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University of Alaska Fairbanks Campus Power Plant BACT Appendix

2010-08 Sargent and Lundy 3DA FGD Cost Development Methodology 2010.pdf
2010-08 Sargent and Lundy Wet FGD Cost Development Methodlology 2010.pdf
2013-03 D5l for 502 Coest Control Development Methedology.pdf

2015-04-24 Voluntary BACT Analysis for UAF.pdf

2015-07 UAF BACT Protocol FINAL. pdf

2015-08-14 UAF BACT Protocel response 081415, pdf

2017-01 FINAL BACT Analysis for UAF Campus.pdf

2017-01 3CR Cost Development Methodelogy.pdf

2017-05-11 Serious 5P BACT due date email. pdf

2017-10-20 ADEC BACT Comment Letter to UAF. pdf

2017-10-20 ADEC Request for Additional Infermation for UAF BACT Analysis.pdf
2017-10-20 Voluntary BACT Analysis for UAF letter 042515, pdf

2017-11-04 EPA Comments on ADEC BACT Analysis for UAF, pdf

2017-12-21 UAF Response to EPA-ADEC BACT Comments.pdf

2017-12-21 UAF Response to EPA-ADEC comments on BACT Analysis.pdf

2018-09-13 ADEC Request for Additional Infermaticn for UAF BACT Analysis 091018, pdf
2013-09-13 BACT Comment Letter to UAF.pdf

2018-09-13 EPA Cormments on ADEC Preliminary Draft SIP Dev.pdf

2018-09-13 Request for Additicnal Information for the BACT Technical Memorandum for UAF. pdf
2018-11-01 UAF response to ADEC BACT Information Request. pdf

2019-04-23 UAF Response to BACT-502 Emissions.pdf

2019-04-29 UAF Response to BACT-502 Emissions.pdf

2019-03-10 UAF Attachments OCR.pdf

2019-05-10 UAF BACT Determination.pdf

2019-07-26 Frances lsgrigg e-mail UAF Sericus 5IP Comments 7-26-19.pdf

2019-07-26 Kerynn Fisher e-mail UAF comments - Fairbanks PM2.5 - Draft 5IP 7-26-19.pdf
2019-11-13 Final UAF BACT Determination.pdf

2019-11-13 Final UAF Response To Comments.pdf

The following documents are included in the BACT but not listed in this appendix due to their
electronic nature:

2017-01-24 UAF_BACT_MOx_Tables_3-X (UAF).xlsx

2017-02-08 UAF_BACT_PM2.5_Tables_4-X (UAF).xlsx

2017-02-08 UAF_BACT _Tables_1-2_thru_1-5_and_Summary (UAF).xlsx
2018-11-20 UAF_BACT_S0O2_Tables_5-X (UAF) xlsx

2019-11-13 UAF EU3 LNB Economic Analysis (ADEC).xlsx

2019-11-13 UAF EU3 SCR Economic Analysis (ADEC) xlsx

2019-11-13 UAF 5CR. Economic Analysis (ADEC).xlsm

2019-11-13 UAF SNCR Economic Analysis (ADEC).xlsm

2019-11-13 UAF 502 Controls Economic Analyses (ADEC) xlsx
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LEGAL NOTICE

This analysis ("Deliverable™) was prepared by Sargent & Lundy, L.L.C. ("S&L"), expressly for the sole use
of Perrin Quarles Associates, Inc. ("Client") in accordance with the agreement between S&L and Client.
This Deliverable was prepared using the degree of skill and care ordinarily exercised by engineers
practicing under similar circumstances. Client acknowledges: (1) S&L prepared this Deliverable subject to
the particular scope limitations, budgetary and time constraints, and business objectives of the Client; (2)
information and data provided by others may not have been independently verified by S&L; and (3) the
information and data contained in this Deliverable are time sensitive and changes in the data, applicable
codes, standards, and acceptable engineering practices may invalidate the findings of this Deliverable. Any

use or reliance upon this Deliverable by third parties shall be at their sole risk.

This work was funded and reviewed by the U.S. Environmental Protection Agency under the supervision of
William A. Stevens, Senior Advisor — Power Technologies. Additional input and review was provided by

Dr. Jim Staudt, President of Andover Technology Partners.
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Establishment of Cost Basis

Cost data for the SDA FGD systems was more limited than that for the wet FGD systems. A
similar trend with generating capacity is generally seen between the wet and SDA system. The
same generating capacity relationship was used for the wet and SDA cost estimation.

A least squares curve fit of proprietary in-house cost data was defined as a "typical* SDA FGD

retrofit for removal of 95% of the inlet sulfur. It should be noted that the lowest available SO,

emission guarantees, from the original equipment manufactures of SDA FGD systems, are 0.06
Ib/MMBtu. The typical SDA FGD retrofit was based on:

Retrofit Difficulty = 1 (Average retrofit difficulty);
Gross Heat Rate = 9800 Btu/kWh;

SO, Rate = 2.0 Ib/MMBtu;

Type of Coal = PRB; and

Project Execution = Multiple lump sum contracts; and
Recommended SO, emission floor = 0.08 Ib/MMBtu.

Units below 50 MW will typically not install an SDA FGD system. Sulfur reductions for the
small units would be accomplished by; treating smaller units at a single site with one SDA FGD
system, switching to a lower sulfur coal, repowering with natural gas, dry sorbent injection,
and/or a reduction in operating hours. Capital costs of approximately $800/kW may be used for
units below 50 MW under the premise that these will be combined.

Based on the typical SDA FGD performance, the technology should not be applied to fuels with
more than 3 Ib SO,/MMBtu and the cost estimator should be limited to fuels with less than 3 Ib
SO, /MMBtu.

An alternate dry technology, circulating dry scrubber (CDS), can meet removals of 98% or
greater over a large range of inlet sulfur concentrations. It should be noted that the lowest SO,
emission guarantees for a CDS FGD system are 0.04 Ib/MMBtu.

Methodology

Inputs

Several input variables are required in order to predict future retrofit costs. The gross unit size in
MW (equivalent acfm) and sulfur content of the fuel are the major variables for the capital
estimation. A retrofit factor that equates to difficulty in construction of the system must be
defined. The costs herein could increase significantly for congested sites. The unit gross heat
rate will factor into the amount of flue gas generated and ultimately the size of the absorber,
reagent preparation, waste handling, and balance of plant costs. The SO, rate will have the
greatest influence on the reagent handling and waste handling facilities. The type of fuel
(Bituminous, PRB, or Lignite) will influence the flue gas quantities as a result of the different
typical heating values.
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Outputs
Total Project Costs (TPC)

First the base installed costs are calculated for each required module (BM_). The base installed
costs include:

All equipment;
Installation;
Buildings;
Foundations;
Electrical; and

e Average retrofit difficulty.
The modules are:

BMR = Base absorber island cost

BMF = Base reagent preparation and waste recycle/handling cost

BMB = Base balance of plan costs including: ID or booster fans, piping, ductwork, electrical, etc.
BM = BMR + BMF + BMB

The total base installed cost (BM) is then increased by:
e Engineering and construction management costs at 10% of the BM cost;

e Labor adjustment for 6 x 10 hour shift premium, per diem, etc., at 10% of the BM
cost; and

e Contractor profit and fees at 10% of the BM cost.

