
2 ppm at 0% O2

Proposed Rule 1109.1 ςNOx Emission Reduction 
for Refinery Equipment and Related Operations
Working Group Meeting #22
June 30, 2021

Join Zoom Webinar
https://scaqmd.zoom.us/j/92213416923
WebinarID: 922 1341 6923
Teleconference Dial-In: +1 669 900 6833

https://scaqmd.zoom.us/j/94122770028


Agenda

Progress and Status Since Working Group Meeting #21 

WSPA Proposal and Staff Response

Updated Costs and Analysis 

.!w/¢ wŜŀǎǎŜǎǎƳŜƴǘ ŦƻǊ .ƻƛƭŜǊǎ ŀƴŘ IŜŀǘŜǊǎ җпл aa.ǘǳκƘǊ  

BARCT Reassessment for FCCU 

Initial Concepts for Mass Emissions Approach

Next Steps
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Progress and Status Since WGM #21 3



Status and Progress Since Last WGM

ÁbƻǊǘƻƴΩǎ Ŧƛƴŀƭ ǊŜǾƛŜǿ ƻŦ ǘƘŜ ŦŀŎƛƭƛǘȅ-provided cost has been posted 

ÁCompleted BARCT reassessment, including cost-effectiveness, incremental cost-
effectiveness, and near limit assessment for units with high cost-effectiveness, 
ÅLarge boilers and heaters

ÅFCCUs

ÁContinued meetings with stakeholders, WSPA, CCEEB, and environmental 
representatives

ÁaŜŜǘƛƴƎ ǿƛǘƘ wŀƳōƻƭƭ ǘƻ ŘƛǎŎǳǎǎ ²{t!Ωǎ Ŏƻǎǘ ŜǎǘƛƳŀǘŜǎ

ÁPublic hearing moved from September to November 2021
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Comment Letters from Environmental and 
Community Groups

ÁReceived two comment letters from seven environmental and community 
groups

ÁFirst letter received on May 20, 2021, requested that any proposal to create 
a facility-wide mass caps be rejected
ÅPR 1109.1 should transition refineries to a command-and-control regulatory 

framework with equipment-specific limits

ÅFacility-ǿƛŘŜ Ƴŀǎǎ ŎŀǇ ǳƴŘŜǊƳƛƴŜǎ ǘƘŜ ǊǳƭŜΩǎ ƻōƧŜŎǘƛǾŜǎ ōȅΥ

o Recreating the NOx RECLAIM program at the facility level, which conflicts with CMB-лрΩǎ 
mandate to transition facilities to command-and-control

o !ƭƭƻǿƛƴƎ ǊŜŦƛƴŜǊƛŜǎ ǘƻ άǘǊŀŘŜέ ŜƳƛǎǎƛƻƴ ŀƭƭƻǿŀƴŎŜǎ ōŜǘǿŜŜƴ ǾŀǊƛƻǳǎ ǎƻǳǊŎŜǎ ǘƻ ƳŜŜǘ ǘƘŜ 
άŎŀǇέ ŀƴŘ ŀǾƻƛŘ ƛƴǎǘŀƭƭƛƴƎ ƭƛŦŜǎŀǾƛƴƎ Ǉƻƭƭǳǘƛƻƴ ŎƻƴǘǊƻƭǎ ƻƴ ŀ ǊŀƴƎŜ ƻŦ ŜǉǳƛǇƳŜƴǘ

ÅA mass cap is difficult to enforce

ÅConcerns regarding uncertainties associated with calculating facility-wide mass caps 
for each refinery, including equipment concentration and flow uncertainties, and 
emissions monitoring calibration and downtime issues
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Received Two Comment Letters (cont.) 

