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Summary of Working Group Meeting #9

‘ Progress of Rule Development
\

‘ Updates from Last Working Group Meeting

|

‘ BARCT Assessments for Gas TurbifreCUandSRUTGI

/

‘ Next Steps

/




Progress of Rule Development

| Summary of Working Group #9 (12/12/19

AJohn Zink Hamworthy Presentation on SOMBXirner Technology
ADiscussed potentisOXRECLAIM sunset

ABaseline emission calculations

AU.S. EPA SCR cost spreadsheet revision

AProposed BARCT limits for Heater and Boiler categories

Since Last Working Group Meeting

A Adjusted coseffectiveness calculations to reflect stakeholder comments
A Discussions with consultants

A Stakeholder meetings and site visits

A Discussions with control technology suppliers

A ClearSigiCorédMDemonstration Project Update



ASome stakeholders expressed concern epobutant
Impacts due to ammonia from SCRs

APrimary concern is sulfur in the fuel gas
ASome facilities already remove sulfur from fuel gas

AStaff needs to gather data to understand full scope of the
Issue for impacted facilities

ASending out a survey to gather the following information:
ACurrent sulfur concentration in the fuel gas system(s)
ANumber and type of existing treatment system(s)

AVolume of gas treated
AAnticipated upgrades and/or additional units required

AAny potential NOx emissions increase associated with upgradg OXP M
or expansions

ACost of gas clean up to meet Rule 431.1 sulfur limit Su rve




ClearSigriCore™ .
Demonstration Project Update @Cle(] rS|gn

Better Solutions

AClearSigiCoréM burner technology was retrofitted in a
multi-burner process heater

Alnitial tests showed NOx emissions less than 4 ppm wi
natural gas

AlInitial results showed burneio-burner interaction limited
the maximum firing capacity of the heater

ADecision was made to reinstall the original burners an
temporarily suspend field test

AFurther offsite product refinement and demonstration
ongoing to address issue

A Seeking to resume field demonstration later this year 5




Areas of
Discussion on
Cost-
Effectiveness

Calculation

NOx
Concentration

Facility versus
Spreadsheet
Cost
Estimates
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wCombination of SCR and UHraw NOX
Burners ULNB can achieve 2 ppm

wUnits that require >95% NOX reduction
will require burner control

wStaff proposed the following burner
cost:

w<40 MMBtuhr - $2.2MM/unit
WK N A a dr.- $2@&M/unit

rrrrrrrrrrrrrrrr

Background

wScale burner cost
based on heater size
similar to SCR power
curve relationship

b v

L. Staff proposal from Working Group Meeting #9.

%
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w Staff agrees




CostEffectiveness Calculation
¢ Burner Cost@Q 2 ¥ Q U

AFacilities provided cost for 13
burner installations

A Cost ranged from
$1.6MM to $9.8 MM

APower curve generated
based on $ per
MMBtu/hr

ABased on the power curve,
burner cost is:

Ay = $23,137 (150/%92

$60,000

$50,000

540,000

$30,000
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Refinery Low NOx Burner Installed Cost

400 500
Heat Input (MMBtu/hr)

y = 2E+06x 0892
R*=0.8144




Burner Total Installed Cost Based on Unit Size
$11,000,000

$10,000,000
$9,000,000
$8,000,000
Burner Cost
5?,003,9()0 Estimates

Burner Costs

$5,000,000
y =3132.5x + 36406

R? =0.801
$4,000,000

$3,000,000
$2,000,000

Heat Input (MMBtu/hr)

*Curve generated from 13 estimated burner costs provided by facilities (some points represent muritip)e




CostEffectiveness CalculatiaLCF versusCF 10

wStaff relied on U.S.

