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Proposed Rule 1109.1 ςNOx Emission Reduction 
for Refinery Equipment and Related Operations
Working Group Meeting #21
May 27, 2021

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


Agenda

Progress of Rule Development 

Progress and Status Since Working Group Meeting #20 

Bridge Concepts

Incremental Cost-Effectiveness Assessment

Alternative i-Plan Concepts

Gas Turbine and SMR Heater Follow-up

Proposed Rule 429.1 Update
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Progress of Rule Development 3

ÁDiscussed third party reviewers for the Socioeconomic Impact Analysis
ÁSummarized the revised cost data received from facilities
ÁPresented comment letters received and ongoing stakeholder meetings
ÁDiscussed BARCT implementation and compliance plans concepts
ÁPresented Proposed Rule 429.1: Start-Up and Shutdown Provisions at Petroleum 

Refineries
ÁClearSignTM presented an update on their burner technology

Summary of Working Group # 20 (04/30/21)



Progress and Status Since WGM #20 4



Status and Progress Since Last WGM 5

Continued Meeting with Stakeholders

Continued BARCT Assessment including Cost-Effective and 
Incremental Cost-Effective Analysis

Working on Revised Rule Language

bƻǊǘƻƴ 9ƴƎƛƴŜŜǊƛƴƎΩǎ tǊŜƭƛƳƛƴŀǊȅ !ǎǎŜǎǎƳŜƴǘ ƻŦ wŜǾƛǎŜŘ 
Costs



Environmental 
and Community 

Groups1

February 28

March 11

April 2

April 30

Chevron

February 19

February 26

April 1

May 20

Marathon

January 27

February 17

February 24

March 9

March 23

May 13

Phillips 66

February 16

March 4

March 31

Torrance 

January 29

February 12

February 26

March 12

March 24

April 9

April 28

May 18

Valero

January 29

February 24

April 16

May 5

May 19
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1 Biological Diversity, Coalition for Clean Air, Earth Justice, Communities for a Better Environment, Natural 
Resources Defense Council and East Yard Communities for Environmental Justice 

Continued Meetings with Stakeholders



Continued Meetings with Stakeholders ςcont.

ÁStaff and stakeholders discussed:
Åi-Plans and b-Plan

ÅApplicability of BARCT limits and/or retrofit technologies to specific 
units/equipment

ÅAlternative compliance options ςalternative mass cap approach

ÅBARCT re-evaluation for the units operating near BARCT limits

ÅStart-up, shutdown, and maintenance considerations
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Meeting with WSPA on May 20th

ÁOn May 20th staff met with WSPA and discussed:
ÅPR1304 exemption and co-pollutant BACT 

Å{/!va5 ǇǊƻǇƻǎŜŘ ά.ǊƛŘƎŜέ 

ÅRamboll refinery heater/boiler cost analysis (deidentified, aggregated) 

ÅAQMD BARCT analysis 

ÅWSPA Option

ÁWSPA option would retain the RECLAIM structure 
ÅIncludes additional trading restrictions 

ÅRTCs would be shaved to BARCT levels

ÅRetaining the RECLAIM structure would provide the bridge

ÁWSPA will provide the proposal in writing to staff for further consideration
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bƻǊǘƻƴ 9ƴƎƛƴŜŜǊƛƴƎΩǎ tǊŜƭƛƳƛƴŀǊȅ !ǎǎŜǎǎƳŜƴǘ ƻŦ 
Revised Costs 9

Review and 
Evaluation of  
Revised Cost 
Data

ÅAll costs data provided 
by the facilities were 
provided to Norton 
Engineering 
Consultants (Norton) 
on 4/27/21 for their 
review and evaluation

Preliminary Report

ÅMay 14, 2021, 
including a review of:

ÅUltra-Low NOx 
Burner Upgrade 
Costs

ÅSCR Costs for 
Burner and Heaters

Staff 
Recommendation

ÅRe-evaluation of BARCT 
for specific class and 
categories will use:

ÅAll facility-provided 
revised cost (71% of 
data for large boilers 
and heaters is facility 
data)

ÅUpdated U.S. EPA SCR 
model with revised 
facility cost data 
(estimate remaining 
costs)



Continued BARCT Assessment including Cost-Effective and 
Incremental Cost-Effective Analysis

ÁStaff is revising the BARCT assessments for major categories based on revised 
cost estimates received from facilities
ÅEvaluating units with high cost-effectiveness (cost outliers) to develop near limits

o Near limits are for units that are retrofit with NOx control technology and achieving near the 
proposed limits

o In lieu of meeting proposed BARCT limit, operators can accept permit limits at the near limit
o Unit must already meet near limit, cannot retrofit unit to meet near limit

ÅRevising cost-effectiveness calculation using modified cost curve
ÅIncluding the incremental cost-effectiveness assessment in BARCT assessment when more 

than one technology was identified to achieve emission reductions

ÁBased on new costs, staff anticipates:
ÅDevelopment of near limits for large boilers and process heaters, FCCU, gas turbines, and 

SMR heaters
ÅRevised BARCT limits for boilers and process heaters (>40 MMBtu/hr)
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Working on Revised Rule Language

ÁStaff has been working on revised rule language, including details 
and provisions corresponding to i-Plan and b-Plan

ÁThe revised rule language contains new and updated provisions 
added since the latest version of the rule language released in 
December 2020

ÁStaff is currently evaluating the BARCT limits which may not be 
included in this revised version of the rule language
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Marathon Petroleum Comment Letter 
(May 12, 2021)
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MarathonPetroleum Comment 
Letter

ÁStaff received a letter from Marathon 
PetroleumCorporation (Marathon) on May 
12th

ÁMarathon anticipates some of their SCR 
projects may exceed the federal major 
modification threshold for PM 2.5 which is 
10 tons per year which will:
ÅTrigger BACT PM requirements
ÅRequire expensive sulfur cleanup of their 

refinery fuel gas

ÁThe letter includes a hypotheticalexample 
calculation of the potential PM increase 
based on PM emissions from an actual 
source test data from their heater
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Key Comments from Marathon Letter

Comment 1: South Coast AQMD Has Not Shared Results of SOx/PM Survey

Comment 2: South Coast AQMD Provides No Information to Substantiate that 
Fine Particulate Would Likely Be Below Federal Major Modification 
Thresholds

Comment 3: Based on the Example a 425 MMBtu/hour Unit Will Exceed the 
PM2.5 Federal Major Source Modification Threshold of 10 tons per 
Year 

Comment 4: EPAôs ñProject Aggregationò Policy Must be Considered if the 
Emissions Increase for the SCR Project is Combined with other 
SCR Projects at the Refinery 
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ÁBased on the SOxsurvey, total 
sulfur in refinery fuel gas 
varies between 25 ppm to 
180 ppm

ÁCompared to the BACT limit of 
30 ppm sulfur
ÅThree facilities are near or below the 

BACT sulfur limit for refinery fuel gas

ÅFour facilities are substantially above 
the BACT sulfur limit
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Comment 1: South Coast AQMD Has Not Shared 
Results of SOx/PM Survey



Comment 2: South Coast AQMD Provides No Information to 
Substantiate that Fine Particulate Would Likely Be Below Federal 
Major Modification Thresholds
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ωTypical conversion rate is ~ 3%, but newer catalyst technology can 
achieve much lower (1.2% or less)

Conversion of SO2 to 
SO3

ωHigher sulfur concentration results in higher PM emissions

ωSulfur content in refinery fuel gas ranges from ~40 ς180 ppm 
Sulfur content in the 

fuel

ωHigher firing rate results in higher PM emissions

ωPR 1109.1 units range from 5 ς550 MMBtu/hour
Size of the unit

ÁStaff evaluated existing units at refineries to determine scenarios where 
Federal 10 tpy PM threshold could be exceeded
ÅPM emissions depend on several variables:



ÁTo exceed the Federal PM threshold, a 
heater would have to exceed the following 
firing rates for various conversion rates and 
sulfur concentrations