ÁSecond comment letter submitted on June 17, 2021 to the 
South Coast AQMD Board:
ÅRequested the South Coast AQMD transition refineries from RECLAIM to a 

command-and-control system

ÅConcerned that Western States Petroleum Association (WSPA) has a 
proposal to continue RECLAIM

ÅDemanded that refineries install pollution control technologies that have 
been available for decades

ÅRequested the Board to direct staff to finalize Rule 1109.1 and bring it to 
the Board as soon as possible but no later than September 2021
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Socioeconomic Assessment Update

ÁStaff is currently preparing Draft Socioeconomic Impact Assessment (SIA)
ÅIncluding estimated public health benefits and projected emission reductions

ÁSeparate third-party reviews will be conducted for:
ÅDraft SIA (KleinhenzEconomics)

ÅPublic Health Benefits (Industrial Economics/IEc)

ÁTo address Governing Board Member comments, staff will estimate pass-through of 
PR 1109.1 compliance costs onto gasoline prices
ÅCost pass-through is the increase in retail price arising due to an increase in operating costs

ÅStaff working with third-party contractor

o Dr. Erich Muehlegger, Associate Professor, UC Davis

ÁResearch focus in environmental and energy policy

ÁRecent publication record on cost pass-through in the U.S. oil refinery sector
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CEQA Assessment Update

ÁStaff is preparing a Draft Subsequent Environmental Assessment to the 
December 2015 Program Environmental Assessment for NOx RECLAIM 
and the March 2017 Program Environmental Impact Report for the 2016 
AQMP
ÅWill include PR 429.1, PAR 1304, rescind Rule 1109, and pending rule 

development

ÅWill be released for a 45-day public review and comment period

ÁStaff has met with stakeholders who provided updated data which is being 
incorporated into the Draft Subsequent Environmental Assessment
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²{t! tǊƻǇƻǎŀƭ ŀƴŘ {ǘŀŦŦΩǎ wŜǎǇƻƴǎŜ9



WSPA Bridge 
Concept

ÁOn June 2nd WSPA presented an option for a 

bridge that would generally retain the RECLAIM 

structure with the PR 1109.1 endpoints

ÁWSPA Concept Summary

ÅUse Regulation XX as the ñbridgeò to deliver BARCT-
equivalent NOX emissions reductions

ÅComplete remaining BARCT assessments

ÅAdjusted BARCT-equivalent facility allocations are met 

through installation of control equipment at a facility level

ÅAdjust (i.e., shave) facility allocations to start in 2023-

2025 timeframe

ÅRestrict new purchases of IYB NOX RTCs starting 2023

ÅVoluntary exit option to Regulation XX

ÅAt the end of the last compliance year fully sunset 

RECLAIM
10



{ǘŀŦŦΩǎ wŜǎǇƻƴǎŜ ǘƻ ²{t! tǊƻǇƻǎŀƭ11

RECLAIM is Not 
Needed for Bridge

ωNOx emission limits that 
will not require 
reductions can be the 
bridge until units fully 
implement landing rules

ωConcerned about 
unnecessarily prolonging 
RECLAIM

ωIndustry comments in 
the past have focused on 
disproportionate 
impacts

Amendments to 
Regulation XX are 

Challenging

ω9ǎǘŀōƭƛǎƘƛƴƎ άǎƘŀǾŜέ ǿƛƭƭ 
be resource intensive

ωMust determine the 
amount of RTCs that 
would be retired upon 
exiting RECLAIM

ωAnalysis of market 
impacts as facilities exit 
RECLAIM is needed

Equity to Non-
Refinery Facilities

ωSome non-refinery 
facilities have 
compliance dates after 
refineries

ωRefineries had 
information to purchase 
infinite year block RTCs 
before non-refineries

ωNew facilities that did 
not receive an initial 
allocation

State and Federal 
Approvability

ωRevisions need approval 
by CARB and U.S. EPA

ωConcerns about use of 
RTCs in lieu of BARCT ς
Health and Safety Code 
Section 40920.6