EPA SCR spreadshet

for costeffectiveness
calculations provided
In last working group
meeting

Background

Comment

wU.S. EPA relies on
LCF for cost
effectiveness
calculations

wRevised cost
effectiveness
calculations to reflect
DCF

Staff Respons
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CostEffectiveness CalculatiaiNOX
Concentration

11

Stakeholders
wStaff proposedback [  BEECUEESSNEEEN T @ ==

CalCUlatlng NOX . COmment o (L)USG NOX Concentratlon as % ,,,,,
emissions based on 7 reported in survey (CEMS
Annual Emission w Backcalculated emission annual average) and mass
Reported (AER) value did not gree with survey _ emissions as reported in AER
(annual mass) RdzS U2 UKS dz@s  Example calculation on
OSNhdza aRNE @l next slide
feet/minute (acfmversus
scfm)

Staff Respons

Background



CostEffectiveness CalculatigiNOx
ConcentrationQ 2 Yy Q U

ASurvey NOx Concentration (CEMS QUEEN pesened awomse

average) =23.3 ppm
APercent reduction to achieve 2 ppm = [ bemer i
91.4%
V Technically feasible with SCR only
AAnnual emissions (AERp31tpy
AEmission reductions

VI O NWwE P TWLnN W

12



CostEffectiveness CalculatianFacility versus

Spreadsheet Cost Estimates for SCR 13

... >--Z»2Z]%--- -_—_______ Stakeholders F// vvvv ,f

w Costeffectiveness has been

wStaff modified U.S. revised
EPA SCR . . : _
RGN w Use facility cost w Used fag:llllty cost if prowdgd
provided by used modified cost curve

y ) ‘é Comment

facilities w Costeffectiveness based on class

and category, not for individual
units

Background

Staff Response




CostEffectiveness CalculatianFacility versus

Spreadsheet Cost Estimates 14

Comparison of facility supplied Total Install Costs (TIC) ang

A Some units are have much Operations and Maintenance CosB&M) versus costs generatec
higher costs due to from modified U.S. EPA SCR spreadsheet |
Size

) Challenging retrofits (MMBtu/hr) | Faclility TIC FacilityO&M
A Cost curve cannot account
for outliers
A Retrofit factor in EPA
SCR spreadsheet
designed to address

outliers $17 MM
$32 MM

$7 MM
$8 MM
$11.8 MM

$22.2 MM



Staff Adjustments to Costffectiveness Calculatio

................ ; ., & ., & ., & -, ., & ., & -, ., & ., ” R, e B S S ‘

Used actual facility cost estimates when available

e e

Used NOx concentration from survey to calculate percent
reduction and applied to mass emissions from AER

'''''''''''
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Revised CodEffectiveness Analysis for Heaters

and Bollers

f ‘\toff revised the costiec wum.:: > calculatio for I ec maur, er/ba
category presentead: W'y OrKing Group- ivieeting

Heaters/
Boilers

<20 20 040 >400110 > 110
MMBtu/hr MMBtu/hr MMBtu/hr MMBtu/hr

AF0llowINg slides detalls the changes. (0 the azsigcliveness ana sle
fecommenaed NOX-concentrations lin

AStail still evaluating outliers -ana units witn existing




Revised CostEffectiveness Analysis for

Heaters and Boilers (cont.)

A Estimated costs |A Estimated costs fro
from facilities facilities

A NOX from survey# A NOXx from survey?
A Burner cost curve| A DCHRversus LCF

Increased Cost

1SOD pPosSeslidad

* NOx concentration from survey lower than bacdkiculated value
1. Lower emission reductions increased cefectiveness values
2. For some units, the recalculated SCR removal efficiency could achieve
proposed NOx limit without the need/cost of burner replacement



Heaters <40 MMBtUir using Refinery Gas

Revised costeffectiveness analysis (cont.)

