aNOx interim limit of 85 ppmv anda CO interim limit of 2,000 ppwmatthreepercent
oxygen with a 365day averaging period.

Averaging Times

PR 1109.%stablishes a 36&ayrolling averaging time due to specific challengéthepetroleum
coke calcinersuch asvariability with the feed which affediOx emissionsthe petroleumcoke
calciner is gorocess unit and not an individual piece of combustignipment; response times
may be lower; and multiple pollutants need to be addieS§se ensure shoterm NOX limits
remain low, staff is also proposing a shiemtm NOXx limit of 10 ppmv at three parent oxygen
with a #day rolling average. This shetdmrm limit will account for process variations in dty
day operation of thpetroleumcoke calciner

Carbon Monoxide Limits
PR 1109.1 establishes a 2,00pmv CO limit for the petroleum de calciner.This limit is
consistent with the existing permit linfdr this unit.
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Emission Limit Summary
The table below summarizes the emission limits in PR 1109.1 for petroleum coke calcerer.

are noconditional limits for the petroleum coke caler.
Table 2-19. PR 1109.1 Emission Limitdor Petroleum Coke Calciner

PETROLEUM COKE CALCINERS

NOXx (ppmv) CO (ppmv) Rolling Averaging
3% O Correction Time
5 2,000 365day
10 7-day

Table 2-20. Interim NOx Emission Limits for Petroleum Coke Calciner
O2 Rolling

N[@] CO . ;
A Correction = Averaging

(pprv)  (ppmy) oSS el

Petroleum Coke

Calciner 85 2,000 3 365day

FLUID CATALYTIC CRACKING UNITS (FCCU s) BARCT ASSESSMENT

Background

There are five refineries that operate five FCCUs in the South Coast AQMEnce Chevron,
Tesoro RefineryPhillips 66, and UltramaiValero Refinery) Theinitial BARCT assessmerfor
this categorywas presented in Working Group Meeti#g onJune 14,2018 Initial BARCT
assessment wampleted and presented during Working Group Meetiigh&ld on May 21,
2020.A follow up BARCT reassessment was preseied/orking Group Meeting #22 on June
30,2021. The BARCT reassessment for this categay condcted to address units performing
near the proposed BARCT limit. ThreétheFCCUs currently have SCRs in operation for which
the outlet NOx concentrationsmge from 1.2 to 1@pmv; oneof thethreecurrently operates at a
level under 2pmv NOx onanannual basis. The other two FCCUSs currently operate with no NOx
controls and permit limits vary from 20 to $pnmv NOX; the outlet NOx concentratiomange
from 14 to 2 ppnv. Thenext section will sumiarize the BARCT assessment for FCCUke
compldée BARCT assessment is included in Appendix D.

NOx Limits that RepresentBARCT
The table below summarizes the NOx concentration limits that were demonstrated tmivaligc
feasible and cosffective forthe FCCU category (see Appendix D for the dethdnalysis).
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Table 2-21. Summary of BARCT Assessment for FCCU

Assess South Assess Assess Other Assess
Se[Vlle]ylclslaMl Coast AQMD Emission Rezulator Pollution Initial BARCT
Categoryl Regulatory Limits of - v Control Emission Limit

Requirements Existing Units HEUIETETE Technologies

1.27 32ppnv | 4071 125 ppnv

@ NOXx limits arecorrected tB% oxygen

Conditional Limi t

PR1109.1 will include aonditioral limit for the FCCU categorydue to the high costffectiveness
of some unitsOf the five FCCUsfour currently have SCR NOx control arein the permiting
stageto install SCR One unit is operating belovihe propsed BARCT NOXx limit of Zopmv, one
unit has been designed maeet 2 ppm NOX, two are operating around 8 ppriiOx anddetermined
to notbe cost efective toadd further control tseduce to 2 ppm and one unihas no SCR NOx
control but determined to beost effective tanstall an SCRo achieve theproposedBARCT NOXx
limit of 2 ppnv. Cost for those two facilities operating around 8 ppdOXx to upgrade and meet 8
ppmv NOx was apprgimately $1 million ta$3 million, but to completely replace the SCR or adgv
technologyto meet 2 ppmrangeal from $75 million to$220 milliondue to theadvancedechnology
and engineeringnddesign in addressing space constraMisile it would be cost effective for those
facilities to meet 8 ppmnNOx at $12,000 per ton N©Oreduced, it would not be cost effwe, at
$108,000 peton NOxreduced, to achieve 2 ppriNOXx.

Depending on the technology selected it would be cost effective for the FCCU without an SCR to
either install an SCR at $24,000 per ton of NOx reduced emaliive techology that could achie
multi-pollutant control at $46,000 per ton NOx reduced.

Interim Limit

Similar to the other equipment categories, staff established interim NOXx limits based on the current
emission levels or existing permit limits fBCCUs at 40 ppmbased on a 368ay aveace at

three percent oxygearorrection As no facility currently operates above 40 ppihis interim limit

will ensureno action (e.g., installation of control) would need to take place before the BARCT or
conditioral limit is met. In additionit woud place a not to exceed emission ceiling once facilities
exit RECLAIM but before the BARCT or conditional limit is met.

Averaging Times

PR 1109.1 establishes365day averaging time due tgpecific challengesf the FCCUs. FCCUs
are very largecomplex uiits and generate NOx by coke burn off within the regeneraikor
through the combustion of fueM/hen aroperator mak&corrective actiosin response ta NOx
exceedancethe response time the operationachangewill not be seen for several hou&aff
is also proposing a sheterm NOXx limit of 5 ppmv at three percent oxygen with ad@y rolling
averageo ensurghatshortterm NOXx limits also remain low. This shaerm limit will account
for process variations dayto-day operation of theCCU.

Carbon Monoxide Limits
PR 1109.1 establishes a 50pmv CO atthreepercentoxygen correctionlimit for all FCCUs.
Units with lower CO limits in existing permits will have to maintain the permitted limits.
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Emission Limit Summary )

NOx control technologiesuch as SCR antdoTOxE are commercially available and it is
technically feasible and cestfective to achieve the proposed levé@lse table below summarizes
the emission limits in PR 1109.1 fan FCCU.

Table 2-22. PR 1109.1 Emission Limitdor FCCU
FLUID CATALYTIC CRACKING UNITS (FCC Us)

[\

OXx (ppmv) ‘ .CO (Ppmv) ‘ Rolling Averaging Time
3% O Correction \
5 500 365-day
5 7-day

Table 2-23. Conditional NOx and CO Emission Limits for FCCU

NOX co 0> Rolling
Correction Averaging
(ppmv) (ppmv) (%) Time
8 365day
FCCU 500 3
16 7-day

Table 2-24. Interim NOx Emission Limits for FCCU
O2 Rolling

[\ [@)% (6{0) . t
Correction Averaging

(Ppmv) (Ppmv) (%) Time
FCcuU 40 500 3 365day

SUMMARY OF THE GAS TURBINE BARCT ASSESSMENT

Background

There is a total ofl2 gas turbines operatingt refneriesin the South Coast AQMD. Aljas
turbines aren the combinegtycle modenine of which have duct burners atitteehaveno duct
burners Gas turbines and duct burners emissions are controlledpgtcombustion control
system such as SCR. Outldf gasturbine unitstwo units areentirely fired with natural gas and
tenunits are fired wittother fuels (e.grefinery fuel gas or refinery mixed gak the mixed fuel
turbines natural gas is used as primary fuel and refinery fuelsgasedas ®conday fuel. Some
refineries use tertiary gas (., butane) in the natural gas/refinery gas mix feed to power the gas
turbines on a asneeded basis to ensure more reliable power produdttm.next section will
summarize the BARCT assessment fortgasines. The complete BARCT assemst is included
in Appendix E.

NOx Limits that RepresentBARCT
The table below summarizes the NOx concentration limits that were demonstrated to be technically
feasible and costffective for the gas turbine categorgdésAppadix E for the detailed anadis).
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Table 2-25. Summary of BARCT Assessment for Gas Turbine

Assess
Pollution
Control
Technologies

Assess
Emission
Limits of

Existing Units

Assess South
Coast AQMD
Regulatory
Requirements

Assess Other
Regulatory
Requirements

Initial BARCT
Emission Limit

Equipment

Category*

1.17 1.8

Natural Gas 2 ppnv 271 42 ppnv 2 ppnv 2 ppnv
pp ppnV PP pp PP

Refinery Gas

or Refinery 2 ppnv 2.8-10 ppnv | 9-50 ppnv 2 ppmv 2 ppnv

Mixed Gas

@ Emission limits based on 15 percent oxygen correction.

Conditional Limit

Staff revieved the BARCT assessment for the gas turbifteded by natural gashich are
operating close to the proposed BARCT liraitd determined it would not be caaffective
($570,000 per ton of NOx reduced) for one unit with@x permit limit of 2.5 ppm to takeaction
and reduce down  ppnv NOx. As such staff is proposing a conditional limit of 2.5 ppROXx
and maintaimg a BARCT NOXx limit of 2 ppma since itis cost eféctive($15,400 per ton of NOx
reduced)or the remaining units tmstall control and meghe 2ppmv NOx.

Interim Limit

Similar to the other equipment categories, staff established interim NOXx limits based on the current
emission levels or egiing permi limits for gas turbines at 20 ppnbased on a 368ay rolling
average at 1percent oxyge correction As no facility currently operates above 20 ppNOX,

this interim limit will ensure no action (e.g., installation of control) would ne¢aki®placdefore

the BARCT or conditional limit is met. In addition, it would place a not to excesken ceiling

once facilities exit RECLAIM but before the BARCT or conditional limit is met.

Averaging Times
Gas turbines will have a Zdburrolling averaging tine. For these units, staff initially proposed an

8-hour averaging time withrespectNloE C6 s f eedback that | onger ave
to achieve a pnmv NOXx limit. Due to the complexity and variability at facilities subject to
PR11091, longeraver aging times were determined to be

concluded the 8hour average was too short to meet thgp2v NOx limit and recommended a
24-hour averaging period. In order to retain greposed2 ppnmv NOXx limit, PR 1109.1 will
include the 24our averaging time for gas turbines.

Carbon Monoxide Limits

PR 1109.lestablishes a 13@nv CO limit for all gas turbinesyhich is atypical limit found in
current gas turbine perraitAny units with lower CO limits in existingpermits wil have to
maintain thdower permitted limits, and units with higher limits may maimntthe higher limit.

Emission Limit Summary
The table below summarizes the emission limits in PR 1109.1 for gas turbines.
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Table 2-26. PR 1109.1 Emission Limitdor Gas Turbines
GAS TURBINES

NOXx co S
Fuel Type (ppmv) (ppmv) 0 mgT_n\:erag.ng
15% Oxygen (Op) ‘ ime
NaturalGas 2
Gaseou$-uelother than 3 130 24-hour
Natural Gas

Natural Gas 2.5 130 15 24-hour

Table 2-28. Interim NOx and CO Emission Limits for Gas Turbines

NOX O2 Rolling
(ppmy) | CC (PPMV) | Correction | Averaging
C) Time

Fuel Type

Natural Gas ofsaseous
Fuelother than Natural 20 130 15 365day
Gas

SULFUR RECOVERY UNITS/TAIL GAS INCINERATORS BARCT
ASSESSMENT

Background

Thereis a total of 16 SRU/T@ncinerators operating in the South Coast AQMD, 13 without stack
heaters and 3 with stack heaters. Tikal BARCT assessment wasesentedn Working Group
Meeting #2 on June 14, 2018 amidllow up BARCT reassessmienas presenteduring Working
Group Meeting #10 held on February 18, 20dMe next section will summarize the BARCT
assessment for SRU/TG incineratoifie complete BARCT asssment for this category is
included in Appendix F.

Since the inception oRECLAIM in 1993 until 2010, the &uth Coast AQMD did not set any
BARCT standards for th8RU/TG incinerators. Howevers gart of the BARCT assessmethie
2015 RECLAIM BARCTNOX limit was determineds2 ppmvatthreepercenbxygen. Currently
no units haveeen retrofitted with postombustio control andheir annual average outlet NOx
concentrationgreranging from4 to 98 ppmv at threepercentoxygen correctiondepending on
the type of fuel fired and operating conditions.
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NOx Limits that RepresentBARCT

The table below summarizes the NE&ncentration limits that were demonstrated to be technically
feasible and costffective for the SRU/TG incinerator category (see Appendix Ehe detailed
analysis).The 2 ppmWOX limits in the table belownderthe Assessment of South Coast AQMD
Reguatory Requirementeflects theRECLAM 2015 NOx BARCT Assessment. The RECLAIM
BARCT assessment differs from the assessnoenducted for PR 1109.1. The RECLAIM
assessment concluded that certain high emitting units eosteeffective to retrofit to 2 ppmv
however, the PR 1109.1 assesstniacluded all of the SRU/TG Incinerataasd itis not cost
effective to achieve 2 ppmv

Table 2-29. Summary of BARCT Assessment for SRU/TG Incinerator

Assess South Assess Assess Other Assess
Equipment |EEEFXeLY Emission Regulatory Pollution Initial BARCT
Limi C
Category* Regulatory imits of Requirements Control Emission Limit

Requirements Existing Units Technologies

All Units

@ Emission limits based dBipercent oxygen correction.

Conditional Limit
Staffis not proposing @&onditionallimit for SRU/TG incinerators.

Interim Limit

Similar to the other equipment categories, staff establigingdterim NOx limit based on the
current emission levels or existing permit limits for SRU/TG Incinerators at 100 pased on a
365-dayrolling average atf@ercent oxygenAs no facilityoperdesthis unitabovel00 ppnv NOX,

this interim limit will ensure no action (e.g., installation of control) would need to take place before
the BARCT limitis met. In addition, it wdd place a not to exceed emission ceiling once facilities
exit RECLAIM but before the BARCT limit is met.

Averaging Times

For SRU/TGincineratorsthe proposedolling averaging time in PR 1109.1 is Bdurs based on
NECO6s recommenda proposed an-8duraaveragirig timet but dated dgcided to
extend tle averagig time to 24 hours per NEC recommendation for a longer averaging time in
order to give the refineries the ability to diagnose an abnormal operational problem and take the
necessaryarrective action(s) before an exceedance octimis that do ot operatevith a CEMS

will have to demonstrate compliance based on a source test that cannot exceed 2 hours.

Carbon Monoxide Limits

PR 1109.1 establishes a 480mv CO at Jercentoxygenlimit for SRU/TGincinerators Units
with lower CO limits inexisting permitaill have to maintain the permitted limits, and units with
higher limits can maintain their permit limits.

Emission Limit Summary

The table below summarizes the emission limitsRrlR09.1 for SRU/T@ncineratorsNine units

out of 16 ned to retrofit baed on th@groposedBARCT NOXx limit. Achieving 2 or Sppmv with

SCR andLoTOxE technologies were demonstrated to be technically feasible but net cost
effective.
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Table 2-30. PR 1109.1 Emission Limits
SULFUR RECOVERY UNITS/TAIL GAS INCINERATORS

NOX (ppmv) CO (ppmv) Rolling
3% Oy Averaging Time

30 400 24-hour

Table 2-31. Interim NOx Emission Limits for SRU/TG Incinerator
o ;
NOX co 2 Rolling

Correction = Averaging
(ppmv) (ppmv) (%) Time

SRU/TG

. 100 400 3 365day
Incinerators

SUMMARY OF THE FLARE AND VAPOR INCINERATOR BARCT
ASSESSMENT

Background

There is a total of 14 flares and vapor incinerators operating in the South Coast AQMD, including
one small open flar and 13 vapor incineratorghich includeafterburners, incineratsy and
thermal oxidizers. Since the units in this category are very sm&D(MMBtu/hr), installing a
SCR control technology is not cesfifective. The best NOx control option is burgentrol. Staff
evaluated similasized units from the Rule 1147 uaige to asss technical feasibility of 20 ppmv
NOx level. Thermal oxidizers at refineries operate similarly to units at other facilities that are
primarily used for VOC control. Sourcesteesults demonstrate that ULNB for thermal oxidizers
can achieve @ ppmv NOx ével. Also, there is only one open flare in the PR1109.1 universe. Open
flares cannot be retrofitted with LNB or ULNB; therefore, staff considers replacement with a low
NOx flare (20 ppmv or 0.025 pounds/MMBtu) to be the best option for tHasesf The axt
section will summarize the BARCT assessment for flaresvapdrincinerators. The complete
BARCT assessment is included in Appen@ix

ProposedBARCT NOx Emission Limit for Flare and Vapor Incinerator

The table below summarizes the NOx centrationiimits that were demonstrated to be technically
feasible and costffective for the flare angaporincinerator category (see Appendix G for the
detailed analysis).
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Table 2-32. Summary of NOx BARCT Assessment for Flare and Vapor Incinerator

Assess South Assess Assess Other Assess
Se[Vlle]ylclslaMl Coast AQMD Emission B — Pollution Initial BARCT
Category® Regulatory Limits of & y Control Emission Limit

Requirements Existing Units Technologies

Requirements

Afterburners,
Vapor
Incinerators, N/A 8- 90 ppnv 20 ppnv 20 ppnv 20 ppmv
and Thermal
Oxidizers
Replacement with
130 20 ppnv flare

Flares N/A IbsMMscf (0.025Ibs'MMBLtu) 20 ppnv 20 ppmv

if throughput

capacity 5%

@ Emission limits based dBipercent oxygen correction.

Conditional Limit

Staffis not proposing a conditioni@hit for flares;however, based on $te réveewof the BARCT
assessment for thepor incineratorsvhich are operating close to the proposed BARCT limit and
determined it would not be cestfective (£00,000i $500000 per ton of NOx reduced) féwur
units to take acton and reduce down @0 ppnv NOx. As such staff is proposing a conditional
limit of 40 ppmv NOx and maintain a BARCT NOXx limit &0 ppmv since it is cost effective for
the remaining units teeplace burnerand meet th&0 ppn.

Interim Limit

Similar tothe other equipmenttegories, staff established interim NOx limits based on the current
emission levels or existing permit limits for vapor incineratord flaresat 105 ppm based on a
365day average atggrcent oxygenAs no facility curently operags above 1®ppnmv NOX, this
interim limit will ensure no action (e.g., installation of control) would need to take place before
the BARCT or conditional limit is met. In addition, it would place a not to exceed emission ceiling
oncefacilities exit RECLAIMbut before the BARC™Dr conditional limit is met.

Averaging Times

PR1109.1 includes a 2dour rolling averagéor vapor incineratora/hich will only apply to a few
larger units with a CEMS. All other units will have to demonstcat@pliance based on awgce
test that canrteexceed 2 hours.

Carbon Monoxide Limits

PR 1109.1 establishes a 40mv CO limits for all flares and incinerators. Any units with lower
CO limits in existing permits will have to maintain the permitted limarsg units with higher
limits may maintainhe higher limit.

Emission Limit Summary
The table below summarizes the emission limits in PR 1109.1 for flares and incinerators.

PR 1109.1 Preliminary Draft Staff Report 2-37 August2021



Chapter 2 BARCT Assessment

Table 2-33. PR 1109.1 Emission Linits

FLARES

CcO
NOX (ppmv) (ppmv)  Rolling Averaging

Time

3% O» Correction

400 | ohou |

VAPOR INCINERATORS

CO : :
(ppmv)  Rolling Averaging
3% O, Correction Time

NOXx (ppmv)

30 400 24-hour

Table 2-34. Conditional NOx Emission Limits for Vapor Incinerator

NOX O2 Rolling
(ppmy) | CO (PPMY) | Correction | Averaging
(%) Time

VaporIncinerators 40 400 3 2-hour

Table 2-35. Interim NOx Emi ssion Limits for Vapor Incinerator

NOX O2 Rolling
(ppmy) O (PPMV) Correction ~Averaging
(%) Time
Flares 105 400 3 365day
Vapor Incinerators 105 400 3 365day

AVERAGING TIME DISCUSSION

Averaging time could have a direct impact on the level of cenifyl and the cost of an emission

control unit. Lower averaging times witicrease the complexity and cost of an emission control

system (e.g. SCR) by limiting the fluctuations in controlled NOx emisstbesefore requiring

more consistent NOx emiss®iT 0 propose an averaging time that meets the technical feasibility

and osteffectiveness requirements in the BARCT assessment, short term NOx emission
fluctuations have been evaluated for each class and category 11 (PRL. These shetérm
emissionfuctuations occur during the unedframss nor m
startup, shutdown, and malfunctiewents.

To examine the impact of averaging time in more detail, the following simplified equation can be
derived:
Y 0O Y OO0 F¥ O O p 00]

Where Thauet (hour9 represents the allowable period that NOx emission fluctuation can occur
before exceeding the BARCMNOX limit, Esarct (ppmv) represents the ARCT NOXx limit
assigned for the class category, Thvg (hours) represents the assigned averatimg, and kuyct
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(ppmv) represents the current NOx emission fluctuation. The design margin, DM (fractional
value), represents a lied tothe dpsigm of equipnaent toiersurgitecane r a |
meet theguaranteedalue (i.e. a factor of safeqpplied to thelesign). A typical design margin

for refinery equipment is 10% (DM = 0.1), this means that for an SCR with a 2 ppmv guaranteed
NOx emission imit, the equipment has the capability to run at NOx emission levethein
1.8ppmv range. If aléictuation occus and the NOx emission level increases d@iEhere is a

finite period the refinery can take action in order to correct operation atigdegequipment back

to the 1.8 ppmv range before the BAREDXx limit is exceeded.

Based on NEC recomendation, two averaging times for 2 ppmv BARADx limit with a

10 percentdesign margin have been compared:
Table 2-36. Demonstration ofthe Impact of Different Averaging Timeson Emission Limits

Tim mak : ..
& _to e Fluctuation limit :
corrective action Conclusion

Averaging Time

(hour) (min) (Efiuct, ppmv)
15 3.4 Does not provide a
5 suitabletime period to
diagnose an equipmel
60 22 malfunction
Reasonable time
15 21 period to take action o
24 diagnose an equment
failure before the
60 6.6 fluctuation time is
exceeded

Therefore, based on NEC recommendation, staff proposedhaw24averaging time for units
greater than or equal #® MMBtu/hour.

THIRD PARTY CONSULTANT ASSESSMENTS

Fossil Energy Researchofporation (FERCo) and Norton Engineering ConsultaiNEC)
presernedthesummaryof their technical reviewand recommendations at Working Group Meeting
#16 on December 10, 2020he written reports oftheir findings and recommendations are
included inthe Appendicesof the staff report.St a f f 6 s ast®gsmdCWas adjuged in
accordance witthe recommendatiorfsom each condtant.

Norton Engineering Consultants Assessment

NEC conducted a independenteview of currentBARCT for stationary sourceategoies
identified by staff NEC also assisted staff wileveral technicalecommendationtor difficult or
specialized unitsvith uniqguearrangements such as the SMR heater with integrated gas turbine
and petroleum coke calcinérhese were provided to staff separate smallendividual reports

or write-ups NEC also provideihput on recommended averaging timesdachsource category
based orthe initial proposedBARCT NOXx limits. Staffd $inal BARCT recommendationare
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reflectiveo f N Eohes. NECO6s NOXx

Coast AQMD webpage

NEC alsoconducted a review of the second cost submission isigiaghibythe facilities on Mirch

12, 2021, which was useddy staff to revise the cosfffectivenessNEC met with several
technology vendors to understand the current state of both NOx combustion/source control and
postcombustion control and is summarizedthe table belowThe table summarizébe most
commontechniques employed icontrolling NOxemissions in refinergombustion equipment

along withtypical NOx levels that can Expectedorovided specific installation

Table 2-37. NEC Summary of NOx Control Techniques

BARCT cambee foydomn tke SButhv i e w

Table 3.3-1: Assessment of NOx control technologies for proposed Rule 1109.1
Retrofit where the conditions are...
. Most favorable .
Technology New |n§tall for the Typlcal fo_r the Unfa_vorable_for Comments
applying . . installation the installation
BACT installation
Fuel switching o S TS , - Approximation
to NG % NOx reduction = 100 x {1 —1/[ 1+ 0.625 x (mol/mol Hz before switch) ]} Independent of technology
FGR with
staged fuel 30 ppmv > 30 ppmv < 40 ppmv < 50 ppmv Typically applied to boilers
burner
ULNB (1 15 ppmv < 20 ppmv < 35 ppmv < 50 ppmv Commercially available
ULNBs
MNext generation > 5 ppMV <10 ppmv Commercial demonstration
ULNB 2 PP PP underway with Clearsign
Flameless 5 npmv _ _ _ One demonstration unit on a
combustion 2 PP small heater
o High inlet NOx (>100 ppmv): 40 to 50% NOx reduction
SNCRwith5 | 0% NOx ¢ (>100 ppmv) ’ Limited application due to
- reduction ; _
ppmv NHs slip - . ) ) geometrical considerations
maximum Low inlet NOx (50 to 100 ppmv): 20 to 40% NOx reduction
Multiple catalyst beds
SCR 2 ppmv 2 ppmv required
Lo-TOx 10 poMV 10 pomV = 90% NOx < 50% NOx Wet Gas Scrubber (WGS)
PP PP Reduction reduction required downstream
(1) Fuel assumed to be RFG unless noted otherwise

Assessment of Control Technolags

Process Heaters and Boilers

NECH assessment afontro | technol ogies coincides with
combination of source andpostcombustion controlare required to meet BARCT levels.
Combination control is the mostfective way éreducing NOxor the process heaters and boilers
caegories Staff initially concluded that 2 ppywNOX is technically feasiblevith a combination

of LNB or ULNB and SCRbut NEC indicated that achieving a 2 ppMOx with just an SCR is
also possibleandwill requirethe unit to

St a

1 Operate at low superficigles velocity (<10 ftg),

1 Operate withinlie optimal temperature window
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1 Install multiple SCR catalyst beds (2 minimymwith anammoniadestruction bedand

1 Employ nultiple ammoniainjection gridsbetweercatalystbedsfor uniform distribution
of amnonia

This recommendatioby NEC wasused by staff as an alternative pathwagcdbieve2 ppnv NOx
when stakeholdersxpressed concern over the ability of heaters to acéfitNB retrofit Staff
also initially assumedhat LNB canachieve 40 ppmNOx and used thas the uppeNOx limit
when calculating costffectiveness. However, NE C 0 assessment concluded thahder
unfavorable conditionsan LNB canhaveNOx emissions up to 50 ppmStaff revisedhe cost
effectiveness calculation usir) ppnv NOx as the uppelimit for burner control technology

Steam MethamReformer (SMR) Heateesnd SMR Heaterwith Gas Turbine

For this heater categarstaff reied on NE@ recommendatiotihat the lowest BARCT limit tht
could be set is 5 pprriNOx with the expectation thatultiple SCR catalyst beds will be required
in most casedNEC stated that high hydrogesontent in the fueill result in high combustion
zonetemperature anfilel gas compositioswingsdue to thepressure swig adsorption cyclean
impact NOx.

Sulfuric Acid Plant Furnaces

NECO s c ofor thesuwifsric arid furnaceagreesvi t h s ftclasiorf Bote NECand staff
concluded thapostcombustion options are not well suitéat this applicationdue to thehigh
sulfurand low temperaturaghich can ptentiallyform ammonium bisulfatandplug or foul the
catalyst LoTOxE will require modification or additionathangeso the exsting scrubber system.
NEC supports st afNOg&Ilanit pf 3® pprovswighdcustBm &e€igned burners
which can.

Fluid Catalytic Cracking Unit (FCCU)

N E C assessmelfior the FCCU categorg oncl uded t hat staf fviN®x BARCT
is technically feasible wit a multi-bed SCR system. The FCCU regenerator gpes at
temperatures where thermal NOx formation is &l the primary source of NOx origtea from

nitrogen species in théeed or coke on catalystwhich is analogous to fuel NOxleavily
hydrotreating the feed to the FC@dnreduce nitrogen speciesorder toreduce NOxemissions

Other control optiong1iclude regenerat catalyst additive that reduce NOxyhich must be used

in conjunction with SCR.

Gas Turbines (firing natural gaand othergaseouduel9

NOXx controk for gas turbinesre dry lowNOx (DLN) combustorsand SCR. These are the two
most efective NOx controls for gas turbindSEC agrees that the BARCQNOX limit of 2 ppnv

is achievable with new SCR designs and 50% more cathbsthe existing SCR

Petroleum Coke Calciner

NEC assesstmmet agr ees wi t h st -admbudtisncoatldsare snty @racticalt h a t
solutionfor NOx reductionto theproposedBARCT Iimit for the petroleum cokealciner. The
petroleum cokealciner has a high combustion zone with an adiabatic chassb&wurce control

optiors, such as LNBare Imited. NEC also identified three postombustion control optiorthat

can be considered for tipetroleumcoke calciner

1. SCR whichrequiresano pt i mal t e mp e r at may requitdadk fllemas7 5 0
reheat with duct burneys
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2. LoTOXE, which requires a wet scrubber and ozgameration equipmenand

3. UltraCaf , which has similar requirements as SCR, baslimited field usage and
requires a large plot area.

SulfurRecovery Un#/Tail Gas (SRU/TG)Iincinerators

NEC assessment concludes that NOx emissions 8&W/TG incineratorsire the result of NOx
concentrationn the inlet vapor. NE@greswi t h st af f 6 s asseslsalugont t hat
is advanced custom designed burner upgrades or retwdiith canachieve 30 ppm NOXx.
Commercially available ULNB are not well suited for this applicat®@R is impractical for this

category due to low temperature and high SOx which can &nmonium bisulfatend foul the

catalyst LoTOXE is a potential opon if spaceis available downstream.

Averaging Times

NEC recommended a Z¥bur averaging time for any unit with a CEM$he 24 hour is
recommended based on detection of meaningful fltictuand time for operations to diagnose
andresolve problemsStaff revisedthe proposed averaging times for units with CEMS based on
the recommendation

Fossil Energy Research Corporation Assessment

FERCo conducted site visits to the five major refirgr@hevron, MarathorfTesoro Refinery)
Phillips 66, Torrance, andalerq to evaluate and discuss facilippnstraints and challenges of
implementing SCR on specific refinery systenihie main concern refinery stakeholder
frequently raised to staff wabe issue of space and the ability to install mashbustion control
The goaof the FERCo facility visits was to observe firgind these facility concerns. FERCo met
with facility representativesand toured thefacilities. In addition, FERCoand facility staff
discussed any challenges of implementing SlBRspecific rehery sysems which included
review of drawingof ongoing SCR workor suggested configuration modifications to improve
performanceFERCoalso assisted staiifi the cost evaluatioby evaluating thewo main source
of cost estimatesevisedU.S.EPA SCR cost modehnd unitspecificcosts fronfacilities. FER®
alsoreviewed t a f f 0 sogymmeevising thel IS.EPA SCR cost mod&hichinvolved using
refinery specific cost datt modify the cost relationshipmaking it more representativad the
refiningindustry FERCo6s Sout h Coast Air QulAd.liStudy Fibh nage n
Reportcan be found on the South Coast AQM@Bbpaye.

Factors Affecting NOx Control Costs

Based on the site visits, FERCo concluded that all the facilities exhibited space limitations to
varying degrees. Not all open spattat surround a unit is available for an SCR systeasopen

space may be necesgdor maintenance work. Despite the space limitations, some facilities have
devised several workarounds such as vertical SCR orientation, running ductwork over existing
roadways, and regtement of air heaters with SCR reactdrsaddition, FERCo also idéfied

that the locations or sites for SCR installations may hold many unknowns such as electrical
capacity for the SCR and uncertainties ttat complicate foundation work such as ugdeund

pipes. Based on these complexity factoFERCo confirmed tht the installation cost can
significantly exceed that of the NOx equipmant] can exceed the equipment cost by a factor of
atleast25Based on F ERQC stéffhas agreec tacsept alhfacility provided cost

data in the costffectiveness amgsis. If a facility provided cost for a specific unit, staff used the
facility cost data. Furthermore, staff used all the facility cosetasethe U.S. EPA SCR cost
model.
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Upgrading Existing SCR Reactors

FERC® assessment also determined that exisBAgR systems are not designed for high NOx
removal (>90% reduction), FERCo identified sevée SCR issues that can be improved upon
to achieve better performance:

1
1

Catalyst activity ohow active the material is in reducing NOXx

Reactor potential the ahlity of the catalyst bed to reduce NQand needed catalyst
volume and

Ammonia/NOx disribution which describes the uniformity across the catalyst and
mechanism by which ammonia is infed This is ¢aracterized byoot mean squared
(RMS) or deviation & ammonia/NOx distribution enterinthe catalysti higher NOx
removal requires lower RMS.

FERCo éso discussed the importance of AlG tuning in optimizing ammonia/NOXx distribogion
providing an example of a recent project whadelitional NOx reduction wsaachieved simply by
tuning the system.