ωU.S. EPA is concerned 
about prolonging 
RECLAIM



{ǘŀŦŦΩǎ tǊƻǇƻǎŀƭ ŦƻǊ .ǊƛŘƎŜ [ƛƳƛǘǎ

Table from Working Group Meeting #21

ÁIndustry concerns for the bridge can be addressed without retaining RECLAIM

ÁStaff presented bridge concepts during Working Group Meeting #21

ÁInterim limits would reflect current operating conditions until BARCT emission limits are 
achieved and ensure enforceable emission limits are in place

ÁStaff included potential bridge limits 
for most categories in last working 
group meeting

ÁThe proposed limits that are based on 
current NOx levels will be based on 
annual average CEMS data
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{ǘŀŦŦΩǎ tǊƻǇƻǎŜŘ .ǊƛŘƎŜ /ƻƴŎŜǇǘ ŦƻǊ .ƻƛƭŜǊǎ ŀƴŘ 
Heaters җ40 MMBtu/hr

ÁLarge boilers and heaters have wide variation and most units do not have 
existing permit limits

ÁConsidering establishing a 0.03 lb/MMBtu facility-wide bridge limit for boilers 
ŀƴŘ ƘŜŀǘŜǊǎ җпл aa.ǘǳκƘǊ
ÅMirrors the requirement in the original Rule 1109 

Å/ƻƴǎƛǎǘŜƴǘ ǿƛǘƘ .!!va5Ωǎ wŜƎǳƭŀǘƛƻƴ ф ǿƘƛŎƘ ŜǎǘŀōƭƛǎƘŜǎ лΦлоо ƭōκaa.ǘǳ ŦƻǊ ōƻƛƭŜǊǎ ŀƴŘ 
heaters at petroleum refineries
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Staff Recommendation: 

Establish facility-ǿƛŘŜ ƛƴǘŜǊƛƳ ƭƛƳƛǘ ŦƻǊ ōƻƛƭŜǊǎ ŀƴŘ ƘŜŀǘŜǊ җплaa.ǘǳκƘǊ ŀǘ лΦло ƭōκaa.ǘǳ
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Facility-Revised Cost Data

ÁStaff is reassessing the proposed NOx BARCT limit for major categories based 
on the revised cost data provided by the facilities in March 2021

ÁSummary of facility-provided cost data
o Received revised cost from facilities in March 2021

o Received 108 new or revised SCR cost estimates 

o Previously received cost for 58 SCR projects

o Majority of the facility-revised costs data was for boilers and heaters җ40 
MMBtu/hr retrofits but also received revised costs for NOx controls or unit 
replacement for FCCUs, gas turbines, vapor incinerators, and flares 

o Received facility-revised cost estimates for SCR, SCR upgrades, wet gas scrubbers, 
burners, fuel gas treatment, dry low-NOx combustor, and unit replacement

o Costs ranged from $2 MM to $300 MM per project
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bƻǊǘƻƴ 9ƴƎƛƴŜŜǊƛƴƎΩǎ CŜŜŘōŀŎƪ ƻƴ CŀŎƛƭƛǘȅ-Revised 
Cost Data 16

ÁNorton reviewed the facility-revised cost data and provided the 
following cost comparisons:

ÅwŜǾƛǎŜŘ ōǳǊƴŜǊ Ŏƻǎǘǎ ǿŜǊŜ ŎƻƳǇŀǊŜŘ ŀƎŀƛƴǎǘ ŀ άǘȅǇƛŎŀƭέ Ŏƻǎǘ ŎǳǊǾŜ 
for burner upgrades

ÅwŜŦƛƴŜǊȅΩǎ ƛƴƛǘƛŀƭ Ŏƻǎǘ Řŀǘŀ ŎƻƳǇŀǊŜŘ ǘƻ bƻǊǘƻƴΩǎ ŜǎŎŀƭŀǘŜŘ Ŏƻǎǘ 
estimates from the 2014 NOx RECLAIM BARCT feasibility study