Presented aWGM#9

Cost-Effectiveness Analysis for
9 ppm (Heaters <40 MMBtu/hr
Using Refinery Gas)

Cost-Effectiveness at 9 ppm

Heater
Category

<20

Burners
Replaced Before
Useful Life

$98,017

$48,746

Burners
Replaced After
Useful Life

No cost
increase,
possibly
savings

® Evaluation of 9 ppm using refinery gas

= Based on emerging technologies: ClearSign
or SOLEX

® |mplementation schedule will need to
account for technology development

® Evaluated two heater sizes:
= <20 MMBtu/hr
= 20 to 40 MMBtu/hr
® For each of the heater sizes, evaluated two
scenarios:
= Burner replacement before useful life
= Burner replacement after useful life, if
replacement before useful life is not cost-
effective

= Assumptions
= ClearSign is <51 MM
= Used cost based on traditional low-NOx
burner ~52.2 MM (conservative assumption)

= Assumed 25 years useful life

Revised CosEffectiveness at 9 ppm

Burners
ReplacedAfter
Useful Life

Burners
Replacedefore
Useful Life

$212,421
(14 units)

$77,664*
(36 units)

Heater
Category

Potential
additional cost
beyond what
the facility will
already incur

<20
MMBtu/ hr

20 to 40
MMBtu/ hr

* No longer cost-effective, changed recommendation
Revised Staff Recommendation:

A 9 ppm at end of burner useful life for all
heaters <40MMBtuAr

V Assess maturity of emerging technolog
an implementation schedule will be
established




Heaters >40 ppm, <40 MMB1w using Refinery Gas

Revised costeffectiveness analysis (cont.)

Presented aWGM#9 Revised CosEffectiveness at 30 ppm

= Most heaters are achieving NOx concentration

Cost-Effectiveness Analysis for g : -
30 ppm (Heaters >40 PPM, <40 = Three heaters with NOx concentrations > 40 ppm

Heater Category 30 ppm

MMBtu/hr Using Refinery Gas) = 2 heaters are < 20 MMBtu/hr <20 I\/IMBtu,hr $276,058

= 1 heater is 20 to 40 MMBtu/hr

Cost-Effectiveniass at 30 borm = Commercially proven low-NOx burners can (2 un ItS)
PP achieve < 30 ppm

NOx Limit = Burner manufacturers will guarantee 30 ppm
PR i oomomvsen  $50109

<20 MMBtu/hr $525,603 = Evaluated cost-effectiveness of interim NOx (1 un |t)
concentration limit of 30 ppm for heaters
20 to 40 MMBtu/hr $20,558 currently > 40 ppm for two heater sizes:

= <20 MMBtu/hr - .
S i Maintain Staff Recommendation:

= Assumptions A30 ppm for heaters 20 to 40 MMBtif

= Average cost for burners is $2.2 MM

= Assumed 25 years useful life A9 ppm at end Of USGfUl |Ife

V Assess maturity of emerging
technology, an implementation
10 schedule will be established




Heaters >40 MMBtUir using Refinery Gas

Revised costeffectiveness analysis (cont.)

Presented aWGM#9

= Burner costs included for units requiring >95%
reduction from SCR

= S2.8MM/unit for installation of ULNB
= ULNB can achieve < 30 ppm
= 14 units will require burner upgrades

Cost-Effectiveness Analysis for
2 ppm (Heaters 240 MMBtu/hr
Using Refinery Gas)

= Cost-effectiveness calculated using U.S. EPA cost
spreadsheet

= Average cost-effectiveness of all heaters >40
MMBtu/hr < $50,000/ton NOx reduced

= Units with existing SCR (37) not included in cost-

Cost-Effectiveness at 2 ppm

effectiveness calculation

240 to 110 $48,892 = Assume new catalyst(s), ammonia injection grid
MMBtu/hr upgrades, and tuning can improve removal
efficiency

= Will not require complete SCR retrofit
installation

>110 MMBtu/hr 540,682

= Cost will be less than a complete retrofit
installation

= Staff still evaluating costs and potential
reductions for units with existing SCRs -

Revised CosEffectiveness at 2 ppm

xnn 02 wmwmn $56,366
MMBtu/hr (44 units)
>110 MMBtuhr $39,857
(33 units)

Maintain Staff Recommendation:
A 2 ppm for heaters >40 MMBttf

A Outliers and units with existing SCR curre
being evaluated




Boilers <40 MMBtUir using Natural Gas

AWorking Group Meeting #
and 9 ppm NOX IImits tor

AAIl ballers <40 MIMBLUir 1

AZ PPM NOt COSETIECtIVE

L
~

ppmM achieved In practi

C

AConsiaeread o ppm using

AJonn Zink indicated thsc
DUt commercially avalla

N /i

acnieve o ppm on hatul



Boilers <40 MMBtUir using Natural Gas

Revised costeffectiveness analysis (cont.)