Á3% SO2 to SO3 conversion rate is typical for 
new SCRs

ÁNo single boiler/heater or group of boilers 
and heaters would exceed the threshold

ÁIf multiple SCR projects were aggregated, it 
is unlikely the threshold would be 
exceeded since:
Å2,540 MMBtu/hour is the highest cumulative 

total at a refinery for units needing SCR
ÅAll refineries have communicated that SCR 

projects will be staggered based on their 
turnaround schedules
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Firing Rate (MMBTU/hr) @ varying total sulfur concentrations 
required to exceed Federal PM threshold (10 TPY)

Catalyst 
Conversion 
SO2 to SO3

40 ppm 
Sulfur

110 ppm 
Sulfur

150 ppm 
Sulfur

179 ppm 
Sulfur

0.5% 39,152 14,237 10,441 8,749
1.0% 19,576 7,119 5,220 4,375
1.5% 13,051 4,746 3,480 2,916
2.0% 9,788 3,559 2,610 2,187
2.5% 7,830 2,847 2,088 1,750
3.0% 6,525 2,373 1,740 1,458
3.5% 5,593 2,034 1,492 1,250
4.0% 4,894 1,780 1,305 1,094
4.5% 4,350 1,582 1,160 972
5.0% 3,915 1,424 1,044 875

Comment 2: South Coast AQMD Provides No Information to 
Substantiate that Fine Particulate Would Likely Be Below Federal 
Major Modification Thresholds (Continued)
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ÁLetter provided a hypothetical 
example (shown here in 
Table 1) in which Marathon:
ÅPre-project assumes a unit with 

no SCR

ÅAssumed default emission factor 
of 0.0075 lb /MMBtu

ÅPost-project assumes unit with SCR

ÅProjected actual emissions based 
on a source test of an old heater 
retrofit with an old SCR 

Marathon example on page 5 of the comment letter 

Comment 3: Based on the Example a 425 MMBtu/hour Unit Will 
Exceed the PM2.5 Federal Major Source Modification Threshold 
of 10 tons per Year 
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Example is Not a PR 1109.1 Scenario and Overestimates Post-
Project Emissions

Marathon example on page 5 of the comment letter 
ÁSource test was for a rating increase 

of 252 to 302 MMBtu/hour for an 
existing heater with an existing SCR1

ÁCatalyst has been in operation for 
over 10 years (per facility permit)

ÁNewer catalyst have lower PM 
emissions

ÁBased on catalyst age, likely does 
not utilize optimal vanadium 
loading which can contribute to 
higher SO3 conversion 

1. Letter to South Coast AQMD from Marathon Petroleum Corporation dated May 12, 2021



Estimated PM Emissions for a 425 MMBtu/Hour 
Heater with 3% SO2 to SO3 Catalyst Conversion 20

ÁA new SCR for a 425 MMBtu/hour heater is estimated to 
emit 2.9 tons per year of PM assuming:
Å3% SO2 and SO3 catalyst conversion rate 
Å179 ppm sulfur content in refinery fuel gas

ÁA sulfur content of 179 ppm is the highest sulfur content 
based on the sulfur survey ςdoes not imply sulfur content 
at Marathon is 179 ppm

ÁTotal emissions of an existing 425 MMBtu/hour heater 
with a new SCR are estimated to be 16.9 tons per year 
assuming:
ÅaŀǊŀǘƘƻƴΩǎ ta ŜǎǘƛƳŀǘŜ ŦƻǊ ŀ ƘŜŀǘŜǊ ǿƘƛŎƘ ƛǎ мпΦл ǘƻƴǎ ǇŜǊ ȅŜŀǊ
ÅNew SCR PM emissions of 2.9 tons per year

Catalyst 
Conversion SO2

to SO3

PM Emissions 
179 ppm 

Sulfur
(Tons/Year)