ÅwŜŦƛƴŜǊȅΩǎ ǊŜǾƛǎŜŘ Ŏƻǎǘ Řŀǘŀ ŎƻƳǇŀǊŜŘ ǘƻ bƻǊǘƻƴΩǎ ŜǎŎŀƭŀǘŜŘ Ŏƻǎǘ 
estimates from the 2014 NOx RECLAIM BARCT feasibility study (as 
shown in the graph)

Åwŀǘƛƻ ƻŦ ǘƘŜ ǊŜŦƛƴŜǊȅΩǎ ƛƴƛǘƛŀƭ ŀƴŘ ǊŜǾƛǎŜŘ Ŏƻǎǘǎ Řŀǘŀ

ÁbƻǊǘƻƴΩǎ нлмп bhȄ w9/[!La .!w/¢ ŦŜŀǎƛōƛƭƛǘȅ ǎǘǳŘȅ ŎƻƴǎƛŘŜǊŜŘ 
costs for: 

Å3-bed catalyst system

ÅMaterial costs including catalyst as provided by a vendor

Å±ŀǊƛƻǳǎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ Ŏƻǎǘ ŦŀŎǘƻǊǎ ŦƻǊ ŀ άǘȅǇƛŎŀƭέ ŦŀŎƛƭƛǘȅ 

Nortonôs Report ïFigure 3: Second submission of TIC estimates 

for SCR retrofits on heaters and boilers Ó40 MMBtu/hr



bƻǊǘƻƴ 9ƴƎƛƴŜŜǊƛƴƎΩǎ CŜŜŘōŀŎƪ ƻƴ CŀŎƛƭƛǘȅ-Revised 
Cost Data (cont.) 17

ÁbƻǊǘƻƴΩǎ Ŏƻǎǘ ŀǎǎŜǎǎƳŜƴǘ ǎǘŀǘŜŘΥ 

Facility-Revised 
Burner Costs

Most of the facility-revised cost 
data for burners was consistent 

ǿƛǘƘ άǘȅǇƛŎŀƭέ Ŏƻǎǘǎ

15 of the estimates were within 
expected range and 5 were 

outliers

Facility-Revised 
SCR Costs

bƻǊǘƻƴΩǎ ŜǎǘƛƳŀǘŜŘ {/w Ŏƻǎǘǎ ǊƻǳƎƘƭȅ ǇŀǎǎŜǎ ǘƘǊƻǳƎƘ ǘƘŜ 
middle of the refinery's initial cost data but is at the lower 

end of the facility-revised data

15 facility-revised datapoints were significantly higher

Increases to the cost estimates are not unusual as project 
scope definition improves during the later stages of 

engineering design

ÁNorton concluded the costs provided by the facilities are not unreasonable, 
considering potential complexity 



South Coast AQMD-Revised Cost Curves18

.ƻƛƭŜǊǎ ϧ IŜŀǘŜǊǎ җпл aa.ǘǳκƘƻǳǊ



Power Curve used by U.S. EPA SCR Cost Model 19

ÁStaff used facility-revised data 
to update the power curve 
used by U.S. EPA SCR Cost 
Model

ÅIncluded all datapoints received 
for SCR installations on boilers and 
ƘŜŀǘŜǊǎ җпл aa.ǘǳκhr

ÁGraph shows power curve with 
facility-revised cost data

ÅRevised curve used to update the 
U.S. EPA cost model
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South Coast AQMD-Revised Cost Curve for Burners 20

ÁFacilities provided 20 revised 
total installed cost estimates 
for ULNB/LNB
ÅStaff used all facility-revised 

cost data to update the cost 
curve used to estimate burner 
installation costs y = 30419x0.1453

R² = 0.0263
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Boilers & Heaters BARCT Reassessment