AlG Tuning at South Bay 1: 141MW Boiler (2003)

20
18

16

* —e— Model prediction,

o™ pre-tuning, 13% Std.
3 14 Dev. NH3/NOx
™ K ) —e— Model prediction,
w12 post-tuning, 4% Std.
2 1p :\ Dev. NH3/NOx
; ( " —&—June, 2003 Pre-
= 8 1 tuning stack test
™ 6 1 L3
I 1 ;
z . \'\*H —D—E;c;?t-tunmg stack
) iy ¢
i
| ] ﬁ
0 T

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
NOx, ppm, dry at 3% 02

Changes to the AIG may includay of the following chages:

T

= =2 =4 =2

Resizing existing AIG orifices
Redesigning the AIG

Adding flow control valves
Moving AIG to different location

Adding a static mixer
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According to FERCo la these changes are relatively minor, involving at most piping
modifications. Overall, upgrading of existing SCR systens comply with Rule 1109.1 are
estimated to cost between 10 anda36f the cost of a new SCR. FERCo anticipates that only
minor modifications will likely be needed since all the SCR infrastructsiralready in place.
FERCo that replacing or adding addited SCR catalyst can help improve removal efficiency.
Staff has igorporated this recommendation in establishing the criteria facahditional limits

for unitsin the process heater and boilers category. These units will be allowed to upgrade their
exiging SCR system to reduce overall ciosa facility. It is more gsteffective to upgrade a SCR

than replace with a brangew system.

FERCo also stated that tfurther achieve maximum emission reductions, a combination of
LNB/ULNB and SCR will be necessarfor devices with high NOx emissionSERCo also
suggested thatgbentially splitting the SCR catalyst volume between two reactasrigs (each
housingto be equal to onbalf of the total catalyst volume) where additional mixing of the flue
gas streancould be accomplished.

U.S.EPA Cost Model

FERCo al so r apoachtwoenddifysny the. S EA SCR cost model andrduded
thatit can be used to provide budgetary cosisRCostated that the SCR cost model be improved
by improving the methodology tese#mate required catalyst volumes based on current catalyst
techndogy available which is minor when compared to the overall instaflatosts.
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INTRODUCTION

PR 1109.lestablishes NO&nd COemission limis for combustiorequipmentiocated apetroleum
refineries and facilities withelated operations to petroleum refinerig the facilities subject to

PR 1109.1are currentlyin RECLAIM ard will be required to meet the limits in PR 1109.1 while in
RECLAIM and after the facility transitions out of RECLAIM and becomes a former REMILAI
facility. The proposedrule includes progions and requirements consistent with other NOXx
RECLAIM landing rdes as well as provisions specific to petroleum refineries and facilities with
related operations to petroleum refinerieise followinginformation describes the structure of PR
1109.1 ad explains the requirements in each of the provisions.

PROPOSED RULE STRUCTURE

(a) Purpose

(9)) Applicability

(©) Definitions

(d) Emission Limits

) BPlan and BCap Requirements

)] Interim Limits

(9) Compliance Schedule

(h) Time Extensions

0) [-Plan, BPlan, and BCap Submittal & Approval Requirements
() CEMS Requirements

(9] Source Test Requirements

() Diagnostic Emission Checks

() Monitoring, Recordkeeping, and Reporting Requirements

(n) Exemptions

(Attachment A) Rolling Average Calculation

(Attachment B) Implementation Compliance Pla#ldn) Requirements
(Attachment C) Barct Equivalent Compliance PlarR|Bn) Requirements
(Attachment D) Barct Equivalent Mass Cap PlarQ#&p) Requirements
(Attachment E) Facilities EmissiofisBaseline and Targets

PROPOSED RULE 1109.1

SUBDIVISION (a) 1T PURPOSE

The purpose of this rule is to reduce emissions of N@xle not increasingCO emissionsfrom
combustion equipment at petrofeuefineries and facilities with related operations to petroleum
refineries.As discussed in Chapter 1, PR 1109.1 is needed to transition refineries and facilities
with related operations to petroleum nefiies from RECLAIM to a commarahdcontrol
regulaory structure. PR 1109.1 is a commard-control rule thatis desgned to satisfy
requirements to establish BARCiuinder Health and Safety Code Sectiat0920.6 which
implementsAB 617.
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SUBDIVISION (b) i APPLICABILITY
PR 1109.1applies to combustion equigmt at petroleum refineries and facilities with related
operationsd petroleum refineries, including asphalt plants, biofuel plants, hydrogen production
plants, petroleum refineries, facilities that operaetroleum coke calciners, sulfuric acid plants,
and sulfur recovery plant§he provisions oPR 1109.Japply to petoleum refineries and facilities
with related operations to petroleum refineries while in RECLAIM and after they transition out of
RECLAIM. Combustion equipment which are subject to this are categorizeasboilers flares,

fluid catalytic cracking uns, gas turbines, petroleum coke calciners, process heaters, steam
methane reformer heaters, sulfuric acid furnaces, SRU/TG incinerators, andheapators

SUBDIVISION (c) T DEFINITI ONS
Definitions in PR 1109.1 are incorporated to define equipmeels fand other rule termBelow
are some &y definitionsthat are used in PR 1109rkefer to PR 1109.1 focomplete list of
definitions The following are sometherkey definitionsspeific to PR 1109.1:

PR 1109.1 defines

Afrachi p d ihedtersmtiveanplitnbegdnss a me o

and interim emission limitallow all units at facilities with the same ownership to be considered
in one compliance plarand in the interimemission limits for boilers and process heaters 40

MMBtu/hour or geater

1 FACILITIES WITH SAME OWNERSHIPmeans facilities and their subsidiariesfacilities
that share the same Board of Directors or share the same parent corporation.

At time of this staff report the following are the PR 1109.1 facilities with the samwnership:

Table 3-1. Facilities with SameOwnership
Owner Facility ‘ Facility ID

Tesoroi Carson 174655
Marathon Petroleum T
Tesoroi Wilmington 800436
CompanyfTesoro -
. i Tesoroi Sulfur Recovery Plant 151798
Refining and Marketing, T " Petrol Cok
esoro 1 etroleum oke
LLC (Marathon) . 174591
Calciner
. Phillips 661 Carson 171109
Phillips 66 — .
Phillips 661 Wilmington 171107
Ultramar/Valero Wilmington 800026
Valero
Valero Asphalt Plant 800393

The def i ni tasioctuded tb strBamine theorldaguage.

1 UNIT means, for the purpose of this rule, boilers, flares, FCCUs, gas turbines, petroleum coke
calciners, process heaters, SMR heaters, sulfuric acid furnaces, SRU/TG incinerators, and
vapor incinerators requitg a South Coast AQMD permit andtrrequired to comply with
another NOx emission limit in a South Coast AQMD Regulation Xl rule.

Many unitsat PR 1109.1 areombined through common dugg to allow a single aimpollution
control device t@ontrol the emisions of several unit®R 1109.1ncludes aefinitionf o r Aunits

wi t h ¢ o mb itockrdy hew thee prevssions apply to those units
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1 UNITS WITH COMBINED STACKS meansvo or more units where thkie gas from these
units are combined in one or ma@mmon stack(s).

SUBDIVISION (d) i EMISSIONS LIMITS

This subdivision establishes tpeoposed BARCT andonditionalNOx and CO emission liits

for combustion equipment at petroleum refineries and facilities with operations related to
petroleum refinerie?R 1109.1 Tablé liststhe NOx ad COemissiondimits for different class

and category of equipment subject to this ane identifies the corresponding rolling averaging
times and percent of oxygers the basifor emissions measurement or calculatiBR 1109.1
Table 1, Table 2, andable 3 establishes averaging times that the NOx concentration limits must
be met. Averamg times must be calculated as establishestiachment A ofPR 1109.Xor any

unit that operates with CEM&\ll averaging times ksed on CEMS are rolling averagesiamne
established for different types of equipmentTiable 1, Table 2, and Table 3 oRPL109.1
Averaging times for units that must demonstrate compliance with a source test are required to
demonstrate compliance basmda 2hour source test pursuantdobdivision (k).

Table 3-2. PR 1109.1Table 17 NOx and CO Emission Limits

O2 Rolling
NOXx CO :
Correction Averaging
(ppmv)  (ppmv) =S ey
Boilers <40 MMBtu/hour | T urs@nt to 400 3 24-hour
paragraph{d)(3)
Boilers 040 5 400 3 24-hour
2 365day
FCCU 500 3
5 7-day
Flares 20 400 3 2-hour
Gas Turbinesueled with 5 130 15 24-hour
Natural Gas
Gas Turbinesueled with
Gaseous Fuel other than 3 130 15 24-hour
Natural Gas
5 365day
Petroleum Coke Calciner 2,000 3
10 7-day
Process Heaters Pursuant to
<40 MMBtu/hour paragraph{d)(4) 400 3 24hour
Process Heaters
040 MMBt u/ 5 400 3 24-hour
SMR Heaters 5 400 3 24-hour
SMR Heaters with Gas 5 130 15 24-hour
Turbine
SRU/TG Incinerators 30 400 3 24-hour
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NOX co 0)) Rolling
Correction Averaging
(ppmv)  (ppmv) =% Timel
Sulfuric Acid Furnaces 30 400 3 365-day
Vapor Incinerators 30 400 3 24-hour

1 Averagingtimes apply to units operating a certifieCEMS and shall be calculated
pursuant to Attachment A of this ruRequirements, including averaging timfes,units
without CEMS are specified in subdivisidk)(

Conditional NOx and CO Limits i Paragraph (d)(2)

PR 1109.1provides alternative BARCT NObmits for units which are currently operating at or
below NOxcorcentration limits in Table 2 of PR 1109.1. This provision is designed to recognize
that some units have existing pollution controls that are currently operating near the NOx limits in
PR 119.1 Table 1 and it is not cesffective to require replacementiostallation of additional
pollution controls. PR 1109.1 inclusleeveralconditionsthat an owner or operator must meet if

an operator elects to meet the NOx &t limits in Table 2, idieu of the NOx and CO limits in
Table 1.

PR 1109.1 has two pathwsiyor operators to use Table 2 conditional limits. The first pathway is
through meeting all of the coitidns specified nder subparagpd (d)(2)(A) andd)(2)(B). Under
this first pathway, the operator must medit of the conditons specifiedunder subpagraph
(d)(2)(A) and submit a permit application by July 1, 2022ditional details regarding the
conditions are discussed belolhe second pathway for units that are identified in Attachment
D of PR 1109.1Attachment Dincludes Table EL which apples to fadities with a BPlanor a
B-Cap andncludesthoseunitsthat were icentified in thecosteffectivenesss part of establishing
the condtional limits. Table D2 applies to facilitis with a BCapthat have selectddPlan Option

4 and includeshose units that meet all of thenzbtions insubparagraph (d)(2)(A) and that have
arepresentative NOx concentration at or belovp@swv. Units listed under Table2 were added
sincean operatotthat is implementing-Plan Option4 will achieve50 to 60 percent of their
targeted emisen reductiondy Janwary 1, 2024 Both pathways are designed to achieveiararl
NOXx reductions to be consistent with the intenABf617.

Under subparagraph (d)(2)(Ahefirst condition for aunit to bealloweda Table 2conditional
limit is that theExecutive Officer hasiotissued a Permit to Construct onafter Decembed,
2015 for the installation of a pollution controlvitee. This conditionis to preventunits with
recentlyinstalled mllution control devics, such as SCRwvhich can achieveéhe Table 1 emission
limits from electing tacomply with Table 2 conditiondimits. December 4, 2015 was selected as
this is the da when Regulation XX RECLAIM was amended to reduce or shaveatmns.
The analysis was based a technical analysis that large boilers and heaters could achieve a NOx
concentration of 2 ppm Stdf believes that units modified after this date shobhfile been
designed to achieve the proposed Table 1 NOx limitpgdrv for large boilers and heaterEhis
condition will also ensureunits that can achieve significant NOx reductions in a-efisttive
manner, are required to meet the NOx and CO emidisiits under Table 1 of PR 1109.1.

The next two conditiomarethat emission reduction projects farocess heaters betweeni4010
MMBtu/hour could not have an emission reduction potential of reautD tons per year more
and emission reduction peajts forboilers orprocess heaters >110 could not have an emissio
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reduction potential of reducing 20 tons per yeamore The potential emission reductions are
based on the differenc# the baselne emissions and the Table 1 concentration, scalelgeto t
baseline emissions.

The lasttwo conditiors are thathe unitmust not have
an existing per_mi? limior aChieV.ir.]gat or below the means the total mass emissions per facility
Ta_ble 1 NOx |Imlt$. Tbsecond_ltlc_)rs willprevent calculated based on the applicable Table 1
units that arechieving NOx emissions that meké | NOx emission limits or Table 2 conditional
Table 1 NOx limitsfrom electing to comply with thel NOx limits and the 2017 annual NOx
conditional limits.Units that meet the conditionfor | emissions, or another repeggative year as
the Table 2 emission limitsust submit a permit| a@pProved by the Executive Officer.
application byduly 1, 2022 andheet the permiimits

no later than 18 monthsdm the issuance dhePermit to Consuct

FACILITY BARCT EMISSION TARGET

For a BPlan, a operator electing to meet the cdrmhal NOx limit must submit a permit
application byJuly 1, 2022 unless the unit is identified ihable D-1 of PR 1109.1Staff is
proposing July 1, 2022 to coincide with themittal of an4PlanandB-Plan A commitment that

an operatowill be meeting the conditional NOx limi$ needed to allow aoperator toaccount

for aunit that isseeking compliance with Table 2 in lieu of Table 1 NOx limits when calculating
the Facility BARCT Emission Targetmplementation of the conditionalntits by requiring a
permit application by July 1, 2022 will help éxpedite BARCT consistent with AB 617

Theproposed NOxand COconditional limits are listed in the table below.

Table 3-3. PR 1109.1Table 27 Conditional NOx and CO Emission Limits

NOX cO Corgazction A\Ijgrlggigng
(ppmv)  (ppmv) (%) Timet
Boilers
>110MMBtu/hour 7.5 | 400 3 24-hour
8 365day
FCCU 500 3
16 7-day
Gas Turbinesueled with 55 130 15 o4 hour
Natural Gas
Process Heaters
407 110MMBtu/hour 18 400 3 Casliy
Process Heaters
>110MMBtu/hour 22 400 3 24-hour
SMR Heaters 7.5 400 3 24-hour
Vapor Incinerators 40 400 3 2-hour

1 Averaging timesapplyto unitsoperding acertified CEMS and shall be calculated pursuant
to Attachment A of this ruleRequirements, including averaging timés, units without
CEMS are specified in subdivision (k).
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ProposedNOXx Limits for Boilers and Process Heaterswith a Rated Heat Input Capacity
Lessthan 40 MMBtu/hr i Paragraphs(d)(3) and (d)@)

PR 1109.1 establishes initial NOx limit of 40 ppmvfor boilers and process heaters smaller than
40 MMBtu/hr with consideration fofower NOXx limits when burners are replacedn or before
January 1, 2023)peratorsmustmodify existingpermit for theseboilersand process heatets
limit NOx to 40 ppmvandCO to 400 ppmat threepercent Q. CO limit, percent of @, andif
applicable, meet thaveragingimein PR 1109.1Tablel.

The NOxlimit of 40 ppmvis lowered to 5 ppmvor boilers and 9 ppmv for procelsatersvhen
either the operataumulativelyreplaca 50 percentor more oftheburners othe burners replaced
cumulatively represent50 percentor more of the heat inpuThe cumilative replacemenof
burnersbeginsto be effectivefrom July 1, 2022 Since the emission reductia@chnologiedor
process heaters abased oremergingtechnologiesthe NOx limit of 9 ppmvis applicableten
years after rule adoptioto provide time fo specific emergig technologes The cumulative
burnerreplacement provisioappliesfrom dateof rule adoptiorio prevent a facilitfromreplacing
burners incrementally over time in order not to trigger a retf@fierators are requiréd maintain
reardsfor burner relacementor these boilers and procekeaterso track burner replacement
Staff believes thaimplementation of the #lan and BCapwill help incentivize operators to
acceleratentroduction andcommercialization of emerging technoieg Staff will monitor the
development of the emergirigchnologies and will include in the Resolution a commitment to
report on the status of the emerging technologies in 2688onduct a technology assessmént
these technologiesre not beingommecialized

Gas Turbines Operating onNatural Gasi Paragraph (d)(5)

PR 1109.Jprovidesan alternative NOx emission limit of 5 ppmv (corrected tgpéftentoxygen
on dry basis) based on a-Bdur rolling averageinstead othe 2-ppmvand 5ppmv NOXx limits
for gas twbines operating on natural gas and refinery ,gesspectively during natural gas
curtailment periodsNatural gas curtailmendccurs wherthereis a shortage in the supply of
pipeline natural gas due to limitatiomsthe supplyor restrictiongn the distribution pipelines by
the utility thatsupplesnaturalgas A shortage in natural gas supply thatliee tochangesn the
price of natural gasloesnot qualify asa natural gas curtailmen€O Emission Limitsn Table 1
and Tale 2 of PR 1109.

Units with Combined Stacksi Paragraph (d)(6)

Paragraph (di) requires units with combined stacks to meetrtiost stringat applicableTable
1 or Table2 NOx limits. Thisprovisionaddresses which requirements apply to combimets if
one or more Bthe units fall h a different size category as follows:

A If multiple units are combined:

A One unit is >110 MMBtu/hr and the other are less >110 MMBtu/hr
A All units are between 40110 MMBtu/hr 407 110 MMBtu/hr
A One is >40 MMBtu/h and the other uniisre less 407 110 MMBtu/hr

CO Limits T Paragraph (d)(7)

PR 1109.ITable 1 and Table 2 establish CO limits for each class and category of equifment.
discussed, the purpose of this rule is to reduce emissions of NOx from comlaegtipment at
petrolaum refineries anéhcilities with related operations to petroleum refineries, with no increase
in the associate@O emissions. The CO emissions for the classes and categories of equipment
listed inPR 1109.1 Table 1 and Tablea&generally representativef CO limits in grmits and
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consistent with other rules regulating similar combustion equiprfemtunit has a CO emission

limit established in a Permit to Operate before the date of rule adoption, the owner or operator
must meethe CO emission limiti the Permit to Ograte in lieu of the CO emission limit specified

in Table 1 or Table 2 of PR1109.The CO permit limit can include an actual permit limit or a
reference to South Coast AQMD Rul@71 Liquid and Gaseous Ai€Contaminants

Owner or operats with six or moe units, have the option to use @Bn or BCap that will allow

the selection of a NOx limit that may be higher than the NOx limits established in PR 1109.1
However, regardless of the NOx limit selectediB-Plan or BCap, the operatds required to

meet the applicable CO emission limit in Table 1 or Table 2.

Provisional Averaging Time - Paragraph (d)(8)

During the rulemaking process some operators commented that achieving the shorter averaging
times andower NOx levelsn PR 1109.Wwill be challengig asoperatorsare currently held to an
annual compliarecycle undeithe RECLAIM program Achieving the proposed NOXx limits in
Table 1 and 2 under PR 1109.1 will require a shorter compliance péioall units other than
the FCCUs, Reoleum Coke Calcier, and Sulfuric Acid Plagtwhich will be subject to 368ay
rolling averagesTo addresshis additional challengdor units subject to a rolling average less
than a 365 daysompliance with the applicable limits needs to be dematest six monthsfeer
eitherthe issuance of the Permit to Operate36 months after the Permit to Construct is issued
or completion of a compliance demonstration source test, whichever ex.sbois consideration
allows for applying any necessaryjagtments to ensarNOx emission levels can be met within
the required averaging times.

Initial Averaging Time for Units with a 365-Day Averaging Time Periodi Paragraph (d)(9)

An owner or operator of anit subject toa 365dayrolling average shall demstratecompliance
with theRule 1109.1 Emission Limits beginning frbnthsafter eitherthe South Coast AQMD
Permit to Operatés issued36 months after the Permit to Constrigcissued or completion of a
compliance demonstrati@ource test, whicheves soonerThis cansideration allows for applying
any necessary adjustmenttsurdNOx emission levelsan be met within the required averaging
times
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SUBDIVISION (e) T B-PLAN AND B-CAP REQUIREMENTS

PR 1109.1 includes two alternative compliance

optionsto directly meetig the NOXx limits in Tablé

or Table Zor operators witlsix or more unitsTotal

mass emissions are calculated from all un
complyingwith applicable Table 1 or Table ROx

limits with the exception of any boiler or proce
heater lss than 40 MMBtu/bur that will meet the
5 ppmv or 9 ppmWNOx emissionlimit upon burner
replacemengfter thefinal compliance dte in the
selected 4Plan option Then the alternative
concentration lirits for each unit in the #lanare

identified andcdculated to ensuréhatthe units at
those alternative concentration levels will enable
facility to achieve no greater emissiooalculated
with Table lor 2 assuming operatioas2017 levels.

Those concentration limitsare then seas permit

1 I-PLAN means an implementation plan fq

facilities with six or more units that
includes aralternative implementation
schedule to paragraph (g)(1) and emissig
reduction targets

B-CAP means a compliaa@lan that
establshes a mass emission cap for all
units subject to this rule that are
equivalent, in aggregate, to the Facility
BARCT Emission Target

B-PLAN is a compliance plan that allows
an owner or operator to select NOx
concentration limits thatra equivalent, in
aggregate, to the NOx concentration limit
specified in Table 1 and Takieof this

rule for units to be included in theBan

requirenents, allowing faglities to operate at
whatever levelsheir permits otherwise allow

Operators can submit a®an which will achieve the Table 1 or Table 2, provided conditions are

met, in aggregatbased on 2017 emissions. Under thPIBn, operatorarould meet Alternave
BARCT NOx Limits, with no mass emission capimilar to a traditional commarahdcontrol
regulatory rule Alternative BARCT NOXx limitsshall not exceed the Conditional NOx and CO
limit in Table 2, if applicablelf the operator has units that arentfied in Attachment D of PR
1109.1, an application is not required by July 226 provided under sylaragraph (d)(ZT).

Alternatively, opeators can submit a-Bap whereoperators would meet Alternative BARCT

NOx limits as well as maintaimg NOx emssions below an emission cap. Emission reductions

from decommissioningunits and units with reduced throughpstor other emissionreduction
strateges would allow higher Alternative BRCT NOx Limits for other units in the -Bap,
provided theoverall mass emissions are below the emissgap adthe Alternative BARCT NOx
limits do not exceed thi@laximum AlternativeNOx concentration limits in Tablgin PR 1109.1

Regardles# the opeatoris complingwith PR 1109.1 through a-Blan or BCap,eachand every
unit must have aenforceal# permt at the time of fullcompliance with the requirements of PR

1109.1.
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Table 3-4. PR 1109.1 Table 3 Maximum Alternative BARCT NOx
Limits for a B-Cap

: O2
Alternative NOx .
it G Correction
(%)
Boilers and Process Heaters 40 ppmv 3
<40 MMBtu/hour
Boilers and Process Heaters 50 ppmv 3
040 MMBt u/ h
FCCU 8 ppmv 3
Gas Turbines 5 ppmv 15
Petroleum Coke Calciner 100 tons/year N/A
SRU/TG Incinerator 50 ppmv 3
Vapor Incinerator 40 ppmv 3

Requirements for the BPlan and B-Cap - Paragraph (e)(1) and (e)(2)

Paragraphsej(1) and €)(2) establit the requirements for the-Blan and BCap, respectively.
Operators must submit the®an or BCap by July 1, 202Both the BPlan and BCap require
operators to accept permit limits that reflect the AlteweaBARCT Limits in the BPlanandB-
Capandto meet those concentration limits based on the schedule in the appRlaedn the B
Cap the Alternative BARCT NOx limit cannot exceed Table 3 of PR11&9shown in the table

above.

Under theB-Cap, a faility can permanently decommissi@nunit tomeet the Facility BARCT
Target since emissions from al
mass emissionslhe owner of a unit that is selected to be decommissioned undeZag Bs
required to reflect the emissionsimdhe decanmissioned unit a§able 1emissions in th€hase
[, Phase I, and if applicable Phase Il Facility BARCT Emission Target in an approGzgh B
For any unit that is decommissionedhe South Coast AQMD Permit top@rate must be
surrerdered, andhe owner shaldisconnect and blind the fulthe(s) to the unit and not sell the

unit for operation to another entity within the South Coast Air Basin.

units are

PR 1109.1 includes additional requirements for tHeap, which includ limiting the cumulative
NOx enissions for dlunits in the BCap to ator below the Facility BARCT Emission Targets

based on &865-day rolling daily demonstratioif he operator cannot add a new unit to the facility

without the emissions from that unit being included in th€&p mass emissions calatibnthat

is applicable to PR109.1, unless:

91 All units in the approved Eap meet Table 1 NOx limits and applicable Table 2 NOx

limits in aggregate;

1 The new unit is not functionally similar to any unit that was decommissioned in the

approved BCap;

1 Thenew unit will not increase ovdtahroughputof the facility; or
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 The total amount of NOx emission reductions from units that were decommissioned,
represents 15 percent or less of final phase of the Facility BARCT Emission Target in an
approved BCap.

The provisions for new units and urdecommissiomg are to prevent a facility from shutting
down units instead of installing controls on units. While shutting down a unit will result in emission
reductions, the intent of PR 1109.1 is to reqtalities tohave BARCT levels of control oal

units, orBARCT equivalent emissions in the aggregate. If a facility wetet@mmssiona unit,

take credit for the emission reductions in th€BP, and later install a functionally similar unit
outside the BCap, tle B-Cap would no longer be BARC&quivalent. 1 would not be equitable
that the emissions budget fratacommissioning a unitas used to allow another unit to not install
pollution controls, and later install a unit that is functionally similar to the tnat was
decommissionedThe povision to limt the NOx reductions in a-BAP is to prevent a facility
from shutting down some large emitting units in lieu of retrofitting a significant number of units
at the facility.

SUBDIVISION (f) 7 INTERIM LIMITS

As discussed in Chapter fhterim NOx limits are needed after facilitiegansition out of
RECLAIM and beforégheunit meesthe NOXx limits in PR 1109.tb ensure there iso backsliding

and interference withttainmentPR 1109.1 includes interim limiteat are based on permit limits
and actuagmissiongdata Except forinterim limits for boilers angroces$ieatergt0 MMBtu/hour

and greaterall interim limits are a specific NOx concentration limit and provide a-®&656
averagng period PR1109.1is proposing a 36%lay averaging period to miningzdisruptions as
facilities transition out of RECLAIMInterim limits for all units except boilers and process heaters
40 MMBtu/hourand greateare provided in Tablé of PR 1109.1 and is presenteelow.

Table 3-5. PR 1109.1 Tabled i Interim NOx and CO Emission Limits

NOX €O Corrcéition A\I?ggg%g
(ppmv)  (ppmv) (%) Timel
Boilers and Process Heeas
40 400 3 365day
<40 MMBtu/hour
. Pursuant to
Boilers and Process Heate araaraoh 400 3 365da
040 MM&ur paragrap y
@
Flares 105 400 3 365-day
FCCU 40 500 3 365day
Gas Turbines fueled with
Natural Gas oDther 20 130 15 365-day
Gaseous Fuel
Petioleum Coke Calciner 85 2,000 3 365-day
SRU/TG Incinerators 100 400 3 365day

PR 1109.1 Preliminary Draft Staff Report 3-10 August 2021



Chapter 3 Summary of Proposals

O2 Rolling
Correction Averaging

D) Time!

20° 365day

SMR Heaters 400 3
60° 365-day
SMR Heaters with Gas 5 130 15 365-day
Turbine

Sulfuric Acid Furnaces 30 400 3 365-day
Vapor Incinerators 105 400 3 365day

1 Averaging times arepplicableto units with a CEMS and shall be calculafagtsuant to
Attachment A of this rule. Averaging times for units without CEMS are specified in
subdivision k).

2 SMR Heaterswith postcombustion air pollution control equipment ingdl before DATE
OF ADOPTIQN].

¥ SMR Heaters without posiombustion air pkution control equipment installed before
[DATE OF ADOPTION

Interim Limits for Boilers and Process Heatersvith CEMS 1 Paragraph (f)(2)

For boilers and process heatevith a ratedheat input capacity greater tham equal to

40 MMBtu/hour, staff foundsubstantial variation in the NOx concentration levels with no
definitive groupings of units to establish a specific NOx concentration limit for these units. PR
1109.1 estalishesdifferentNOXx limits for all boilers and process heatarith a rated heat put
capacity at or greater tha® MMBtu/hour andthe ones with a rated heat input capacity less than
40 MMBtu/hour that operate a certified CENIsased on the maximum eat capacitybased on

the operator choice of ®lan or BCap (PR 1109.1 Table Hyrovided as Table & in this Staff
Report) This provision will be implemented until the last unit in this class meets the final NOx
concentration limit to ensure that astsrdiomply wih the NOx concentration limit, the remaining
units do not exceed ttadicablethresholdestablished in PR 1109.1 Table 5
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Table 3-6. PR 1109.1 Tableés 1 Interim N Ox Emission Rates for Boilers and Process

Heaters
An Owner or "
Facility NOx
Opg:é?g ttgat Emission Rate Rolling Averaging
Comblyv with (pounds/million Time
£ . Btu)

an Approved:

Boilersand Process | B-Plan using

Heaters I-Plan Option 3 0.2 365day

O 4 oMBW/Hourand
<40 MMBtu/hour

Operatinga Certified
CEMS B-Plan 0.03 365-day
The calculation to determine a facil ianda8s
follows:

1 AnnualMass Emissios (Ibs/hour)
Sum theactualannualmass emissiond all boilers and process heaters with a rated heat
input capacity at or greater than 40 MMBtu/hand anyboilers and process heaters with
a rated heat input capacigssthan 40 MMBtu/houthat operat a certified CEMSand
divide by8760hours for Ibgper hour.

1 Combined Maximum Heat Input (MMBtu/hour)
Sum the combined maximum rated heat input for all boilers and process heaters with a
rated heat input capacity atgrmeate than 40 MMBtu/houandany boilers and process
heaters with a rated heat inmatpacitylessthan 40 MMBtu/houthat operate a certified
CEMS.

1 Interim Facility Wide NOx Emission Rate (Ibs/MMBtu)
Divide the Hourly Mass Emissions in Sectigi1.1) by thecombined Maximum Heat
Input in Section (EL.2) to determine the interim faciliyide NOx emission rate.

Interim Limits for a facility that elects to comply with a BCapi Paragraph (f)(3)

Facilities that elect to comply with a®ap will nd be held to ta NOx concentrations limitsi
Table4 or Table Sof PR 1109.1Theinterim limits are intended to prevent emission increases
once a facility exists RECLAIM and before all the PR 1109.1 emission limit apply. To achieve
this for the facilitis complying wih an approgd B-Cap, facilites will beheld to th& Baseline
Facility Emissionswhich is based on the 2017 annual emissions.

SUBDIVISION (G) T COMPLIANCE SCHEDULE

This subdivision establishése implementatioschedulefor combustion equipment at pefeum

refineries and faciligs with operations related to petroleum refinettesomply withPR 1109.1
requirementsThere are two main implementatipathways. The first pathwayould require the
operator to submit pertmapplications by July 1, 23 ard the second alternative patay, which
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is available to facilities with six or me units is to submit art-Plan which isan implementation
plan that includean alternative implementation schedwi¢h emission reductiotargets.

Compliance with Table 17 Paragraph (g)(1)

This paragaphrequiresanowner or operatoio submit a perntiapplication to establish a NOx in
a permit on or before July 1, 2023perators must meet the NOx and €@hcentratiodimits in
PR 1109.1ITable 1 no latethan36 months d@ér a Permit to Construct issued Operators witla
Permit to Castruct ora Pamit to Operate that already limits the N©ancentratiorconsistent
with Table 1 are not required to submit a permit applicafits is the only compliance pathway
for facilities with lessthansix unis. For facilities with six or morenits, PR 1109.Jprovidesthis
compliance pathwags well asan alternative implementation schedule under #Rkh

|-Plan Requirementsi Paragraph (g)(2)

An [-Plan is an implementation plathat includes an alternagivimplementation schedule to
paragraphd)(1). An I-Plan is required for facilities that elect to comply with eitherRl&n or a
B-Capor a facilitythatelects to have an alternative comptia schedule for meeting Tablerl o
Table 2 emission limitsAn owner or operatorwith six or more ung has the ogion to submitan
[-Planto meet the NOx and CO emission limits specifie@?id1109.1Tablel1 or Table 2. The
purpose of the-Plan is to How facilities the flexibility to selectthe group of units that will
implement emission reduction projedts each phase, provided thgroup of units and their
associated emission reductions meetedimession reductiomargets established under thelan
which are specified in Tablof PR 1109.1, provided as Tlal8-7 in this staff reportThe FPlan
allows refineries to implement projects within their turnaround schedualesnimize operational
disruptions. Staff consulted with refineries to deyptheproposeddPlan timeframes ahpercent
reductionsThe FPlan is designed to implement thable 1, and if elgible Table 2,theB-Plan or

the B.Cap The FPIlan can include all the units under one facility or all the units under a facility
with same ownershigvith the exception of gnboiler or process heatesskthan 40 MMBtu/hour
that will meet the NOXx limit gecified in subparagraph (d)(3)(C) or (d)(4)(C) after the last
Compliance Date iPR 1109.1ITable 6 for the selecteeHlan option
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Phase |

Table 3-7. PR 1109.1 Tables i I-Plan Targets and Schedulé?