A capital, engineering, and construction cost subtotal (CECC) is established as the sum of the
BM and the additional engineering and construction fees.

Additional costs and financing expenditures for the project are computed based on the CECC.
Financing and additional project costs include:

e Owner's home office costs (owner's engineering, management, and procurement) at
5% of the CECC; and

e Allowance for Funds Used During Construction (AFUDC) at 10% of the CECC and
owner's costs. The AFUDC is based on a three-year engineering and construction
cycle.
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The total project cost is based on a multiple lump sum contract approach. Should a turnkey

engineering procurement construction (EPC) contract be executed, the total project cost could be
10 to 15% higher than what is currently estimated.

Escalation is not included in the estimate. The total project cost (TPC) is the sum of the CECC

and the additional costs and financing expenditures. Table 1 contains an example capital cost
estimation.
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Table 1. Example Capital Cost Estimate for the SDA FGD System (Costs are all based on 2009 dollars)

Variable Designation Units Value Calculation
Unit Size (Gross) A (MW) 300 <--- User Input (Greater than 50 MW)
Retrofit Factor B 1 <--- User Input (An "average" retrofit has a factor = 1.0)
Gross Heat Rate C (Btu/kWh) 9800 =--- User Input
S02 Rate D (Ib/MMBtu) 2 =--- User Input (SDA FGD Estimation only valid up to 3 Ib/MMBtu SO2 Rate)
Type of Coal E PRB ¥ [<— User Input
Coal Factor F 1.05 Bit=1, PRBE=1.05, Lig=1.07
Heat Rate Factor G 0.98 C/10000
Heat Input H {Btu/hr) 2.94E+09 |A*C*1000
Capital Cost Calculation Example Comments

Includes - Equipment, installation, buildings, foundations, electrical, and retrofit difficulty
if(A=600 then (A*92000) else

BMR (%) = 566000*(AD.716))"B*(F*G)M0 6*(D/4)0.01 g 33,953,000 Base module absorber island cost

BMF ($) = If(A=600 then (A*48700) else 300000*(A~0.716))*"B*(D*G)*0.2 g 20,379,000 Base module reagent preparation and waste recycle/handling cost

BMB ($)=  if(A>600 then (A*129900) else 799000%(A*0.716))*B*(F*G)*0.4 $ 47088000  Dase module balance of plan costs including:
ID or booster fans, piping, ductwork, electrical, etc.

BM ($) = BMR + BMF + BMW + BMB 3 102,320,000 Total Base module cost including retrofit factor

BM ($/KW) = 341 Base module cost per kW

Total Project Cost

A1l =10% of BM $ 10,232,000 Engineering and Construction Management costs

A2 =10% of BM b 10,232,000 Labor adjustment for 6 x 10 hour shift premium, per diem, etc

A3 =10% of BM s 10,232,000 Contractor profit and fees

CECC ($) - Excludes Owner's Costs = BM+A1+A2+A3 s 133,016,000 Capital, engineering and construciton cost subtotal

CECC ($/kW) - Excludes Owner's Costs = 443 Capital, engineering and construciton cost subtotal per kW

B1 = 5% of CECC S 6 651,000 Owners costs including all "home office” costs (owners engineering,
management, and procurement activities)

TPC' ($) - Includes Owner's Costs = CECC + B1 $ 139,667,000 Total project cost without AFUDC

TPC' ($/kW) - Includes Owner's Costs = 466 Total project cost per kW without AFUDC

B2 = 10% of (CECC + B1) S 13,967,000 AFUDC (Based on a 3 year engineering and construction cycle)

TPC ($) - Includes Owner's Costs and AFUDC = CECC + B1 + B2 $ 153,634,000 Total project cost

TPC ($/kW) - Includes Owner's Costs and AFUDC = 512 Total project cost per kW
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Fixed O&M (FOM)

The fixed operating and maintenance (O&M) cost is a function of the additional
operations staff (FOMO), maintenance labor and materials (FOMM), and administrative
labor (FOMA) associated with the SDA FGD installation. The FOM is the sum of the
FOMO, FOMM, and FOMA.

The following factors and assumptions underlie calculations of the FOM:
e All of the FOM costs were tabulated on a per kilowatt-year (KW yr) basis.

e In general, 8 additional operators are required for a SDA FGD system. The
FOMO was based on the number of additional operations staff required.

e The fixed maintenance materials and labor is a direct function of the process
capital cost (BM).

e The administrative labor is a function of the FOMO and FOMM.

Variable O&M (VOM)
Variable O&M is a function of:

Reagent use and unit costs;

Waste production and unit disposal costs;
Additional power required and unit power cost; and
Makeup water required and unit water cost.

The following factors and assumptions underlie calculations of the VOM:
e All of the VOM costs were tabulated on a per megawatt-hour (MWh) basis.

e The reagent usage is a function of gross unit size, SO, feed rate, and removal
efficiency. The estimated reagent usage was based on a sulfur removal
efficiency of 95% with a flue gas temperature into the SDA FGD of 300°F
and an adiabatic approach to saturation of 30°F. The calcium-to-sulfur
stoichiometric ratio varies based on inlet sulfur. The variation in
stoichiometric ratio was accounted for in the estimation. The economic
estimation is only valid up to 3 Ib SO,/MMBtu inlet. The basis for the lime
purity was 90% CaO with the balance being inert material.
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e The waste generation rate is a function of inlet sulfur and calcium to sulfur
stoichiometry. Both variables are accounted for in the waste generation
estimation. The waste disposal rate is based on 10% moisture in the by-
product.

e The additional power required includes increased fan power to account for the
added SDA FGD pressure drop. This requirement is a function of gross unit
size (actual gas flow rate) and sulfur rate.

e The makeup water rate is a function of gross unit size (actual gas flow rate)
and sulfur feed rate.

Input options are provided for the user to adjust the variable O&M costs per unit.
Average default values are included in the base estimate. The variable O&M costs per
unit options are:

Limestone cost in $/ton;

Waste disposal costs in $/ton;

Auxiliary power cost in $/kWh;

Makeup water costs in $/1000 gallon; and
Operating labor rate (including all benefits) in $/hr.