.ƻƛƭŜǊǎ ŀƴŘ IŜŀǘŜǊǎ җпл aa.ǘǳκƘǊ - Background

ÁCƻǊ ōƻƛƭŜǊǎ ŀƴŘ ƘŜŀǘŜǊǎ җпл aa.ǘǳκhr, 
staff originally proposed a BARCT limit 
of 2 ppm with ULNB/SCR in WGM #9 on 
December 12, 2019
ÅThird-Party Engineering Consultants supported 
ǎǘŀŦŦΩǎ ŎƻƴŎƭǳǎƛƻƴ
o Presented conclusions in WGM #16 on 

December 10, 2020

ÁIndustry stakeholders' comments:
ÅTechnical feasibility of achieving 2 ppm with ULNB and SCR

ÅCosts used to estimate cost-effectiveness 

22

Slide from Working Group Meeting #9



.ƻƛƭŜǊǎ ŀƴŘ IŜŀǘŜǊǎ җпл aa.ǘǳκƘǊ - Background 
(cont.)

Slide from Working Group Meeting #17

23

ωWorking Group Meeting #17, two-stage SCR presented 
as alternative pathway to 2 ppm

ωStaff assumed 25% increase in cost

ωStakeholders indicated costs could increase by over 
80% of single-stage SCR installation

ωSpace constraint issues and costs are significantly 
magnified

Technology Feasibility to achieve 2 ppm with ULNB and SCR

ωFacilities submitted revised cost data and staff 
reassessed proposed BARCT limits for major categories

ωIf cost data was not provided, staff used facilities 
suggested cost of 80% increase of single-stage reactor 
for two-stage SCR

Costs used to estimate cost-effectiveness 



Furnace

Steam Methane 
Reformer  Heaters 

(PSA-off gas)

24Boilers and Heaters by Category

Process Heaters & 
Boilers

Reassessing BARCT 
for These Units

Primary Heaters

Boilers 
(excludes heat 
recovery & CO 

boilers)

Sulfuric Acid Plant 
Heaters

Start-
up/shutdown 

Heaters



Boilers and Heatersҗпл aa.ǘǳκhr - Technical 
Assessment

Low-NOx 
Burner

50 ppm 
NOx

Single Stage 
SCR

5 ppm 
NOx Two-stage Reactor SCR

Single Stage SCR and ULNB 
(where feasible)

Unit replacement

2 ppm 
NOx

25

Á Technical assessment to achieve 5 ppm and 2 ppm NOx levels detailed in 
prior Working Group Meetings

Á Technical assessment for 50 ppm level using Low-NOx Burner on following 
slide



Boilers and Heaters җ40 MMBtu/hr - Technical 
Assessment for Burner Technology

ÁAmerican Petroleum Institute (API) provides recommended guidelines for refinery fired heaters (API 560) and 
burners (API 535)
ÁRecommended guidelines include heat density and minimum burner spacing for optimal operation and safety

o A higher heat density (MMBtu/hr/ft 2) can result in higher flame temperatures and therefore increase NOx emissions 

o If burner spacing is not adequate, this can lead to flame interactions or coalescing which results in increased NOx 
emissions and potential impingement of the tubes

Åbƻǘ ƻǇŜǊŀǘƛƴƎ ǿƛǘƘƛƴ ƎǳƛŘŜƭƛƴŜǎ ƛǎ ŎƻƴǎƛŘŜǊŜŘ άǎǳōƻǇǘƛƳŀƭέ ǿƘƛŎƘ Ŏŀƴ ƛƳǇŀŎǘ ōǳǊƴŜǊ bhȄ ǇŜǊŦƻǊƳŀƴŎŜ

ÁbƻǊǘƻƴΩǎ wŜǇƻǊǘ ŎƻƴŎƭǳŘŜŘΥ
ÅUnder optimal conditions, 30 ppm NOx can be achieved with ULNB

ÅSuboptimal burner installations will achieve 40 ς50 ppm

Á{ǘŀŦŦΩǎ ǇǊƛƻǊ ǘŜŎƘƴƻƭƻƎȅ ŀǎǎŜǎǎƳŜƴǘ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ¦[b.ǎ canachieve 30 ppm 
ÅMany units already achieving <30 ppm using ULNB technologies