Phase I

Phase Il

Percent Reduction 70 100 N/A
I-Plan Targets
Option 1 PermitApplication -
B-Plan Submittal Cate July1, 2023 | January 1, 2027 N/A
Only . No later than 36nonths after a
Compliance Dat Permit to Construct is issued NA
Percent Reduction
I-Plan Targets oL 0 —
Option 2 Permit Application o
B-Plan Submittal Date July1, 2023 | January 1, 2025 Januaryl, 2028
Only . later than 3@nonths after a Permit to Construct is
Compliance Date issued
I-Plan .
Option3 | Pereent Reduction 50 100 N/A
for B-Plan 9
or B-Cap b it Applicat
and as ermit Application 9
et Submittal Date January 1, 22 | January 1, 202¢ N/A
pursuant
to . No later than 3@nonths after a
paragraph Compliance Date Permit to Construcsiissued N/A
©)[©)
. 50 to60
Perce_I[l;ngtd;uctlon (Still in 80 100
I-Plan 9 development)
Option 4 Permit Application o
for B-Cap Submittal Date N/A January 1, 2025 January 1, 202§
Only No later than 36nonths after a
Compliance Date | Januay 1, 2024 South Coast AQMDPermit to
Construct is issued
Perce_I[l;ngtd;uctlon 50 70 100
I-Plan 9
Option 5 Permit Application
for B-Cap Submittal Date July 1, 2022 July 1, 2021 January 1, 202§
Qi . No later than 36nonths after a South Coast AQMD
Compliance Date . .
Permit to Construct is issued

1 Percent Reduction Targets represent refivede emission reductions including
Facilities with Same Ownership

Any operator that submits either afBan or a BCap is required to submit arPlan. The 4Plan
requirements aralifferent for the BPlan and BCap. For operators using a -Blan, key
requirementreto submit an4Plan for review and approvhy July 1, 222, calculate the Facility
BARCT Emission Targetor each phasef the FPlan and to implement thapproved BPlan
basedon the schedulen the approved-Planthat meets one of tHePlan options irPR 1109.1
Table 6. For facilities using a #ap the key requirementfor the FPlanare similar with the
additional provisiondor a 10 percent reduction to the Facility BARCT Esios Targes and
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specificity regarding when theeduction in the mass cap wdkcur relative tahe schedule in
Table6 of PR1109.1

Since the BCap establishes a mass emissions cap compliance offiteriacility BARCT
Emission Target iproposed to beeduced by 10 percertl.S. EPA hasnitially commentedthat
pursuanttdJ. S. EPAO s Idpmoningaiir Qualig/ &ihEcononic Incentive Programs
a 10 percent environmenénefit will likely be required. Staff is continuing to discuss the elements
of the B-Cap with U.S. EPA.PR 1109.1 requires thahé reduction in thd-acility BARCT
Emission Targeteflecing the Percent Reduction Targets BRR 1109.1Table 6, be applied54
monthsafter the permit application is required for each phase of the seleletad bption inPR
1109.1Table6. The 54-monthrequirements basd on 18 month&etween submittal of a permit
applicationand issuance of a Permit to Constnplcis 36 months taneet the Alternative BARCT
NOx Limit in the approved BCap.For facilitieswith a B-Cap meeting-Plan Option 4the Phase
| BARCT EmissionTarget shall benet onor before January 1, 2024.

Staff does not view the implementation period provided in Rule 1109.1 to befiiciowith Rule

205 that states AA permit to construct shal/l
extension of time has been approved in writing by the Executive Qfficer T hiitsgenetal e and
provisions will havehe approval othe Executive Officer unless the rulequires an additional
ExecutiveOfficer approval (e.g., anPlan, BPlan, BCap etc.)

Applicability of | -Plan Option 37 Paragraph (9)(3)

[-Plan Option 3 ionly available to theowner or operator of a facilitthat isachieving a NOx
emission rate of less than 0.02 pound per million BTU of heat input for all the boilers and process
heaters with a rated heat input capacity greater than or equal to 40 MMBtarremwy boiler or
process heater less than 40 MMBtu/hourgraies with a certified CEM®ased on the maximum

rated capacityThe facility would be required to perform a otiene demonstration that their
applicableboilers and heatemrmeet the 0.02 pound per million BTU emission rate based on the
2021 annual emissiorisr those unitas reported in the 2021 Annual Emissions Report.

Modifications to Existing Units that are Meeting Table 2 Conditional NOx Limits i
Paragraph (g)(4)

A unit complying with aTable 2conditionallimit undersubparagram(d)(2)(A) and (d)(2)(B)
will be required to submit a permit applicatji@ccept the NOx concentration limit in Tablardd
meetthe NOx and CO concentration limits at the percexygenand averaging times ihablel

if the NOx postcombustion air pollution control equipmastreplacedor an FCCU, gas turbine
fueled with nattal gasprocess heatavith a heat input capacity at greater than 40 MMBtu/hour

or SMR heaterA vapor incineratocomplying with aTable 2 conditiondimit will be required to
submit a permit applicatiomccept the NOx concentration limit in Talland meethe NOx and
CO concentration limits at the per¢asxygenand averaging times imablel if more than 50
percent of theburnersare cunulatively replaced.The provision forreplacing NOx post
combustion controls applies only if thestcombustion controls is greater than 50 percent of the
fixed capitalcost that would be required to construct a similar new This provision is to ensure
thatif an operator is making a significant modificatitinthe listed equipmenthen the opator
will be required to meet the Table 1 NOx and CO emission lilitmit complying with Table 2
conditional limits under subparagraph @)C)is required to submit the permit application based
on ther approved BPlan or approved BCap. These uits may select Alternate BARCT
Emission Limits that are dérent tha Table 2, but the selected Alternative BARCT Emission
Limit must be incorporated intbe operatdis permit to operation.
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Paragraph (g)(5)

If an owner oroperator fails to submit a permit application when required to, the unit shall meet
the applicable rule limit no more than 36 months after the appliicatas due. This will prevent
undue delaysf air pollution control equipent installatiorbecause permit applications were not
submitted in a timely manner.

Exempted Units- Paragraph (g)(6)

This paragraplnequires units that are exempt from PR 1109.1dabNOx and CO limits under
specific provisions in subdivisiom) to submit a permit application within six months from the

time they exceed the applicable exemption thresholds and to meet the NOx and CO emission limit
in PR 1109.1 Table 1 within 36 momstafter the Permit to Construct is issued.

SUBDIVISION (h) i TIME EXTENSI ON

PR 1109.1 allows two types of time ersions one forspecific circumstances outside of the
control of the owner or operatand the secondimsto addresssituations wherean emssion
reductionproject fals outside of a turnaround windagwe to perntting processThis subdivision
establishes the criteria for time extensions, information that must be submitted, and the approval
process.

Under paragraphj(1), an operator may request onerh@nth extension for each umitr specific
circumstances outie the control of the omer oroperator. he operator should provide sufficient
detail to explain the amount of time up to twelve monitiag is needed to complete the emission
reduction projectlf the operator requests less tH&monthsthe ExecutiveOfficer will accept a
subsequet request provided the total time farevious extensions plus subsequent requiests

not exceed 2 months.Such arequestmustbe made in writing no later than 90 days prior to the
Compliance Datepecifiedin the approve I-Plan The owner or operatonustdemonstratéhat
there are specific circumstances that necessitate the additional time requested &bectimapl
emission reductiomproject The operator must provide sufficient information to document the
operator tookhe necessary steps to ensure the project would not be delayed with a description and
documentation of why the project was delayed. PR 1109.1 establishes for main areaslikat wil
evaluated: Delays related to missed milestones; delays due to othey agenavals; delays
related to deliver of parts or equipment; and delays related to workers or services.

For the second type of time extension, the amount of time allowed wilabed on when the
Permit to Construct was issued aheé subsequent turnaralifor the specific unit. An operator
that requesta time extension for a turnaround ungragraphtf)(2) can also request a time
extension under subparagraph({), providedthe operator meets the criteria under that paragraph.
The criteria for an extesion for a turnaroundremore specific and the operator must provide in
writing at the time the permit application is submitted, tienths and year(s) of the turnaround
and tre years for the subsequent turnarouExkcutive Officer will determinene time extension
based on the current turnaround and the subsequent turnaround scbtuhileriterisareneeded

to ensurdhatthe issuance of the Permit to Constrwdt not align with the turnaround window
because of the amount of time between the pexpplication submittal and issuance of the Permit
to ConstructApproval of a time extension for a turnaround is based on the critef@thetinder
subparagraph (h)(2)(Cytef will assess the information and work with the operator to establish
the appopriate timeframenf the extensiortaking into account the current turnaround and the
subsequent turnaround
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If there is additional information needed to substantiate the refprea time extension, the
Executive Officer may request additional infornoati This provision is to allow the operator the
opportunity to provide critical information needed to approve a time request. If the Executive
Officer requests additional inforrtian, the operator must provide that information basedhe
timeframe speciéd by the Executive OfficerApproval of the time extension represents an
amendment to thapproved-Plan, and the operators must adhere to the timeframe established in
the approved time extension to meet the NOx and CO emission lilAR ih109.1Table1, PR
1109.1Table 2,approvedB-Plan,or approvedB-Cap. If the Executive Officer disapprovs the

time extension requesthe applicable emission limits must be met within 60 calendar days after
notification of disapproval is received
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SUBDIVISION (i) i I-PLAN, B-PLAN, AND B-CAP SUBMITTAL AND

APPROVAL REQUIREMENTS

[-Plan, B-Plan, and B-Cap Submittal and Approval
Requirements

This subdivision spefies the submittal, and review an
approval requirements for thePlan, BPlan, and B
Cap.Submittal requirements for thePllan, BPlan, and
B-Cap are povided in paragraphé)(1), ()(2), and
(1)(3), respectively.

B-Plan and B-Cap Submittal i Paragraphs I-Plan
Submittal Requirementsi paragraph (i)(1)

This paragrapincludes the submittal requirements f
facilities complying with an alternative scheduh the
I-Plan

B-Plan and B-Cap Submittal
paragraphs (i)(2) and (i)(3)
Submitted BPlan and BCap must meet specific
criteria to be considered complete

Requirements 1

1 The device identification numband
description,

1 Alternative BARCT NOXx limits for egh unit
that will cumulatively meet the Facility
BARCT Emission Target

For the purpose oB-Plan the Alternative BARCT

NOx limitsis theconcentration limitletermined by the
facility for each of the included units in the plama

manner that the facil achieve the Facility BARCT

Emission Targetn aggregateFor the purpose of B
Cap, the Alternative BARCT NOx limiteombired

with other emission reduction strategies are used
determine thdARCT B-Cap Annual emissions

For aB-Plan the operator must demonstratet he

Phase |, Phasll, and Phase IIBARCT Equivalent
Mass Emissionss equalto or less tharthe respective
Phase, |, Phase Il,nd Phase lllIFacility BARCT

Emission Target. The BARCT Equivalent Mass
Emissionsfor each facilityis thetotal mass emissions
at full implementation of control projectsand must be
calculatedbased on the Alternative BARCT NOX limit
using theequatios in Attachment B inrPR 1109.1

For aB-Cap the operator must demonstrate that {
Phase I, Phase, land Phase IIBARCT B-Cap Annual

Emissiondgs equalto or less thanherespective Phase

ALTERNATIVE BARCT NOx
LIMIT FOR PHASE I, PHASE II,
OR PHASE lllis the unit specific
NOx concentration limit that is
selected by the ovem or operator tQ
achieve thePhase |, Phase II, g
Phase IlIFacility BARCT Emission
Targetin the aggregatm the BPlan
or B-Cap where the NOx
concentration limit will include the
correspondingpercent @ correction

and determined based on

averaging time in Tablé or
subdivision  (k), whichever is
applicable

PHASE |, PHASE III,OR PHASE
Il BARCT B-CAP ANNUAL

EMISSIONS means the total NO
mass emissions remaining per
Facility that incorporates BARCT

Alternative N Limits for Phase |,
Phase I, and Phase I,
decommissioned units, and othg
emission reduction stiegiesto meet
the respective Phase |, Phase I,
Phase Il Facility BARCT Emissiof
Targets in an -Plan and are
calculated pursuant to Attachment
of this rule

PHASE I, PHASE Il, OR PHASE Il
BARCT EQUIVALENT MASS
EMISSIONS means the total NO
mass emissions remaining p
Facility that incorporatesespective
BARCT AlternativeNOXx Limits for
Phase |, Phase hndPhasdll in an
approved-Planthataredesigned to
meetthe respectiv®hase |, Phase |
or Phase Il Facility BARCT
Emission Targetin an FPlan and arg
calculated pursuant to Attachment
of this rule.
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[, Phase Il, ad Phase lIFacility BARCT Emission TargeTheBARCT B-Cap Anmual Emissions

for each facilityis thetotal massemissionsat full implementation ottontrol projectandmust be
calculatedbasedn the Alternative BARCT NOXx limitand other emission reduction ségiesas
shown inAttachment B inPR 1109.1 Under a BCap, an owner or operator must achieve
Alternative NOx Limits as well as demonstrate tiiet actual facilitywide emissions forlaunits

in the BCap are at or below the Facility BARCT Emission Target. The unit specific emission limit
is based on the averaging time specified in Table Ihfoapplicable unit, however, the-going
compliance demonstration of facilityide mass enssions are based on a rolling 3&#&y average,
each day.

PHASE |, PHASE Il, OR PHASE Il
FACILITY BARCT EMISSION
TARGET means the total NOx amss
emissions perFacility that must be
achieved iran approved BPlan or BCap

Also, the owner or operator is required to
demonstrate compliance with the previously
approved 4Plan through usig the equation
specified undeAttachment Bof PR 1109.10 show
that the percent of emission reduction from either

B-Plan or BCapis equal or more than thePlan

that arebased the percent reduction targ
of Phase I, Phase IlI, af applicable,
Phase IIl of an-Plan option in Table &
and are calculated pursuant
Attachment B of thisule.

Percent Reduction Targelisr each phase pdtR
1109.1Table 4.

I-Plan, B-Plan, and B-Cap Reviewand Approval Process’ Paragraph (i)(4)

Paragraphi}(4) provides the review and approval/disapproval process formRtenl B-Plan and
B-Cap Executive Officer will review the submittedPllan to ensure the information required
under subparagraptt)(1), (i)(2) and(i)(3) is complete and accurdta I-Plan, BPlan and BCap,
respectively The key elements of thePlanarethe Percent Reduction Targets by phase listed in
Table6 of PR 1109.1 and ensuring the emission reduction projects rdile@pticable NOx
emission limits undePR 1109.1ITable 1,PR 1109.1ITable 2, an approved-Blan or an approved
B-Cap.For B-Plan and BCap,thereview of the planensurs that the Facility BARCT Emission
Targetis met based on thdentified units to meet PR109.1 Table 2nstead of Table and the
Alternative BARCT NOXx limitsthat the operator determinéal other units under the-Blan or
B--Cap-. The submitted BPlan must demonstrate Equivalent Mass Emisdionsicluded units
cumulativelymeets the FacitBARCT Emission Targdhatis adjustecby the Percent Reduction
Targetsbased onthe selected-Plan optionand the applicable Implementation Schedule in
PR1109.1Table 6, using thecalculation method provided in PR 110%AttachmentB. The
submitted BCap mustbe preparedusing the calculation method provided in PR 1109.1
AttachmentD to demonstrate that Equivalent Mass Emissions for included units cumulatively
meets the Facility BARCT Emission Targess 10 percent andebadjusted by the Percent
Redution Targets based on the select&ddn option and the applicable Implementation Schedule
in PR 1109.1 Tablé.

The plan approval will be contingent on including all of the required elenretits plansand the
demonstraon that the Percent Reductidmargetsand Facility BARCT Emission Target will &
met. If Executive Officer disapproves the initi&lPlan, B-Plan or B-Cap the proposedrule
considers a 3@day periodfor the owner or operatdo resubmit a correctgalan However, upon
second disappraV of theplanby the Executive Officer, the owner or operataustcomply with
the emission limits in Table 1 or Tablec2 PR 1109.1pursuant to the compliance schedule
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pursuant to paragraph ()(which requires permit applications to be submitted fbuaits to

comply with PR 1109.1 Table 1 by July 1, 2023 and requires the operator to meet the NOx and
CO limits 36 months after the Permit to Operate is issued. An operator who is required teemeet t
compliance schedule under paragraph (e)(1), is eatyted from meeting NOx and CO limits in
Table 2, provided the requirements under paragraph (d)(6) for the conditional NOx and CO limits
weremet

Modification to an Approved I-Plan, Approved B-Plan, or Approved B-Cap i Paragraph
O

Paragraph (i)(5)ncludes the procedure the facilities must following to apply for a modification to
their approved-Plan, BPlan or BCap. In additionPR 1109.includesrequirements for when an
[-Plan,B-Plan and BCapshallbe modified:

1 A unit identified as meetingable 2 no longer meets the requirements of subparagraph
(d)(2)(A) or (d)(2)(B;

1 Aunitin an approved Eap or BPlan, identified as meeting Table 2 for establishing the
Phase I, Phase II, or Phase Ill BARCT Facility Emission Target, is decommissioned;

1 A higher Alternative BARCT NOXx Limit will be proposed in the South Coast AQMD
pemit application than the Alternative BARCT NOXx Limit for that unit in the currently
approved 4Plan, BPlan, or BCap;

1 Any emission reduction project is moved to a later imgletation phase, any emission
reduction project is moved between phases, oeamgsion reduction project is removed
from a phase; or

1 The owner or operator receivesitten notification from the Executive Officer that
modificationsto the FPlan, BPlan, @ B-Capare needed

Review and approval of modifications to aRlan, BPlan, or BCap shall be based the initial
review and approval processlthough there is no specified timeframe to submit a modification,
the owneror operator is expected to submit a modificatigpon knowingone of the items under
paragraph (i)(5) are triggered.

Notification of Pending Approval of an I-Plan, B-Plan, or B-Cap 1 Paragraph (i)(6)

PR 1109.Irequiresthe Executive Officeto make the 4Plan, BPlan, or BCap or modifications

to an approvedPlan, BPlan, or BCap available to the public on the South Coast AQMD website
30 days prior to approvahat Executive Oficer notify the public 30 dayeforeannouncing the
approval of aw initial or modifiedl-Plan, BPlanor B-Capfor public review ofthe plans before
they are approved or modificatioaseapproved

SUBDIVISION S(j) AND (k) T REQUIREMENTS FOR CEMS AND SOURCE

TESTING
These subdivisiors contain the requirements for the combustioniggent subject to PR 1109.1
thatrequired to continuously monitor emissions with CEMSonduct the source test

For any unit thahasa CEMSor the operator elects to useC&EMS to denonstrate compliance
with the applicabld’R 1109.INOx and CO limitsthe installation andperationof CEMS must

be in compliance withthe applicable Rule 218.2 Continuous Emission Monitoring System:
General Provisions and Rule 218.3Continuous Emission Monitoring System: Performance
Specifications
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For any unit with ndCEMS, @mpliance with the applicableR 1109.INOx and CO emission
limits and percent obxygenmust be @monstrated Y conductinga source test accordirtg
PR1109.1Table7 or Table8. The source test subdivision has two complissedeedulesone for
unit with no anmonia in the exhaust (e.g., units without SCR) and one schedule for units with
ammonia in the exhaust. PR 1109.1 requires an owner or operatamdthat hasair pollution
control equipment with ammonia emissions in the exheusiemonstte compliance with the
establishecammonia emission limit in the permit to opera@®mpliance must be demonstrated
with an ammonia CEMS or through conducting an amesaurce tesfThe source test setiules

in Tables 6 or ®ary depending on the use GEMS for the diffeentpollutantsbeing measures
(e.g., NOx, CO or ammoa). The schedule requirssurce testbe conductedn a qarterlybasis
during the first 12 months of unit operation and thereaftee frequency may change taaally
whenfour consecutive quarterly source tests demonstrate comphetitéhe applicable ammonia
limit. The quarterly source test schedule is effective a® ssarny annual test is failedo
demonstrate compliance.

If a unit does not operate a certifigddOx or CO CEMS, source test must be conducted
simultaneously fommmonia, NOx and COConducting a NOxCO, and ammonia source test
simultaneous is importa@ts the pollutants have an inverse relationship and it is critical that both
pollutants are meeting the limits.

Below are the source test schedules for units with and without ammonia in the exhaust:

Table 3-8. PR 1109.1 Table7 1 Source Testing Schedule Units witbut Ammonia Emissions
in the Exhaust

Combustion Source Test Schedule

Equipment

Vapor
Incinerators less
than

40MMBtu/hr,

Flares

1 Conduct source test simultaneously for NOx and CO within
12 months ofbeing subject to Rule 1109.1 Emission Litauitd
guarterly thereafter

1 Source tests may be carded annually after the first
12 months ofbeing subject to Rule 1109.1 Emission Limit
four consecutive quarterly source tests demonstrate compli
with the CO andNOXx limit.

1 If an annual test is failed, four consecutive quarterly source
tests must @monstrate compliance with the NOx and CO
emission limits prior to resuming annual sourcéstes

1 Within 36 months from previous sourtast and every
36 months thereafter

Units Operating
without NOx or
CO CEMS
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Units operating
with NOx - .
CEMS and 1 Conduct source test for CO within 12 months from previous
without CO source test and every 12 months thereafter
CEMS
1 Conduct source test for NOx during the first 12 months of
being subject to Rule 1109.1 Emission Liaid quarterly
thereafter
Units goerating | § Source tests may be conducted annually after the first
without NOx 12 months ofbeing subject to &e 1109.1 Emission Limit
CEMS and with four consecutie quarterly source tests demonstrate complia
CO CEMS with the NOx emission limit.
1 If an annual test is failed, four consecutive quarterly source
tests must demonstrate compliance with the NOx emission
limits prior toresuming annual source tests

Table 3-9. PR 1109.1Table 81 Source Testing Schedule for Unitsvith Ammonia Emissions
in the Exhaust

Com.bustlon Source Test Schedule
Equipment
1 Conduct source test simultaneousty NOx, CO, and
ammonia quarterly during the first 12 monthseing
subject to Rule 1109.1 Emission Limit or ammonia permi
limit and quarterly thereafter.
1 Source tests may m®nducted annually after the first
Units operating 12 months ofbeing subject to Rule 1109.rssion Limit
without NOx, CO, or ammonia permit limiif four consecutive quarterly sourg

or ammonia CEMS tests demonstrate compliance with @@, NOx and
ammonia emission limit.

1 If an annual test is failedour consecutive quarterly source
tests must demonstrate compliance withNi@x, CO, and
ammonia emissions limits prior to resuming annual sour(
tests.

9 Conduct source test for CO and ammonia quarterly durin
the first 12 months dbeing subject to Rule 1109.1 Emissi
Limit or ammonia permit limiand quarterly thereafter.

1 Source tests may be conducted annually after the first
12 months ofbeing subjecto Rule 1109.1 Emission Limit
or ammonia permit limiif four consecutive quarterly sourg
tests demonstrate compiee with the CO and ammonia
emission limit.

1 If an annual test is failed, four consecutive quarterly sour
tests must demonstrate compliarveith the CO and
ammonia emissions limits prior to resuming annual sourg
tests.

Units operating
with NOx CEMS
and without CO
and ammonia
CEMS
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Combustion
Equipment

Units operating
with NOx and CO
CEMS and without

ammonia CEMS

1 Conduct source test for ammonia quarterly during the firs

Source Test Schedule

12 months obeing subject to an ammonia permit lirand
quarterly thereafter.

Source tests may be conducted annually after the first 12
months ofbeing subject to aammonia permit limitf four
consecutive quarterly source tests demonstrate compliar
with the ammonia emission limit.

1 If an annual tess failed, four consecutive quarterly sourcs
tests must demonstrate compliance with the ammonia
emissions limits por to resuming annual source tests.

Units operating
with NOx and
ammonia CEMS
and without CO
CEMS
Units operating

with ammonia | T Conduct source tests to determine compliance with Bifak
CEMS and without CO emission limits pursuant to Table 7.
NOx or CO CEMS

1 Conduct source test for CGtivn 12 months from previous
source testor COand every 12nonths thereafter

PR 1109.1 requirasits that have not beaource tegidwithin the schedule iRR 1109.1Table7
or Table8to conducta source testvithin six months fronthedatethe unitimplementsPR1109.1
emission limitsfor units greater than or equal ) MMBtu/hourand within12 months fronthe
datethe unit was subject to a PR09.1 emission limitfor units smaller tharkO0 MMBtu/hour.
For a new or radified unit, the initial source test must be conducted witkir months from
commencing operaticandafterward, pursuant to the applicable scheduRRML109.Table7 or
Table8.

PR 1109.1requires theowner or operator to submit the source testqmalf that includes an
averaging time oho less than 15 minutesitono longer thar2 hoursto the South Coast AQMD
Executive Officer for approval within 60 dagfter the Permit to Construatas issuear 60 days

after being subject to a Rule 1109.1 Esios limit, unless otherwise approved by the Executive
Officer and conduct the source test within 90 days after a written approval of the source test
protocol Moreover,the owner or operator musbtify the Executive Officerat least one week
prior to conrducting a source tesindprovide the facility name anddentification numberdevice
identification numberandthesource testlate Any source testonductedafterthe approval of the
initial source test protocaloes not require an approvhthere isno change in thgproposedule

or permit emission limitandthe method of operation of the unit and the source test method has
not changed since the initial source testess requested by the Executive Officer

Upon approval othe source test protocdhe source test must benductedusing a South Coast
AQMD approved contractor under the Laboratory Approval Prograsng the applicable
Averaging Time specified in Table 1 abdsed orat least one of the following test methods:

T South Coast AQMD SouecTest Method 100.1 Instrumental Analyzer Procedures for
Continuous Gaseous Emission Sampling; or
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T South Coast AQMD Source Test Method 77 etermination of Nitrogen Oxide
Emissions from Stationary Sources and South Coast AQMD Source Test Methdd 10.1
Carbon Monoxide and Chon Dioxide by Gas Chromatograph/NDrspersive Infrared
Detectori Oxygen by Gas Chromatograpnermal Conductivity (GC/TCD);

T District Source Test Method 207.1Determination of Ammonia Emissions from
Stationary Source®r

T Any other test method detained to be alternative and approved by the Executive
Officer, and either the California Air Resources Board or th8.UEnvironmental
Protection Agency, as applicable.

The source tesubdivisionalso includes theequiredaveragirg time for unitshat are required to
demonstrate compliance with a PR 1109.1 emission limits based on a source test. All units that are
not required to install and maintain CEMs must desirate compliance based on-adursource

test protocal

SUBDIVISION (I) T DIAGNOST IC EMISSION CHECKS

This subdivision contains the requirements for diagnostic emission chvbaks isrequiredfor
any unitperforming asource testvery 36 montk The provisions provide the protocol to conduct
thediagnostic checks arttie applicable $eedule based aime correspondingource test schedule
identified in Table7 of PR 1109.1

If emissionsare measuredn excess ofan applicablePR 1109.1emission limitor a permit
conditionusing a diagnostic emissions cheekuld not beconsidered violation if an owner or
operator corrects the problem and demonstrates compléticéhe proposedule usinganother

diagnostic emissions check within 72 hours from the tinegy knew of exess emissionsr shut

down the unit by the end ah operating cycle.

SUBDIVISION (m) i MONITORING, RECORDKEEPING, AND

REPORTING REQUIREMENTS

This subdivisiorncontains the provisionf®r monitoring and recordkeepirigr CEMS and source
test recordsdiagnostic emission chegkstartup and shutdown logthe details of interest from
either of theactivity logs and the required sequence of recordkeeping and reporting

Units which areexemptedfrom compliance wittNOx and CCemission limitsper PR 1109 are
required to conduct monitoring, recordkeeping agportingand the corresponding provisions
(method and scheduleje included in this subdivision.

The owner or operator af boiler or process heatessthan 40 MMBtu/houior a unit complying
with aconditionallimit in PR 1109.1T'able 2is required tanaintain records of burner replacement,
including number of burners and date of installatiRecordkeeping will ensure compliance with
the requirementhat the owner or operatorfo a unit complying with aonditionallimit in PR
1109.1Table 2must meefTable 1 emission limits upon replacement of postcombustion
equipment. Subdivision) includesprovision requiringheowner to maintain records tife dats
the existing postombustion control equipment was installed or replaced

SUBDIVISION (n) i EXEMPTIONS

This subdivisionincludesprovisions forspecific combustion units which are exempted from
compliance with NOx and CO emission limiteder lowuse low-emitting, or operating under
specificconditions The following arehe Rule 1109.1 exemptis.
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Boilers and Process Heatersrated heat input capacity 2MMBtu/hour or less 1
Paragraph (n)(1)

Small boilers and process heatfless than or equal to 2 WMBtu per hour)used for comfort
heating that are not used in processing unitsgxeenpt fromPR 1109.1.Small ratural gadired
water heaters, boilers, and procdssates (less than or equal to 2 MMBtu/hr) at PR 1109.1
facilities will be regulatedinderRule 1146.2 Emissionsf Oxidesof Nitrogenfrom Large Water
HeatersandSmall BoilersandPracess Heatenegulate boilers and heaters.

Low-Use Bollersi Paragraph (n)(2)

Low-use boilers that are less than 40 MMBtu/haxl operatedtless than 200 hours per calendar
yearare exempt from the emission limits in Table 1, Table 2, or an approwgnBLow-use
units have low emissions and high eeffectiveness to retrofiEacilities that elect to comply with
a B-Cap must include thew-use units irtheapproved BCapand conduct source tests puant

to Rule 1109.1 Tablé or 8 andconductdiagrostic emission checks

Low-Use Process Heateris Paragraph (n)(3)

Low-use process heatdisat are40 MMBtu/houror greaterandfired at less than 15 percent of
the rated heat capacitye exempt from the emissibmits in Table 1, Table 2, or an approvigd
Plan.Low-use units have low emissions and high-@&tctiveness to retrofit. Lowise units will
still be subject tall of the other applicable provisions in the rule andst be included in an
approved BCapand the interim emission limits.

FCCU examption provisions’i Paragraphs (n)(4) and (n)(5)

There are several exemption provisions for FCCUs. The first provisiaa &idess boiler
inspections required under California Code of Regulations, Title 8, Section 770(b). Some FCCUs
with a CO boilethaveto by-pass their SCR teafelyconduct the inspectioand without control

an exemption from the emission is needsat those unitsPR 1109.1 provides an exemption from

the applicable emission limits.

There is also an exemption for process heaters asstattup the FCCU provided the process
heaters is operated for 200 hours or less per calendarFgedlities that electo comply with a
B-Cap must include such process heater in the approv@apBand conduct source tests pursuant
to Rule 1109.1 Tablé or 8 ancconductdiagnostic emission checkBhe unit will have taccept

a permit limitwith a 200 hour per year opdérgy limitation.

Startup and Shutdown Boilers for Sulfuric Acid Plantg Paragraph (n)(6)

Boilers used for startup and shutdown operatiat a sulfuric acid plant are also {age units that
will be exempt fromapplicable emission limits and the CEMS requireméetsause to control
would not be cost effectiv8’he exemption is based on theremt permit limitation whichimits
the boiles to 90,000MMBtu of annual heat input per calendar year or less.

Pilot Exemption for Boilers and Process Heaters Paragraph (n)(7)

The emission fromdilers and process heater operating only the pilot dstiugup or shutdown
are exempt from the apable emission limitglue to low emissions and not cost effective to
control

Flare Exemptionsi Paragraph (n)(8)

Nonrefinery flares that emit less than equal t650 pounds of NOx per yeare exempt from
the apficable emission limitprovided the ui accepts a permit condition with a 550 pound of
NOXx per year limitThese units are not cost effective to contraleplace at this tim@®pen flares
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are also exemptdm the source test requirement; because there is no stack, these units cannot be
source tested.

Vapor Incinerator Exemptions i Paragraph (n)(9)
Vapor incinerators also haedow-emitting exemptionif they emitless tharl00 pounds of NOx
per yearThese uits are not cost effective to control or replace at this time.

PR 1109.IATTACHMENT AT SUPPLEMENTAL CALCULATIONS

This attachment includes calculations for the rolling average calculation for emissions data
averaging and the interim NOx emission rate calculadind FPlan Option 3emissionrate
calculation for boilers and heaters gredtenor equal to40 MMBtu/hou or boilers and heaters

less than 40 MMBtu/houhatoperatewith a certifiedCEMS.

PR 1109.1ATTACHMENT B 1T CALCULATION METHODOLOGY FOR

THE | -PLAN, B-PLAN, AND B-CAP

This attachment includes calculations for the Baselines&ions;Base Facility BARCT Emgsion
Target;Phase |, Phase Il, and Phase Ill Facility BARCT Emission Target; and Phase |, Phase II,
and Phase Ill BARCT Equivalent Mass Emissions forRl& and BCap.

Example 31: Example Calculations for Refinery X

Rdfinery X has more than six cdyastion units. This example will go through the steps of how the
Phase I, Phase Il, and if applicable, Phase Il Facility BARCT Emission Targets are established and
how this sample facility will demonstrate compliance throughRilan or a BCap.

Calculatingthe Baselind-acility Emissions

The table below provides for each unit, the Device Identification Number (Device ID), if the units
have combined stacks, the equipment category, size, Baseline Unit Emissions, and Repeesentat
NOx concentration ippmv. The Baseline Facility Emissions are the sum of all of the Baseline
Unit Emissions for each device.