The variables that contribute to the overall VOM are:

VOMR =  Variable O&M costs for lime reagent

VOMW = Variable O&M costs for waste disposal

VOMP = Variable O&M costs for additional auxiliary power
VOMM = Variable O&M costs for makeup water

The total VOM is the sum of VOMR, VOMW, VOMP, and VOMM. Table 2 contains an
example O&M cost estimate, while Table 3 is a complete capital and O&M cost estimate
worksheet.
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Table 2. Example O&M Cost Estimate for the SDA FGD System (Costs are all based on 2009 dollars)

Variable Designation Units Value Calculation

Unit Size (Gross) A (MW) 300 <— User Input (Greater than 50 MW)

Retrofit Factor B 1 <—- User Input (An "average" retrofit has a factor = 1.0)

Gross Heat Rate C (Btuwk\Wh) 9800 <— User Input

S02 Rate D (Ib'MMBtU) 2 <— User Input (SDA FGD Estimation only valid up to 3 Ib/MMBtu SO2 Rate)
Type of Coal E FRE ¥ |<— User Input

CoalEactor _—F 105 __{8it=1 PRB=1,05,1jg=1.0Z_

Réat Ratéfactor N GY ~ X X 098% _ [cAdooo Y X X e X ~ ~ N
Heat Input H (Btu/hr) 2.94E+09 A*C*1000

Lime Rate K (ton/hr) 4 (0.6702*(D"2)+13.42"D)"A*G/2000 (Based on 95% SO2 removal) TN
Waste Rate L (ton/hr) 10 (0.8016*(D"2)+31.1917*D)*A*G/2000 ]
[Aux Power M %) 1.35 (0.000547*D*2+0.00649'D+1.3)*F*G_Should be used for model input. _/
|Makeup Water Rate N (1000 gph) 17 (0.04898%(D"2)+0.5925*D+55.11)*A"F*G/1000

Lime Cost P ($iton) 95 /
Waste Disposal Cost Q ($/ton) 30 —
Aux Power Cost R ($/kWh) 0.06 \ . 7

Makeup Water Cost s (5/1000) 1 N S

Operating Labor Rate T (S/hr) &0 Labor cost including all benefits ~

Fixed O&M Cost

FOMO ($/kW yr) = (8 additional operators)*2080*T/(A*1000) 5 3.33 Fixed O&M additional operating labor costs
FOMM (S/KW yr) = BM*0.015/(B*A*1000) 5 5.12 Fixed O&M additional maintenance material and labor costs
FOMA (S/KW yr) = 0.03*(FOMO+0.4"FOMM) 5 0.16 Fixed O&M additional administrative labor costs
FOM ($/KW yr) = FOMO + FOMM + FOMA $ 8.61 Total Fixed O&M costs
Variable O&M Cost
VOMR ($/MWh) = K*P/A 5 1.37 Variable O&M costs for lime reagent
VOMW ($/MWh) = L*Q/A 5 D96 Variable O&M costs for waste disposal
, [ Variable O&M costs for additional auxiliary power required including
VOMP ($/MWh) =M*R"10 3 ) additional fan power (Refer to Aux Power % above)
VOMM ($/MWh) = N*S/A 5 0.06 Variable O&M costs for makeup water
VOM ($/MWh) = VOMR + VOMW + VOMP + VOMM $ 2.40
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Table 3. Example Complete Cost Estimate for the SDA FGD System (Costs are all based on 2009 dollars)

Variable Designation Units Value Calculation

Unit Size (Gross) A (MW) 300 <—- User Input (Greater than 50 MW)

Retrofit Factor B 1 <-—- User Input (An "average" retrofit has a factor = 1.0)

Gross Heat Rate C (Btu/kWh) 9800 <--- User Input

S02 Rate D (Ib/MMBtu) 2 <-——- User Input (SDA FGD Estimation only valid up to 3 Ib/MMBtu SO2 Rate)
Type of Coal E PRB <--- User Input

Coal Factor F 1.05 Bit=1, PRB=1.05, Lig=1.07

Heat Rate Factor G 0.95 C/10000

Heat Input H (Btu/hr) 2.94E+09 A*C*1000

Lime Rate K (ton/hr) 4 (0.6702*(D*2)+13.42*D)"*A*G/2000 (Based on 95% SO2 removal)
Waste Rate L (ton/hr) 10 (0.8016"(D*2)+31.1917*D)*A*G/2000

[Aux Power M (%) 1.35 (0.000547*D*2+0.00649"D+1.3)"F*G Should be used for model input.
Makeup Water Rate N (1000 gph) 17 (0.04898*(D*2)+0 5925 D+55 11)"A*F*G/1000

Lime Cost P ($/ton) 95

Waste Disposal Cost Q ($/ton) 30

[Aux Power Cost R ($/kWh) 0.06

Makeup Water Cost S ($/1000) 1

Operating Labor Rate T ($/hr) 60 Labor cost including all benefits

Capital Cost Calculation

Includes - Equipment, installation, buildings, foundations, electrical, and retrofit difficulty

If(A=600 then (A"92000) else

BMR ()= 566000*(A™0 716))"B*(F*G)"0.6*(D/4)"0.01

BMF ($)=  if(A=600 then (A*48700) else 300000*(A*0.716))*B*(D*G)"0.2
BMB (S)=  if(A=600 then (A*129900) else 799000*(A*0.716))"B*(F*G)"0.4
BM ($) = BMR + BMF + BMW + BMB

BM ($/KW) =

Total Project Cost
A1 =10% of BM
A2 = 10% of BM
A3 = 10% of BM
CECC (%) - Excludes Owner's Costs = BM+A1+A2+A3
CECC ($/kW) - Excludes Owner's Costs =

B1=5% of CECC

TPC' ($) - Includes Owner's Costs = CECC + B1

TPC' ($/kW) - Includes Owner's Costs =

B2 = 10% of (CECC + B1)

TPC (%) - Includes Owner's Costs and AFUDC = CECC + B1 + B2
TPC ($/kW) - Includes Owner's Costs and AFUDC =

Example Comments
5 33,953,000 Base module absorber island cost
$ 20,379,000 Base module reagent preparation and waste recycle/handling cost
S 47.988 000 Base module balanc_e pf plan costs mcludlrjg
ID or booster fans, piping, ductwork, electrical, etc...
$ 102,320,000 Total Base module cost including retrofit factor
341 Base module cost per kW
$ 10,232,000 Engineering and Construction Management costs
$ 10,232,000 Labor adjustment for 6 x 10 hour shift premium, per diem, etc
$ 10,232,000 Contractor profit and fees
$ 133,016,000 Capital, engineering and construciton cost subtotal
443 Capital, engineering and construciton cost subtotal per kW
Owners costs including all "home office” costs (owners engineering,
$ 6,651,000 L
management, and procurement activities)
$ 139,667,000 Total project cost without AFUDC
466 Total project cost per kW without AFUDC
$ 13,967,000 AFUDC (Based on a 3 year engineering and construction cycle)
$ 153,634,000 Total project cost
512 Total project cost per kW
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Variable Designation Units Value Calculation

Unit Size (Gross) A (MW) 300 <--- User Input (Greater than 50 MW)

Retrofit Factor B 1 < User Input (An "average" retrofit has a factor = 1.0)

Gross Heat Rate C (Btu/kWh) 9800 <--- User Input

S02 Rate D (Ib/MMBtu) 2 <--- User Input (SDA FGD Estimation only valid up to 3 Ib/MMBtu SO2 Rate)

Type of Coal E PRB ¥ |<— User Input

Coal Factor F 1.05 Bit=1, PRB=1.05, Lig=1.07

Heat Rate Factor G 0.98 C/10000

Heat Input H {Btu/hr) 2.94E+09  [A*CT1000

Lime Rate K (ton/hr) 4 (0.6702*(D"2)+13.42*D)*A*G/2000 (Based on 95% S0O2 removal)

\Waste Rate L (ton/hr) 10 (0.8016*(D*2)+31.1917*D)*A*G/2000

Aux Power M (%) 1.35 (0.000547*D*2+0.00649"D+1.3)"F*G Should be used for model input.