ÁStaff received considerable feedback from stakeholders regarding the challenges of ULNB installation and has 
acknowledged not all units can be retrofitted with ULNB
ÁTechnology assessment will consider 50 ppm NOx levels from burner technology
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Low NOx 

Burners
Single Stage SCR

Two Stage SCR, ULNB Single Stage, 

Unit Replacement

Boilers and Heaters җ40 MMBtu/hr - Cost 
Estimates 27

Revised cost 
estimates 
ranged from 
$3.4 MM to 
$31 MM

50 ppm 
NOx

Revised cost 
estimates for 
boilers ranged 
from $10 MM to 
$40 MM
Revised cost 
estimates for 
heaters ranged 
from $2 MM to 
$45 MM

5 ppm 
NOx

Staff received cost estimates from 
facilities that included: unit 
replacement, combined SCR and 
low-NOx burners, and single SCR 
projects

When costs were not provided, 
staff estimated costs based on 
dual reactor SCR

Revised cost estimates for boilers 
ranged from $2 MM to $70 MM

Revised cost estimates for heaters 
ranged from $5 MM to $244 MM

2 ppm 
NOx



BARCT Reassessment Heaters 
җпл aa.ǘǳκhr



Cost-Effectiveness and 
Incremental Cost-

Effectiveness

29

40 to 110 
MMBtu/ hr

25/2 ppm
1.4 - 134 

ppm
9 - 30 ppm

50, 5, &
2 ppm

50, 5, &
2 ppm

Need to assess cost-
effectiveness and 
incremental cost-

effectiveness

>110 
MMBtu/ hr

5/2 ppm 1.5 - 70 ppm 9 - 30 ppm
50, 5, &
2 ppm

50, 5, &
2 ppm

Need to assess cost-
effectiveness and 
incremental cost-

effectiveness

IŜŀǘŜǊǎ җпл aa.ǘǳκhr - Initial BARCT NOx Limit

Other 
Regulatory

RECLAIM 
2005/2015 

BARCT

Technology 
Assessment

Existing 
Units

Initial BARCT 
NOx Limits

Emissions from this category are high: 
¢ƻǘŀƭ bhȄ ŜƳƛǎǎƛƻƴ ŦƻǊ ƘŜŀǘŜǊǎ җ пл aa.ǘǳκhr is 5.24 tpd



IŜŀǘŜǊǎ җпл aa.ǘǳκƘǊ - Approach for Establishing 
Proposed BARCT Limit 30

ÁBased on revised cost estimates, the average cost-
effectiveness to achieve either 5 ppm or 2 ppm are above 
ϷрлΣллл ǇŜǊ ǘƻƴ ƻŦ bhȄ ŦƻǊ ƘŜŀǘŜǊǎ җпл aa.ǘǳκhr

ÁTo reduce the average cost-effectiveness, staff is proposing 
that units operating between the proposed and near limit 
would not be required to meet the proposed NOx limits

Á¦ƴƛǘǎ ǘƘŀǘ ŀǊŜ ŀǘ ƻǊ ōŜƭƻǿ ǘƘŜ άƴŜŀǊ ƭƛƳƛǘέ ǿƛƭƭ ƴƻǘ ōŜ 
required to meet proposed NOx limit in Table 1 provided:
ÅOperator accepts a permit limit at or below the near limit

ÁNear limit units are excluded from the cost-effectiveness 
calculation
ÅNear limit units will not be required to meet the NOx limits in 

Table 1
ÅNo additional retrofit costs associated with these units 5 PPM

Near Limit

100 PPM

�8�Q�L�W�V���”���1�H�D�U��
Limit Not 

Required to Meet 

Proposed Limit

Units > Near 

Limit Must 

Meet Proposed 

Limit