Table 3-10. Calculating the Baseline Facility Total

D1 D1 Heater 320 245 100
D2 D2 Boiler 210 126 38
D3 D3 SMR Heater 450 a7 48
D4 D4 FCCU 83 11
D5 D5 Heater 290 54 18
D6 D6 Heater 135 29 33
D7 D7 Heater 80 24 65
D8 D8 Heater 67 14 48
D9 D9 Heater 108 12 22
D10 D10 Boiler 330 11 10
D11 D11 and D12 Heater 75 8 16
D12 D11 and D12 Heater 75 g 16
D13 D13 Heater 64 3 8

D14 D14 Thermal Oxidizer 4 3 43
D15 D15 Heater 17 3 12
Di6 D16 Sulfur Recovery Unit 40 10 35

Baseline Facility
Emissions

Baseline Facility Emissions
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Calculating the Emissions if Unit Meets TablerIlable 2 NOx Limits

In the next step, the NOx emissions are calculated assuming the unit meets Table 1 limits, and then
calculaed assuming the unit meets Table 2 limits. The Baseline Unit Emissions are ratioed by the
Table 1 ofTable2 NOxconcentration to the Representative NOx concentration.

Table 3-11. Calculating Emissions if Unit Meets Table 1 or Table 2 NOx Limits

PR 1109.1 PR 1109.1 PR 1109.1

i i Baseline Unit . Table 1 NOx  Table 1 PR 1109.1 Table 2
Combined Size Representative

Device ID Category Emissions Limit (ppmv) Remaining | Table 2 NOx

Stack (MMBtu/hr) (Tons/Year) NOx (ppmv)

D1 D1 Heater 320 245 100 ‘ 5.0 ‘ 123 220 ‘ 539
D2 D2 Boiler 210 126 38 | =~ | 168 75 | 249
D3 D3 SMR Heater 450 97 (Table 1 Limit/ﬁépresentative i T‘ bl 2-|? -'t/R tati ‘L
D4 D4 FCQu 83 NOx)*Baseline Unit Emissions) —— kgx)iBasgﬂLe E’:.:fsgﬁi;i::g s |
D5 D5 Heater 290 54 (5/100)*245)=12.3 tonsfyear D (22/100)*245)=53.9 tonsfyear 060 |
D6 D6 Heater 135 29 oo .0 . J— 19.3
D7 D7 Heater 80 24 65 5.0 1.8 18.0 6.6
D8 D8 Heater 67 14 48 5.0 1.5 18.0 53
D9 D9 Heater 108 12 22 5.0 2.7 18.0 9.6
D10 D10 Boiler 330 11 10 5.0 5.5 7.5 8.3
D11 D11 and D12 Heater 75 8 16 5.0 2.5 18.0 9.0
D12 D11 and D12 Heater 75 8 16 5.0 2.5 18.0 9.0
D13 D13 Heater 64 3 8 5.0 1.9 18.0 6.8
D14 D14 Thermal Oxidizer 4 3 43 30.0 2.1 40.0 2.8
D15 D15 Heater 17 3 12 9.0 2.3 N/A N/A
D16 D16 Sulfur Recovery Unif] 40 10 35 30.0 8.6 N/A N/A

Baseline Facility Emissions

Pre-Screening Units for Table 2 Conditional NOx Limits

In this next step, South Coast AQMD will identify for operators those units that do not meet th
conditions to use Table 2 NOx emission limits based on the potential NOx reductions. The
potential NOxreductions are based on the difference between the Baseline Unit Emissions and the
emissions if the unit met Table 1 (as calculated above). For thevitimia device identification
number of AD1o, the potenti al e miosslyaar2rB3 r e d u c
tons/year). This is an initial pigcreening the operator must demonstrate that all of the conditions

under paragraph (d)(2) are metdre using a Table 2 NOx limit to calculate the Facility BARCT

Emission Targets.

Table 3-12. Initial Pre -Screening for Eligibility for Table 2 Conditional Limits

PR1109.1 PR1109.1 PR 1109.1 Units Possibly Eligible fo

) . Baseline Unit . Table 1NOx  Table 1 PR 1109.1 Table 2  Conditional Limits Basec|
Combined Size Representative

Limit (oppmv) Remaining Table 2 NOx Remaining ©on Potential Reductions
Emissions  Limit (opmv) Emissions (Referto PR 1109.1 (d)(}
(Tons/Year) (Tons/Year) for all Conditions)

Device ID Category Emissions

Stack (MMBtu/hr) (TonsiYear) NOx (ppmv)

Heater 245 . 12,37 22.0 53.9 Not Eligible, Red >20 T
D2 D2 Boiler 210 126 38 5.0 166 | 75 | - | Not Eligible, Red > 20 T
D3 D3 SMR Heater 450 97 48 5.0 245 tonslyear- 12.3 tonslyear = 232.8 tons/yearEligible, Red >20 T
D4 D4 FCCU 83 11 2.0 Not Eligible, 232.8 > 20 tons/year Possibly Eligible
D5 D5 Heater 290 54 18 5.0 15.0 22.0 66.0 Possibly Eligible
D6 D6 Heater 135 29 33 5.0 4.4 22.0 19.3 Not Eligible, Red >20 T
D7 D7 Heater 80 24 65 5.0 1.8 18.0 6.6 Not Eligible, Red > 10 Tl
D8 D8 Heater 67 14 48 5.0 1.5 18.0 5.3 Not Eligible, Red > 10 T|
D9 D9 Heater 108 12 22 5.0 2.7 18.0 9.6 Possibly Eligible
D10 D10 Boiler 330 11 10 5.0 5.5 7.5 8.3 Possibly Eligible
D11 D11 and D12 Heater 75 8 16 5.0 2.5 18.0 9.0 Possibly Eligible
D12 D11 and D12 Heater 75 8 16 5.0 2.5 18.0 9.0 Eligible
D13 D13 Heater 64 3 8 5.0 1.9 18.0 6.8 Eligible
D14 D14 Thermal Oxidize 4 3 43 30.0 2.1 40.0 2.8 Possibly Eligible
D15 D15 Heater 17 3 12 9.0 2.3 N/A N/A No Table 2 Limit
D16 D16 Sulfur Recovery U 40 10 35 30.0 8.6 N/A N/A No Table 2 Limit

Baseline Facility Emissions 730
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Calculating the Final Phase Facility BARCT Emission Target

For the purpose establishing the Final Phase Facility BARCT Emission Targepettagor will
select either Table 1 or Tal®?e Operatorgan only select Table 2 for establishing the Final Phase
Facility BARCT Emission Target if the unit will meet the conditions under paragraph (d)(2).
Operators that are selecting Table 2 emissiontdimust have submitted a permit application on
or beforeJuly 1, 2022 that would establish NOx limit that would be at or below the NOx limit in
Table 2 for the applicable unit.

The Final Phase Facility BARCT Emission is calculated using the followingtiequiiom
PR1109.1 Attachment B:

& ETOAIAORAEI R@Wi EQQRIOCAOD

# 7 "AOAS EBBEOOETT O
Where
. = Number ofincludedunits in BPlanor B-Cap
# = The applicableNOx concentration limit foeachunit Eincluded
in B-Planor B-Cap
# = The NOx concentratiorin the flue gas for uniEincluded in B

Planor B-Capas determined pursuantgection (B2).

"AOAS ERBEOOEET O The 2017 NOx baseline emissions for tmicluded
in the FPlan, orB-Plan or B-Cap as déermined pursuant to
section(B-1).

If a unit is qualified to meet PR 1109.1 Table 2 requirements per paragraph (d)(2) of the rule, the
owner may decide to meet tapplicable NOx limits in either Table 1 or Table 2 of PR 1109.1 for
that unit. If the ownedecides to meet PR 1109.1 Table 2 NOx limit for a unit, that limit will be
included in the corresponding permit for that unit and the final remaining emissiahstfomit

is calculated based on the level of NOx on the permit (e.g., D11, D12, and th&3ablebelow).

The table below shows the owner final selection of NOx limits for the units and the corresponding
Final Phase Facility BARCT Emission

As shown i the table below, if Table 1 is selected the Facility BARCT Emission Target will be
based a the emissions as if the unit met the Table 1 limits. Similarly, if Table 2 is selduted
Facility BARCT Emission Target will be based on the emissions as ifrthenet Table 2 limits.

If a unit is list in Table BL in Attachment D of PR 1108, the unit already meets the conditions

for using Table Zandthe permit application would be submittbedsed on the schedule in the
approved 4Plan as opposed to July 1, 2022 for units that will be meeting the provisions of
subparagraphs J)(A) and ¢)(2)(B). The aible below notes those unitsfidigible.6 TheFinal
BARCT Emission Target is the sum of the emissions lierdelected Table 1 or Table 2 NOx
limits. For this examplethe Final BARCT Emission Target is 175.7 tons per year.
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Besides three heaters (D11, D12 and D13) witreBas Emissions below the PR 1109.1 Table 2
NOx emission limits, the owner identifies FCGD4), one heater (D9) and Thermal Oxidizer
(D14) as potential devices to meet the requirements of PR 1109.1 Table 2 NOx limits. Therefore,
the emissions of these tmin theFinal Phase Facility BARCT Emissidrargetin the final FPlan

is determined wit respect to the reduction from these units to meet the applicable limits in
PR1109.1 Table 2.

Table 3-13. Calculating the Final BARCT Emission Target

PR1109.1 PR1109.1 PR 1109.1 Units@gssibly Eligible fo
Combined size Base!mg Unit Representative 'I.'ab.le 1NOx Tablg 1 PR 1109.1 Tablfe_z Initial Screening Based on T L T NOXx Lmit Based
Device ID Stack Category (MMBwhr) Emissions NOX (ppmy) Limit (ppmv) Ren.wanrnng RECEANOIEET Tl Unit Reductions OnlyMust Limits (Table 2 Mus! Selected Table 1 or
(Tons/Year) PP =TS T (T I =R el Verify Other Conditions Med Table 2 Limits (ppmv]
(Tons/Year) (Tons/Year) MEEEE)

Operator Selects

Heater . 12.33 . i Y Table 1

Boiler N Table 1
D3 D3 SMR Heater 450 97 48 5.0 10. N Table 1
D4 D4 FCCU 83 11 2.0 15.1 Table 2
D5 D5 Heater 290 54 18 5.0 350 22.0 66.0 [  Possibly Eligible |  Tablel (150
D6 D6 Heater 135 29 33 5.0 4.4 22.0 19.3 Not Eligible, Red > 20 T Tkt~ o L 4.4
D7 D7 Heater 80 24 65 5.0 18 18.0 6.6 Not Eligible, Red > 10 Tl ?;j:’;‘::‘c";;base“ o 18
D8 D8 Heater 67 14 48 5.0 i 18.0 5.3 Not E\lglbvle‘ Re‘dv> 10T Cannot select Table 2, 15
D9 D9 Heater 108 12 22 5.0 27 18.0 9.6 Possibly Eligible _ |unot Eligible” 9.6
D10 D10 Boiler 330 11 10 5.0 5.5 7.5 8.3 Possibly Eligible rapie L 5.5
D11 D11 and D12 Heater 75 8 16 5.0 25 18.0 9.0 Possibly Eligible Table 2 9.0
D12 D11 and D12| Heater 75 8 16 5.0 25 18.0 9.0 Eligible Table 2 9.0
D13 D13 Heater 64 3 8 5.0 150} 18.0 6.8 Eligible Table 2 6.8
D14 D14 Thermal Oxidize 4 3 43 30.0 21 40.0 28 Possibly Eligible Table 2 2.8
D15 D15 Heater 17 3 12 9.0 23 N/A N/A No Table 2 Limit Table 1 23
D16 D16 Sulfur Recovery Uj 40 10 35 30.0 8.6 N/A N/A No Table 2 Limit Table 1 8.6

Final Phase Facility

BARCT Target

Calculating the Total Facility NOx Emission ReductiémsB-Plan
The Total Facility NOx Emission Reductions are the difference between the Baseline Facility
Emissions andhie Final Phas Facility BARCTEmisson Target.

Total Facility NOx Emission Reductionsiust be calculated using the following equation:

47 GAMAEIEEOEOCQRKIOAOEI T O

"AOCAL EABI EOWES BEIOAIADAAEN RG EOQOBIOICAD

Based onthe calculated Baseline Emissions (sectiol)Band Final Phase Facility BARCT
Emission(section B2) for this example, thEacility Total NOx Emission Reductiofs equal to
554.3 tons/year (730 tons/yeBr5.7 tons/year).

Table 3-14. Facility Total NOx Emission Reductions

PR1109.1  PR1109.1 PR1109.1  Units Possibly Eligible for
Baseline Unit Table1NOx  Table 1 PR 1109.1 Table2  Conditional Limits Based on

Operator Selects
Table 1 or Table 2
Limits (Table 2 Must
Meet (d)(2))

NOx Lmit Based
Selected Table 1 or
Table 2 Limits (ppmv)

Devicelp  COMbined Category Size Emissions Representative iyt (ppmy)  Remaining  Table 2 NOx Remaining Potential Reductions (Refer

Stack (MMBtu/hr) (Tons/Year) NOx [pprmv) Emissions  [imit (ppmv)  Emissions  to PR 1109.1 (d)(2) for all
(Tons/Year) (TonsYear) Conditions)

D1 Heater . X I Not Eligible, Red > 20 TPY Table 1
D2 D2 Boiler . . . i Table 1

D2 D3 SMR Heater . . b i Table 1

D4 D4 FCCU . 1 (60.4; Possibly Eligible Table 2

D5 D5 Heater 290 54 18 5.0 56 Possibly Eligible Table 1 151
D6 D6 Heater 135 29 33 5.0 4.4 22.0 19.3 Not Eligible, Red > 20 TPY Table 1 4.4
D7 D7 Heater 80 24 65 5.0 18 18.0 66 Not Eligible, Red > 10 TPY Table 1 1.8
D8 D8 Heater 67 14 48 5.0 L5 18.0 53 Not Eligible, Red > 10 TPY Table 1 15
D9 D9 Heater 108 12 22 5.0 27 18.0 956 Possibly Eligible Table 2 9.6
D10 D10 Boiler 330 11 10 5.0 5.5 75 83 Possibly Eligible Table 1 5.5
D11 | Diland D12 Heater 75 8 16 5.0 25 18.0 9.0 Possibly Eligible Table 2 9.0
D12 | Diland D12 Heater 75 B 16 5.0 25 18.0 9.0 Eligible Table 2 9.0
D13 D13 Heater 64 3 B 5.0 19 18.0 6.8 Eligible Table 2 6.8
D14 D14 Thermal Oxidizer 4 3 43 300 2.1 40.0 28 Possibly Eligible Table 2 2.8
D15 D15 Heater 17 3 12 2.0 23 N/A N/A No Table 2 Limit Table 1 23
D16 D16 Sulfur Recovery Unit 40 10 35 30.0 8.6 N/A N/A No Table 2 Limit Table 1 8.6

Baseline Facility Emissions

Y
Total Facility NOx Emission Reductions
730 tons/year - 175.7 tons/year = 554.3 tons/year
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B-Plan
Calculating Phase |, Phase I, and PhaseR8#cility BARCTEmission Targets for anPPlan with
a B-Plan

The ownerwith a B-Plan calculates the expected leval NOx emissions at each phase of the
selected+Plan option using the following equations:

%A BDE AODAAEI 2Gl EOQRBIDICAD
"AOAWEEABOEIT T O
%A DE ADRO LA ADAMOEGGAD GMAAET/BBOEEOCQRAIDAQET T O

For thefinal phasethe Phase Facility BARCT is the Final Phase Facility BARCT Target

Here, if the owner cha@es to proceed with arPllan Option 1, the calculations will be as follows:

Ei HEEHH HI AAGUAS © IR Ry 8 8 8 tonslyear
"Ei HE HHH AAAUE 7 NCH T R 8 8 8 tonglyear

Calculating Phase I, Phase II, andApplicable Phase Il BARCT EquivaleMass Emissions for

a B-Plan

After the Phase | and Il Facility BARCT Emission Targets are established, the operator then
calculates the BARCT Equivalent Mass Emissions. For tFéaB, the emissions are based on the
corcentration limits. Units thadredecommissioned must be removed from BaselineFacility
Emissonsand the Facility BARCT Emission Targetss shown in the table below, the operator
selects the Phase | Alternative BARCT Emission Limit for each unit. For4#Pkl the Phase |
BARCT Equivalent Mass Emissions are the sum of the emissions for all units using the Alternative
BARCT Emission Limits. In the example below, the Phase | BARCT Equivalent Emissions are
288.9 tons/year and the Phase Il BARCT EquivalenisBions are 173.8 tons/year.

Table 3-15. Calculating Phase IBARCT Equivalent Mass Emissions forB-Plan

Units Possibly Eligible for

. ) Baseline Unit ) Conditional Limits Based on

Device ID Co;\l:lrl:ed Category [MMs:li,'hrl Emissions R;pc::s';r::]l‘:;'e Potential Reductions (Refer

(Tons/Year) to PR 1109.1 (d)(2) for all
D1 D1 Heater 320 245 100 Not Eligible, Red > 20 TPV n/A 15.0 (368 ) 5.0 123
D2 D2 Boiler 210 126 38 Not Eligible, Red > 20  Operator selects " 150 497 | 5.0 16.6
D3 D3 SMR Heater 450 97 18 Not Eligible, Red » 20 Lernative BARCT 10.0 02 | 10.0 202

- Emission Limit for

D4 D4 FCCU 83 11 Possibly Eligible £ i 7.0 52.8 ! 7.0 528
D5 D5 Heater 290 54 18 Possibly Eligible LT @0 18.0 @.0 18.0
D6 D6 Heater 135 29 33 Not Eligible, Red > 20 TPY N/A 33.0 29.0 Phase | BARCT 5
D7 D7 Heater 30 24 65 Not Eligible, Red > 10 TPY N/A 5.0 24.0 Equivalent 1.3
D8 D8 Heater 67 14 48 Not Eligible, Red > 10 TPY N/A a.0 2.6 Emissions are the €
D9 D9 Heater 108 12 22 Possibly Eligible N/A 18.0 9.6 sum of the mass 1.6
D10 D10 Boiler 330 11 10 Possibly Eligible N/A 1D.0 1110 emission for each 1.8
D11 D11 and D12 Heater 75 8 16 Possibly Eligible N/A 12.0 6.0 unit using the 3.0
D12 D11 and D12 Heater 75 8 16 Eligible N/A 20.0 100 |  Alternative BARCT gp
D13 D13 Heater 64 3 8 Eligible N/A .0 30 1  Emission Limit 3.0
D14 D14 Thermal Oxidizer 4 3 43 Possibly Eligible N/A 43.0 3.0 10.0 0.7
D15 D15 Heater 17 3 12 No Table 2 Limit N/A 12.0 |31 4.0 2.3
D16 D16 Sulfur Recovery Unit| 40 10 35 No Table 2 Limit N/A 35.0 L_l_()_g__, 14.0 4.0

The operator must calculate the BARCT Equivalent Mass Emissions for each phaseRiathe
The Phase | BARCT Equivalent Mass Emissions for tHéldhequation is shown below. Phase
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Il and Phase 1l BARCT Equivalent Mass Emissions are calculated with the same eguation
using the Alternative BARCT Emission Limit for the applicable ghas
OEAOGA 2N OEOAABD EOOET T O

# o o e o
"AOASTEHCAEOOEI T O

Where:

. Number ofincluded units in BPlanunder Phase |

# = The applicableAlternative BARCT NOXx

Limit for Phase In anapproved BPlan for unitSincluded inthe

B-Plan

The NOx concentration in the flue gas for uUgicluded inthe
B-Plan

"AOASERMBEOOEET O The 2017 NOx baseline emissions for iicluded
in the B-Plan.

Demonstration that BARCTdlivalent Mass Emissions Less than oEqual toFacility BARCT
Emission Target for thB-Plan

For the BPlan, the last step is to demonstrate for each phase that the BARCT Equivassnt M
Emissions are less than or equalhat PhaseFacility BARCT Emision Target. As shown in the
table below, the Phase | BARCT Equivalent Emissions are 288.9 tonaftyiearare less than the
Phase | Facility BARCT Emission Target of 341.5 tons/year; and the REBSBCT Equivalent
Mass Emissions are 173.8 tons/yednich are less than the Phase Il Facility BARCT Emission
Target of 175.0 tons/year. If the BARCT Equivalent Mass Emissions are greater than the Facility
BARCT Emission Target, then the operator will needtedr the Alternative BARCT Emission
Limits for allor part of the included units inglcorrespoding phaseFor the BPlan, the Facility
BARCT Emission Targets are used only to demonstrate thailtemative BARCT emission
limits are in aggregate at or below the Facility BARCT Emisdianget. Operatorsising an
approved BPlan are not required to adhere to a faciige emission caput must implement
the Alternative BARCT Emission Limits for each phase.

#
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Table 3-16. Demonstrating the B-Plan Will Achieve the Facility BARCT Emission Targets

Units Possibly Eligible for

Baseline Unit Conditional Limits Based o

Device ID Combined Category Size Emissions Representative | ptantial Reductions (Refe

Stack (MMBtu/hr) (Tons/Year) NOx (ppmv) P45 PR 1109.1 (d)(2) for al

Conditions)

Heater Not Eligible, Red > 20 TP| N/A 15.0 36.8 5.0 12.3
D2 D2 Boiler 210 126 38 Not Eligible, Red > 20 TP N/A 15.0 49.7 5.0 16.6
D3 D3 SMR Heater 450 97 48 Not Eligible, Red > 20 TP N/A 10.0 20.2 10.0 20.2
D4 D4 FCccu 83 11 Possibly Eligible N/A 7.0 52.8 7.0 52.8
D5 D5 Heater 290 54 18 Possibly Eligible N/A 6.0 18.0 6.0 18.0
D6 D6 Heater 135 29 33 Not Eligible, Red > 20 TP| N/A 33.0 29.0 4.0 3.5
D7 D7 Heater 80 24 65 Not Eligible, Red > 10 TP| N/A 65.0 24.0 9.0 3.3
D8 D8 Heater 67 14 48 Not Eligible, Red > 10 TP| N/A 9.0 2.6 9.0 2.6
D9 D9 Heater 108 12 22 Possibly Eligible N/A 18.0 9.6 18.0 9.6
D10 D10 Boiler 330 11 10 Possibly Eligible N/A 10.0 11.0 8.0 8.8
D11 D11 and D12| Heater 75 8 16 Possibly Eligible N/A 12.0 6.0 12.0 6.0
D12 D11 and D12| Heater 75 8 16 Eligible N/A 20.0 10.0 20,0 10.0
D13 D13 Heater 64 3 8 Eligible N/A 8.0 3.0 Phasdl 3.0
D14 D14 Thermal Oxidizer 4 3 43 Possibly Eligible N/A 43.0 3.0 BARCT 0.7
D15 D15 Heater 17 3 12 No Table 2 Limit N/A 12.0 3.1 Equivalent 2.3
D16 D16 Sulfur Recovery Urjit 40 10 35 No Table 2 Limit N/A 35.0 10.0 4.0

B-Cap

Calculating Phae I, Phase Il, and Phase Ill BARCT Facility Emission Targets fofRlar with
a B-Cap

The calculation forlte Phase IPhase Il, and Phase Ill BARCT Facility Emission Targets is the
same as the calculation approach for -®18n reduced by 10 percenthi¥ is a 10 percent
environmental benefit to meet U.S. EPA requirements for Economictimed?rogramsUnder

this example|-Plan Option 4 is usedk. a unit is list in Table E2 in Attachment D of PR 11089,

the unt already meets the conditions fasing Table 2andthe permit application would be
submittedbased on the schedule in the approv@tah as opposed to July 1, 2022 for units that
will be meeting the provisions of subparagraph$2)dA) and ¢)(2)(B). The table below notes
those units aBEligible.o Under this {Plan Option 4, only units that are identified in Tabl@ Bre
allowed to meet the Table 2 conditional limits in lieu of TableThese units meet all of the
conditions under sulapagraph (d)(2)(A) and have a representative NOx concentration at or below
25 ppmv.The emation belav provides how the Facility BARCT Emission Target is established
for each Phase of the-®ap:

YA AEE AORAET 2@ EOCQRBRBID
"AOAWEEABOETT O
%A BE ADAO AAN ACD AMOEGGA O
417 GAMAEI] BBOBIOOEAAOAOETNR O

Forthefinal phasethe Phase Facility BARCT is the Final Phase Facility BARCT Target

For |-Plan Option 4, the Phase, IPhase lland Phasdll Facility BARCT Emission Target
calculations will be as follows:

"Ei HEEHH Hi RANTART © 71 IRHTT THH 8 8 8 8
tonsl/year
"Ei HE BHHHAAGUEN T AH THHA 8 8 8 8
tonsl/year
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"Ei CHE BHHHOAAAUES 7 IRCH T R 8 8 8 8
tons/year

Calculating Phase I, Phase IInd if Applicable Phase 11l BARCT Equivalent Mass Emissions for
a B-Cap

After the Phase | an@hasdl Facility BARCT Emission Targets are established, the operator then
calculates the BARCT Equivalent Mass Emissions. For t@ap, the emissions are basetthe
concentration limits, emission reductions from decommissioned units, and emission reductions
from throughput or another emission reductioné&s shown in the table below, the operator
selects the Phase | Alternative BARCT Emission Limit for eaghamd any decommissioned
units. The BARCT Facility Emission Target must be based on Table 1 NOx limits for any
decommis®ned unit. For the BCap, the Phase | BARCT Equivalent Mass Emissions are the sum
of the emissions for all units using the AlternatB&RCT Emission Limits, accounting for any
decommissioned units, and throughput or other emission reductions. In thpleXetow, the
Phase | BARCT Equivalent Emissions &@80 tons/year the Phase Il BARCT Equivalent
Emissions ar@28 6 tondyearandthe Phase IIBARCT Equivalent Emissions alé&3.7tons/year

Table 3-17. Calculating Phase IBARCT Equivalent Mass Emissions forB-Cap

Units Possibly Eligible for

Baseline Unit Conditional Limits Based o

Device ID Emissions < vese'aVe [Botential Reductions (Refe

(Tonsiveary  NOX (PP™) [0 PR 1109.1 (d)(2) for al

Unitwill be
D1 N i Yes 0.0 0.0 ~0.0 N 0 0.0 0.0 0.0 ~T00
D2 126 38 Not Eligible, Red > 20 TRY No 20.0 66.3 50.0 i:aﬁ:‘BARCT'Bap 3 50.0 10.0 33.2 33.2
D3 97 18 Not Eligible, Red > 20 TPY No 48.0 97.0 80.0 are the ;'r:‘ olf tlr;e 2 20.2 10.0 20.2 20.2
D4 83 11 Possibly El~ee . e 11.0 83.0 83.0 mass emission for 52.8 7.0 52.8 30.0
D5 54 18 Possibly EI Operator selec ST 18.0 54.0 40.0 achiunitusingthe - 18.0 6.0 18.0 18.0
D6 29 33 Not Eligible, Re 33.0 29.0 29.0 3 53 6.0 5.3 53
D7 24 65 Not Eligible, Re = osion Limit for 65.0 24.0 24.0 BARCT 5 24.0 2.0 15 15
a Each Unit - - Emission Limit - - - -

D8 14 48 Not Eligible, Re_ - - 48.0 14.0 14.0 6 26 4.0 12 12
DY 12 22 Possibly Eligible No 22.4 12.0 12.0 18.0 9.6 9.6 18.0 9.6 9.6
D10 11 10 Possibly Eligible No 10.0 11.0 11.0 10.0 110 110 8.0 838 8.8
D11 B 16 Possibly Eligible No 16.0 8.0 8.0 12,0 6.0 6.0 12.0 6.0 6.0
D12 8 16 Eligible No 16.0 8.0 8.0 20.0 10.0 10.0 20.0 10.0 10.0
D13 3 8 Eligible No 8.0 30 3.0 8.0 30 3.0 8.0 3.0 30
D14 3 3 Possibly Eligibl Phasd BARCT Equivalent Emissions include: 3.0 43.0 3.0 3.0 10.0 0.7 0.7
D15 3 12 No Table 2 Lim emissions from Al ive BARCT Emission Limi__{ 3.0 12.0 3.1 3.1 9.0 23 23
D16 10 35 No Table 2 Lim decommisioned units, and througput and other L_10.0 35.0 10.0 _10.0_. 14.0 4.0 L 4.0

Baseline Facility Emissions 730

The operator must calculate the BARBITCap AnnualEmissions for each phase of thelan.
The Phase | BARCB-Cap AnnualEmissions for the BCap equation is shown below. Phase Il
and Phase Il BARCB-Cap AnnualEmissions are calculatedth the same equatidout using
the Alternative BARCT EmissiorLimits for the applicable phasand additional emission
reductionstrategies to red® mas emissions

OEAQOA 2#NOEOAABD EGOOEI T O

#
"AOAT EBMBEOO

m\
O

Tt 4 EOI O QG EDRAEROA © A ©E
Where
= Number ofincluded units in BCgp under Phase |
# = The applicableAlternative BARCT NOXx

Limit for Phase In an approved Blan for unitSincluded inthe
B-Cap
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# = The NOx concentration in the flue gas for uitcluded inthe
B-Cap
"AOAS EBBEOOEET O The 2017 NDx baseline emissions for uiincluded
in the B-Plan
4 EOT OG eppaEAOA B A DO Emission reductions other than reducing the
concentration limit.

Demonstration that BARCB-Cap AnnualEmissionss Less than or Equal tBacility BARCT
Emission Teget for the {Plan and OrGoing Demonstration

For the BCap, there are two demonstratidhat are required. The first demonstration is that the
Phase I, Phase Il, and PhaseBARCT B-Cap AnnualEmissons are less than or equal to the
respective Phase |, Phase Il, and Phasé&dtility BARCT Emission Target. The operator is
required to tak@ermit conditions for each of the Alternative BARCT Limits in the approved B
Cap Under the BCap,the secad canpliance demonstration is tmntinuously demonstrate that
facility-wide emissions are below the Facility BARCT Emission Target for each phtefé.
believes that this twpronged compliance demonstration is needed to eribatdhere is a
commitmen to implement the Alternative BARCT Emission Limits while ensuring mass
emissions are continuously below fhkasd, Il, and 11l Facility BARCT Emssion Targets.

As shown in the table below, the Phase | BARCT Equivalent Emisare380 tons/yeamhich
are less than the Phase | Facility BARCT Emission Targéd 06 tons/yearthe Phase 1l BARCT
Equivalent Mass Emissions a2286 tons/yar which are less than the Phase Il Facility BARCT
Emission Target a257.9tons/yeayand the PhasélIBARCT B-Cap AnnualEmissions are 157
tons/yeamwhich are less than the Phagé Facility BARCT Emission Target of Bl tons/year
The operator must demonstrate on an ongoing basis that actual emission fies ailthe BCap
are below th&hasd-acility BARCT Emission Targets

Table 3-18. Demonstratin 'ghe BCap Will Achieve the Facility BARCT Emission Targets

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
20.0 66.3 50.0 20.0 66.3 50.0 10.0 33.2 33.2
48.0 97.0 80.0 10.0 20.2 20.2 10.0 20.2 20.2
11.0 83.0 83.0 7.0 52.8 52.8 7.0 52.8 30.0

D1 245 100 Not Eligible, Red > 20 TP}
D2 126 38 Not Eligible, Red > 20 TP)
D3 97 48 Not Eligible, Red > 20 TP)
D4 83 11 Possibly Eligible

D5 54 18 Possibly Eligible

D6 29 33 Not Eligible, Red > 20 TP)
D7 24 65 Not Eligible, Red > 10 TP)
D8 14 48 Not Eligible, Red > 10 TP
D9 12 22 Possibly Eligible
D10 11 10 Possibly Eligible
D11 8 16 Possibly Eligible
D12 8 16 Eligible

D13 3 8 Eligible

D14 3 23 Possibly Eligible
D15 3 12 No Table 2 Limit

&

18.0 54.0 40.0 6.0 18.0 18.0 6.0 18.0 18.0
33.0 29.0 29.0 6.0 5.3 53 6.0 5.3 53
65.0 24.0 24.0 65.0 24.0 24.0 4.0 15 15
48.0 14.0 14.0 9.0 2.6 2.6 4.0 12 12
224 12.0 12.0 18.0 9.6 9.6 18.0 9.6 9.6
10.0 11.0 110 10.0 110 110 8.0 8.8 8.8
16.0 8.0 8.0 12.0 6.0 6.0 12.0 6.0 6.0
16.0 8.0 8.0 20.0 10.0 10.0 20.0 10.0 10.0
8.0 3.0 3.0 8.0 3.0 3.0 8.0 3.0 3.0
43.0 3.0 3.0 43.0 3.0 3.0 10.0 0.7 0.7
11.7 3.0 3.0 12.0 31 31 9.0 23 23
35.0 10.0 10.0 35.0 10.0 10.0 14.0 4.0 4.0

&

z|z|z|z|z|z|z|z|z|z|z|z|2|2|Z2|X
§|8|5|8|5|8|5|8|5|5|8|5|8|5|8|]

D16 10 35 No Table 2 Limit
Baseline Facility Emissions 730

Facility BARCT Emission Tard@Zy]
On-Going Demonstration that Actual EmissioKg-acility BARCT Emission Target

PR 1109.JATTACHMENT C1 FACILITIES EMISSIONS 1T BASELINE AND

TARGETS
AttachmentC containsBaselineFacility Emissionsas reported by thfacilities with six or more
units in their 2017 Annual Emissions Reports, or another year, as approved by the Executive
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Units

Facility

Facility ID

BaselineFacility
Emissions (2017)
(tonslyear)

Officer. PR 1109.1 TableC-1, presentedn the table belowprovides the Baselin€acility
Emissions for tecorresponding facilitiesubject to PR 1109.1.