0.5% 0.5

1.0% 1.0

1.5% 1.5

2.0% 1.9

2.5% 2.4

3.0% 2.9

3.5% 3.4

4.0% 3.9

4.5% 4.4

5.0% 4.9



Three Possible Scenarios Under PR 1109.1

ÁThere are three general scenarios for new SCR installations expected under PR 1109.1

ÁaŀǊŀǘƘƻƴΩǎ ŜȄŀƳǇƭŜ ƻŦ ŀ Ǉƻǎǘ-project emissions are based on an existing unit with an 
existing SCR 
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PR 1109.1 Scenario 1

Pre-Project Post-Project

Existing unit 

with no 

SCR

Existing unit 

with new 

SCR

PR 1109.1 Scenario 2

Pre-Project Post-Project

Existing unit 

with SCR

Existing unit 

with new 

SCR

PR1109.1 Scenario 3

Pre-Project Post-Project

Existing unit 

with no 

SCR

New unit 

with new 

SCR

Not a PR 1109.1 Scenario

Pre-Project Post-Project

Existing unit 

with no 

SCR

Existing unit 

with existing 

SCR



Estimated PM Emissions for PR 1109.1 Scenarios

ÁFor a 425 MM 
Btu/hr heater, 
estimated increase 
in PM emissions 
are less than 
3 tons/year

ÁEstimated PM 
emissions are well 
below the federal 
major modification 
threshold of 
10 tons/year
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PR 1109.1 Scenario 1

Pre-Project Post-Project

Existing unit 

with no 

SCR

Existing unit 

with new 

SCR

14 tons/yr 16.9 tons/yr

PM Increase: 2.9 tons/yr

PR 1109.1 Scenario 2

Pre-Project Post-Project

Existing unit 

with SCR

Existing unit 

with new 

SCR

24.2 tons/yr 16.9 tons/yr

PM Decrease: 7.3 tons/yr

PR 1109.1 Scenario 3

Pre-Project Post-Project

Existing unit 

with no 

SCR

New unit 

with new 

SCR

14 tons/yr 16.9 tons/yr1

PM Increase: 2.9 tons/yr

1 Emissions from a new heater with a new SCR for a 425 MMBtu/hour heater are expected be less than an older heater with a new SCR



/ƻƳƳŜƴǘ пΥ 9t!Ωǎ άtǊƻƧŜŎǘ !ƎƎǊŜƎŀǘƛƻƴέ tƻƭƛŎȅ aǳǎǘ ōŜ 
Considered if the Emissions Increase for the SCR Project is 
Combined with other SCR Projects at the Refinery 

ÁUnder the federal NSR applicability test, if a 
project does not have a significant emissions 
increase the project is:
ÅNot applicable to NSR 
ÅNot evaluated under the final NSR applicability test 

that evaluates net emissions over a contemporaneous 
period

ÁThe project aggregation step is to ensure that 
permitting projects are not separated to avoid 
NSR

Á.ŀǎŜŘ ƻƴ ǎǘŀŦŦΩǎ ŀƴŀƭȅǎƛǎΣ ŀƎƎǊŜƎŀǘƛƴƎ ƳǳƭǘƛǇƭŜ 
units as one permitting project would not 
exceed the threshold of 10 tons per year
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Summary of Co-Pollutant Issue

ÁaŀǊŀǘƘƻƴΩǎ ŜȄŀƳǇƭŜ ƛǎ ƴƻǘ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ƻŦ ŀ tw ммлфΦм ǎŎŜƴŀǊƛƻ ǘƘŀǘ 
would involve a new SCR

ÁStaff is developing proposed amendments to Rule 1304 to include limited 
BACT exemption to address PM increases

ÁBased on the analysis, unlikely that multiple units will exceed the federal 
PM threshold

ÁLikely all permitted projects will fall out of the federal NSR applicability 
threshold, which will not require projects to evaluate net emissions from 
contemporaneous projects

ÁUtilizing a lower conversion rate catalyst will reduce PM increase
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Bridge Concepts 25