Presented alWWGM#9

» Combination of SCR (95% reduction) and
Cost-Effectiveness Analysis for

2,5, and 9 ppm (Boilers <40 * SCR cost-estimates based on U.S. EPA
cost spreadsheet with adjustments
(previous slides)

® Evaluation of 5 ppm based on burner

Boiler replacement after burner reaches useful life
2 ppm 5 ppm* . .
Category ® Evaluation of 9 ppm using natural gas based
No

on use of LNB

Cost-Effectiveness at 2, 5, and 9 ppm

<20 $167,149 P diiional $55,563 = Fvaluated two heater sizes:
Cost = <20 MMBtu/hr

" o = 20 to 40 MMBtu/hr.

20to 40 " .
S42MM additional Achieved | | Assu mp‘hons

= Used cost based on traditional LNB burner

~$2 MM

= Assumed 25 years useful life
* After burner useful life

Revised CosEffectiveness at 2 and 5 ppm

Boiler 5 ppmatfter
Category 2 ppm > ppm useful life
MMBtu/ hr (2 units) additional cost

beyond what
$512,110 $413,05¢ the facility will

already incur

20 to 40

MMBtu/ hr (2 units)

Maintain Staff Recommendation:

A5 ppm at end of burner useful life, keep curren;
permit limit

L ot




. 2Af SNA HkmUsing Refinety dzas

Revised costeffectiveness analysis (cont.)

Presented aWGM#9

= Burner costs included for units requiring >95%
reduction from SCR
= $2.8MM/unit
= NOx reduced to 30 ppm
= 8 boilers will require burner upgrades

= Cost-effectiveness calculated using U.S. EPA cost
- spreadsheet
Cost-Effectiveness at 2 ppm = Average cost-effectiveness for all boilers 2 40
MMBtu/hr < $50,000/ton NOx reduced
® Units with existing SCR (7) not included in cost-

effectiveness analysis

240 to 110 $36,578 = Assume new catalyst(s), ammonia injection grid
MMBtu/hr ’ upgrades, and tuning can improve removal
efficiency

Cost-Effectiveness Analysis for
2 ppm (Boilers 240 MMBtu/hr
Using Refinery Gas)

= Will not require complete SCR retrofit
installation

>110 MMBtu/hr $31,461

= Cost will be less than a complete retrofit
installation
= Staff still evaluating cost and potential
reductions for units with existing SCR
65

Revised CosEffectiveness at 2 ppm

Boiler Category

$50,042
& units, 1 standby
not included)

$19,286
(11 units)

Xnna 02 MM
MMBtu/ hr

>110 MMBtuhr

Maintain Staff Recommendation:
AH LILIJY F2NJ o2if SNBE xn




Summary of ProposedBARCTLImits for ¢
Boilers and Heaters




Proposed BARCT NOx Limit for Heaters

T
;.///
e SIS LIS EAL LT LSF,

Revised
(MMBtu/hr) BARCTNOX Limit* Cost-Effectiveness

<20 40 ppm/9 ppnv $0/Potential additional cost

20to 40 30 ppm/9 ppni $50,109/Potential additional cos

X nta 110 2 ppm $56,366

>110 2 ppm $39,857

1. Two units > 40 ppm not cost effective to retrofit (no action required)

2. Future effective limit of 9 ppm at end of burner useful life (technology forcing
based on emerging technologies)



Proposed BARCT NOx Limit for Bollers

Proposed Revised
(MMBtu/hr) BARCTNOX Limit Cost-Effectiveness

<20 5 ppnt Potential additional cos
20to 40 5 ppnt Potential additional cos
X nta 110 2 ppm $50,042