Table 3-19. PR 1109.1Table C-11 Baseline Mass Emissions for Facilities with Six or More

AltAir ParamountLLC

187165

28

Chevron Products Co. 800030 701

LundayThagard Co DBA World

Oil Refining 800080 26

Ph||_||ps 66 Company/Los Angele 171109 386

Refinery

Phillips 66 Co/LA Refinery 462

Wilmington PL 171107

Teso'r.o Reining andMarketing Ca, 17465 636

LLC T Carson

TesoroRefiningand Marketing Cq

LLC 1 Wilmington 800436 674

Tesoro Refiningnd Marketing Cq

LLC 1 Sulfur Recovery Plant 151798 8

Tesoro Rqﬁlng andMarketing Ca, 174591 261

LLC, Calciner

Torrance Refining Company LLC | 181667 899

Ultramarinc. 800026 248

Valero Wilmington Asphalt Plant 800393 5
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PR 1109.1ATTACHMENT D i UNITS QUALIFY FOR CONDITIONAL
LIMITS IN B -PLAN AND B-CAP

Table 3-20. PR 1109.1Table D-171 Units Qualify for Conditional Limit s in B-Plan

Facility ID Size (MMBtu/hr)

171109 D429 352
171109 D78 154
174655 D1465 427
174655 D419 52
174655 D532 255
174655 D63 300
181667 D1236 340
181667 D1239 340
181667 D231 60
181667 D232 60
181667 D234 60
181667 D235 60
181667 D950 64
800026 D1550 245
800026 D6 136
800026 D768 110
800030 D159 176
800030 D160 176
800030 D161 176
800030 D643 220
800030 D82 315
800030 D83 315
800030 D84 219
800436 D1122 140
800436 D384 48
800436 D385 24
800436 D388 147
800436 D388 147
800436 D770 63
800436 D777 146
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Table 3-21. PR 1109.1Table D-271 Units Qualify for Conditional Limit s in B-Cap

Facility ID Size (MMBtu/hr)

171107 D220 350
171107 D686 304
171109 D429 352
171109 D78 154
171109 D79 154
174655 D33 252
174655 D419 52
174655 D421 82
174655 D532 255
174655 D539 52
174655 D570 650
181667 D1236 340
181667 D1239 340
181667 D231 60
181667 D232 60
181667 D234 60
181667 D235 60
181667 D920 108
181667 D950 64
800026 D1550 245
800026 D378 128
800026 D429 30
800026 D430 200
800026 D53 68
800026 D6 136
800026 D768 110
800026 D98 57
800030 D453 44
800030 D643 220
800030 D82 315
800030 D83 315
800030 D84 219
800436 D1122 140
800436 D158 204
800436 D250 89
800436 D33 252
800436 D384 48
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800436 D385 24
800436 D386 48
800436 D387 71
800436 D388 147
800436 D770 63
800436 D777 146
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Chapter 4 Impact Asgssment

INTRODUCTION

Thereare 16 facilitieswith a total 0f284 units that will besubject to the PR 1109vithich are all
currently regulated undéneRECLAIM programPR1109.1 will achieve emission reductions for
every class and category reffineryequipment

RULE DEVELOPMENT SUPPORTING MATERIALS AND SOURCES

Rule Developmentand Data Surveys

Staff conducted several surveys to develop a comprehensive understantiagaiipment at
petroleum refineries and related industriasd their operational recordhe following data
surveys were requested and collected from each aitteenfacilities impacted by PR 1109.1:

1 Facility Based Equipment Data Survey

1 Control Equpment Project Costs Data Survey

1 CEMS Data Survey

1 Fuel Gas Sulfur Content Data Survey

1 Revised Control Equipment Project Cost Data Survey

Facility Based Equipment Data Survey

After holding several working group meetings to establish the universe of éseitit equipment

that would be subject to PR 1109.1, staff developed a survey questiommngatnerpertinent
detailedinformation for the rule developmenthe intent of the data survey was to assist South
Coast AQMD staff in developing PR 1109.1 andatating the BARCT assessment to establish
the NOx and CO limits. The survayassent to all 16 facilities on May 24, 2018. The survey
requested detailed information and data for all NOx sowffested by the proposed rudé each
facility. The survey deglopment was a collaborative process with the stakeholders and took
several months tagree to the specific information being regted Due to the level of detailed
data requested, the facilities were providggbroximatelysix months to submit the dataThe
facilities reported nearly 125 data points for each piece of equipment, including five years of
annual fuel data, five years of amhuemissions data, current and planned NOx controls,
installation costs for planned controls, number of burners peraga@ of equipmengtc.In total,

some facilities reported almost 3,000 data points and staff evaluated over 40,000 data points.

Control Equipment Project Costs Data Survey

The second survey was distributed to stakeholders prior to conducting siteAssitart of the

rule development, staff conducted at least one site visit to each of the affedigdsfrom April
through August @19. This survey focused on the potential control technology, total installation
cost, and operating and maintena(@&M ) costs. Staffequestda detailed cost breakdown for
each project, but the level of detail varied depending on the stage of thet, magh as the design
and engineering phase, permitting, or already compl&ath from projects in early development
stage was less detailed and more preliminary than projects in later stages of development.

In March 2021, éur facilities providedipdaedrevisedcost data fopotentialcontrol projectsfor
108 units in totalincludingnew SCRs and SCRupgrads, low NOx burners, wet gas scrubbers,
and unit replacemenitaff used the firstost surveyatafor facilitiesthat did not povide updated
costkin the secondubmissionWhile thefacility 6fecusin providingupdated costvas on boilers
and processeatergyreaer thanor equal to4d0 MMBtu/hr, which included®1 data pointssome
facilities provided updated costs for other gaigesincluding FCCU, Gas Turbine, SMR Heater,
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SRU/TG Incinerator, and Vapor Incinerataith a totalof 17 data pointas it is showmn the table
below.

Table 4-1. Number of Units with Facility Provided CostData by Equipment Category and
Facility

SMR

Heaters Boilers Fccu G SRUITG Vapor

Heaters Turbine Incinerator Incinerator
;ilcility 36 6 ) ) ) ) )
;;cility 6 i ) ] 6 ) ]
Faely s 2 : 1 : 1 :
;Z‘:i"ty 22 4 2 3 i 1 3

The new costs werasoused tarevise the).S.EPAS SCR cost model thatvasused to estimate

SCR projectostsfor units thaicostwasnot provided by facilitieswhile only four out of the five
petroleum refineries provided updated costs, the cost estimates for all five petroleum refineries
increaseasstaff used theevisedcost datgrovided by the facilitieto updatdahe U.S. EPA SCR

cost modetesultingin higher costs estimates for all SCR projeéisthe box plotshows below,
compaedto the firstcostsurvey,the updatedevisedcost increasedignificantly for all facilities.

The plot shows the minimum, maximumyst and third quartile the median anche average
values for eaclfacility.

$80,000,000
$70,000,000 o
$60,000,000
$50,000,000

$40,000,000 ° T

$30,000,000 X

o
$20,000,000 -|- X @

.
$10,000,000 L o

X

$0
Facility #1 Facility #2 Facility #3 Facility #4 Facility #5

B Original Cost [ Updated Cost

Figure 4-1. Original and updated cost provided by facilities
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The following igure showsthe numberof unitsandrange ofcontrol equipment costs that each
facility providedin the secondurvey.Some facilities providetevisions o existing anchewcosts
and forunits. The control cost for Facility #1 whaghercompared tahe other facilities.

TIC provided by facilities

28
26
24
22
20
18
16
14

12
10
. I

> $40MM $30MM - $40MM  $20MM - $30MM  $10MM - $20MM < $10MM

# of Units

O N A OO

W Facility #1 m Facility #2 m Facility #3 m Facility #4 = Facility #5

Figure 4-2. The number and range of control costs for each facilityn the second surey

CEMS Data Survey

The CEMS survey was the third survey requested by staff from the facilities in March 2019. The
CEMS data wasequested for most large unftgeater thad0 MMBtu/hr) as well as=CCU, coke

calciner, and gas turbines. The CEMS providedf with hourly data throughout an entire year
which equated to 8,760 data points for every single unit. In addition, the CEtdSvds needed

to establish baseline emissions data and provided NOx concentrations, measured oxygen, flue gas
stackflow rate and fuel usage throughout the course of an entire year and amounted to nearly over
35,000 data points for a single unit. Someiliées have over 55 units, so nearly 2 million data
points were provided for a single facility. Staff conducted an andiysisvery single unit and
every facility which gave st af bperatiomralMargphilty. i nt o

Fuel Gas Sulfur Content Data Survey

The fuel gas sulfur survey was the fourth survey requested by staff from the faicil¥esch

2020 This survey was limited to the large petroleum refineries since fuel gas sulfur mainlysimpact
facilities utilizing refnery fuel gaswhich typically has sulfur conterRRefinery fuel gas streams
especially from coker units, contain sulfur gooands such as mercaptans and sulfides that are not
effectively treated by thexisting facilitiesd sulfur clearup systems (e.ggmine systes). The
sulfur inrefinery fuel gass converedto SOx and oxidizéand conveedto PMin the SCR due

to the pesence of ammoni&taff requested this information in response to concerns regarding the
high cost for meeting BACTequirements if PM emissions from the installation of SCR exceed
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the PMo NSRthresholds This survey provided staffetailed data on fugjas streams, flow rate,
affected units , sulfur content, existing treatment systems, and upgrade costs. The data was
analyzed by staff to estimate the potential increaseMremissions fronSCRinstallations As
described in Chaptdy, staff collaboratedvith CARB and U.S. EPA toncludea BACT exemption

for nonozone precursor emission increases associated with airtipol control equipment
installations to comply with BARCINOXx standardsStaff will address refinery fuel sulfur content
during the transion of SOx RECLAIM

EMISSION INVENTORY AND EMISSION REDUCTIONS

The original NOx emission inventory for PetroleuntiReries was 123 tons per dayased ora
2017baseline After the adoption of PR1109.1, the emissiarsestimated tbe reducedbetween
6.5 to8 tonsof NOx per day inaccordance witthe proposedmplementation schedul&he able
below summarizes the 201Baselineemissions for all categoriemnd the potential emission
reductions

Table 4-2. NOx Emission Inventory and Estimated Emission Reductions

2O NOX Potential NOx
Equipment Type EBrr?i?s,iliISr?s Emi_ssion
(tpd) Reductions pd)
Procesdieates 5.03 34
Boilers 2.56 22
Gas Turbine 1.44 04
SMR Heates 1.10 0.6
FCCU 0.83 04
Coke Calciner 0.71 0.7
SRU/TGIncinerator 0.43 0.1
Sulfuric Acid Plans 0.1 0.0
Vapor Incinerators 0.05 0.02
Total 123 7.8

COST-EFFECTIVENESS

California Healthand Safety @de Section 40920.6 requires a eeffectivenesanalysis when
establishing BARCTequirements. The cosffectiveness of a control technologymeasured in
terms of the control cost in dollars per ton of air pollutaaucedis measured in terms of the
control cost in dollars per ton of air pollutaeducedfor each class and categof equipment

The costs fothe control technology include purchasing, installation, operating, and maintaining
the controltechnology.

The South Coast AQMD typically lies on the Discounted Cash Flow (DCF) method which
converts all costs, including initial capital investments and costs expected in the present and all
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future years of equipment life, to a present value. Conceptuallyastiftscalculating the amount

of funds that would be needed at the beginning of the initial year to finance the initial capital
investmentdut alsofundsto be set aside to pay off the annual costs as they occur in the future.
The fundthatis set aside is assumed to be invested andrgessea rate of return at the discount
rate chosen. The final cestfectiveness measure is derived by dividing the present wdltotal

costs by the total emissions reduced over the equipment life. DCF is calculated as follows:

S il 000G M 0 Q6 Q) OEAOQT 0 G QE&0H GiDE 6 €1 0D O
0 € i o) b e e T e e e e e
0 € € 0QMEN QYN Q6 wo Q8 RWE TN 6 QN @ WEND

Where:

boo— 't P
iz p |

Where

r = real interest rate (discount rate); and
N = years of equipment life.

The presenvalue factor (PVF) converts a constant streampagiments made for N years into its
single presentalue equivalent.

Staff will also preset LevelizedCash Flow LCF) methodwhich annualizes the present value of
total costs as if all costs, including the initial capital investments, would be paidtb# fature
with an equal annual installment over the equipmentli@F is

0 &0 NDNDMD DO Ve O&¥ai 0O i

00O T R e T o T s s 1
OUQI @O OAVIQI {Y@EXES WO Q€ £ i

In general, DCF costffectiveness estimates are lower given the same interest rate and equipment
life. The currebh DCF threshold was established in 2010 SOx RECLAIM BARCT assessment as
$50000 per ton reduced. If the threshold is inflated to represent current dollars using the Marshall
and Swift Index the current values for DCF threshold wouldgdgaoximately $60,00. A LCF
threshold has not ke established.

Control Equipment Cost Estimates

Staff relied on several sources of data to estimate the capital and installation c@dvandsts

of the control technology including the cost assumptamiected duringhe developmenbf the

2015 RECLAIM NOxishave, costs from other BARCNOX rulesfor similar equipment, vendor
supplied cost estimates, SCR installatioasd values calculated fronihe U.S. EPA SCR
Spreadsheet. The st akeh overelanurslerastmdtiorcnaainlgdliets t a f f
the highinstallation cost at refinegsneededo addresspace constraints and the high labor costs
driven bySenate Bill 54SB 54) whiclrequires California refineries to hire unionizad trained
construction labr for projectsAs described in Chapter 1, staff conducted a survey of the affected
facilities seeking total install an@d&M for past or recent NOx reduction projects. Staff used the
facility supplied cost data when it was provided. If no cost data vedisible, staff ued the facility

cost data to generate cost curves to estimate the cost. In the case of SCR costs, staffasted the
dataprovided by the facilitieso update the U.S. EPA Cost Spreadsheet to estimate SCR costs.
Whenbothburner control ad SCRwere antigpated tobe required to achieve the proposed NOXx
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limits, the burner costs from the burner cost cuwvere addedo the costs generated from the
modi fied U.S. EPA Cost Spreadsheet. Staffds
reaommended by NECral FERCo to address annual SCR tuning and increased catalyst volume.
Detailed cost information can be found in the appendix for use category of equipment, the
following is a summary of the cost assumptions for boilers and heaters:

A Initial ULNB cost basedmmvendor supplied estimates, staff adjusted costs as follows:
V Conducted a survey seeking burner installation costs from facilities
V Generated a curve based on the cost estippat@gled by the facilities

V Used facility cost when providedtherwisethe burrer curve was used to estimate
cost

A Initial SCRcosts based on U.S. ERCR Cost Breadsheestaff altered costs as follows:
V Conducted a survey seeking SCR installation costs from facilities

V Modified U.S. EPASCR $readsheeusing costs povided by the refinerieso
reflect costs at Californigefinelies

V Used stakeholder costs whegmovided otherwise usedmodified U.S. EPA
spreadsheet

A Units requiring greater than 92% NOx reductions:
V Added cost of ULNBo thecost of SCR

V Alternatively, conducted cost assessment for installation of dual reasitir25%
increase to TIC to address additional costs

A Based on feedback from third party engineering consultants:
V Added $40,000 annual costs for SCR turiirtgased orFERCorecommendation

V Added 30%increased cost for the catalysbased on NEC recommendation to
account for gas velocity

A Estimated ostper unit projecto achieve proposed NOx limitanged from~ $10 b $80
million (present worth value)

Estimated NOx Emission Reductions

Staff used 207 annual NOx emissions as the baseline year since the PR 1109.1 development
began in 2018; therefore, 2017 emissions was latest avadableal set oflata.For units whee

the 2017 emissions are not representative of the facilities operation, e.igwasuim turnaround

or underutilized in 2017, staff used a more representativergi@cting more normal operatians

Staff utilized the NOx concentration in the flue gasrected to the appropriate percent oxygen
(boilers, heaters, flares, and cokecaar corrected to three percent oxygen on a dry bases and gas
turbines and SMR heaters combined with a gas turbine corrected to 15 percent oxygen on a dry
basis) as proved by the facilities. Emission reductions are calculated based on the percent
reducton from the current NOx concentration in the flue gas to the proposed NOXx limit applied to
the 2017 emissions data for each uBiaff estimates that implementation of RR09.1 will
achieve betweef.5 to 8tons per day of NOXThe lower range represarthe maximum number

of units that can potentially use the conditional NOx limits under Table 2 and the upper range
represents thenits that staff identified that potentially meet the conditional NOx limits under
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Table 2 that werassumed in the cosffectiveness analysizull implementation is expected
around 284. Some smaller units may extend beyond 2034 as they are required to meet the
proposed NOx | imit when more than 50 percent

Summary of Cog-Effectiveness by Clasand Category
The following tableis a summary of theosteffectivenessfor each class and category of
equipment at thaffectted facilities,andthe detailedanalysis can be found in the appendices.

Table 4-3. Summary of Cost-EffectivenesdJsing DCF and LCF

_ Cost Effectiveness
Equipment Category e o
Boilers o 0
(<20 MMBtu/hour)
) Boilers o 0
(20 - <40 MMBtu/hour)
(G10- Q110 MBI our) $25,000 $37,000
(>110 mlgﬁ/hour) $11,000 $19,000
Flares -@) -@
FCCUs $24,000 $65,000
FCCU Startup Heaters -2) -2)
Gas Turbines $15,400 $42,000
Petroleum Coke Calciners $10,000 $15,000
Process Heaters @ )
(<20 MMBtu/hour)
Process Heaters @ )

(&0 - <40 MMBtu/hour)

Process Heaters

(G40 - (110 MMBtu/hour) $50,000 $78,000
Process Heaters
(>110 MMBtu/hour) $50,000 $79,000
Sulfur Recovery Units/Tail Gas
Treating Units $39,000 $62,000
SMR Heaters $17,000 $19,000
SMR Heaters with GasTurbine -1 -
Sulfuric Acid Furnaces @ K@)
Sulfuric Acid Startup Heater -2) -2
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_ Cost Effectiveness
Equipment Category SRE o
Sulfuric Acid Startup Boiler -2) -2
Vapor Incinerators $35,000 $56,000

D Units will be required to retroftburner controto meetfuture BARCTIimit for category
at endof-useful life. Majority of costwill already be incurrety facility uponburner
replacement

@ Unitswill havea low use exemption and will not be requirednstall NOx controldue
to high costeffectiveness and low emission reductions

Conditional BARCT NOx Limits

As discussed in Chapter 2a8 identified severalclasgsand categoriesf equipmenthat will
have conditional limits in PR 1109.1. The table befavides an overview afost effectiveness
valueto meet the Table 1 NOx limiend to meet the proposed conditional limits.

Table 4-4. Cost-effectivenesf Conditional Limits

ou : Table 1 Proposed Cost Effectiveness ($/ton)
quipmen N itional
Category Lir(r?i)t( Cot?rlr?i?na To Meet Table 1 To Meet
(ppmv) ) NOx Limit Conditional Limit
Boilers (>110 -
MMBtu/hr) 5 7.5 $75,000-$8 Million $0
FCCUs 2 8 $127,000 $12,000
Gas Turbines
w/Natural Gas 2 2.5 $570,000 $0
Process Heaters
(40-QL10 5 18 $53,000 $48,000
MMBtu/hour)
Process Heaters
(>110 5 22 $56,000 $50,000
MMBtu/hour)
SMR Heaters 5 7.5 $242,000 $0
Vapor
Incinerators 30 40 $100000- $500,000 $0

In order to ensure the conditional limit is utilized for thosesumith existing comrols performing
near the Table 1 NOXx limits and it would not be cost effective to meet the Table InNBxthe
proposed rule outlinesonditions for using Table 2 conditional NOx limitSor example, the
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conditional limit is required todin the pernt by a certain date with any application to make
minor maifications tobe submitted by a certamiate andcannot be aunit whose projected
emission reductionare high.For more detailed discussi@amd analysi®f the conditional limits
can be found ithe gpendcesof this staff reporfor each of the affected classes

INCREMENTAL COST -EFFECTIVENESS

Health and Safety Codgection40920.6 requires an incremental eeectiveness analysis for
BARCT rules or engsion reduction strategies when there isartban 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. Incremasttal c
effectiveness is the difference in thalar costs divided by the difference in the emission reduction
potentials between each progressively more stringent potential control option as compared to the
next less expensive control optign incrementatosteffectiveness analysisas been condted

in concert with the BARCT analysis for each class and cateddwy.figure below shows an
overview of the Californiddealth and Safety Code SectiBARCT requirements.

@920.6 Lists requirements that must be met prior to adopting BARCT r@

§40406
(a)(1)

Defines BARCT

§40920.6
(a)(1)

Identify
potential
controls to
meet air
quality
objective
(BARCT
emission limit)

N ) - } -

Figure 4-3. California Health and Safety Code SectioBARCT Requirements

§40920.6 §40920.6

(a)(3)

| Calculate

I| incremental cost-
effectiveness

| assessment for

I| potential control
options that meet
air quality objective

assessment

Stepl: Identify Control Options

In the first step, staff identifiesne or more potential control options which achieves the emission
reduction objectives for the regulatidhor PR 1109 . leductiorhde] detmi wess @ ni
establish a NOx emission limit representative of BAR&I by definition of BARCT staff is

s e e k i nmgaxintum @legrBe of reduction achievable by each class or category of source,
considering the environmental, energy, and econampacts 0

Step2: Determine CosEffectiveness
Staff calculates the cosffectiveness, which is thast in dollars, of the potential control option
divided by emission reduction potential, in tons, of the potential control option
01l O
06 Qi I'YQERO @0 Q¢ ¢ i
If the potential control option that will provide the maximum degree of reduction achievable is

$50,000per ton of NOx reducear less the next most stringent optionay beselected as the
potential control option based on the 2016 AQMP ceaftectiveness thresholdf the most

0¢i OQUIEDD QA E
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stringent potential control option is not cedtective, staff calculatthe costeffectiveness of the
next potential control option that will provide the maximumreegofreductions achievahle

Step3: Calculate Incremental CodEffectiveness

Incremental coseffectiveness is the difference in the dollar costs divided by the difference in the
emission reduction potentials between each progressively more stringamtigdabntrol option

as compared to the next less expensive control aption

08 Ol QADNE DDDAQGD O QL Qe 0ei06el0

Oa Qi IYOERS 0o MBEDQI {"YOERS 00 QEé & i
This steprequiresthat the incremental coesffectiveness be calculated for all potential control
options identified in Stef, even if the costffectiveness was not evaluated in Step\&luation
of the incremental cosiffectiveness can identifydifferent NOxlimit than Step 2 if the difference
in reductions is smallelative to the difference in cost between potential control optibrise
incremental coseffectiveness reveals that a more stringent control option has a high incremental
costeffectivenessa less gingent NOx limit will be assessed and can be deternimbdBARCT.

Although there is no threshold for evaluating incremental-effsttiveness, staff agrees that a
lower NOx limit with an incremental cosffectiveness well above $50,000 pen tof NOx
reduced is an indication that the more stringent control option is not incrementalgffectve

The detailed incremental cestfectiveness analysis for each class and category is presented in
AppendiceB i G.

RULE ADOPTION RELATIVE TO COST -EFFECTIVENESS

On October 14, 1994, the Governing Board adopted a resolution that requires staff to address
whether rules being proposed for amendment are considered in the orderedfexbsteness. The

2016 AQMP ranked, in the order of cadfectiveneas, al the control measures for which costs
were quantified. It is generally recommended that the mostetiesttive actions be considered

first. PR 1109.1 implements Control Measure GBEB which was ranked sixth in cest
effectiveness in the 2016 AQMPniged ntrol Measure CMBD5.

SOCIOECONOMIC ASSESSMENT

A Draft Socioeconomic Impact Assessmastbeng prepared andstate law requires that
assessment breleased at lea80 days prior to the South Coast AQMD Governing Board Hearing

on PR 1109.1, which iantidpated to be heard ddovembers, 2021.However, due to the high
interest in this project and comprehensiveness of the analysis, staff is considering a longer public
review period.

CALIFORNIA ENVIRONMENTAL QUALITY ACT

Pursuantto the CaliforniaEmenmert al Qual ity Act (CEQA) and Sou
Regulatory Program (Public Resources Code Section 21080.5 and CEQA Guidelines Section
15251(l); codified in South Coast AQMD Rule 110), the South Coast AQMD is lead agency for

the proposed prope, which is comprised of Proposed Rules 1109.1 and 429.1, Proposed Amended
Rules 1304 and 2005, and Proposed Rescinded Rule CHQA Guidelines Section 15187

requires an environmental analysis to be performed when a public agency proposes to adopt a new
rule or regulation requiring the installation ofr giollution control equipment or establishing a
performance standard, which is the case with the proposed pipecSouth Coast AQMD is
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preparing a Subsequent Environmental Assessment (SEA) for thespdproject, which is a
substitute CEQA document pursuant to CEQA Guidelines Section 15252, prepared in lieu of a
Subsequent Environmental Impact Repofhe SEA will contain the environmental analysis
required by CEQA Guidelines Section 15187 and el off of the December 2015 Final Program
Environmental Assessment (PEA) for Proposed Amended Regulatioin Regional Clean Air
Incentives Market (RECLAIM) (referred to as NOx RECLAIM) and the March 2017 Final
Program Environmental Impact Report (EIRY fthe 2016 Air Quality Management Plan as
allowed by CEQA Guidelines Sections 15152, 15162, 15168 and 15385. The Draft SEA will be
released for a 48ay public review and comment period to provide public agencies and the public
an opportunity to obtainewiew,and comment on the environmental analysis. Comments made
relative to the analysis in the Draft SEA and responses to the comments will be included in the
Final SEA.

Draft Findings Under California Health and Safety Code Sectiod0727

Requirements toMake Findings

California Health and Safety Code Section 40727 requires that prior to adopting, amending or
repealing a rule or regulation, the South Coast AQMD Governing Board shall make findings of
necessity, authority, clarity, consistencgonduplicaton, and reference based on relevant
information presented at the public hearing, and in the staff report.

Necessity

Proposed Rule 1109.1 is needed to establish BARCT requirements for petroleum refineries and
relatedoperationsincluding fadities that wll be transitioning from RECLAIM to a command
andcontrol regulatory structurd-or this rule, affected facilities include asphalt plants, biofuel
plants, hydrogen production plants, petroleum coke calcinintitizs; sulfuric acid plantsand

sulfur reovery plantsin addition, Assembly Bill 617 requires facilities subject to a@agtrade
program to be evaluated for BARCT.

Authority

The South Coast AQMD Governing Board has authority to adopt amendments to Proposed Rule
1109.1 pursuanbtthe Califorma Health and Safety Code Sections 39002, 40000, 40001, 40440,
40702, 40725 through 40728, and 41508.

Clarity
Proposed Rule 1109.1 is written or displayed so that its meaning can be easily understood by the
persons directly affected by it.

Consistency
Proposed Rule 1109.1 is in harmony with and not in conflict with or contradictory to, existing
statutes, court decisions, or state or federal regulations.

Non-Duplication

Proposed Rule 1109.1 will not impose the same requirements as any estiste@r fedex
regulations. The proposed amended rule is necessary and proper to execute the powers and duties
granted to, and imposed upon, the South Coast AQMD.

PR 1109.1 Preliminary Draft Staff Report 4-11 August2021



Chapter 4 Impact Asgssment

Reference

In drafting Proposed Rule 1109.1, the following statutes which the South Cos4D A@reby
implements, interprets or makes specific are referenced: Health and Safet$eCtders39002,
40000, 40001, 40702, 40440(4p440(b), 40440(c)40725 through 40728, and 41508.

COMPARATIVE ANALYSIS

Under Health and Safety Code Section 4072th€ South Cast AQMD is required to perform a
comparative analysis when adopting, amending, or repealing a rule or regulation. The comparative
analysis is relative to existing federal requirements, existing or proposed South Coast AQMD rules
and air polltion control requirements and guidelines which are applicable to combustion
equipment subject to PR 1109.1. A comparative analysis will be prepared and released at least 30
days prior to the South Coast AQMD Governing Board Hearing on PR 1109.1, wéintitigated

to be heard oNovember 52021.
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Appendix A NOx Control Technologies

NOx Formation

The combustion of fuels results in NOx emissions which refers collectively to oxide of nitrogen
(NO) andnitrogen dioxide (N®@). There are thregrominentformation mechanisms by which NOx

is generated in combustion processes: Thermal NOx, Fuel NOx, and Prompt NOx. Most
combustion control techniques are designed around the concept of reducing thermaluahd/or f
NOx. Postcombusibn techniques reduce NOx in the flue gas regardless of the formation
mechanism.

Thermal NOx Formation

Thermal NOx is formedhroughahi gh t emper ature reaction (henc
between molecular nitrogen and oxygen pngsin the combustion air by the w&hown

Zeldovich mechanisnfreaction 1) The formation of thermal NOx is dependent upon the molar
concentrations of tiogen and oxygen and the temperature of combuskizerefore, mst NOx

techniques that control theal NOx formation at the source focus on reducing peak flame
temperature or concentrations of the reactantsafidl Q). Combustion at temperatures below

2,400°F forms lower concentrations of NOx, whereas thermal NOx formation increases
exponentially at tmperatures above 2,600°F and linearly with increases in residence time.

N2+ Y NO,2 NO (1)
Fuel NOx Formation

Fuel NOx is formedhroughthe reactions of nitrogecontaining organic compounds in the fuel
(hence, t h e nwitmexygénFknutte Icambustiorkair. The bond betwatms of
nitrogen and othezhemical elemenisuch as carbom fuelsis not as strong as the nitrogembo
found in molecular nitrogefi.e., triple, Nt N). The overall reaction ias follows

R-N+ QY NO, NG, CO, H20, trace species (2)

Fuel NOx formation is typically not a concern in refinequgment that fire natural gas or refinery

fuel gas because they contain little or no fo@lind nitrogenMolecular nitroger(N) in natural

gas does not contribute significantly to fuel NOXx fotimra because of the stronger nitrogeter-

bond than thosef nitrogen compounds. Fuel NOx is not a concern for gaseous fuels like natural
gas, propane, or refinery gas, which normally have no nitrogetaining organic compounds.
Fuel NOx is not a majazontributor to overall NOx emissions from refinery equipingnd may

be important when oil, coal, or waste fuels (e.g., landfill gas) are used, which may contain
significant amounts of organically bound nitrogétowever, fiel NOx is a concern if the
equpment burns distillates or residual oils because thesg ¢oetain nitrogeibearing species.

Prompt NOx Formation

Prompt NOx formatiomccurswhen nitrogercontaining fuels are burned fuel-rich combustion
conditionsthrougha relatively fast reactiof hence, the name APrompto N
oxygen, ad hydrocarbon radicalsgaction 3.

R+ O+ N2 NO, NG, CQ, H20, trace species (3)

Prompt NOXx is generally an important mechanism in let@erperature combustigorocesses,
butit is less important compared to thermal NOx formation at the higheetatapesvhich are
commonin many refinery combustion units.
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Fluidized Catalytic Cracking Units (FCCU) NOx Formation

The FCCU is a unique process where NOx formation occurs as a result of coke burn off from the
catalyst in the regenerator section of thet.uThe coke on the catalyst is the result of the
hydrocarbon feed (vacuum gas oil) he FCCU which contains nitrogdround species that form
precursors such as ammonia and cyanide as the coke is burned off the catalyst. These precursors
will further convert to NOx depending on regenerator design and operating conditions. Unlike

other refirery combustion equipment, thermal NOx is not a significant factor in the regenerator
since operating temperature i s <1, 5O0Dgtrict F. Al
currently operate in full burn mode, so NOx contribution from the CO boilendnsr are not a

concerni CO boilers are operated as a heat recovery device only and are unfired.

Fuel Type

Most, if not all, fuels combusted at a refinery are gasdaets and consist of various fuel types.

Fuel typehasan impact on NOx emissions dueverying higher heating value (HH\ontent of

the fuel. There are several fuel types that are ust#teicombustion equipment impacted BRR
1109.1.Refinery fuel ga and natural gas are the predominant fuels used at refineries within the
South CoasAQMD. Most of the refinery heaters and boilers peemitted to use both refinery

gas and natural gas. One refinery operates a CO boiler that combtsh@®@-gas fromthe FCC

in addition to refinery gaand natural gas. For the purposes of the BARCT assessiibi,stion
equipments further segregated into separate categories based on their fuel type, overall process
type, and specific application

Refinery Fuel Gas

Refinery fuel gas (RFG) is a kyroduct of the petroleum refining procemsd he predominant
fuel for most refinery combustion equipmeR®RFG is comprised of methane, olefins, hydrogen,
and BS, andits compositionvariesamongstthe five refineries.Varying composition of RFG
results invariationsin HHV which can potentiallympactthe formationof NOx.

Firing RFG will generally result in higher thermal NOx formation than firing natural gas due to
the higher flame temperatures causecdhigher hydrogerand olefin contenin RFG This is a
consideration when establishing limits for units requiring combustion modificaicmugh
application ofNOx controls such as IoMOx burners (LNB) or Ultrdow NOx burners (ULNB).
Depending on the voine of RFG genetad at each facility, natural gas is often used as rapke
fuel to the refinery fuel gas systeathich dilutes some of the hydrogen and olefin concentrations
moderating the impact on NOx emissions.