Makeup Water Rate N (1000 gph) 17 (0.04898*(D"2)+0.5925*D+55 11)*A*F*G/1000

Lime Cost P ($/ton) 95

\Waste Disposal Cost Q ($/ton) 30

Aux Power Cost R ($/kWh) 0.06

Makeup Water Cost S ($/1000) 1

Operating Labor Rate T ($/hr) 60 Labor cost including all benefits

Fixed O&M Cost

FOMO ($/kW yr) = (8 additional operators)*2080*T/(A*1000) $ 333 Fixed O&M additional operating labor costs
FOMM (S/KW yr) = BM*0.015/(B*A*1000) $ 512 Fixed O&M additional maintenance material and labor costs
FOMA ($/kW yr) = 0.03*(FOMO+0.4*FOMM) $ 0.16 Fixed O&M additional administrative labor costs
FOM ($/kW yr) = FOMO + FOMM + FOMA S 8.61 Total Fixed O&M costs

Variable O&M Cost
VOMR (3/MWh) = K*P/A
VOMW ($/MWh) = L*Q/A

VOMP ($/MWh) =M*R*10
VOMM ($/MWh) = N*S/A
VOM ($/MWh) = VOMR + VOMW + VOMP + VOMM

1.37 Variable O&M costs for lime reagent

0.96 Variable O&M costs for waste disposal

Variable O&M costs for additional auxiliary power required including
additional fan power (Refer to Aux Power % above)

0.06 Variable O&M costs for makeup water

wr W & @
'
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Establishment of Cost Basis

The 2004 to 2006 industry cost estimates for wet FGD units from the "Analysis of MOG and
Ladco's FGD and SCR Capacity and Cost Assumptions in the Evaluation of Proposed EGU 1
and EGU 2 Emission Controls" prepared for Midwest Ozone Group (MOG) were compared to
the Sargent & Lundy LLC (S&L) in-house database. Agreement of the data was confirmed
between the industry estimates and the S&L data.

The MOG and S&L cost data from 2004 to 2006 were converted to 2007 dollars based on the
Chemical Engineering Plant Index (CEPI) data. Additional proprietary S&L in-house data from
2007 were included to confirm the index validity.

Cost data from the various sources showed similar trends versus generating capacity. Escalation
based on the CEPI was deemed acceptable. All three data sources were combined so as to
provide a representative wet FGD cost basis.

The 2004 through 2007 data were escalated to 2009 to represent market conditions.

The least squares curve fit of the data was defined as a "typical" wet FGD retrofit for removal of
98% of the inlet sulfur. It should be noted that the lowest available SO, emission guarantees,
from the original equipment manufactures of wet FGD systems, are 0.04 Ib/MMBtu. The typical
wet FGD retrofit was based on:

Retrofit Difficulty =1 (Average retrofit difficulty) ;

Gross Heat Rate = 9500 Btu/kWh;

SO, Rate = 3.0 Ib/MMBtu;

Type of Coal = Bituminous;

Project Execution = Multiple lump sum contracts; and

Recommended SO, emission floor = 98% removal efficiency or 0.06 Ib/MMBtu.

Units below 100 MW will typically not install a wet FGD system. Sulfur reductions for the
small units would be accomplished by; treating smaller units at a single site with one wet FGD
system, switching to a lower sulfur coal, repowering with natural gas, dry sorbent injection,
and/or a reduction in operating hours. Capital costs of approximately $750/kW may be used for
units below 100 MW under the premise that these will be combined.

AppendiRddgeD.7.7-997



Adopted November 19, 2019

Sargent & Lundy:'::

IPM Model - Revisions to Cost and Performance for Project No. 12301-007
APC Technologies August 20, 2010

Wet FGD Cost Development Methodology - Final

Methodology
Inputs

Several input variables are required in order to predict future retrofit costs. The gross unit size in
MW (equivalent acfm) and sulfur content of the fuel are the major variables for the capital
estimation. A retrofit factor that equates to difficulty in construction of the system must be
defined. The costs herein could increase significantly for congested sites. The gross unit heat
rate will factor into the amount of flue gas generated and ultimately the size of the absorber,
reagent preparation, waste handling, and balance of plant costs. The SO, rate will have the
greatest influence on the reagent handling and waste handling facilities. The type of fuel
(Bituminous, PRB, or Lignite) will influence the flue gas quantities as a result of the different
typical heating values.

The evaluation includes a user selected option for a wastewater treatment facility. The base
capital cost includes minor physical and chemical wastewater treatment. However, in the future
more extensive wastewater handling may be required. Although an option for wastewater
treatment is provided, no logic has been developed to accommodate the additional wastewater
treatment costs.

Outputs
Total Project Costs (TPC)

First the base installed costs are calculated for each required module (BM_). The base installed
costs include:

All equipment;

Installation;

Buildings;

Foundations;

Electrical;

Minor physical and chemical wastewater treatment (WWT); and
Average retrofit difficulty.

The modules are:

BMR = Base absorber island cost
BMF = Base reagent preparation cost
BMW = Base waste handling cost

Base balance of plan costs including: ID or booster fans, new wet chimney, piping,

BMB = ductwork, minor WWT, etc.
BMWW =  Base wastewater treatment facility for future use.
BM = BMR + BMF + BMW + BMB
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The total base installed cost (BM) is then increased by:

e Engineering and construction management costs at 10% of the BM cost;

e Labor adjustment for 6 x 10 hour shift premium, per diem, etc., at 10% of the BM
cost; and

e Contractor profit and fees at 10% of the BM cost.

A capital, engineering, and construction cost subtotal (CECC) is established as the sum of the
BM and the additional engineering and construction fees.

Additional costs and financing expenditures for the project are computed based on the CECC.
Financing and additional project costs include:

e Owner's home office costs (owner's engineering, management, and procurement) at
5% of the CECC; and

e Allowance for Funds Used During Construction (AFUDC) at 10% of the CECC and
owner's costs. The AFUDC is based on a three-year engineering and construction
cycle.