>110 2 ppm $19,286

1 Staff proposing a future effective limit at end of burner useful life due to high
costeffectiveness. Commercially available burner technology can achieve 5 ppm.
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Gas Turbines Assessmel



bine

12 Gas Turbines

3 without Duct

9 with Duct Burners Burners

8 Refinery Gas 2 Refinery Gas




Technical
Feasibllity
for Gas
Turbines

Gas Turbines

ACombination of drfow NOx DLN
combustor and SCR can achieve 2 ppm wi
proper engineering and design

ADLNcombustors can achieve:
A9 ¢ 25 ppm fired withnatural gas

A10c¢ 27.5 ppm fired with refinery gas
(~10% higheNOXx emissions)

ASCR can achieve ~95% NOXx reduction

A2015 BARCT Assessment and Norton repa
concurred a 2 ppm NOXx limit is technically
feasible

29
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Gas Turbines Fired with Natural Gas | 30




Gas Turbines fired
with Natural Gas

ARecentBARCAssessments for combined
cycle gas turbines fired with natural gas
established 2 ppm

ARule 1134 Emissions of Oxides of

Technical Nitrogen from Stationary Gas Turbines
hili ARule 113% Emissions of Oxides of
FeaSIblllty _for Nitrogen from Electricity Generating
GaS TurblneS Facilities

(Natural Gas) ABoth gas turbines fired with natural gas
have existing SCRs and CO catalysts

AAverage NOx removal efficiency of
existing SCRs is 94%

ABoth units currently achieving < 2 ppm
NOXx 31



Gas Turbines fired
with Natural Gas

Gas Turbines Assessment (Natural Gas)

RECLAIM
PAONRS
BARCT

» Existing Other » Technology » Initial BARCT Cost-
Units Regulatory Assessment NOx Limit Effectiveness

1.14¢ 1.85 2 ¢ 42 ppm 2 ppm 2 ppm $0, Achievedn-

Natural Gas 2 ppm ;
ppm practice



CostEffectiveness for
2ppm (Gas Turbines with

Natural Gas) AAIll existing natural gas units achievir
2 ppm

CostEffectiveness at 2 ppm

SiaflBARC Recommendiaton

$0/Achievedin-practice A 2 ppm for Gas Turbines using
Natural gas

V Achievedin-practice

33



Gas Turbines fired
with Refinery Gas
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Technical
Feasibility for

Gas Turbines

GEILEYACES)

Gas Turbines fired
with Refinery Gas

AAIl gas turbines have existing SCRs and CO
catalysts with the following characteristics:

ASCR NOx removal efficiency:-89%
ACatalysts age rangec12 years
ACatalyst beds range:-P

ANOx removal efficiency can be improved by:

ASCR upgrades (e.g., ammonia injection
grid, catalyst, additional catalyst beds )

APossibility of combustor upgrade (&0
27.5 ppm)

ACombination oDLNcombustor and
maximized SCR removal efficiency can
achieve 2 ppm NOx

A2 ppm achievedn-practice with refinery gas
(DLNcombustor and SCR) based on stack te

35



Gas Turbines fired
with Refinery Gas

Gas Turbine Assessment (Refinery Gas) 36

RECLAIM ..
isti Oth T RCT y
2005/2015» Existing » R = » echnology» Initial BARC Cost

. | - . .
BARCT Units egulatory Assessment NOX Limit Effectiveness

Need to conduct
costeffectiveness
on initial BARCT
Gas NOX limit

Refinery Gas o
Refinery Mixed s 2.8-10 ppm 9-50 ppm 2 ppm 2 ppm



Gas Turbines fired
with Refinery Gas

Initial BARCT NOx Limits for Cadfectiveness for

Upgrade existing | Upgrade existing
SCR to achieve 95§@elS SCR an®LN

reduction combustor

Potential NOx BARCT
Emission Limit

Total NOx emission is41tpd




Revised

CostEffectiveness for 2 ppm | ¢ . .
(Gas Turbines with Refinery ASCR upgrades are-most cefective option