Natural Gas

Natural gas used as a fuel soriis generally ef erred t o as fpipeline ¢
composed of at least 70 percent methane by volMatiral gagontains other light hydrocarbons

such as ethane, propane, and butabesitisb e i s we ét ened o or deading!| f ur i
into a ppeline. Natural gas typically hahigher heating valugHHV) between 950 and 1,100 Btu

per standard cubic feahd does not vary as much as refinery fuel gas.

Pressure Swing AdsorptionOff-gas orPurge Gas

Pressure swing adsorption @fés or purge ga®SA offgas)is a combustion fuel source used in
SMR heaters that are equipped with a PSA system. PSA system separates and recovers high purity
hydrogen as a continuous supply for use in refinery hpdvoessing units. The remaining gas
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contains hydroge methane, and carbon dioxide which has heating value and is purgédhezut
PSAsystemandis routed to the burners of the SMR heater as a combustion fuel source.

Hydrogen Sulfide and Sulfur

Sulfuric aid manufacturing plants combust suthearing spcies to generate SOr'he SQ then

goes through a series of steps where it is converted into sulfuric acid. Hydrogen sulfide and sulfur
does not serve as a fuel source per se, but since both provide heatinghegloen act as
combustion fuel sourseThe greater the ratio of sulfgpecies are in the feedstock being sent to

the furnace, the less the demanmill be for supplemental fuel such as natural gas or refinery fuel
gas.

NOx Control Principles

In the petroleum refining industry, there are fivexNéntrol principles thatontrol technolomps
or techniques rglon. These principlearelistedin thetablebelowand discusseih the subsequent
sections

Table A-1. NOx Control Principles

Principles Description Control Technologies

Reduce Peak Flame Excess of fuel, air stream, or | Low NOx Burners (LNB), Ultra

Temperature flue gas to reduce temperatur| Low NO)g Bur_ners (ULNB), Flue
in the combustion zone Gas Recirculaon (FGR), Water
lowering thermal NOXx or Steam Injection, Staged Air @
formation Staged Fuel

Reduce Residence Tim Prevents formation of thermal Injecting Air, Fuel, or Steam

NOx
Chemical Reduction of | Chemically reducing/removing Selective Catalytic Bduction,
NOXx oxygen from NOx to form N | Selective NorCatalytic
Reduction
Oxidation of NOx with | Convert NOx to MOs using, Injection of Oxidant and remova
absorption ozone, or HO2 with with wet scrubber (LoTOX)

subsequent scrubber

Removal of N Species | Removal of N as a reactdnn | Low Nitrogen fuel, Using

the combustion process Oxygen Instead of Air
Combination of Methods above can be LNB/ULNB with SCR or
Principles combined to achieve higher | LoTOxF

NOx reduction
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Reducing Peak Flame Temperature

The deal stoichiometriair-fuel ratio of combustion produces higher flame temperatures that
generate higher thermal NOx concentrations. By avoithegdeal stoichiometriair-fuel ratio,
combustion temperatures can be reduaadthus reducing thermal NOx formatidReducing the
overdl peak flame temperature involves cooling the primary combustion zone with an excess of
fuel, air, flue gas, or steam. This principle prevents most of the nitrogen from ionizing which
lowers thenumberof presentreactantsfor the formation of NOx. Tis pinciple is typically
employed by burner contreéchnologies

Reducing Residence Time

This technique is used in boiler LNB applications by rapidly mixing and restricting the flame to a
short regionwherethe combustion aiconverts toflue gas. Thisis immediately followed by
injection of fuel, air, or recirculating flue gas. Similar to reducing peak flame temperature, the
short residence timgreventghe nitrogen from being ionized and reacting with the O

Chemical Reduction of NOx

This techniqueusesa reducing agent such as ammonia or urea to remove oxygen frontoNOXx
convert it to nitrogen and water. SCR and selective-aatalytic reduction (SNCR) use this
principle to remove NOx from the flue gas. SCRumeffective technologynost widely usd in

the refining industry and can be applied to nearly all refinery combustion souRR4 {r09.1.

Oxidation of NOx with absorption

This technique involves using either a catalyst, injecting hydrogen peroxide, or injecting ozone
into theflue gas aiflow and oxidizing the NOx where it is converted into water solubl@sNA
scrubber is added to the process whes@shé absorbed into liquid phase resulting in a nitric acid
solution that can either be neutralized prior to discharge drlsoTOxE is acontrol technology

that utilizes this principle and has been employed in F@Sideryapplications.

Removal of N Species

This principle involves removing nitrogen by using oxygen instead of air in the combustion
process. This techniquenst commonly mployed or practical for refinery applications.

Combination of Principles

Many of thelisted principles can be combined to achieve a lower NOx concentratirehthan
achievable levelby eachsingle method. The maximum degree of NOXx reduncts possiblevhen
principles are combined. For example, tbe case ofa refinery process heater, combining
LNB/ULNB with postcombustion control such as SCBan achieve95% or greater NOX
reduction if the controls are designed and engineered properly. Based aipesngata and
equipment information, process heaters vatimbinationof properly engineered NOx controls
can achieve less thanpgbmv NOx. However, availableontrol technologiesre limitedwhen
factorssuch as turndown ratio, stability of flame, avhild@y or access to burners, and costs are
taken into consideration

NOx Control Technologies

This sectionoutlinesthe control technologies thatre commercidy available and have been
implemented throughout the refining industry or other industrialiGgifpns. The technologies

PR 1109.1 Preliminary Draft Steffeport A-4 August2021



Appendix A NOx Control Technologies

are considered mature technologdfebey have been in use for more than 30 years. With advances
in computational fluid dynamics @&D) and cold flow modeling, technology vendors have
improved their understanding and have opentineir designs to function the greatest efficiency.
Control technologies can be classified into two categories: combustion controposhd
combustion control

PR1109.1 will focus on control technology options for the seven refinery source categades. E
source categorfiasits unique challenges and implementation approach which will be discussed
further in the section for each specific source category.

As part of thecombustion contrahssessmenstaff met with the three major burner manufacturers:

{1 John Zink Hamworthy Cobustions
 Zeeco
1 Callidus Technologies

All three process burner manufacturers have extensive experience in the refining sector along with
a large process burner portfolio for various refinery applications. Their products can bénfound
many refinery relag units within the South Coast Air District and throughout the world. Staff met
with all three burner manufacturers to gather insight on the current state of process burner
technologyand advancements-or SCR technology, staff metittv the two major catgbt
manufacturers and suppliers: Umicore and Cormetaath companies are world leaders in SCR
catalyst technology and provide catalyst to many industrial sectors including petroleum refining.
In addition, staff also met with SCRstgm designer CECO Pé&ess. The company has over 30
years of experience and expertise in new SCR construction and retrofit. Their SCR systems are
engineered for optimal performance that can reduce NOx emissions by up to 95%.

Combustion Controls

Combuston controls are technigs that reduce NOx by modifying the combustion zone through
installation of LNBs, ULNB, DLN or DLNE combustors, water or steam injection, and flue gas
recirculation (FGR). Control techniques employ air staging or fuel staging ¢eestio maximize

NOx reduction. This technique reduces the adiabatic peak flame temperature and is effective at
reducing thermal NOx formation. Fuel NOx is not a concern in refinery combustion equipment
since refinery fuel gas contains nearly zero nitrog@mtent If combustiormodification is not an
option for reducing NOx emissions in certain refinery applicatisugh as the FCCU and
petroleum coke calcinepostcombustion or flue gas treatment controls such as SGRCaf ,

or LoTOXE can be used teduce NOXx in the flue gas streafihis section will alsadiscussseveral
emerging combustion control technologies thdtave reached the commercial
demonstratioticensingbut are not commonly used. These emerging technologies have limited
data availableor source specific applicability. Howevethey show to be highly effective in
reducing NOx emissions in their current stage of development.
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BURNER CONTROL TECHNOLOGIES

Low NOx Burners and Ultra-low NOx Burners

There are several commercially availablertan control technologies that can be applied to

existing process heaters, boilers, or furnaces. Burners are typically classified based on their NOx
emissions as: conventional, |eMOXx (LNB), ultralow NOx (ULNB), and nexigeneration ultra

low NOx burnersHowever, there is no industry standard or clear definition of what constitutes

LNB or ULNB. Accordingtos t af f 6s recent discussions with J
ULNB can be any LNB that utilizes inteahflue gas recirculation or other advaneechniques to

control the flame temperature that minimizes NOx generation. Process burners are typically
custom designed for each application and several factors must be considered prior to selecting a
burner. Replacing conventional burners with LNB or BB often requirs special attention

because of the flame dimensions and limited space within a refinery process heater.

Staged Fuel Gas Tip
— Primary Fuel Gas Tip

Alle Plenum (Windbox)
Damper

Pilot Tip

Muffler

Figure A-1. Low NOx Burner Design

The American Petroleum Institute (API) 560d 535 provides guidelines fahefired heaterand
burners used for general refinery serviceRecommended guidelinesstablish minimum
requirements such as burner spacimgchanicaldesign, anchigher heatdensity for optimal
operation Some manufactars will guarantee ULNB performance to be gd@mv NOx from
firing refinery fuel gas, however compliance tests for recent installations shoulLiN&is operate
at <25 ppmv. Burner performance is depdent on multipléactors including burner orientation
and arrangement, firebox size, heater type (force or natural draft), and fueUsppg.burners
such as LNB or ULNB does nguaranteghe NOx levels guaranteed by manufacturéd©x
emissiondrom burnerwill vary in real world applications due to spics of the heater. Newer
burner control technology (e.g., staged fuel burner, staged air burner, flue gas recirculation burner)
will typically performs better than conventionalrbars (e.g., premix burner, raw gas burner).

It is important to note thahithe South Coast Air Distriatpostrefinery process heaters have been
retrofitted withfirst generationLNB or ULNB within the last 35 years under the RECLAIM
program andthey typically achieveNOx emission levels betwee30 and 60 ppmv. Burner
technoloy advancements make them good candgfateupgrades or retrofits to newer generation
burners.
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DRy L ow-NOx (DLN) orR L EAN PREMIX EMISSION COMBUSTORS (DLE COMBUSTORS)

Prior to combustion, gaseous fuel and compressed air araiyped, minimizing localized &t

spots that produce elevated combustion temperatures and therefore, less NOx is formed.
Atmospheric nitrogen from the combustion air is mixed with air upstrearmeotambustor at
deliberately fuelean conditions. Approximately twice as much air is $iegpas is needed to burn

the fuel. This excess air is a key to limiting NOx formatisincevery lean conditions cannot
produce the high temperatures that creagentlal NOx. Using this technology, NOx emissions
have been demonstrated at single digit8 ppmv at 15% oxygen on a dry bassjthout further
controls The technology is engineered into the combustor that becomes an intrinsic part of the
turbine designFuel staging or air staging is utilized to keep the flame within its operating
boundariesDLNi s not available as a fAretrofito techn
applicationPostcombustion control such as S@Rdthemosteffective anccog-effective option

for NOx controlin gas turbines

In gas turbine applications, DLN/DLE wdustion is based on a concept of lean premixed
combustion in which fuel is premixed with atmospheric nitrogen (from the combustion air) at the
air-to-fuel ratio twotimes higher than the ideal stoichiometric level. Premixing gaseous fuel with
combustion & before entang the combustor reduces peak flame temperature in the combustion
zone, limiting thermal NOx formation. This lean premixed combustion process hadsecome

the standard technique employed by gas turbine original equipment manufacturdts),(OE
particularly for natural gas and is referred to by a variety of trade names such as DLN (General
Electric and Siemer#/estinghouse), DLE (RoHRoyce), or SoLoN® process (Sol&r
Turbines).

The premixing chamber must be specifically designecetary turbine and integrated into the
turbine engine. Every four to five years, the combustion liners of the DLN/DLE combustors are
deteriorated and must be replaced.awliiring natural gas, most of the commercially available
systems would guarantee a lew&loi 25 ppmv NOX, dry range, depending on the manufacturer,
turbine model, and application. Gas turbines fired with refinery gas typically have at least 10
percent greateamount ofNOx emissions that natural gas fired turbines.

Water or Steam Injection

Water injectian (WI) or steam injection (SI) is commonly used in the conventional gas tudine
guench the temperature down and reduces NOXx to approximatepn®mat 15 percent when
operating on natural gas iniBID0 percent load range. Water injentiprovides geater NOXx
reduction than steam injection and corresponds to an approximate 70 to 80 percent reduction from
uncontrolled levels for utility and large turbingseratingon natural gas. However, water injection
tends to increase carbon monox{@0) emissias considerablyApplication of water or steam
injectionin turbineshas increased maintenance requirements due to erosion and wear. High purity
water is used to minimize wear and fouling on turbine components (nozzles, combustor cans,
turbine Bades).

Great Southern Flameless Heater

Great Southern Flameless (GSF) Group developed a flameless furnace technology which
accommodates all the required operational variances in a refinery idgteprovidng NOx
emissiongevelssimilar to that of alsCR. Becausrefinery heaters do not alwayserate asteady
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stat e, numer ous design features were addresse
AFl amel ess Nozzles Grouping (FNG). o0 Key featu
1 SCR level NOx emissions without traditarcombustio with an SCR. Based on the

GSF vendors, between 4 ang@mv NOx can be achieved on refinery fuel gas
1 No flame or gas impingement due to patented castable refractory dimple pattern pins

rotating flue gas to the wall
1 No hazardous bproductsor ammonia slip and improved reliabiljtgnd

1 Easy scalaip available to any required process heater size

FNG is a technology that requires heater replacement and retrofit options are cumeletly
development. Flameless combustion technology was apfoliethe first time to process heaters
at Coffeyville refinery in Kansas (capacity: ~3,500 barrels per day (lopd@013. There is no
current data available for large refinery applications (e.g., greater than 90,000 bpd).

ClearSign CoreE Burner

ClearSignCombustion Corporation has develog@d) P L E X E T e camewdedchmaogy for
reducing NOx emissions from fired heaters and boilEne. DUPLEXE technologyinvolves the
installation of a porouseramic surfacevhere combustion is sustainethe combustioroccurs
inside the poresf this ceramic tile, resulting ireduced flame heiglaind improved heat radiation.
The premixing ohir, fuel, and entrained flue gasior to combustion at the duplegramic surface
allows thecombustionto occu at lower terperatures andower reaction timewhich reduces
thermal NOx formationThe combustion igontainedwithin the porous ceramic surfacus
minimizing tube damagthat can result fronlame impingement Flame impingement iene of
the safetyconcernghatwere raised by refinergtakeholderss the reason why traditional ULNB
may not be an optionThe ceramic surfacalsoincreases th@verall heater efficiency due to
improved radiation propertied theDUPLEXE surface when compared to traditional ULNB.

Figure A-2. Conventional burner heating up a DUPLEX tile

Clear Sign Cor eE thelaesteadvancemeandredesigof the BIPLEXE
technology The redefginedClearSign Coréntroduces a ew pilotwhich simplifies the struare

and operation of the burnekdding the piloteliminated theneedof a transitionburner which
improves stability, turndown and sie making theredesignedcore a direct replacement for
traditional ULNB. The flame $ compactnd less sensitive to heat density and burner spacing
limitations commonly encountered wittraditional ULNB offerings This is ideal for existing
processheaters where current generationrallbw NOx burnersare not suitabledue to the
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arrangerent of the burner and combustion surfac€snventional ULNB typically operate 15
to 40 ppnv under ideal conditionandcan be as high as Fpmv in some casewhereburner
spacing is nobptimal ULNBs encounter flame shape issuabereas the ClearSi§h core
technology has the capability to achieve-Syipmv NOXx corrected to 3% £The core technology
is capable of &:1 turndown ratio anéchievesub-30 ppnv CO throughout the turndowrn
addition, the technologgloes not have tip plugging or foujissues commonly associated with
traditional ULNB.

Ceramic Flame holder ——— Industry Standard Pilot

Core Mixing Tube~
Assembly

Throat Nozzle

Conventional Wind
Box and Noise Muffler—

Fuel Manifold —

Figure A-3. ClearSign Core Process Burner

There is currentlya demonstration projedf the ClearSignCoreE process burnewithin the
District locatedat World Ol. TheBACT demonstratiomproject isconductedn partnership with
ClearSign, World Oil,and South Coast AQMDio demonstrate the capabilities of shdatest
generationClearSignburners. & of March 2021, theClearSign Coré burnershave been
installed and operating in a filmirner,39 MMBtu/hr vertical cylindrical heateFull firing rate
has been achievegdlith all 5 burners operatingrield installations of théechnologyso farhave
demamstrated safe, reliable performance with NOx leustween5 and 9ppmv. With further
tuning and refinemenClearSign anticipates stppnv performance on natural gas.

On Augustl12, 2020 ClearSign announced their partnership #stéco, a worldwidéeader in

design and manufacturer of advanced combnstontrols. The agrement will increase
manufacturing, product developmeantd performance testirgg the ClearSign technologyhich

has the potential for widespread use by refiners and other users. The technology has been installed
many locationsand aplications such asncethroughsteamgenerators, process heaters, and
flares and has demonstrated low NOx emissiewslsin stalde, safe operation with firing rates
ranging from 6 to 60 MMRJ/hr.
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John Zink Hamworthy SOLEX E Burner*

John Zink Hamworthypresentednformation regardingthe SOLEXE technology at Working
Group Meeting #9 on December 12,20B0LEXE is anext generatiot)LNB technologythat

is currently in developmenivhich can achieve Sopmv NOx emissions regardless of fuel
composition andurnace temperaturenaking this ieal forapplications usingefinery fuel gas

The compositiorand higher heating value (HHdJ refinery fuel gagan vary potentially lead to
higher NOxemissionsThe burner is designed with two significant combustiones to achieve

this emissions level from startup to full capacity witkarzero CO emissions. In addition, the
SOLEXE bur nerds compact f | ame -ldweN®ghurne techrmlogiee ma n'y
face in the market todaguch a long flame that cdead toflame impingement of process tubes
Achieving 5ppmvNOXx emissions has traditionally required flue gas treatment solutions such as
Selective Catalytic Reduction (SCR) systems. The SOEEXurner elivers similar NOx
emissions and performance usingyen combustion metlicand is capable of being wall, floor

or roof mounted making in applicable in various heater typkes performance for each of the
categories are summarized here:

1 NOxemissions
A Can replace the need for SCR or other NOx reducing témty
A Independent of fuel compositions >75%;, Hair preheat, furnace
temperature, operation rangsdfirebox heat density
A High predictability and repeatability
1 CO emissions
A Decoupled frontold furnace temperatures
A Nearzero CO emissions at startup anchdownconditions
1 Flame
A Lengths less than half of ulttaw NOXx staged fuel burners
A Solution for tight burner spacing arrangements
A Round or flat flame options
1 Retrofits
A Fitstraditional ultralow NOx burner footprints
A Up-fired, downfired, andhorizontallyfired

To achievehe performancehe SOLEXE burners requires advanced combustion control scheme
along with a forced and an induced draft.faahn Zink is currently working oa commercial
demonstration of the SOLEX burnerwith a facility within the Digrict.

1 John Zink Hamworthy SOLEX Burnett https://www.jomzinkhamworthy.com/wjgontent/uploads/soleburner.pdf Accessed
on July 10, 2020.
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COOLmix

/ Zone \

o AIRmix Zone O

Air Fuel
Figure A-4. John Zink SOLEX E Burner

FLUE GAS TREATMENT TECHNIQUES
Selective Catalytic Reduction

SCR technology is well-establisheénd mature technology for controlling NOx emissiddGR
is a chemical process of using a reductant like ammonia)(féitonvert NOx in the flue gas into
nitrogen (N) and water (I0) with the aid of a catalyst.

> =

Figure A-5. NOx Reductions in SCR

Overthe pasthreedecades, SCR technology has been used successfully to control NOx emissions.
The technology is considered mature and commercially available and can reduce up to 95 percent
NOXx emissions through the following reactions:

ANO + ANH+ O Y 4 M 6H0 (Reacion 1)
NO + NGO+ 2NHs Y 2, M 3H:0 (Reaction 2)
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It should be noted that, at temperature above 797°F, ammonia can be oxidized to form NO and
N20 which are undesirable reactions since NO an® Nvill ultimately convert to NOx and
increase tle NOx emissions

4ANHz; +50;Y 4 NO @ 6H (Reaction 3)
ANHz; + 4NO +3QY 40+ 6H0 (Reaction 4)

A successful SCR catalyst can facilitate the reduction of ammonia (Reactions 1 and 2) while
subsiding the ammonia oxidation reactions (Reactions 3anypically, the £R catalysts are
vanadium, titanium, and/or zeolite based, with different sizes, shapes, and operating temperatures.
New generation of low temperature SCR catalyst can achieve 90 percent NOx reduction at
temperatures lower than tradiial atalyst. Forea mp | e, U m itemnperaaui@ satalyss, w
TripleCat DNXLT (Figure 1) can achieve greater than 90 percent NOx reduction for the flue gas
between 400° and 500°F.

Conventional SCR catalysts: 5009 800°F
Low temperature SCR catalysts: 300° 500°F
High tempeature SCR catalysts: 800% 1,100°F

New Developments umicore®
Low Temperature Catalyst

MOx conversion versus temperature

Temperature, °F

TripleCat DNX-LT —g—"Standard SCR Catalyst
' |
Figure A-6.Umi cor eds TrlTpl eCat DNX

The stoichiometric amount of ammonia required is one mole of ammonia per mole of NOx reduced
(NH3/NOx = 1). Ammonia injection and mixing is critical since a noniform distribution and

mixing can result in inadequate NOx reductions and/or lead to increased ammonia emissions
(ammoniaslip). Ammonia has the potential to form secondary pollutants (BN), in the
atmosphere, especially if there are high concentratiorsulddir in the flue gas. To reduce the
ammonia slip caused by imperfect ammonia distribution and mixing, SCR catalyst manufacturers
have developedn ammoniadip catalyst a laye of catalyst mstaled downstream of the SCR
catalyst. Early generation almmoniadip catalystwere based on precious metal which is highly
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active for ammonia oxidation. The new generatiomnmoniadip catalystoffers the following
advantages:

1 Enhancing the selegt rediction of NOto N> and supporting the oxidation of CO to €0
while suppressing the oxidation of ammonia to NOX;

1 Allowing for operations at higher ammonia to NOx ratios to ensure complete NOXx

conversion;

Maintaining low ammonia slips; and

Reducing theoverdl SCR catalyst volume while maintaining the high NOx control

efficiency.

1
1

However, SCR system designers and catalyst manufacturers will generally prefer to optimize the
ammonia injection and distribution before recommendingaramoniadip catalyst sincethe
additional catalyst@ds to the cost and requires additional space. Over the years, SCR system
designers and catalyst manufacturers have enhanced their understanding of mixing and distribution
of ammonia to achieve higher NOx removal efficienct@ésmptational fluid dynamic rmdeling

and cold flow modeling are utilized to help achieve uniform ammonia to NOx distribution and
mixing in the SCR design phase to optimize SCR configuration and alleviate the need for an
ammoniadlip catalyst

The South Gast AQMD requires the use of aqueous ammonitesrs of anhydrous ammonia for

SCRs due to safety concerns. In general, agueous ammonia has lower risks and higher operating
costs than anhydrous ammonia. A larger volume of aqueous ammonia is requiredve teh

same NOXx reduction, which increases\ly costs (e.g., delivering 29 percent aqueous ammonia
includes the delivery costs of transporting the remaining 71 percent water). Aqueous ammonia
also requires either compressed air for atomization arnzgs to evaporate the water. The costs

for opeating with aqueous ammonia are approximately two times higher than the costs for
operating with anhydrous ammonia.

LoTOXE Application with Scrubber

LoTOxXf st ands for fdALow Temper @bzoe isinj@ted imtoatheifllen o pr
gas streamo oxidize insoluble NOx compoundsto soluble NOx compounds. These soluble
compounds can then be removed by various neutralization reagents (caustic ,slogipor

limestone) as well as the BELEOregeneative LABSORBF process. LOoTOXE is a low
temperature operating system in a range of 13®5°F, while the optimal temperature is generally

less than 300°F. The LoT®xis a registered trademark of Linde CL(previously BOC Gases)

and was later licensed toEBCO® of DuPont for refinery applications. An arrangement of
LoTOxE with EDV® scrubber is shown in Figure 2.

A typical combustion process produces about 95 percent NO and 5 percerBdtONO and

NO: are relatively insoluble in aqueous solution, and thusetgas scrubber is inefficient in
removing these insoluble compounds from the flue gas stream. However, with the injection of
ozone into the flue gas stream, NO and.N@n be easily oxidized to highsoluble compounds
(N20s) (Reactions 5 and 6) andissegently converted to nitric acitHNOs) in the wet scrubber
(Reaction 7). The nitric acid is readily absorbed in agueous scrubbing solution (Reaction 8) or by

2 Edwin H. Weaver, Wet Scrubbing System Control Technology for Réfie An Evaluation of Regenerative and Non
Regenerative Systems, Belco Technologies Corporationeregsat the Refining China 20@®nferenceApril 24-26, 2006,
Beijing, China.
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dry/semidry scrubber adsorbents such as limestone or lime (Reactions 9 and i)eanolvel

from the wet scrubbers. In addition, osois highly selective for NOx relative to other combustion
products such as S@nd CO and the rate of oxidizing reactions for NOx (Reactions 5 and 6) are
faster compared to CO or $0xidation reaction (Reactiorid ard 12), and thus, the presence of
SO or CO does not impact NOx removal.

NO+G:Y NG O (Reaction 5 Fast)

2NO2 + O3 Y MDs+ O (Reaction 6 Fast)
N2Os+H,O0 Y 2HNO (Reaction 7 Very Fast)
HNOs+ NaOH Ys+MNB®NO (Reaction 8)

2HNO; + CaCQY Ca @NGLO +CO (Reacton 9)

2HNO;+ Ca OH Y3)€2HO0NO (Reation 10)

S+0Y S0 (Reaction 11 Very Slow)
CO+QY COO (Reaction 12 Slow)

The LoTO¥ process requires oxygen supply for ozone generation. Unlike SCR technology which
requires ammonia storage, the LoTFOtechnology modulates ome generation on demand as
required by the process. A ratio of NOx/@f about 1.752.5 is needed to achievei®5%% NOXx
conversion and reduction. The ozone that does not react with NOx in the EofiOgess is
scavenged by sulfite in the scrubber solutod the ozone slip is in a rangezefoto 3 ppnv.

Some advantages of LoT&xpplication in comparison to SCie as follow

f LoTOxE does not require heat input to maintain operational efficiency and enables
maximum heat recovery of high temperature costibn gases.

! LoTOXxE can be integrally connected to a wet (or samef) scrubber and become a multi
component air @llution control system that can reduce NOx, SOx, and PM in one system
whereas SCR is primarily designed to reduce only NOx. )

1 There is no ammaa slip, SQ, andammonium bisulfatéssue associated with LoTOx
application.

Potential drawbacks with LoT®xinclude:

1 Significant amount of water is needed for the process and it consequently generates waste
effluent that require an effluent treatmentystem. Thus, a water supply and effluent
treatment system will need to be constructed to accommodate the E sySem.

1 Sincethe LoTOX¥ system requires high electrical power usage and oxygen demand, annual
operating costs for the ozone generator coulddbentially high.

1 Nitrates in wastewater effluent may be a concern for treatment and/or discharge of the
wastewater
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Gas Outlet

Cyclolab
Droplet
Separator

Water Spray
BELCO-F130
Nozzle

Agglomeration | Feagent&
M Make-up Water Inlet
Filtering Modules .»_J S Viarie
(AFM) -
Water Spray Spray Tower —
BELCO-G400 2 ] Absorber
Nozzle /
Spray Tower — Ozone Injection

Quench Section & Reaction (with
/ LoTOXx Process)

Flue Gas Inlet

Reagent Inlet
Purge to
Purge Treatment Unit -«
Spray Tower Recycle Pump b m AFM Recycle Pump

Figure A-7. EDV® Scrubber with LoTOxE NOx Control3

There are more thafifty LoTOXE systems installed for FCCUs, boilers, furnaces, and other
combustion equipment since 1997, and more than two dozen applications with DuPont Clean
Technol ogi esd (BEOVE<Rrabbearsisince BOB1hE#blebelowcontains a list

of the LoTO¥ appications at refineries. The EI\scrubber with LoTO% system has been in

operation since February 2007 at a 52,000 barrelsperday FCl&ldatdh s Texas City R
and at a 12,500 barrels per day FCCuwgsate Hol | vy
September 2015. Applications in FCCU in refineries nig08pmv NOX. According to the
manufacturers LoTOXE can be designedto achieve 2ppmv NOx from current inlet
concentrations (885 percent control efficiency) for FCCUShe tble below lst existing

LoTOXE installations.

3 BELCO® Wet Scrubbing Systems attps://www.dupont.com/content/dam/dumproductsandservices/consultingervices
andprocesgechnologies/cleatechnologiesandtechnology

licensing/documents/DSP_%20BELCO_EDV_brochure K24207Axtfessed on September 519.

4 Final Staff Report on Proposed Amendments to Regulation ¥&x RECLAIM, South Coast AQMD December 4, 2015, page
60.
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Table A-2. LoTOx ™ Installations

~ Exhaust NOx  NOx D
No Application Gas Flow  Inlet Outlet /0 Startup
Control Date

(scfm) __(ppmv) ___(ppmv)
1i5 | Five FCCUs in the 40,000 | 7Gi120 | 820 80% 2007

U.S. 260,000
61 7 | Two sulfuric acid 16,800 90 10 90% 2008
plants in theJ.S.
8118 | Nine FCCUs and two| 12,000 30i 250 10i 18.5 93% | 2008 2015

LoTOXE ready 310,000
installation in the U.S

19135 | Ten FCCUs, a 90,000 100350 | 2Gi 73 80% | 20122015
refinery boiler, six 390,000

LoTOXE ready

installation in China
36/ 37 | FCCUs in Thailand &| 43,000 230 250 200 73 80% | 2015 2019
Romania 135,000

UltraCat E Application )
UltraCaF is a multtcomponent air pollution control technology developed byMiat. UltraCa®
ceramic catalyst filters are composed of % inch thick fibrous ceramic tube walls embedded with
proprietary catalysts throughout the wall. UltrdCatan remove NOx, S PM, hydrogen
chloride (HCI), dioxins, and metals such as hexavalent chromium arcdmeFhe ceramic filters

are selfsupporting meaning they do not require filter cages and are described as having a service
life of five to tenyears. SOxandacid gasesra controlled via dry sorbent injection upstream of
the ammonia injection. The optah operating temperatures for PM and NOx control are
approximately 300 to 750°F. Aqueous ammonia injected upstream of the catalytic filters is used
to remove NOXx; removadfficiency is about 70 percent starting at 350°F and improves to over 90
percent beveen 400F and 800°F. Less thangpmv of ammonia slip can be achieved. A NOx
removal efficiency of greater than 95 percent is achievable in certain applications. Degtsorb
such as hydrated lime (sodium bicarbonate) injected upstream of the cathbticidi used to
remove S@ HCI, and other acid gases with a removal efficiency of 90 to 98 percent. Particulate
control is reported to a level of 0.001 grains/dcsf (2.6/Nm°) regardless of inlet loading. In
addition, mercury control is also possibleltralCaf filters are arranged in a baghouse
configuration with low pressure dr@gabout 5 inches water colulrand it has a reverse pulgs
cleaning action (the filters are back flushed with air and inert gas to dislodge the particulate
deposited on theutside of the filter tubes). The UltraCatatalytic filtering system is depicted in

the figure below
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Ceramic Filters with Embedded
Catalyst for NOx and Dioxin
Control, Particulate Capture

Urea / Ammonia Injection

Dry Sorbent for NOx Control

Injection for
S0,/ HCI
Control

Clean Gas -

Pollutant Gas =i

Figure A-8. UltraCat Filters

The technology is modular and will allow for a phased approaiiy 20 percent of the total flow
as an opportunity to demonstrate actual capability ofe¢tlenology. TrMer stated that they can

retrofit the currently existing baghouse to the Ultr&Ca¢chnology which will minimize
downtime and space constrainfdtwe facility.
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Process Heaters and Boilers

The largestategory okequipmensubject taPR 1109.1 is the boilers and process heaters category
which represents the largest NOxission sources at refineries and relatedustries. Over 60
percent of all emissions froegquipment subject tBR 1109.1 is attributable pvocess heaters and
boilers. Process heaters ardirectfired heaters designed to supply the heat necessangédia
temperature of feedstock to thetdiation or reaction levels. Boilers are combustion sources used

to generate the steam necessary for plant operations. Steam is primarily used for heating,
separating hydrocarbon streams, hydrogen productiomppisiy medium, andproducing
electricity byexpansion through a turbinéhe design and arrangement of a fipedcess heates

different from that of a firethoiler, so the challenges associated with installing NOx controls may

be different. For example, in a boiler, the number and size of a&bisrdifferent from that of a
process heater antldoes not typically encountéine firebox size and spacing constraititse

those found in some process heaters. However, boilers and process heaters are similar in that they
are both combustion deviceshish burns fuel and most control technologies developed for
controlling NOx emissions are applicable to both.

Due to the vaety of boilers and process heaters, tinets were segregated into six major
subcategories prior to conducting the BARCT assessasestiown in the figure below.