The total project cost is based on a multiple lump sum contract approach. Should a turnkey
engineering procurement construction (EPC) contract be executed, the total project cost could be
10 to 15% higher than what is currently estimated.

Escalation is not included in the estimate. The total project cost (TPC) is the sum of the CECC

and the additional costs and financing expenditures. Table 1 contains an example capital cost
estimation.
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Table 1. Example Capital Cost Estimate for the Wet FGD System (Costs are all based on 2009 dollars)

AppendiPageDdt7.7-1000

Variable Designation Units | Value Calculation
Wastewater Treatment Miner physical/chemical v
Unit Size (Gross) A (MW) 500 <--- User Input (Greater than 100 MW)
Retrofit Factor B 1 = User Input (An "average” retrofit has a factor = 1.0)
Gross Heat Rate C (Btu/kWh) 9500 <-—- User Input
502 Rate D {Ib/MMBtu) 3 < User Input
Type of Coal E Bituminuous W |<___ |Jser Input
Coal Factor F 1 Bit=1, PRB=105, Lig=1 07
Heat Rate Factor ] 0.95 /10000
Heat Input H (Btu/hr) 4 75E+09  [A*C*1000
Capital Cost Calculation Example Comments
Includes - Equipment, installation, buildings, foundations, electrical, minor physical/chemical wastewater treatment and retrofit difficulty
BMR (5) = 550000%(B)*((F*G)"0.6)"((D/2)*0.02)*(A"0.716) $ 46,024,000 Base absorber island cost
BMF ($) = 190000%(B)*((D*G)"0.3)"(A0.716) $ 22 267,000 Base reagent preparation cost
BMW () = 100000%(B)"((D*G)*0.45)" (A0 . T16) $ 13,713,000 Base waste handling cost
_ ’ O RN A ST A A - Base balance of plan costs including:
BMB ($) = 10100007(B)*((F*G)*0.4)"(A%0.716) $ 84,698,000 ID or booster fans, new wet chimney, piping, ductwork, minor WWT, etc..
BMWW ($) = $ ) Egimﬁitewater treatment facility, beyond minor physical/chemical
BM ($) = BMR + BMF + BMW + BMB + BMWW $ 166,702,000 Total base cost including retrofit factor
BM ($/KW) = 333 Base cost per kW
Total Project Cost
A1=10% of BM 3 16,670,000 Engineering and Construction Management costs
A2 =10% of BM $ 16,670,000 Labor adjustment for 6 x 10 hour shift premium, per diem, etc..
A3 =10% of BM $ 16,670,000 Contractor profit and fees
CECC (5) - Excludes Owner's Costs = BM+A1+A2+A3 $ 216,712,000 Capital, engineering and construciton cost subtotal
CECC (5/kW) - Excludes Owner's Costs = 433 Capital, engineering and construciton cost subtotal per kW
B = 5% of CECC $ 10,836,000 Owners costs including all "home ofﬁ_c_e costs (owners engineering,
management, and procurement activities)
TPC' ($) - Includes Owner's Costs = CECC + B1 227,548,000 Total project cost without AFUDC
TPC' ($/kW) - Includes Owner's Costs = 455 Total project cost per kW without AFUDC
B2 = 10% of (CECC + B1) 22 755,000 AFUDC (Based on a 3 year engineering and construction cycle)
TPC ($) - Includes Owner's Costs and AFUDC = CECC + B1 + B2 250,303,000 Total project cost
TPC ($/kW) - Includes Owner's Costs and AFUDC = 501 Total project cost per kW
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Fixed O&M (FOM)
The fixed operating and maintenance (O&M) cost is a function of the additional

operations staff (FOMO), maintenance labor and materials (FOMM), and administrative
labor (FOMA) associated with the wet FGD installation. A future fixed O&M cost
category is included to account for an extensive wastewater treatment facility. At this
time, the wastewater treatment fixed O&M (FOMWW) is not estimated and is included at
zero dollars. The FOM is the sum of the FOMO, FOMM, FOMA, and FOMWW.

The following factors and assumptions underlie calculations of the FOM:
e All of the FOM costs were tabulated on a per kilowatt-year (KW yr) basis.

e Ingeneral, 12 additional operators are required for a 500 MW or smaller
installation. Units larger than 500 MW require a total of 16 additional
operators. The FOMO was based on the number of additional operations staff
required as a function of generating capacity.

e The fixed maintenance materials and labor is a direct function of the process
capital cost (BM).

e The administrative labor is a function of the FOMO and FOMM.

Variable O&M (VOM)
Variable O&M is a function of:

Reagent use and unit costs;

Waste production and unit disposal costs;
Additional power required and unit power cost; and
Makeup water required and unit water cost.
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The following factors and assumptions underlie calculations of the VOM:

All of the VOM costs were tabulated on a per megawatt-hour (MWh) basis.

The reagent usage is a function of gross unit size, SO, feed rate, and removal
efficiency. The estimated reagent usage was based on a sulfur removal
efficiency of 98% and a calcium-to-sulfur stoichiometric ratio of 1.03. The
basis for the limestone purity was 90% CaCO3 with the balance being inert
material.

The waste generation rate is directly proportional to the reagent usage and is
estimated based on 10% moisture in the by-product.

The additional power required includes increased fan power to account for the
added wet FGD pressure drop. This requirement is a function of gross unit
size (actual gas flow rate) and sulfur rate.

The makeup water rate is a function of gross unit size (actual gas flow rate)
and sulfur feed rate.

Input options are provided for the user to adjust the variable O&M costs per unit.
Average default values are included in the base estimate. The variable O&M costs per
unit options are:

Limestone cost in $/ton;

Waste disposal costs in $/ton;

Auxiliary power cost in $/kWh;

Makeup water costs in $/1000 gallon; and
Operating labor rate (including all benefits) in $/hr.
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The variables that contribute to the overall VOM are:

VOMR = Variable O&M costs for limestone reagent
VOMW = Variable O&M costs for waste disposal

VOMP = Variable O&M costs for additional auxiliary power
VOMM = Variable O&M costs for makeup water

VOMWW = Variable O&M costs for wastewater treatment

A future variable O&M cost category is included to account for an extensive wastewater
treatment facility. At this time, the wastewater treatment variable O&M (VOMWW) is
not estimated and is included at zero dollars.