Bridge Between RECLAIM and PR 1109.1

ÁOne of the components needed to ensure the RECLAIM transition meets Clean 
Air Act Section 110(l) is to incorporate enforceable mechanisms in those 
landing rules with implementation dates that will occur after facilities 
transition out of RECLAIM

ÁStaff anticipates that facilities will be ready to exit RECLAIM no earlier 
than 2024, which is before BARCT requirements in PR 1109.1 will be fully 
implemented
ÁU.S. EPA suggests that staff incorporate interim emission limits for all 

equipment that have compliance dates after the facility transitions out of 
RECLAIM
ÁInterim limits would only apply to equipment with compliance dates after 

the facility exits RECLAIM
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Guiding Principles for Establishing Interim Limits 27

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

ÁInterim limits are not an interim step down to BARCT emission limits

ÅNo additional emission reductions from interim limits is required

ÅDesigned to ensure no backsliding under Clean Air Act Section 110(l)

ÁInterim limits will apply to individual units and ensure RACT requirements are being 
met

ÁInterim limits will be incorporated in PR1109.1 for units that have compliance dates 
after January 1, 2024 



General Approach for Establishing Interim Limits

ÁInterim limits will be based on class and category of equipment 

ÁStaff will use the following information to establish interim limits:
ÅCurrent permit limits

ÅDefault emission factors used for annual emissions reporting

ÅActual emissions

ÁStaff has developed initial recommendations for interim limits for all equipment 
ŎŀǘŜƎƻǊƛŜǎ ŜȄŎŜǇǘ ƭŀǊƎŜ ōƻƛƭŜǊǎ ŀƴŘ ƘŜŀǘŜǊǎ җпл aa.ǘǳκƘƻǳǊ 

ÁStaff is still evaluating large boilers and heaters and has not developed initial 
recommendations
ÅLarge boilers and heaters have wide variation and most units do not have existing permit limits

ÅStaff is assessing different parameters to establish interim limits such as with and without SCR, unit 
size, and unit age
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Potential Interim NOx Limits for PR 1109.1 Equipment 
Categories 29

Unit NOx (ppmv) CO (ppmv)
Percent 

O2
Averaging Time 

(Rolling Average)
Comment

Boilers and Heaters <40 MMBtu/hour 40 400 3 2 hour Required permit limit

.ƻƛƭŜǊǎ ŀƴŘ IŜŀǘŜǊǎ җпл aa.ǘǳκƘƻǳǊDiscussed on following slide

FCCU 40 500 3 365 day
Consent decree or permit limits

Gas Turbines 20 130 15 24 hour

Petroleum Coke Calciner 70 2,000 3 365 day

Current NOx levelsSRU/TG Incinerators 100 400 3 24 hour

SMR Heaters
60 without SCR

20 with SCR
400 3 24 hour

SMR Heaters with Gas Turbine 5 130 15 24 hour May not need interim limits, permit 
limit required prior to existing RECLAIMSulfuric Acid Furnaces 30 400 3 365 day

Vapor Incinerators 130 lb/MMscf 400 3 3 Default emission factor



Current NOx Concentration Levels of 
.ƻƛƭŜǊǎ ŀƴŘ IŜŀǘŜǊǎ җпл aa.ǘǳκhr 30



Incremental Cost-Effectiveness 31



Comment Letter on Cost-Effectiveness and Incremental 
Cost-Effectiveness

ÁLatham and Watkins on behalf of the Regulatory 
Flexibility Group and the Western States Petroleum 
Association submitted a comment letter on cost-
effectiveness and incremental cost-effectiveness when 
establishing BARCT

ÁConcerned about the manner in which staff is 
evaluating cost-effectiveness and incremental cost-
effectiveness for the control options under 
consideration

Á5ƻŜǎ ƴƻǘ ōŜƭƛŜǾŜ ǎǘŀŦŦΩǎ ŎǳǊǊŜƴǘ ŀǇǇǊƻŀŎƘ ƳŜŜǘǎ ǘƘŜ 
requirements of Section 40920.6(a)

ÁStaff provided a detailed response to this letter during 
the RECLAIM Working Group Meeting held on May 13th
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