Process He
Boil er s

l l

Sulfuric Acid PantHeaters

Boilers Steam
(excludes Steam Methane FCcU * *
Process heat Methane Reformer Startu Startuo/
Heaters recovery Reformer Heater Heat erF; Shutd oSvn
& CO Heaters with Gas Furnace
boilers) Turbine Hea'_[ers &
Boilers

Figure B-1. Six major sub-categories of Boilers & Process Heaters Category

Each of the large boiler and process heater subcategories were divided into srejiaiesa

based on size or maximum rated heat input in order to conduct @ gnanular BARCT
assessment. Equipment was also grouped into subcategories to reflect the applicable technology
control options. Staff divided the boilers and heaters into foegoas asdescribed irthe table

below.
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Table B-1. Boiler and Heater Size Categories
Heaters and Boilers Size
Categories
< 20 MMBtu/hr
Q0 to<40 MMBtu/hr
&40 toQL10 MMBtu/hr
>110 MMBtu/hr

Process Heaters

Process heaters are dirdced heaters designed to supply the heat necessary to raise the
temperature of feedstock to the distillation or reaction leWrela fired process heater, fuel and air

are combusted in a firebox to produce heatighftinsfered to process tubes containing process
fluid.. Process heaters are used in various processing units throughout the refining industry and
have many applications heaters are specialized based on their processing unit location and
application.Examples of gecialized applications include steam methane reformer (SMR) heaters
located in hydrogen plants and sulfuric acid furnaces located in sulfuric acid, glactsare
designed for different purposes and each will combust different fuel typesu&hburnedn an

SMR heater may be refinery gas, natural gas, pressure swing adsorption (R§43 off a
combination of these fuel3he combustion fuel in a sulfuric acid furnace can consist of sulfur,
natural gas, refinery gas, and hydrogen sulfidee size ancdhumber of burners will also vary
greatly An SMR heater can potentially have over 350 small burners whereas a sulfuric acid
furnace will have two large burners. Each burner type will have different design requirements for
the intended appli¢en and diferent associated costs.

Boilers

Boilers are combustion sources used to generate the steam necessary for plant opepatiens.
converts wateinto steanthrough combusting and convertiaduelinto heatwhichis transferred

to the contaiad waterandultimatelyis converedto steamSteam is aimtegralpart of refinery or
industrial operationandis primarily used for heating, separating hydrocarbon streams, hydrogen
production, stripping medium, and produce electricityekgansion thsugh a turbine.

There are two main categories of boilers:

1 Fire Tube Boiler§ consist of a syyem of tubeghrough which the heat source passes. The
tube containing the heat soe is surrounded by watevhich gets heated as the tube
temperature risegventually, the watelis converedto steam and gets released

1 Water Tube Boiler§ in contrast to fireube boiles, these boilergonsist ofa series of
watercontainingtubessurrounded antieatedoy hotcombustiongasesThis isthe most
common typeof largeboilersfound inrefinery applicationdbecause very high pressures
canbe obtained
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Safety
vaive Saturated
Saturated steam outiet
steam Superheated
Steam steam
drum
Boiling Exhaust
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Figure B-2. Water Tube Boiler

Two other types of boilers used for steam generation are heat recoveng laoite carbon
monoxide (CO) boilerdHeatrecoveryboilers are excluded from the boiler category since éney
unfired units that do not generate any NOx emissibhere is one CO boiler located in the South
Coast AirDistrict which iscurrentlyunfired and opeatedas aheat recovergeviceused for steam
generabn. However, the CO boiler isquipped with LNB andapable of firing If the CO boiler
fires and becomes a combustion soutise emissions will be aggregated with the emissions from
the RCC unit and will be subject tthe NOx limit for the FCCU category.

The other type of unfired heat recovery boilersumedin the exhaust section of a gas turbine and
commonly known as a heat recovery steam generator (HRSG). These types of boNersheto

from the exhaust of a gas turbine to produce low, medium, andphégsure steam. Another
category of unfired boilers is waste heat boilers which similarly recover heat from process flue gas
streams to generate steam. These types of units aeeatigtocated downstream of furnaces or
heaters and can be found throughout the facilities such as coke calciner, sulfuric acid plants,
hydrogen production plants and sulfur recovery plahitgese typs of unfired units have no
combustion source and henag NOxemissions.

Steam Methane Reformer Heaters

Steam methane reformers are specialized process heaters used in hydrogen production. SMR
heaters burn fuel (PSAffjas, natural gas, or refinery gas) to generate foe the endothermic
reforming reactionof hydrocarbon and steam over a niekaked catalyst. As a result, SMR
heaters typically operate at a higher temperature than traditional process heaterd-j2ytich

has the potential for higher N@xmissionsThe burner arrangemesialso uniquen SMR heaters.

They can be either dowfired or sidefired andthe number of burners can be over 350 burners in
some cases.
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greater than 110 MMBtu/hr in size

Steam Methane Reformer Heater with Integrated Gas Turbine

Thereis a special case arrangement where an SMR heater is integrated with a gasTinebae.

is one refinery subject R 1109.1 where thiarrangement exists atigerefore, this unibas been
segregated into its own subcategory. In a typical gas turbine, natural gas is fired in the gas turbine
and the hot exhaust stream is normally serst KRSG, where the heat is recovered to generate
stean i this is known as combined cycle operation. However, when an SMR heater is integrated
with a gas turbine, part of the hot exhaust stream from the gas turbine replaces the furnace
combustion air whiclincreases thermal efficiency. This provides predgtair into the furnace

thus reducing the fuel demand to the SMR heater. This is typically referred to as integrated
operation. For this arrangement, only a portion of the gas turbine exhaust is useatesis h
combustion airThe remaining gas turbine exisiwcombines with the SMR heater exhaust prior

to exiting the stackas a result, the NOx emission is corrected to 15% and not 3% oxygen like a
typical SMR heater. The SMR heater in this special arrangeismequipped with combinatiaf

NOx controls, LNBand SCR, which allows the unit to perform at less than 5Svgp@x at 15%
oxygen.

FCCU Startup Heaters

Startup heaters or direfited air heaters are typically used in Fluidized Catalytic Cracking Units
(FCCU) in petroleum refineries. These types of heatme primarily used during startup
operations to heat the catalyst bed in the regenerator section of the FCCU. Once the catalyst bed
is heatedup tothe desiredtemperature or during normal operatidme heater is not fired and air

flows directly througtthe regenerator through the air heater without being heated. These heaters
are not often used some are only used once every five years
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Sulfuric Acid Plant Startup Heatersand Boilers

There are two startup heaters and one-gfatioiler located at sulfic acid plantsvhichare used
as part of the startup cycle. The heaters are used ftvepteng the furnace and converter catalyst
during cold startups after an extended maintenan@gelu®ne facility has a startup boiler that
provides steam when tmeain furnace is down steam for thelantis primarily generated from
the waste heat recovery boiler after the furnace.

Sulfuric Acid Furnaces

Sulfuric acid furnaces are another specaigubcategoryf heates that are utilized at sulfuric

acid plantso produce sulfur dioxide gas which ultimately is converted into sulfuric acid. There

are two sulfuric acid furnaces PR1109.1, and both are spent acid regeneration furnaces. These
types of furnaces are primrused for decomposition of spent sulfuaicid generated from the
refineryods alkylation process. F e edooritamiok or r
streams and are fed into the furnaceodsawcombus
materials may include spent acid, hygen sulfide, liquid sulfuandhydrocarbon at various ratios.
Hydrogen sulfide and sulfur both provide heating value when used as raw materials, however
hydrogen sulfide has a much higher combushieatthan sulur. This difference irthe ratio of

sulfuror hydrogen sulfide to spent acid affects fuel demand and NOx produced in the regeneration
furnace.

BARCT Assessment
Assessment of South Coast AQMD Regulatory Requirements

As part of the BARCT assessment, stadliewed existing South Coast AQMD regulgtor
requirements that affect NOx emissions for combustion equipment at petroleum refineries and
facilities with related operatienThe combustion equipment within the refining sector consist of
sevenmain source ctegories. Staff evaluated NOx limitarrertly achieved in nomefinery
settings forthe purpose otechnology transfer, source specific regulations, and regulations
affecting specific equipment (e.g., boilers and heaters). NOx emissions from boilersased h

are regulated under several ruleg;luding Rule 1146 Emissions of Oxides of Nitrogen from
Industrial, Institutional and Commercial Boilers, Steam Generators, and Process Heaters; and
Regulation XXi Regional Clean Air Incentives Market (RECLAIMRegulation XX). The
previously applicableNOx systemwide standarslarelisted inthe following tablesTable B-1
summarizes regulatory NOXx limits ftine existing norrefinery boilers and heaters in the South
Coast AQMDand Table B-2 liststhe RECLAIM BARCT limits for refinery and nomefinery

sector heaters and boilefche RECLAIM BARCT limitsestablishe@re not actual limits imposed

one each individualinit, but an assumptioof what of what eachinit can do to meet the shave
targets thus a&tual limits that the unitmay have to meet be highéhan the BARCT limits
determinedin the assessment. RECLAIM offered facilities the flexibility use RTCsrom
overcontrolling another unit or shutting down equipment.
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Table B-2. South Coast AQMDNOXx Rules and Limits for Heaters and Boilers
Rule 11461 Emissions of Oxides of Nitrogen from Industrial, Institutional

and Commercial Boilers, SteamGenerators, and Process Heaters

Equipment Size NOXx Limit
>75 MMBtu/hr 5 ppnv
>25 but <75 MMBtu/hr 9 ppnv

Table B-3. South Coast AQMD RECLAIM NOx Assessments for Heaters and Boilers
Refinery Sector Limits and Assessments

2005 RECLAIM BARCT

2015 RECLAIM BARCT

2005 RECLAIM BARCT

Boilers and Heaters: <20 MMBtu/hr 12 ppmv N/A
Boilers and Heater<20i <40 MMBtu/hr 9 ppnv N/A
Boilers and Heater€10i OL10MMBtu/hr 25 ppnv .
Boilers and Heaters: > 110 MMBtu/hr 5 ppnv 2 ppmv at 3% ©

Non-Refinery Sector Limits and Assessments

2015 RECLAIM BARCT

Utility Boilers at Electric Power

Generating Systems 7 ppmv

Boilers 9 12 ppnv No newBARCT
Heaters 60 ppnv No new BARCT
Heat Treating Furnaces: > 150 MMBtu/ 45 ppnv 9 ppmv at 3% @
Glass Melting Furnaces 1.2 Ib/ton 80% reduction

Assessment oDther Regulatory Requirements

Regulabry requirements of South Coast AQMD and othedgiricts are compared to ensure that
proposed limitainder PR 1109.4&re not less stringent and to evaluate the current performance of
similar units in similar i mdlimistorheasess.and®dildrse r
are shown inthefollowing tables

ai

Table B-4. Bay Area Air Quality Management District
Qua anagement D
Regulation 910-301
NOx Limit i Operating Day (ppnt)

Ba Area A

Description
RefineryWide NOXx limit for boilers, steam

generators and process heaters, excluding C 30
Boilers
*Converted from Ib/MMBtu
Table B-5. San Joaquin Valley APCD
Rule 4300 Bolle £ enerato and Proce eaters’nase
Refinery Units Operated on Gaseous Fuel Operated on Liquid Fuel
(MMBtu/hr) NOXx Limit CO Limit NOXx Limit COLimit
(ppv) (ppmv) (Ppv) (Ppmv)
510 65 30 400 40 400
6510 110 25 400 40 400
>110 5 400 40 400
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Assessment of Emission Limits of Existing Units

Mostunits within theprocess heateesd boilers categomgrecurrentlyregulated under RECLAIM
andmostunitsratedgreater than 4MMBtu/hr do nothaveany existingpermit limit. In cortrast,
mostunits ratedless than 40 MMtu/hr have permit limis. Permit limits, source test data, and
emissions data submitted to staftthre facility confidential surveys were analyzed to identify the
emission levels being achieved with existing tecbgg! Current and emerging technologies are
assessed to determine the feasibility of achieving lower NOx emission levels. An initial BARCT
emissionlimit is proposed basedn the BARCT assessment. Costs are gathered and analyzed to
determine the cost forunit to meet the proposed initial NOx emission lidasteffectiveness
calculation considers the cost to meet the initial proposed NOx limit and the reductions that would
occur from implementing technology that could meet the proposed limit. A final RBA
emission limit is established based on the BARC3essment, including the cesffectiveness

and incremental cosdffectivenessnalysis.

Process Heaters

Thereis a total of 139 units in the process heater category astlunits lesgshan 40 MMBtu/hr
currently havea NOx permit limit that ranges from 15 to 40 ppmv. Urdsgerthanor equal to
40 MMBtu/hr typically do not have a permit limit, howevemits that have &NOx permit limit
rangefrom 5 to9 ppmv These lower NOx carentrations are usuglachieved with the operation
of postcombustion controls such as SCRs.

Boilers

Thereis a total of 28 boilers ithis category Most units less than 40 MMBtu/hr currently have a
NOx permit limit rangingfrom 9 ppmv to 40 ppmand are fueled by naturalg®ver half of the
units larger thamr equal ta40 MMBtu/hr, do not havea permit limit and no NOx control.Only 8
units currently have SCRsstalledand theilNOx permit limits range from 9 to 17 ppnNOX.

Steam Methane Reformer Heaters

All 11 SMR hegers inPRL109.1 are large heatdigatrangein sizefrom 146 to 93IMMBtu/hr

for this subcategorylhere is one special case located at one refinery where the SMR heater shares
a combined stack with an auxiliary boiler. The boiler provides steam foetbening process

butthe SMR heater has a slightly higher firingydtiian the boile(145.97 MMBtu/hr vs. 139.5
MMBtu/hr). The SMR heater has a higher NOx potential so this special unit with a combine stack
will qualify for the conditionallimit of 7.5 ppnv i this unit is currently performingt 7.2ppmv.

Most of the SMRheaters in this category are currently equipped with NOx emissions control such
as LNB and SCR majority are performing at 5 ppwor less at 3% oxygen.

Steam Methane Reformer Heaters vth Gas Turbine

There is one refinery that operat@s SMR heaterwith an integated gas turbinand will be
categorizeds its own sufzategory The arrangement and operation isquiei when compared to
other SMR heater§heSMR s equipped with.NB and SCR andcurrently meeting the proposed
BARCT of 5 ppmv at 1% oxygen
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Startup Heaters

There are five heaters in this category and annual emissions from this category i9dh8G29
day basedon 2017 annual emissions daOx controls for his categoryof heates is not cost
effectiveat $1.7 MM per ton of NOx reduced and will have a lose exemptionThe startup
heaters are associated with the FC@bg only used during FCCU startups.

Sulfuric Acid Furnace

There are twdurnaces in theategoryand botthave a batinputgreater than 40 MMBtu/hr. Both
furnaces operate below 30 ppMOX.

Startup Heatersand Boilers at Sulfuric Acid Plants

Each of the twdulfuric acid planthave startup heatersShe startup heaters are ugecheat up
the catalyticconwverter during periodsf unit startup Only onefacility hasa startupboiler thatis
only operated when the facility is down for maintenance.

Table B-6. Emissions of Existing Units
Total 2017 NOx | NOx in Exhaust Flue

Size o
Emissions Gas@ 3% O,
MMBtu /hr
( ) ) (ppmV)
ProcessHeaters 5.5 to 550 5.06 1.7t0 134
Boilers 14.7 to 352 2.56 4.5t0117
SMR Heaters 146 to 785 1.02 1.5to0 66
SMR Heater with Gas 316t0 931 0.08 4.49
Turbine
Startup Heater 26 to 165 0.003 11.2
Sulfuric Acid Furnace 73.6 to 150 0.10 231028
Startup Heaters and
Boilers at Sulfuric 15 to 50 0.001 2910 94
Acid Plants

@ Corrected tdl5 percent oxygen
Assessment of Pollution Control Technologies

As part of the BARCT assessmengfconducted a technologysessment to evaluate available
NOx pollution control technologies for all categories. Staff reviewed facility provided survey data,
CEMS data, scientific literature, vendor information, and strategies utilized in practifalSia

met with technology maufacturers to evaluate the technical feasibility and current capabilities of
the NOx controls. Staff also conduct&@ site visits to assess any potential challenges and cost
impacts of implementing NOx controls. For the boil and process heaters catggataff
identified two major NOx technologies, ULNB/LNB and SCR. ULNB/LNB can be classified as
combustion control and SCR pgstcombustion control.

In most cases, pesbmbustion technologies may be utilized in conjunctath combustion
control technologies to achieve maximum NOx reductidmsimizing NOx formation at the
source will in turn reduce the NOx inlet to the SCR. A well designed andesrgd SCR can
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achieve up to 95% reduction efficiency and by employintp lbarner control and SCR will
achieve the maximum degree of NOx reduction as required by BARCT.

Mostof the process heaters in the category are equipped with first genefdBoAdvancements

have been made over the last 30 y¢laas havemprovedtheir performance. Newat generation

of burnercontrol will typically yield NOx in the20 to 35 ppmv rangewith RFG Based on
compliance tests of recent ULNB installations at a loefahery, NOx can be in the low to mid 20
ppnv range The latest SCR témology with proper engineering and design can achieve up to 95%
removal efficiencyi both based on recent permit applications at an existing refinery. One of the
challenges of LNB/UNB is that some heaters are not suitable for LNB/ULNB retrofits due to
specific constraints of the heater such as firebox arm#floor spacing, turndown requirements,
and proximity to process tubes.

To assesperformance oéxistingburner performancetaff evaluated existing heater performance
for units with burnercontto onl y. The tables bel ow shumemar i ze
installedon processheaters

Table B-7. Burner performance based on age using refinery gas

Burner Observations for Existing Heaters (Refinery Fuel Gas)
Traditional Burners (Premix or Raw Gas) Highest NOx (75 to 134 ppw
>25 years oldLNB/ULNB) High NOx (60 to 80 ppw)
<25 years old (LNB/ULNB) Low NOx (20 to 47 ppm)

Based on current data and information, ofitst geneation LNB/ULNB installed in thel98 0 6 s
or 9 0e8 8ot pertbron as well as newer generation LNB/ULNB. Meetimgth burner
manufacturers confirmed that recent generation designs have improved burner performance over
the last 30 years.

Table B-8. Percentage oheater with existing burner control

Existing Heaters (Refinery Fuel Gas)

Heater Size Category Percent of Equipped with NOx Range
(MMBtu/hr) LNB/ULNB (ppnv)
<20 88% 20 to 40
Q0 to <40 90% 15to0 80
&40 toQL10 83% 17 to 70
>110 97% 2210 70

Based on the information in the table above, many of the heaters are already equipped with burner
control technologyand it issuggestd thatthe LNB/ULNB in existing heaters are designed and
installedin accordance with the American Petroleum Institute (API) 560 recommended guidelines
for fired heater refinery service. Thus, retrofitting these existing burners to the latest generation
LNB/ULNB should not require major modifications.

SCR technology dieves the highest NOx removal efficiency and is commercially available. The
technology is proven and utilized throughout various industries for NOx control. Catalyst
technology has advanced owire last 30 years and along with understanding of ammonia
injection, tuning, mixing/distributiont hasgreatly improved the performance of the system. Most
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SCR manufacturers will use CFD and Cold flow modeling to maximum mixing. Based on recent
permit gplications at one refinery, a 96% reduction efficiencylmaachieved with a single layer.

Initial BARCT Emission Limit and Other Considerations

The recommendation for the BARCNIOx emission limitsis established using information
gathered from existinouth CoasAQMD regulations, existing units permitted $outh Coast
AQMD, regulatory requirements for other air districts, and the technology assessment. Both
retrofit and new installations are considd. Once the initial limits are established, a -cost
effectiveness determination is made at that initial lifhithe initial limit is not costeffective, an
alternative limit may be recommended. Unique circumstances are taken under consideration to
distinguish alternative limits or to create provisions in the rule to address equipment that would
otherwise not be asteffective. Based on conversations with technology vendors and recent
installations, staff concluded thatppmv NOxis achievable. Newer geration LNB/ULNB can
achieve30 to 40 ppmvNOXx and if a properly designed SCR system is applied that can achieve
95% reduction, 2 ppmis technicallyachievable.

Cost-Effectiveness and NOxControl Technology Cost

For process heaters and boilers category, staff determined that the most effective technologies for
reducing NOx emissions is a combination of LNB/ULNRI&BICR. This is based on the concept

that reducing the NOx at the point of generation will reduce Nt into the SCR, thus a lower

NOx in the SCRoutlet These two technologies when engineered and designed properly can
achieve 2 ppmNOX. In order to @gmate total installation costs (TIC) for a SCR, staff used the

U.S. EPA SCR cost spreadsheet. Theagsheet uses input parameters to generate an estimated
TIC. TIC is then used to calculate the eeHectiveness using the DCF method described
previousy. However, one limitation to U.S. EPA SCR cost spreadsheet is that it was originally
designed and bed on the electric power generating settgas turbines SCR installations. Total
Installation Cost (TIC) for SCR installations in the refining sectaor lsa up to 10 times more
expensive due to the limited space within processing units; some faciliies gerformed
elaborate SCR engineering designs to install their SCRs. As a result of space and engineering
requirements, TIC cost that a refinery incimsreases significantly compared to the electric power
generating sector. To reflect the actual TICSER installations in the refinery sector, staff
modified the U.S. EPA SCR cost spreadsheet using actual TIC estimates provided by the facilities.
Stafonsul ted with U.S. EPA Air Economics Group
revisionoftheSCR cost spreadsheet. Staffds revised m
reflect the change for the refinery sector.

Staff receivedwo series otostsdatasubmitted byfacilities, in 2018and 2021 The firstcost data
submissiorin 2018by facilities consisted of datir 80 SCR projects, however staff excluded any
provided costs that were for SCR catalyst replacementsiotypical SCR catalystequires
replacement every 4 to 5 yeansdis consideedan operation and maintenance (O&M) cost. The
costsin the first submissionvere a mix of conceptual design cost estimates58% accuracy)
and detailed engineering cost estimates 1®/accuracyjor projectsdue to the 201RECLAIM

NOx shave Staff asumed all costs received from facilities included capital, engineering,
construction, tax, and shipping. In addition,salbmittedcoss wereassumed to include increased
labor costs associated witSenate Bill (SB) 54 which requires refineries to use unionized
construction laborProvided TCI costs were in different yearand thereforestaff escalated all
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cost at 4% inflation to 2018ollar year to ensure costs were equivalent to one anothéowBe
the distribution of cost received based on equipment size.

Heaters & Boilers Cost Estimates from Facilites
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Figure B-4. SCR TIC costs provided by facilities versugorresponding heater/boiler sizes

Consistent with the methodology usedU.S. EPA cost spreadsheet, staff used the cost data
provided to generate a cost curve below bydiing the TCI by the heater size to determine a cost
per MMBtu/hr. Once the cost ote was generated, the cumguatiorwas used to revise the total
captal investment equation used in the U.S. EPA SCR cost spreadsheeatquatiorand cost
calculationused in the U.SEPA SCR cosspreadsheas based on th8.6 power factor ruler

A Rle of Sixte n t.IS@mfbdiscussedhe methodologyf revisingthe speadsheein Working
Group Meeting #®&nJune 27, 2019 and Working Group Meeting #9 on Deced®&019Q The
SCR spreadsheet was used to estimate cost fomurete coswere notsubmitted to staff If the
facilities provideccost for aunit, staff use theprovidedcostsn the costeffectiveness calculation.
Some costsvereprovided for multiple heaters venting a common SCR-or these heaterstaff
summed the heat inpfdr all heaters andividedthe sumby the total cost for the SCRIsing the
Rule of sixth tenths or 0.6 power factor rulleelow), acost fora projectcan be estimatedased

on a knowncost This methodology forms the basi$ the SCR cost modehat was used to
estimate cost for SCR projects at refineries.
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EPA cost calculations based on 0.6 power factor rule

From facility submitted cost estimates, a new cost curve was
generated and used to revise U.S. EPA SCR cost spreadsheet

Cost more reflective of affected refineries

Cost curve

= $ per MMBtu/hr vs. heater size Cs = 22‘:‘2‘;’;:‘”;2:?;3:;;2‘3 .
H B
" Power curve fit (MMBtu/hr, hp, scfm, etc.)

Some cost were for multiple heaters venting to common SCR

= For these heaters, summed the heat input for all heaters and C,= known cost($) of equipment
divided by total costs having corresponding size

5 S, (same units as S
New cost curve generated provides: 4 o)

= “N” the size exponent (Ss/S,,) = ratio size factor

= “C,, the known cost of equipment of corresponding size ' _
N = size exponent (varies 0.3 to

>1.0, but average is 0.6)

Figure B-5. Rule of Sixtenths (0.6 Power Factor Rule)

The Rule of Sixenthsor 0.6 powerfactor rule is an equipment cost estimating method
determine an order of magnitude estimatady estimate, or preliminagstimateand serves as a
cost indicatorat an early stagef thedesign.The rule of six tenths is not meao bea definitive
or detailedestimate of a project, thosee major undertakings that requaenducting a detailed
engineering study anabtainhg formal quotesind competitive bids from venddi® the project
scope.The rule of six tenthgs a ratio and proption estimating methgdatio assumes that the
relationship betweethe two thingsuch as quantity, size, or amouprioportionassumeshat the
two items are similar only differing in magnituddsing the Rule of 8-tenths approximate costs
can be obtained if the cost a similar item of different size or capacity is knows part of the
revised cost estimates provided to stdfé facilities providedsomecosts for actuabCRprojects
thatare nearingcompletionor currently in constructionphasei these weraletailed estimates
And provided a indication of a typical SCR projecbst. However, majority of the cost weee
mixture of project scoper order of magnitude cobtut b a s e dreviewnof tNeEc@sbdata
corsidered the cost datcceptable and reasonalgensidering potential complexities of SCR
instalations.

Once stafseparaté&SCR projects, ULNB/LNB projects, and oth@ostcombustion projecisstaff
proceeded tal et er mi ne t h ¢hat isNare repregemtative rof the actual cost data
provided Thel N0 entip thenseze factoused to ratio andstimate cost from a known cost.
The size factor exponent will wafrom 0.3 to 1 but on average is near 0.6, hence tReesith or

0.6 power faair rule.1 n or der t o derporentstff plated tthkcest datdN and
generated a power curvath all the cost data for a specifdOx control(Figure B-5 and B6).
From the power curyean equation was obtaineohd the exponentn the equation s t he
exponentused to revise thEPA SCR cost moddhat will be used to estimat&CR costs The
equationgenerated from the ULNB/LNB costiore will be used to estinta burner costs.
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(Updated)

nstalled Capital Cost (S/MMBTU/hr)

Figure B-6. Cost curve used to revise U.S. EPA SCR cost spadsheet

Staffds initial aascenebmnaiomeohLNB and 8GR Ican cdaehigve P ppent
Staff also conclude thatsince 90%of existing heatersurrentlyhave LNB or ULNBinstalled
there shoulahot beanymajor issue$o upgrack to newer generation burner technologygraded
burnes will reduceinlet NOx emissions to the SCihdwill yield between 30 to 40 ppv NOx

in heater applicationsStaff concluded that burner control is feasilide most units and when
applied in combinabn with aproperly engineere8CR it can achieve 92% or greater reduction
and thus?2 ppnv is technically feasibleStaff added thadditional cost of burner control to those
units that required greater than 92% reduction efficiency.

Forthe cosbof burner control , staff used a similar approach to estirtiatcostof SCRs. As part
of thefirst costdata submittaktaff requested|C from facilities forexistingLNB/ULNB projects.
Facilities provided cost estimates for 13 installations and costass ranged from $1.6MM to
$9.8 MM. Costs werdalivided byunit size and plotteds a powecurve Figure B-6 demonstrates
the curve thbwasgenerated and used to estimate burner control farsastypical process heater
andboiler application.

Burner controk for SMR heater applicationare slightly differentin designfrom that of a
traditional process heater or boileBMR heaters perate at a higher temperature than a typical
process heater and fuel can potentially contain up to 30% hyd(@$Roff gas)which will
typically yield higher NOx at the burners. NOx can range from 40 to 5@ ppoms staff concluded
that a5 ppnmv NOx limit is appropriate for the SMR heater categatyen SCR is applieds a
NOX control option In addition, SMR heaters typically have a larger number of burners when
compared to a traditional process heater, so TIC will be higher
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Refinery Low NOx Burner Installed Cost
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Figure B-7. LNB/ULNB Cost-Curve Usedto Estimate Burner TIC For Boilers And Process
Heaters

Staff generated the cost curve in Figur& Based orthe costestimateprovided byfacilities and

meeting withburner manufactursthatspecializin SMR heateapplications The manufacturers

stated that typical costs for an SMR heater LNB retrofit are typically twice the cost of traditional
process heater LNB retrofit, so staff mate adjustments in Figure-Bto reflect tlose costs.

Figure B7 shows the cost curve generated for a traditional refinery process heater versus a SMR
heater andt showst hat staffds overall cost esti mates
typically be twice as much as a traditional processdnesgiplication. The cost curve was used to
generate cost estimates for units requiring LNB retrofits for SMR heatarsts that require

greater than 92% reductiddowever,since mosbf the heaters in theMR category are currently
equipped with some fm of NOx controlor LNB, staff anticipates thanostof themwill only

require an SCR upgrade. For the cost of an SCR upgrade, staff estimated the cost to be 25% of a
completely new SCR retroftndassumed 40 percenincrease in O&M to account famcrease

cost of catalyst replacememeagenusageand electric. This cost assumption for an SCR was
alsoapplied to allprocess heaters and boilé¢hat require an SCR upgrade to meet the proposed
BARCT. Staff used the modified U.S. EPA SCR cost madejenerate a cost and then used 25%

of cost generated for SCR upgrade costs. However, based on comments received from NEC, staff
updated the SCR upgrade cost estimates. Staff initially estimatdtidlasts for a SCR upgrade

would range between $4 MM $7.1 MM but updated the range to $7.5MM to $10MM based on
NECH suggestion. Staff updated the ceffectiveness for SMR category based on the new cost
estimates.
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SMR Heater LNB Installed Cost
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Figure B-8. LNB cost curve for SMR heaters versus traditional heaters

Once staff established the cadtimatemethodology thatvas representativeof the refining
industry, staff proceeded with the ceftectiveness analysisStaff condweted separatecost
effectiveness analysior the boiler and process heaters categoFor both costeffectiveness
analyss, if a facility provided cost estimates for a specific usiaff usd that cost.Staff only
applied thepreviously outlineccostestimate methodology the cost for aunit wasnot provided
T approximately75% of the costised in the analysis were provided by facilitidsefirst or initial
cost effectiveness analysigas based on the first b data submissionand the second cest
effectiveness analysis based on thgecond ostdatasubmissiorin March 2021.

Initial Cost-Effectivenesdor Boiler and Process Heater Category

Basedon the first costatasubmission gaff presented thénitial BARCT assessmerfor the
process heaters and boil@md/Norking Group Meetingt9 on Decembed 2, 2019 andé follow up

in Working GroupMeeting 10 onFebruary 182021 At WGM #9, staff establishedhe 2017 as
the baseline yedor emissionsThe 2017 baseline was established based on the most recent data
available at the start of the emhakingprocessFurthermoregduring discussionat Working Group
Meeting #8held onJune27, 2019 staff presentethe methodology to calculate operationalpe
(maximum NOxconcentratiopfor units that did not hava permit limit. The permit limit and
operatonal peakwere used to calculate cosffectiveness for each categorStakeholders
expressed concern anequested that staff useinual averagstack NOx concentratioreported
in the 2018 surveyasthe basis for the costffectivenesgalculationrather than the permit limits
or operational peakroposed by staffStakeholders stadehatit is more represntativeof unit
operationand should behe basis for the cosiffectiveness calculatiorstakeholders expressed
concernthat use of permit lims or operational peakan potentiallyoverestimatéhe emissions
inventory and did not support using ogoral peak or permit limitdor costeffectiveness
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calculations.The tables below showthe intial costeffectivenessaralysisbased on the firstost
submissiorfor processheaters and boilexsategory

Table B-9. Initial Cost-EffectivenessAssessment for EacliHeater Class and Category
Heaters CostEffectiveness (First Cost Submission)

2 ppmv 9 ppmv 30 ppmv BARCT
Limit (ppmv)

Heaters (<20 $308,000 $212,421 $276,000 40/9
MMBtu/hour)

Heaters (20 - <40 $84,000 $78,000 $50,000 40/9
MMBtu/hour)

Heaters (40- Q110 $56,000 - - 2
MMBtu/hour)

Heaters (>110 $40,000 - - 2
MMBtu/hour)

Table B-10. Initial Cost -Effectiveness Assessment fordeh Boiler Class and Catego
Boilers CostEffectiveness (First Cost Submission)

2 ppmv 5 ppmv 9 ppmv BARCT
Limit (ppmv)

Boilers (<20 $94,000 $68,000 $56,000 40/5
MMBtu/hour)

Boilers ((20- <40 $512,000 $413,000 Achieved 40/5
MMBtu/hour)

Boilers (40- Q110 $50,000 -- -- 2
MMBtu/hour)

Boilers (>110 $19,000 -- -- 2
MMBtu/hour)

Theinitial costeffectiveness analysfer boilers and pcess heatedeterminedhatfor units less
than 40 MMBtu/hr it wasnot costeffective to go to 2 ppm 5 ppnv, and9 ppnv due to the low
emission reductionsStaff proposed a BARCT limit of 40 pprsince all unitsless than 40
MMBtu/hr are currently performingt or have permit limitsnear 40 ppm. However,staff also

proposed a future BARCT limit & ppnv for heatersand 5 ppra for boilersonce thecurrent
burners reacthe end of their useflife or when 50% of the burnerkdat input) is replacedhe

facilities will incur some cost to upgradtiee burners butmostof the cost will already bimcurred

due to end ofuseful life replacemenihis assessment is based on emerging technalogly as
ClearSigd" and Sole€ from John Zinkwhich can achieve single dighlOx emissions
However,process heaters and boilarger than or equal @0 MMBtu/hr were costeffective to

go to 2 ppm, so staff proposed a BARCT limit of 2 pprfor the largeprocessheater andboiler

categorybased oracombination control technologhat utilize both ULNB and SCR.
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Technical Feasibility of Proposed BARCT limit of @pnmv

Staff contracte two engineeringconsultantsNorton EngineeringConsultand (NEC) andFossil
Energy Research CorporatidfERCo0). Eachconsultant wagaskedto conduct a separate
independent analysis Norton was tasked witther evi ew of st af f 6asd BARCT
FERCo was tasked with conducting site visits to assess tloe spastraint challenges with NOx
control installatios. Thec o n s u Ifitalaasséssni@nt repsriverereleasedn December 202
and both consultantpresented their findingat Working GroupMeeting #16 on December 10,
202Q Thefinalr e por t s s u BARGT assesdsmestincdusidrtibas2 ppnv is technically
feasiblefor theprocess heaters and bosigreater thar equal ta40 MMBtu/hrcateg@ry. ULNB
when combined with SCR, can reduce thOx inlet into the SCR which in turn Nieduce the
overall size of the SCR and related equipment such as reagentnsagtalyst quantityLower
NOx inlet into the SCRwill translate to a loweNOx outlet. Basedon the Norton repoyt
LNB/ULNB vendorguarantees are typicallyetween the 20 to 50 ppmv NOx rarfge refinery
fuel gas Undersuboptimal conditionstheguaranted levelstypically fall in the 32 to 38 ppmv
range However, Norton did mention that on occagsioarner etrofit have bee unalte to achieve
less than 50 ppmvStakeholdersmmediatelyexpressedaignificant concernvith theconclusiors
andthe proposed BARCT limibf 2 ppnv by South Coast AQMDtaff.