The total VOM is the sum of VOMR, VOMW, VOMP, VOMM, and VOMWW. Table 2

contains an example O&M cost estimate, while Table 3 is a complete capital and O&M
cost estimate worksheet.
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Table 2. Example O&M Cost Estimate for the Wet FGD System (Costs are all based on 2009 dollars)

Variable Designation Units | Value Calculation

Wastewater Treatment Minor physical/chemical v

Unit Size (Gross) A (MW) 500 <-—- User Input (Greater than 100 MW)

Retrofit Factor B 1 <—- User Input (An "average" retrofit has a factor = 1.0)

Gross Heat Rate C (Btu/kWh) 9500 =— User Input

S0O2 Rate D (Ib/MMBtu) 3 <--- User Input

Type of Coal E Bituminuous W |<___ ser Input

CoglFagior—_ __— —F iz 1, PREST 05, 1ig=107

Héat Rate’Factor X N GYX X X095 X [crdgoo Y N P

Heat Input H (Btu/hr) 4 T75E+09  |A*C*1000 ) i \ Y N\
Limestone Rate K (ton/hr) 12 17.52*A'D*G/2000 N
Waste Rate L (ton/hr) 23 1.811"K ]
Aux Power M (%) 1.59 (1.05e™0.155"D))"F"G Should be used for model input. J
Makeup Water Rate N (1000 gph) 38 (1.674*D+74 68)*A*F*G/1000 —\
Limestone Cost P (S/ton) 15 )
Waste Disposal Cost Q ($/ton) 30 N /
Aux Power Cost R ($/kWh) 0.06 /

Makeup Water Cost S ($/1000) 1 —

Operating Labor Rate T (%/hr) 60 Labor cost including all benefits - A

Fixed O&M Cost

FOMO ($/KW yr) = (if MW=500 then 16 additional operators else 12 operators)*2080*T/(A*1000)

FOMM ($/kW yr) = BM*0.015/(B*A*1000)
FOMA ($/KW yr) = 0.03*(FOMO+0.4*FOMM)
FOMWW ($/kW yr) =

FOM ($/kW yr) = FOMO + FOMM + FOMA + FOMWW

Variable O&M Cost
VOMR ($/MWh) = K*P/A
VOMW ($/MWh) = L*Q/A

VOMP ($/MWh) =M*R*10

VOMM ($/MWh) = N*S/A
VOMWW ($/MWh) =

VOM ($/MWh) = VOMR + VOMW + VOMP + VOMM + VOMWW

3.00

$
$
$ 0.15
$
$

©®r e o B
'
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Fixed O&M additional operating labor costs

Fixed O&M additional maintenance matenal and labor costs
Fixed O&M additional administrative labor costs

Fixed O&M costs for wastewater treatment facility

Total Fixed O&M costs

Variable O&M costs for limestone reagent

Variable O&M costs for waste disposal

Variable O&M costs for additional auxihary power required including
additional fan power (Refer to Aux Power % above)

Variable O&M costs for makeup water

Variable O&M costs for wastewater treatment facility
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Table 3. Example Complete Cost Estimate for the Wet FGD System (Costs are all based on 2009 dollars)

Variable Designation Units | Value Calculation
\Wastewater Treatment Minor physical/chemical v
Unit Size (Gross) A (MW) 500 <-— User Input (Greater than 100 MW)
Retrofit Factor B 1 - User Input (An "average" retrofit has a factor = 1.0)
Gross Heat Rate C (Btu/k\Wh) 9500 < User Input
S02 Rate D (Ib/MMBtu) 3 < User Input
Type of Coal E Bituminuous W |« User Input
Coal Factor F 1 Bit=1, PRB=1.05, Lig=1.07
Heat Rate Factor G 0.95 C/10000
Heat Input H (Btu/hr) 4 76E+09  JA*C™1000
Limestone Rate K (ton/hr) 12 17 52"A*D*G/2000
\Wasle Rate L (ton/hr) 23 1.811"K
Aux Power M (%) 1.59 (1.05e"(0.155"D))"F*G Should be used for model input.
Makeup Water Rate N (1000 gph) 38 (1.674°D+74.68)"A"F*G/1000
Limestone Cost P (Siton) 15
Waste Dispasal Cost Q (Siton) 30
Aux Power Cost R (S/kWh) 0.06
Makeup Water Cost S ($/1000) 1
Operating Labor Rate T (5/hr) 60 Labar cost including all benefits
Capital Cost Calculation Example Comments
Includes - Equipment, installation, buildings, foundations, electrical, minor physical/chemical wastewater treatment and retrofit difficulty
BMR (8) = 550000%(B)*((F*G)"0.6)*((D/2)"0.02)"(A"0.716) $ 46,024,000 Base absorber island cost
BMF ($) = 190000*(By*((D*G)"0.3)"(A*D.716) $ 22 267,000 Base reagent preparation cost
BMW () = 100000%(B)*({D*G)"0.45)"(A0.716) $ 13,713,000 Base waste handling cost
_ . P, " - Base balance of plan costs including:
BMB ($) = 1010000*(B)*((F*G)"04)(A"0.716) § 84,696,000 |D or booster fans, new wet chimney, piping, ductwork, minor WWT, etc..
BMWW () = $ } Base wastewater treatment facility, beyond minor physical/chemical
treatment
BM ($) = BMR + BMF + BMW + BMB + BMWW $ 166,702,000 Total base cost including retrofit factor
BM ($/KW) = 333 Base cost per kW
Total Project Cost
A1l =10% of BM $ 16,670,000 Engineering and Construction Management costs
A2 =10% of BM § 16,670,000 Labor adjustment for 6 x 10 hour shift premium, per diem, etc_
A3 =10% of BM $ 16,670,000 Contractor profit and fees
CECC (8) - Excludes Owner's Costs = BM+A1+A2+A3 $ 216,712,000 Capital, engineering and construciton cost subtotal
CECC ($/kW) - Excludes Owner's Costs = 433 Capital, engineering and construciton cost subtotal per kW
B1 = 5% of CECC $ 10.836.000 Owners costs including all "home office” costs (owners engineering,
management, and procurement activities)
TPC' ($) - Includes Owner's Costs = CECC + B1 $ 227,548,000 Total project cost without AFUDC
TPC' ($/kW) - Includes Owner's Costs = 455 Total project cost per kW without AFUDC
B2 = 10% of (CECC + B1) $ 22,755,000 AFUDC (Based on a 3 year engineering and construction cycle)
TPC ($) - Includes Owner's Costs and AFUDC = CECC + B1 + B2 $ 250,303,000 Total project cost
TPC ($/kW) - Includes Owner's Costs and AFUDC = 501 Total project cost per kW
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Variable Designation Units | Value Calculation

Wastewater Treatment Miner physical/chemical v

Unit Size (Gross) A (MW) 500 <— User Input (Greater than 100 MW)

Retrofit Factor B 1 <--- User Input (An "average" refrofit has a factor = 1.0)
Gross Heat Rate C (Btu/kWh) 9500 <-— User Input