Gas) to achieve_2 ppm _
ACosteffectiveness analysis based naw

SCR installation (worsEase .cost
CostEffectiveness at 2 ppm assumption)

_ AUsed U:S: EPA cost model with:a 20%
Increase for labor costs (SB54)
$35 573 ADid not use modified cost curve
| (reflects costs for heaters/boilers)

Staff Recommendation:

2 ppm for Gas Turbines using Refinery G

38



GasTurbines fired
with Refinery Gas

Gas Turbine Assessment (Refinery Gas) 39

RECLAIM ..
isti Oth T RCT y
2005/2015» Existing » R = » echnology» Initial BARC Cost

. | - . .
BARCT Units egulatory Assessment NOX Limit Effectiveness

Refinery Gas o
Refinery Mixed s 2.8-10 ppm 9-50 ppm 2 ppm 2 ppm
Gas

$35,573
(10 Units)



CostEffectiveness for Gas Turbines

Natural Gas
at 2 ppm Staff BARC Recommendation:

A 2 ppm for Gas Turbines

CostEffectiveness:
$0, Achieved
Staff Recommendation] =~ | Staff Recommendation
2 ppm 2 ppm




Gas Turbines

Gas Turbine Summary 41

Proposing 2 ppm NOXx limit for Considerations
all gas turbines wAveraging Time

wNatural Gas and Refinery Gas wAmMmonia limit

wAchievedin-practice, technically V Some units currently have 20
feasible, and cosgeffective ppm ammonia permit limit




FCCU Assessme
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FCClLategories

3 with SCR | 2 without SCR

Current NOx Concentration Current NOx Concentratio
1.2¢ 15 ppm 13¢ 36 ppm




1 nree tecnnoiogies iaentiied 1or I\
control InECC mplicz‘r‘:io:ns
A DeNOXxadditi
A ~45Y r@Juc;!»:m 1 dependent:
contiguratior
) A LO 1O
Technical A 95% reductio
Feas|b|||ty of A OneFCCunstallation &

1 exa g,!t‘/
2 ppm for FCCU | Asci
A Yo% reauctio
A 2 ppm IS technically-reasinle w
A One existindg-CC
A Oneplanned-CCuetront (SCk
engineereaor 2 ppn

AL IViaratnor

Cll
T



FCClLAssessment

RECLAIM
PAONRS
BARCT

» Existing Other » Technology » Initial BARCT Cost
Units Regulatory Assessment NOX Limit Effectiveness

Need to conduct

costeffectiveness

on initial BARCT
NOXx limit

2 ppm 1.2¢ 36 ppm 40¢ 125 ppm 2 ppm 2 ppm



Initial BARCT NOx Limits for Cadfectiveness for

SCRLoTOxand
DeNOxadditive

N

Q@ &,
Potential NOx BARCT
Emission Limits

Total NOx emission for @56 7tpd




AEvaluated coseffectiveness for all units

_ not achieving 2 ppm
Cost-Effectiveness RCost estimates:

for FCCU AFacilities providedwo capitalcost
estimates ($57 MM and $19.5 MM)

| AStaff used those data points to estimated
CostEffectiveness at 2 ppm costs for other units

AScaled cost based on flow rate
AAnnualO&M Cost assumed 0.5% of Total
Capital Investment Cost

$36,509 AConsistent with: boilers/heaters
estimates

ACost based on new SCR installation

AUnits with existing SCR could optimize SC
to achieve reductions

Staff Recommendation:
2 ppm forFCCU 47




CostEffectiveness foFCCU

e e
R,

] B

o

fact : Staff Recommendation:
CostEfftectiveness: A 2 ppm forFCCU

$36,509

Recommendation:

2 ppm




FCCUSummary

Proposing 2 ppm NOX limit
wOne unit achievegh-practice

wOne planned installation unit
designed to meet 2 ppm

wTechnically feasible and cest
effective

49

Considerations

wAveraging time
wAmMmmonia limit

V All units currently have 10 ppm
ammonia permit limit pursuant
to Rule 1105.1
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Sulfur Recovery Units /Taill Ga




SRUTGIUnNIverse

16 SRUTGI

3 with Stack 13 without stack
heaters heaters




SRUTG Incinerator Background

ASulfur recovery units ( SRU convert hydrogen sulfide into
elemental sulfur

ASRUconverts ~95 percent of the hydrogen sulfide into
sulfur and the tail gas incinerators ( TGI) converts the
remaining hydrogen sulfide into SO,

ATail gas is vented to a thermal/catalytic
oxidizer/incinerator

ASRU TGl are classified as major sources of NOx

52



SRUTGI Challenges 53

ACurrently no units have been retrofitted with post
combustions controls

AChallenging retrofits
AHigh stacks adds to installation costs
AFlue temperatures above maximum SCR temperatures

AWaste heat boiler or excess air needed to cool gas
AHydrogen sulfide rich gas contains NOx precursors
ANot all NOx from burner



Technical
Feasibility for

SRUTGI

2\¢ omlﬂnuuon 01 SCR (95% reauction)-ant
ULNB(< 50 ppm) can a‘:_’_ie\_*"e 2 pp n with
proper enomeern J ana aesign
A\Vaste heat boller: rr € ernp 2d-air needed
[0 reduce fiue-gas temperature -

ALoTOX'™M s another control option with «

ULNB that can acr u\/e >95% NOX reductio
AOperating temperature-even lower than SCFK
A \Vaste neat boller or tempered-air

AUsed In combination with wet scrubber to -
control NOX, D()/‘.j and PM

ANO ammonia use, but ozone Is requirea.

A\Waste effluent treatment system requiread. -

42015 BARCT Assessment and Norton-repo
concurread thata 2 P .’ DX lImits-was:
(] rnngjhy,fésuye



Initial BARCT NOXx Limit SRUTGI

RECLAIM

Existin Other Technology AN Initial BARCT Cost
2015 BARCHp S = )

Units egulatory Assessment NOXx Limit Effectiveness

Need to
conduct cost
All Units 2ppm 4-74 ppm 27ppm* 2 ppm 2¢ 30 ppm effectiveness
on initial BARC

NOX limit

* Texas Department of Environmental Quality Title 30, Part 1 Chapter 117, Subchapter B, Division
3, Rule 117.310 for Industrial Incinerators



Initial BARCT NOXx Limits for CBfectiveness

NOx concentration
lImits

A2 ppm using SCR/
ULNBsor LoTOXM

A5 ppm using SCR or
LoTOXM

A30 ppm using ULNB
only

e

SCR antdLNB

or LoTOXMand
ULNB

Total NOx emission f@RUTGTUs 0.43tpd




CostEffectiveness Analysis
for 2 and 5 ppm using SCR

CostEffectiveness at

2 and 5 ppm

2 ppm S ppm
(SCR and ULNB) (SCR)

$90,000 $89,000

57

A Staff received one cost estimate for a:SCR: retrofit
(~ $60 MM for two' units with common:SCR)

ACost estimates for remaining units:
A SCR cost ~$45 per standard cubic feet/minute flow re
A Waste heat boiler ~ $100;000

A Installation ~ 4.5 times capital cost (Based on-2015
BARC Norton recommendation)

A Operatina-and Maintenance ~ $150,000/year

AULN installation and cost

A 8. uhits.exceed.95% . reduction to achieve 2 ppm and woule
need to replace burners

A Burner cost curve used to estimate cost
ANo units need to replace burners to achieve 5 ppm

ATechnically feasible to retrofit to 2 or 5 ppm with
SCR but not cosfffective

Staff Recommendation

2 and 5 ppm is not cosffective forSRUTGIusing SCR