Refinery stakeholders questioned the technical feasibiligcbfeving 2 ppm with ULNB and

SCR combination despite thethipdar t y engi neeri ngds sTopapoert of
refinery andTesoro Refinerysubmitted comment letters regardisgt af f 6 s concl usi
Torrance refinergomments lettestatedthatthere isnot a -sizedits-a | technologythat can
guarantee same aimmilar resultsfor all refinery process heateamdboilersin operation Every

unit shouldbe evaluated on a cabg-casebasisto determineau n i abilitysto accept ULNB.
Retrofitting an ULNB is notas simple as pulling out the older burner and installing a new one.
There is much more that needs to be considered as part of the engineering and purchasing decision
process. This cahave aroverall impact on the technical felasity of achievng 2 ppnv. When
considering or evaluating burner retrofit projects a facility must not only look at the burner, but
also into other interrelated areas and current dynamics surrounding the existing process heater.

Marathon (Tesoro Refineyyin their comment lettersubmittedon February 12021 provided
information froman independentechnical feasibilityanalysisthat was conducted to addreke
proposedNOx emission limit by staffor refineryheatergyreater tharmr equal to40 MMBtu/hr.

The comment lettencluded several attachments to substantiate the technical anatysiments
centered around the key issues of technical feasibility, safety, and cost of NOx emissions controls
for BARCT. The comment letter stated that SoGibast AQMD 6 SAR@T technology selection

of ULNB and SCRfor 2 ppnv are not technically feasible for most installations and presents
unacceptable safety hazarois the broad universe of process heater designs withefirery.
Marathon (Tesoro Refinerygtated that therés inherent operational variability with refinery
process heaters andt a doriclasgons disregattiephysical design characteristics that can impact
safety and performanc&he Tesoro Refinerletter highlightecconcernsand feasibilly of ULNB
retrofit such as:

1 Risk of flame impingemerdand safety
91 Air preheater impact on ULNB performance
1 Heater turndown and variable heat input operation
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1 Dynamic changes in fuel gas composition
1 Physical features such as configuratigeometry, and febox dimensions

The Marathor{Tesoro Refineryfommentetter alsancluded a technical assamenbf feasibility
considerations for NOx emissions control retrofit which highlighted APl and coyng@ecific
standarddor safe heater design, operation, angintenanceThe AmericanPetroleum Institute
(API) providesrecommended guidelines foptimal opertion ofrefinery fired heaters and burners
in API 560 for fired heaters and API 535 for busérhe recommended guidelines include heat
density and minimam burner spacinfpr optimal operation and safety any of thesecriteriaare
not meetthere can & an impact on actual NOx penfnance and operational safeas described
below.
1 A higher heat density can result in higfilame temperatures and thesed increase NOx
emissions
{1 If burner spacing is not adequate, this can lead to fiateeactions or coalescing which
results in increased NOx emissions and potential impiegeof tubeswhich can result in
tube failures and lead to potential processtyatsues
T Not operating within these gui dirpadtbumer
performance and safety

Staff has acknowledged early in the rule development that not all heaters aydategor
LNB/ULNB retrofits In Working Graup Meeting #theld on January 31, 20%8aff presented the
following discussion

Burner Technology Revised

= No clear definition of what constitutes a LNB and

. . Burner projects currently in the permitting process
ULNB, so will classify as burner control technology

Guaranteed NOx Expected (Number of burners) Total

= Burner performance is dependent upon multiple Mantfacturer (ppm)*  NOx(ppm)  @ratingof each  Heater Rating
variables, some include: ZEECO GLSF 15 9 (72) @ 1.42 MMBTUH | 102 MMBtu/hr
= Burner orientation & arrangement Callidus/ Honeywell 15 9 (64) @ 1.44 MMBTUH | 92 MMBtu/hr
= Firebox size & heater type (force or natural Callidus/Honeywell 15 13 (16) @ 4.81 MMBTUH | 77 MMBtu/hr
draft) Callidus/Honeywell 15 13 (16) @ 4.38 MMBTUH | 70 MMBtu/hr
= Fuel type

e . : *Ov ifi ting conditi
= Burner classification does not assure burners will sl

be effective in achieving NOx levels guaranteed
= Burner NOx emissions will vary in real world

» Premix burner Conventional
« Raw gas burner Burner

applications

= Burner control technology can be applied to a . Staged fuel burner
majority equipment,l but may not apply to some . Staged air burner } LNB/ULNB
heater or boiler applications . 5 %

= Newer burner control technology performs better Flue gas recirculation burner

than conventional burners

Figure B-9. Slide from Working Group #6

Nort on Engi nferthardackmagviedgedrthatpiodertoptimal conaits, 30 ppmv NOXx
can be achieved with ULNBHowever under suboptimal installationa burne will perform in
the 40 to 50 ppmv range provided thesreo potential for tube impingemerBased ontskeholder
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feedback regarding the challenges anstallaton of ULNB in older process heatersaff
consultedwith Norton FERCq and SCRcatalyst manufacturerggardingthe feasibility issue
raised by stakeholder€onsultants stated thedgardless of ULNB NOx performancg ppnv is
feasible by istalling mutiple catalyst reactor&ith multiple ammonia injection grids (AlIGpr
staticmixer inbetween each retor. SCR catalyst manufacturers confirtthat thesdwo stage
reactordesignsare usecommercially innitric acid plants where NOamissionscan beupwards

of 4,000 ppnv andNOx removal efficiencie$rom this stateof-the-art desigrare 8% or greater
This alternativewo stageSCRdesignwas presented and discussgevorking group meeting #17
Staffre-assessed the cesffectiveness for a dual sta§€R based on the following assumptions:

Table B-11. Slide from Working Group Meeting #17

SCR Cost-Effectiveness Reassessment

Catalyst Increase 30% of Catalyst Cost Addresses the potential need of additional catalyst

Multiple Stage Reactor
with additional AlG or
Static Mixer

25% of Total Addresses potential cost increase of additional catalyst, reactor,
Installed Cost (TIC) and installation

Addresses potential increase in ammonia consumption and
Increased O&M 25% of O&M electricity needed for larger fan associated with multiple beds
of reactors

Additional $40K
Annual Tuning added to annual Addresses the proper mixing and distribution
O&M Costs

For all process heateamd boilergequiring greater than 92% NOXx reduction, staff removed the
cost of ULNB and replaced the cost for a second stage reactor arrangeasedt on the re
assessmerssumptions aboved he reassessmertf the costeffectiveress for the alternative
pathway that uses @ual stage reactor SCie achieve 2 ppns shown belowit was still cost
effective toachieve 2 ppmwith adualstage SCR reactor arrangement.

Table B-12. Cost-EffectivenessReassessmentsing Dual StageReactor

Equipment Class m ULNB/SCR | Dual Reactor

Heaters 40 — 110 MMBtu/hr 2 ppmv $35,000 $39,000
Heaters >110 MMBtu/hr 2 ppmv $35,000 $44,000
Boilers 40 — 110 MMBtu/hr 2 ppmv $49,000 $48,000
Boilers >110 MMBtu/hr 2 ppmv $12,000 $15,000

Refinery stakeholders immediately raised¢bacerrthat staff did not consider spaaeailability
and constraintsfor this type of designRefineries cannotaccommodate a second SCR reactor
which makes thalternative pathwapottechnically feasibleln addition, stakeholderstated that
staffunderestimated costs fortao-stagearrangementcost for this design can be 80% more than
atypical single reactoSCR.In response to stakeholder concerstaff concluded that a higher
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NOx limit of 5 ppnv will likely address those concerns. For most dewviin the process heater
and boiler category, a 5 pprNOXx limit will only requirea single reactor SEsystemand 5 ppnv
NOx limit has been demonstratedth several units already meeting the linAt.NOx limit of

5 ppmv would achieve 90 percent of thetiemated NOxreductions of 2 ppm A 5 ppmv NOx
limit will also alleviate the concerrand challengesf utilizing aULNB.

Revised CosEffectivenesBasedon Second Cost Dat§&ubmission

At the February 2021 Stationary Source Committedities requestd thatstaff considerevised
costdata Staffgave asubmittal deadline dMarch 12,2021, for facilities to submitrevised cost
dataand state that each cost data should be specific to the project to meet the targeted NOx limits
The submitted revisedost data will be reviewed by Nortdengineering incorporate into the

U.S. EPA SCR cost estimataevise the BARCT assessment for the process heaters and boilers
category.Furthermore, stafélso stated in Working Group Meeting #16ld on March 4, 2021
thatan evaluation ofoutlier units that are currently operating n&gspnv and lowuse unitswill

also be incorporatedhe identifieddevices must accept an alternative limit in the permit and will

be exempt from the 5 ppnNOX limit. At Working Group Meeting #21staff statethe following
conditionsfor deviceswhen developing these conditional iis

1 Conditional limits are for units that currently have NOx contieshnology and achieving
near the proposed limits

1 In lieu of meeting the proposed BARQIMIt, operators camaaept permit limits at the
conditional limit

1 Devices must already meet the conditional liamtl cannot retrofit new NOx controls to
meet the conditional limit

As part of thecosteffectiveness reassemenbased on the revised cakstta, staff will modify the
BACRT analysis tantegrate the incremental cesffectiveness.

Assess South Assess Assess

Coast AQMD Emission Aisess Othier Pollution Cost-Effectiveness BARCT

Regulatory Limits of Ragulatory Control and Incremental Emission

Requirements Technologies Cost-Effectiveness

Analyses

Requirements Existing Units Limit

Technology Assessment

Figure B-10. BARCT Assessment Approach

As part of the March 2021 revised cost data submissi@ff received 108 never revised SCR
estimates for the heaters and boil@ataalsoincludedcost forSCR upgrades andLNB/LNB
projectsfor a few units Staff receivedcost for 58 SCR projects in the first cost submission
Majority of the facility revisedcod data was foheaters and boilers greater th@nequal to40
MMBtu/hr but also included cost for other category of equipm®@R ©st forthe boilerand
heatercategory ranged from $2 MM to $70 MM.
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As part of the revised cost, staff requested thetassis of Norton Engineering for review of the
costdataand providedhe following comparisons:
1T Revised burner costs were compared against
1T Refisergioti al cost data compar é&antie@0lNor t on
NOx RECLAIM BARCT feasibility study
1T Refineryds revised cost data compared to N
NOx RECLAIM BARCT feasibility study (shown in graph below)
T Rati o of the refineryds initial and revise

Norton’s Report — Figure 3: Second submission of TIC estimates
for SCR retrofits on heaters and boilers 240 MMBtu/hr

70 + L]
—NEC (escalated to 2021)

60 L @ Heaters > 40 MMBtu/h
A Bailers = 40 MMBtu/h

50 +

40

30 +

20 +

TIC for SCR retrofit ($ MM)

0 100 200 300 400 500
Firing rate (MMBtu/h)

NortonE n g i n e eeview argl éedoack regardiry the facility revised cost data was presented
in Working GroupMeeting #22 ordune 30, 202INor t on Engi ne ewasthagtles c o n ¢
costs provided by thiacilities are nd unreasonable, considegithe potentialcomplexity.

= Norton’s cost assessment stated: NORTON

Facility-Revised Facility-Revised L
Burner Costs SCR Costs
Most of the facility-revised cost Norton’s estimated SCR costs roughly passes through the

data for burners was consistent middle of the refinery's initial cost data but is at the lower
with “typical” costs end of the facility-revised data

15 of the estimates were within 15 facility-revised datapoints were significantly higher

expected range and 5 were
outliers Increases to the cost estimates are not unusual as project
scope definition improves during the later stages of
engineering design

= Norton concluded the costs provided by the facilities are not unreasonable,
considering potential complexity
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BasedorNor t on o6 s r e c o mnialhrevesdad icostrdata sabmidtdd foy facistiege
the initial BARCTassessment, if cost for a specific device was proystadf will use that cost in
BARCT reassessmentn order to estimate costs for devices whewsts were not provided, staff
usedall facility-revised data to update tpewer curve that will beised inU.S. EPA SCR cost
model.

SCR Total Installation Cost Curve — Revised
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Facilities also provided revised cakdta for 20 LNB/ULNB projects. Staffsed the revised cost
datato update the ost curve usetb estimate burner installations.

Low NOx Burner Cost Curve
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Once the cdsestimate methodology has been updated, staff proceeded with the BARCT
reassegnent for the process heater and boiler category. Norton Enginéefingl report
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concluded thasub-optimal burnerconditions within a process heateitl achieve 40 to 50 ppm

T thiswi | | be used to updates staff @@ppprTheo30 concl
ppnv is achievable undeoptimal conditions which ge specified in API 535 recommeed
guidelines.In response to stakeholder feedbaelgarding the potential challenges and safety
concerns of ULNB installation, the revised BARCT assessment will consider 50 gprne

achievable NOx level ith burner combl technologysince this is the upper end of NOx range

The BARCT reassessmenitll beassesseds follows:

=
ACpPL <t
Single Stage SCR 2 Staff received cost estimates from
\NOX facilities that included: unit
replacement, combined SCR and
low-NOx burners, and single SCR
projects

: Revised cost
REYISEd cost estimates for
estimates boilers ranged
ranged from from $10 MM to

$3.4 MM to $40 MM When costs were not provided,
$31 MM REViSBRIEast staff estimated costs based on
S e T dual reactor SCR

heaters ranged
from $2 MM to
$45 MM

Revised cost estimates for boilers
ranged from $2 MM to $70 MM

Revised cost estimates for heaters
ranged from $5 MM to $244 MM

Evaluating Conditional Limits

Based on the revised cestimates provided by facilities, the average cost effectiveness to achieve
ether 5 ppm or 2 ppnv for heaters greater tham equal to40 MMBtu/hr are above the $50,000
per ton of NOxTo reduce the average cestectiveness, stafbroposed that devices operating
between the proposed BARdimit and conditional limitswould not be requiredo meet the
proposedNOX limit in Table 1of the proposed rujehis applies to devices that are currently at or
below theconditional limit Theseconditional limits units are excluded from the eefectiveness
calculation An iterative process was ub® identify the conditional limit NOx concentration level
where the cosgffectiveness fodevices above theonditionallimit would be less than $50,000
per ton of NOx reducedit 2 ppnv, no conditional limit was identified that will reduce the eost
effedivenesselow $50,000 per ton of NOx reducedt 5 ppnv, removing devices at or below
the conditional limits will reduce the cestfectivenesdelow $50,000 per ton of NOx reduced.
Below is the iterative process used by staff to determine the coradiiiaits.

Is AverageCost
Effectiveness of Units
Above Conditional
Limit >$50,000 per ton?

Calculate the Establish a Conditional

CostEffectiveness Conditional

of Proposed Limit Limit Sl

Yes
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In the process of evaluating these condgidimits, staff identified severatievices with combined
stacksthat consist of different zed heaters.

Staff also identified one utrgreater than 110 MMBtu/hr that is operated Eivacapacityof 12%

This unit has a high cosfffectiveness of $184,000 per ton of NOx reduced and low emission
reductions at 0.02ons per dayStaff will include a lowuse provisionexemption for devices
operatingless than 15% capacitythese low use devices willot be required to meet Table 1
limits in the rule.

In orderto identify unitsthat potentially qualify for theonditionallimits, staff evaluated the NOx
emissionsreported in the2018 survey. The NOx emissions reported in the survey are
representativef the unib s a n n u as$ repartecehy theyfacilityf.he conditional limits were
presented at Working Group Meeting #22Jume30, 2021.Stakeholders commented that staff
shouldfurtherevalwate the CEMS data based on air rolling average fohe conditional limit
assessmenthe evaluation will give betterrepresentatinof the uni6 s 0 p .Staferdassessed

the CEMSbased on the 2Hour rolling averageecommendatiomhile usingthe annual average

in the surveyas a screening stefor further analysisof CEMS data Below arest af f 0 s
considerationsvhen evaluating the CEMS data for at@dur rolling average

Considerations When Analyzing CEMS Data

* When evaluating the CEMS data, there are

periods where units can meet the Conditional RECLAIM Accounts for
Limit NOx concentration limits All Emissions

» Even though a unit does not meet the Conditional
Limit continuously while in RECLAIM, it is not Can Use RTCs for
necessarily an indication that unit cannot meet Emission Increases

the Conditional Limit under PR 1109.1

* RECLAIM accounting of emissions and the ﬂ RECLAIM is Based on
compliance demonstration is very different than G o mna copii
command-and-control P

- Staff anticipates that there will likely be more units y
that can take advantage of the Conditional Limit I iy Not Ob“sat_ed to Adhere
provision to NOx Limit Under

RECLAIM

Most d the unitsunder RECLAIM do not have a permit limit, #@re is no requirement to operate
at a specific NOxevel. Howe\er, during the CEMSanalysis any unitthat had a permit limit
typically operatedbelow their permit limit 90% or more of the timgtaff believes this a good
indication that under a commaiaddcontrol regulatory structure most of these units will be able
to meet theBARCT limit or conditional limit Staff identified un& which are close to the
conditional limit by using 80% as the threshold; if the conditional limit was 18vpfmen the
CEMS for any unit performing at 14 pprof higher will be analyzeturther. When analyzing the
CEMS, staff conducted the conditional limit assessinia the following steps:

1 Step 1:ldentify units where the annual average NOXx data is close to the conditional limit
(80% of limit)
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1 Step 2:1dentify and evaluate the percefittime a unit can achieve conditional limit over
a24-hour averaging period

1 Step 3:If the unit cannot achieve the conditional limit for considerable amount of time,
the unit will be removed

1 Step 4:Reassess the cosffectiveness for category

Furthe CEMS analysidhased on stakeholder feedbamentified three additionalunits as nad
close to theonditional limit. Staff removel each of theunitsform their respective categoriaad
reassess the cestfectivenessBelow is the result of the followp CEMS evaluationThe re
assessment table below was presented at a WSPA meeting held on August 6, 2021.

si o A Proposed Percent Below Hours Below
{MMII::I /hr) n;:; ( vn:]a)ge Conditional Limit Conditional Limit Conditional Limit
PP (ppm) (24-hr Average) (hours)

Heater 1 17.8 78% 6,708
Heater 2 52 14.7 18 86% 6,971
Heater 3 68 17.1 18 1% 6
Heater 4 82 17.6 18 38% 3,154
Heater 7 153 213 22 2% 127

The three heaters identified by staff were heaters 3, 4, and 7. Both heater 3 and 4 are in the 40 to
110 MMBtu/hr category and heater 7 is in tpeater tharl10 MMBtu/hr category. Staff re
assessed the initial conditional limit cestectiveness that was presented in Working Group
Meeting #22

Cog-Effectiveness ad Conditional Limits

ProcessHeaters40 to 110 MMBtu/hr

Staff used the iterativerocess at differarconcentration limits for the categaaypd presented the
analysisi Working Group Meeting22 held onJune 30, 2021Staff initially identified 12 devices
thatare currentlyoperatingat NOx levels between 5 and 18 ppnCost effectivaess for these
units to meet 5 ppmarehigh and range from $200,000 to $750,000 per ton of NOx rediibed.
emission for these devicas low compared to other devices in catega®aff proposeda
conditional limit of 18 ppm for processheaters40 to 1D MMBtu/hr and identified 12 heaters
that qualified for the conditional limiExcluding those unitghe costeffectivenessvas less tha
$50,000 per toms seen in the table below.
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Heaters 40 — 110 MMBtu/hr

Cost-

Potential . Number Units  Potential
. . | Effectiveness . . .
Near Limit . . Meeting Near Emissions
(ppm)* of Remaining Limit® (tod)
PP Units
No Near $53,000 0/67 unit Baseline
Limit
10 $53,000 1/67 unit 0.001
15 $51,000 8/67 units 0.02
18 $48,000 12/67 units 0.05

There-evaluation identified two additiondleates that will potentially not meet the conditional
limits in the 40 to 110 MMBtu/hr category. These two units were rembeeduse they did not
meet thel8 ppmv based on a 2hour averagand met theonditional limit less than 38% of time
based on @4-hour rolling average. fle costeffectivenessvas reassesséual the table below.

Heaters >40 — 110 MMBtu/hr

Potential
Cost- Number Units Emission
Potential Near Effectiveness of . ..
o . Meeting Near  Reduction if
Limit (ppm) Remaining .
Units Limit 5 ppm Cost-
Effective(tpd)
No Near Limit  $53,000 0/67 unit Baseline
18 $48,000 12/67 units 0.05
18 $50,000 10/67 units 0.02

After re-assessing the cestfectiveness for the 40 to 110 MMBtu/hr categahg number of units
staff identified as meeting conditional limit drops from 12 to 10s.eitd potetial emissiordrops
from 0.( to 0.02tons per dayThe two units that were removegere placed back intihe 40 to
110 MMBtu/hrcategorywherethe costeffectivenessvasrecalculatecand determined to be cest
effecive at $0,000, so staffmaintairedthe 18-ppnmv conditional limit.

Once the coseffectiveness and conditional limits were established, staff proceeded with the
incrementakffectiveness analysighere it was determined that going from 5 pam2 ppnv had
a vey high costeffectivenesof almost $30M00. While there is ncestablishedhresholdfor

incrementalcoasteffectivenessstaff concludeda NOx emissionlimit of 5ppmv represented
BARCT.
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Heaters 40 — 110 MMBtu/hr

Cost Emission Cost Emission Cost Emission
Effectiveness|Red (tpd)|EffectivenessiRed (tpd)|Effectiveness|Red (tpd)

$40,000 0.33 $50,500 1.66 $94,000 1.99 * Excludes

conditional
Y Y limit units
{ 552 ppm I
Incremental Cost Effectiveness $50,000 $293,000

Emission Reduction (tpd) .

Process Heates Greater than 110 MMBtu/hr

Like the 40 to 110 MMBtu/hmprocessheater category,taff assessedhe greater than 110
MMBtu/hr categoryfor conditional limit units Some heaters in the greater than 110 MMBtu/hr
have very highNOx emission reduction poteatsand n order to minimize the amount of forgone
emission reductions, staff considered two additicngriafor evaluating the conditional limit:

1. Concentratiodimit
2. Overall emission reduction potential for NOx control retrofit

Staff conducted thesaessment using the iterative proaasdifferentconcentratiodimits but for
devices with a potential to achieve greater than 20 tons per year redwetiemot &cluded from
the category as conditional limitsthese unitsvill have to retrofit to meeTable 1 limits if they
are still operating at the conditional lim&taff initially identified 17units (4 unitsare common
stack)that are currently achieving NQa&vels between 5 and 22 pprwith less than 20 tons per
day reduction potential. The aveige coseffectiveness forconditional limit devices is
approximately $85,000 per ton of NOkverage coseffectivenesdor conditional limit devices
with potential reduction greater th&0 tons per year is $44,000 per ton of NtDxmeet the 5
ppmv BARCT, so units with potentiakductiongreater than 20 tons per year will not be excluded
from the coskffectivenesscalcdation to meet the 5 ppmNOXx limit. Staff will include a
conditional limit of 22 ppma for those units that haepotentikNOx reductbn less than 20 tons
per year. Process heaters greater than 110 MMBtu/hr thattinieetiterionare eligible to take
advantage of the conditional liméind not required to retrofit to the 5 ppBARCT NOX limit.
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Appendix B Process Heater and Boiler Process Description

Heaters >110 MMBtu/hr
Potential Cost- Number Units
Near Limit Effectiveness of Meeting Near Emissions

(ppm)*  Remaining Units  Limit * (tpd)

N‘L’i:‘i’:r $56,000 0/51 unit None
10 $55,000 5/51 units 0.03
15 554,000 8/51 units 0.06
18 $52,000  12/51lunits  0.15
20 $50,500 13/51 units 0.19
22 $50,000 17/51 units 0.23

The table above was also presentedVarking Group Meeting #22nd after further CEMS
analysisbased on stakeholder feedbadkentified one heatefheater ¥ that did not meet the
conditional limit Staff removed that unit drplaced i back in to thegreater thari10 MMBtu/hr
heater categgrwherethe costeffectivenessvasreassessefr the category

Heaters >110 MMBtu/hr

Number Units Sl

Potential Cost- Emission
Conditional | Effectiveness of
Limit (ppm)* Remaining Units

Meeting
Conditional
Limit™

Reduction if
5 ppm Cost-
Effective (tpd)

No
Conditional $56,000 0/51 unit None
Limit

22 $50,000 13/51 units” 0.23
22 $49,800 12/51 units™ 0.21

After removalof heater Arom theconditional limit category the number of unitameeting the
conditionaldrops from13 to 12i this updated numbef unitswas initially 17 but revisedd 13

to reflectunits that share @@mmon stackThe potential additional emission reductiatsodrops
from 0.23to 0.21tons per daynd the categorgemainscosteffectiveressat $50,000 per ton of
NOx. After establishing the conditional limibr the geater than 110 MMBtu/hr category, staff
proceeded with the incremental cestectiveness analysis where going from 5 ggm2 ppnv
was determined to be greaterni$#b0,000 per ton of NOx.

PR 1109.1 Preliminary Draft Staff Report B-29 August 2021



Appendix B Process Heater and Boiler Process Description

Heaters >110 MMBtu/hr

Cost Emission Cost Emission Cost Emission
Effectiveness|Red (tpd)|Effectiveness|Red (tpd)|Effectiveness|Red (tpd)
$72,000 0.07 $49,800 1.86 $110,000 2529 * Excludes

%—%—J conditional

limit units and
50 »5 ppm low-use unit

Incremental Cost Effectiveness $49,000 $400,000

Incremental

Emission Reduction (tpd) bl

Boilers Greater tharor Equal to40 MMBtu/hr

Staff conductedh BARCT reassessment for the boilgreater than or equal #0 MMBtu/hr
category based on 5 pprandrevised costlata from facilitiesTherevised costlatafor the boilers
greater thaor equal tad0 MMBtu/hr categoryand stafimethodology testimatecostis presented
below.

Boilers >110 MMBtu/hr.
* 3 boilers at one facility e 20 Boilers
¢ 1 main boiler and 2 back-up » Staff received eight revised cost estimates
« Staff received capital cost from facility to from facilities to achieve 5 ppm
achieve 5 ppm level of NOx » Based on revised costs, SCR costs
* Used 4.5-time multiplier to account for increased from $3 to $14 MM
installation costs (per Norton » Costs included SCR upgrades or
recommendation in the 2015 BARCT installations and ranged from:
assessment) * $2.4 MM to $39 MM for SCR retrofits
e Costs estimated ~ $10.5 MM » $2 MM for SCR upgrades
* For 2 ppm cost estimate, staff increased
cost by 80% to account for two-stage SCR

TheBARCT reassessmentaspresentedat WorkingMeeting #22 on June 22, 2021 and concluded
that 5 pprmy NOXx limit is cost effectivdor boththe 40 to 110 MMBtu/hr categogandgreater than
110 MMBtu/hr categoryat $37,000 and12,000 peton of NOx respectively In addition, staff
also stated thano outliers were identifiedor the categoryln addition, coseffectiveress to
achieving both 2 ppm and 5 ppra were well below $50,000 per ton of NOx removBdgpnv
NOx was reconmended by staff due to technical feasibility concefrisstdling a two sage SCR
system due to available space
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Appendix B Process Heater and Boiler Process Description

Boilers 40 — 110 MMBtu/hr

50 ppm 5 ppm 2 ppm
Cost Emission Cost Emission Cost Emission
Staff Comment: Effectiveness|Red (tpd)[Effectiveness|Red (tpd)|Effectiveness|Red (tpd)

No near limit provision 313,000 0.024  $25000 0.049  $46,000  0.051

needed

Incremental Cost Effectiveness - $656,000
Emission Reduction (tpd)

The boilers 40 to 110 MMBtu/hr consist tifree boilers located at one faciliffhese boilers

currently do not hav&lOx controls,so noconditional limit is necessary for thistegory Cost

effectiveness wasalculated bagkon costprovided by the facilityand is below $50,000 per ton

of NOx.St af f 6s proposed BARCT Mimit for the categ

At Working Group Meetingt22, staff nitially stated that no cost outliers were identified in greater
than 110 MMBtu/hr category. Howeverpan review of the costffectiveness datand CEMS
data staffidentified:

1 Five boilers with a costffectivenes$rom approximately$75,000to $8,000,000

1 Units performing at 7.5 ppwor below based on CEMS annual average

1 Based on CEMS analydimsed on a 2hour rolling average, all five boilers operate
below 7.5 ppra greater than 70% of the tinfjsome were below >90% of the time)

1 High costeffectivenes due to low emission reductio(@0001 to 0.007 tons per day)

1 Providing a conditional limit of 7.5 ppwrwill forgo 0.017 tons per day

Staff removedhe fiveboilers operating below 7.5 ppnbbased on a 2iour rolling averagand
will includea conditioral limit of 7.5 ppnv for the greater than 110 MBAu/hr boiler category
The categny remainscosteffectiveand drops from $12,000 &i.1,000 per ton of NOx reduced

Boilers >110 MMBtu/hr

Potential Cost- Number Units

Near Limit Effectiveness of Meeting Near Forgone Emission

(ppm)*  Remaining Units Limit ™

No Near
Limit
7.5 $11,000 5/17 units** 0.017

$12,000 0/17 unit None
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Appendix B Process Heater and Boiler Process Description

Staff reassessed thecremental coseffectiveressafter establishing the conditioniait of 7.5
ppnv for the greater than 110 MMBtu/hr category. @aty remains coseffectivefor 5 ppnv
with the conditional limit unitendincremental going from 5 ppito 2 ppnv is notcosteffective
with thecost outliers removed.

Steam Methandreformer Heaters
The SMR heatersub-categoryconsist ofeleven heaters and oi8MR with an integrated gas
turbine. Staff initially only includedsix SMR heaters that af@ed primarily with PSA-off gas
which has a higlrehydrogencontent The hydrogerpresent cancontribute tohigher adiabatic
flame temperatureshich results in a higher NOx potentidhe other five SMR heateesefired
exclusively on refinery fuel gas and originallyncluded in the process heater category, but
stakeholdecommentedhatall SMR heaters should lie the SMR heater categorggardless of
fuel type. SMR heaters fired on refinery fughs areonfigured and operatechsiar to ther PSA
gasfueledcounterpartsAll SMR hegershave

1 Large number of burners thataecessarto maintain even heat flux across the heater

1 Similardesign and arrangement

1 Higher operating temperatuttean traditional process heatérkigher temperature

needed to drivAydrogen reaction in process tubes

All SMR heaters argreater than 110 MMBtbr in size and are currently equipped wsthme
form of NOx control except for two heaters that will regusCR. Five heaters in this category
are performing at or below 5 ppriNOx. Staff excludedany heater currently performiraj or
below 5 ppmw from the costeffectiveness calculatioit Working Group Meeting #1held on
May 21, 2020 staff presented the initial BARCT assessmentsiatSMR heaters fueled by PSA
off gas Staff evaluated botb ppmv and 2 ppra. The initial costeffectiveness only corsered
one unitthat was performing above 5 ppnmthe other unitsare currentlyhave controlsand
performing less than 5 ppmand concluded that it wassteffectivefor the unitto go to 5 ppm
with an SCR upgradétaff also determined that it wastincrementally coseffective to go to 2
ppnv since it would requiréNB replacement and a SQRgrade
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