S02 Rate D (Ib/MIMBtu) 3 < User Input

Type of Coal E Bituminuous W J<___ [Jser Input

Coal Factor F 1 Bit=1, PRB=1.05, Lig=1.07

Heat Rate Factor G 0.95 C/10000

Heat Input H (Btu/hr) 4. 75E+09  JA*C*1000

Limestone Rate K (ton/hr) 12 17.52*AD*(5/2000

Waste Rate L {ton/hr) 23 1.811"K

Aux Power M (%) 1.59 (1.05e*(0.155"D))"F*G Should be used for model input.
Makeup Water Rate N (1000 gph) 38 (1 674*D+74 6B)"A*F*G/1000

Limestone Cost P ($/ton) 15

Waste Disposal Cost Q ($/ton) 30

Aux Power Cost R ($/KWh) 0.06

Makeup Water Cost S ($/1000) 1

Operating Labor Rate T ($/hr) 60 Labor cost including all benefits

Fixed O&M Cost

FOMO ($/kW yr) = (if MW=500 then 16 additional operators else 12 operators)*2080*T/(A*1000)

FOMM ($/kW yr) = BM*0.015/(B*A*1000)
FOMA ($/kW yr) = 0.03*(FOMO-+0 4*FOMM)
FOMWW ($/KW yr) =

FOM ($/kW yr) = FOMO + FOMM + FOMA + FOMWW

Variable O&M Cost
VOMR ($/MWh) = K*P/A
VOMW ($/MWh) = L*Q/A

VOMP ($/MWh) =M*R*10

VOMM ($/MWh) = N*S/A
VOMWW (5/MWh) =

VOM ($/MWh) = VOMR + VOMW + VOMP + VOMM + VOMWW

$ 3.00 Fixed O&M additional operating labor costs

3 500 Fixed O&M additional maintenance material and labor costs

3 015 Fixed O&M additional administrative labor costs

$ - Fixed O&M costs for wastewater treatment facility

$ 8.15 Total Fixed O&M costs

$ 0.37 ‘ariable O&M costs for limestone reagent

3 1.36 ‘ariable O&M costs for waste disposal

$ ) Variable O&M costs for additional auxiliary power required including
additional fan power (Refer to Aux Power % above)

$ 0.08 Variable O&M costs for makeup water

$ - Variable O&M costs for wastewater treatment facility

$ 1.81
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LEGAL NOTICE

This analysis (“Deliverable”) was prepared by Sargent & Lundy, L.L.C. ("S&L"), expressly for the sole
use of Systems Research and Applications Corporation ("Client") in accordance with the agreement
between S&L and Client. This Deliverable was prepared using the degree of skill and care ordinarily
exercised by engineers practicing under similar circumstances. Client acknowledges: (1) S&L prepared
this Deliverable subject to the particular scope limitations, budgetary and time constraints, and business
objectives of the Client; (2) information and data provided by others may not have been independently
verified by S&L; and (3) the information and data contained in this Deliverable are time sensitive and
changes in the data, applicable codes, standards, and acceptable engineering practices may invalidate the
findings of this Deliverable. Any use or reliance upon this Deliverable by third parties shall be at their sole

risk.

This work was funded by the U.S. Environmental Protection Agency and reviewed by William A. Stevens,

Senior Advisor — Power Technologies.
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Technology Description

Dry sorbent injection (DSI) is a viable technology for moderate SO, reduction on coal
fired boilers. Demonstrations and recent utility testing have shown SO, removals greater
than 80% for systems using sodium based sorbents. The most common sodium based
sorbent is Trona.

The level of removal for Trona can vary from 0 to 90% depending on the Normalized
Stoichiometric Ratio (NSR) and particulate capture device. NSR is defined as:

(moles of Na injected)
(moles of SO, 11 flue gas)
(theoretical moles of Na required)

The target removal efficiency is a requirement from the utility and is independent of unit
size. The costs for a DSI system are primarily dependent on sorbent feed rate which is a
function of NSR and SO, mass feed rate per hour. Therefore, the cost estimation was
based on sorbent feed rate and not on unit size.

The sorbent solids can be collected in either an ESP or a baghouse. Baghouses generally
achieve greater SO, removal efficiencies than ESPs by virtue of the filter cake on the
bags, which allows for longer reaction time between the sorbent solids and the flue gas.
For a given removal efficiency with Trona, the NSR is reduced when a baghouse is used
for particulate capture.

The dry sorbent capture ability is also a function of particle surface area. To increase the
particle surface area, the sorbent must be injected into a relatively hot flue gas. Heating
the solids produces micropores on the particle surface which greatly improve the sulfur
capture ability. For Trona, the sorbent should be injected into flue gas above 275°F to
maximize the micropore structure. However, if the flue gas is too hot (greater than
800°F), the solids may sinter and surface area is reduced thus lowering the SO, removal
efficiency of the sorbent.

Another way to increase surface area is to mechanically reduce the particle size by
grinding the sorbent. Typical Trona is delivered unmilled. The ore is ground such that
the unmilled product has an average size around 30 um. Commercial testing has shown
that the reactivity of the Trona can be increased when the sorbent is ground to less than
30 um. In the cost estimating methodology, the Trona is always delivered in the
unmilled state. To mill the Trona, in-line mills are continuously used during the Trona
injection process. Therefore, the delivered cost of the Trona will not change, only the
reactivity and usage changes as the Trona is milled.
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Ultimately, the NSR required for a given removal is a function of Trona particle size and
particulate capture equipment. Either as delivered Trona (around 30 um average size) or
in-line milled Trona (around 15 um average size) can be chosen for injection in the cost
program. The average Trona particle size and the type of particulate removal both
contribute to the predicted Trona feed rate.

Establishment of Cost Basis

For the wet or SDA FGD systems, the sulfur removal is generally specified at the
maximum achievable level. With those systems, costs are primarily a function of plant
size and sulfur rate. However, the DSI systems are quite different. The major cost for
the DSI system is the sorbent itself. The sorbent feed rate is a function of sulfur rate,
particulate collection device, and removal efficiency. To account for all of the variables,
the capital cost was established based on a sorbent feed rate. The sorbent feed rate is
calculated from user input variables. Cost data for several DSI systems was reviewed
and a relationship was developed for the capital costs of the system on a sorbent feed rate
basis.

Methodology
Inputs

Several input variables are required in order to predict future retrofit costs. The sulfur
feed rate and NSR are the major variables for the cost estimate. The NSR is a function
of:

¢ Removal efficiency;
e Trona particle size; and
e Particulate capture device.

A retrofit factor that equates to difficulty in construction of the system must be defined.
The gross unit size and gross heat rate will factor into the amount of sulfur generated.

Based on commercial testing, removal efficiencies with DSI are limited by the particulate
capture device employed. When the sorbent is captured in an ESP, a 40 to 50% SO,
removal is typically achieved without an increase in particulate emissions. A higher
efficiency (70 — 75%) is generally achieved with a baghouse. The DSI technology should
not be applied to fuels with a sulfur content of greater than 2 Ib SO,/MMBtu.
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Units with a baghouse and limited NOx control that target a high SO, removal efficiency
with sodium sorbents may experience a brown plume resulting from the conversion of
NO to NO,. The formation of NO, would then have to be addressed by adding adsorbent
into the flue gas. However, many coal-fired units control NOx to a sufficiently low level
that a brown plume should not be an issue with sodium-based DSI. Therefore, this study
does not incorporate any additional costs to control NO..

The equations provided in the cost methodology spreadsheet allow the user to input the
required removal efficiency, within the limits of the technology. To simplify the
correlation, the removal with an ESP should be set at 50% and 70% with a baghouse.
The simplified sorbent NSR would then be:

For an ESP at the target 50% removal:
Unmilled Trona NSR = 2.85
Milled Trona NSR = 1.40

For a baghouse at the target 70% removal:
Unmilled Trona NSR = 2.00
Milled Trona NSR = 1.55

The correlation could be further simplified by assuming that only milled Trona is used.
The current trend in the industry is to use in-line milling of the Trona to improve the
utilization. For a minor increase in capital, the milling can greatly reduce the variable
operating expenses. It is recommended that only milled Trona be considered in the
simplified model.

Outputs
Total Project Costs (TPC)

First the base installed cost for the complete DSI system is calculated (BM). The base
installed cost includes:

All equipment;
Installation;

Buildings;

Foundations;

Electrical; and

Average retrofit difficulty.
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The base module cost is adjusted by the selection of in-line milling equipment. The base
installed cost is then increased by:

e Engineering and construction management costs at 5% of the BM cost;

e Labor adjustment for 6 x 10 hour shift premium, per diem, etc., at 5% of the
BM cost; and

e Contractor profit and fees at 5% of the BM cost.

A capital, engineering, and construction cost subtotal (CECC) is established as the sum of
the BM and the additional engineering and construction fees.

Additional costs and financing expenditures for the project are computed based on the
CECC. Financing and additional project costs include:

e Owner’s home office costs (owner’s engineering, management, and
procurement) at 5% of the CECC; and

e Allowance for Funds Used During Construction (AFUDC) at 0% of the
CECC and owner’s costs as these projects are expected to be completed in
less than a year.

The total project cost is based on a multiple lump sum contract approach. Should a
turnkey engineering procurement construction (EPC) contract be executed, the total
project cost could be 10 to 15% higher than what is currently estimated.

Escalation is not included in the estimate. The total project cost (TPC) is the sum of the
CECC and the additional costs and financing expenditures.

Fixed O&M (FOM)

The fixed operating and maintenance (O&M) cost is a function of the additional
operations staff (FOMO), maintenance labor and materials (FOMM), and administrative
labor (FOMA) associated with the DSI installation. The FOM is the sum of the FOMO,
FOMM, and FOMA.

The following factors and assumptions underlie calculations of the FOM:
e All of the FOM costs were tabulated on a per kilowatt-year (kW-yr) basis.

e In general, 2 additional operators are required for a DSI system. The FOMO
was based on the number of additional operations staff required.

AppendiPadel%7.7-1012



Adopted November 19, 2019

Sargent & Lundy‘ts

IPM Model — Updates to Cost and Performance for Project No. 12847-002
APC Technologies March 2013

Dry Sorbent Injection for SO, Control
Cost Development Methodology

¢ The fixed maintenance materials and labor is a direct function of the process
capital cost (BM).

e The administrative labor is a function of the FOMO and FOMM.

Variable O&M (VOM)
Variable O&M is a function of:

e Reagent use and unit costs;
e Waste production and unit disposal costs; and
e Additional power required and unit power cost.

The following factors and assumptions underlie calculations of the VOM:
e All of the VOM costs were tabulated on a per megawatt-hour (MWh) basis.

e The reagent usage is a function of NSR and SO, feed rate. The gross unit size
and gross heat rate factor multiplied by the SO, rate determine the SO, feed
rate. The estimated NSR is a function of removal efficiency required. The
basis for the total reagent rate is a Trona purity of 95%.

e The waste generation rate is a function of the Trona feed rate and is adjusted
for the excess sorbent fed. The waste generation rate is based on reaction
products of Na,SO,4 and unreacted dry sorbent as Na,CO3;. Waste product
adjusted for a maximum of 5% inert in the Trona sorbent.

e With the addition of a sodium sorbent that is captured in the same particulate
control device as the fly ash, any fly ash produced must be landfilled. Typical
ash contents for each fuel are used to calculate a total fly ash production rate.
The fly ash production is added to the sorbent waste to account for a total
waste stream in the O&M analysis.

e The user has the ability to remove fly ash from the waste disposal cost to
reflect the situation where the unit has separate particulate capture devices for
fly ash and dry sorbent.

e When a baghouse is installed downstream of an ESP, the sodium sorbent
could be injected before the baghouse with no effect on the fly ash collection.
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In that case, the disposal costs of the sodium only waste should be increased
to account for the increased difficulty in handling the pure sodium waste
product.

e The additional power required includes air blowers for the injection system,
drying equipment for the transport air, and in-line Trona milling equipment as
needed.

e The additional power is reported as a percent of the total unit gross
production. In addition, a cost associated with the additional power
requirements can be included in the total variable costs.

Input options are provided for the user to adjust the variable O&M costs per unit.
Average default values are included in the base estimate. The variable O&M costs per
unit options are:

e Trona cost in $/ton;

e Waste disposal costs in $/ton that should vary with the type of waste being
disposed,;
Auxiliary power cost in $/kWh;

e Operating labor rate (including all benefits) in $/hr.

The variables that contribute to the overall VOM are:

VOMR =  Variable O&M costs for trona reagent
VOMW = Variable O&M costs for waste disposal
VOMP = Variable O&M costs for additional auxiliary power

The total VOM is the sum of VOMR, VOMW, and VOMP. The additional auxiliary

power requirement is also reported as a percentage of the total gross power of the unit.
Table 1 contains an example of the complete capital and O&M cost estimate worksheet.
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Table 1. Example Complete Cost Estimate for a DSI System

Variable Designation Units Value Calculation

Unit Size (Gross) A (MW) 500 <— User Input

Retrofit Factor B 1 nput (An "average” refrofit has a factor = 1.0)
Gross Heat Rate C (Btu/kWh) 9500 nput

SO2 Rate D (Ib/MMBtu) 2 nput

Type of Coal E Bituminous ¥ |<— User Input

Particulate Capture F EsP ¥ |<— User Input

Milled Trona G TRUE Based on in-line milling equipment

Maximum Removal Targets:

Unmilled Trona with an ESP = 65%

Removal Target H (%) 50 Milled Trona with an ESP = 80%

Unmilled Trona with an BGH = 80%

Milled Trona with an BGH = 90%

Heat Input J (Btu/hr) 4.75E+09  [A*C*1000

Unmilled Trona with an ESP = if (H<40,0.0350"H,0.352e*(0.0345"H))

Milled Trona with an ESP = if (H<40,0.0270*H,0.353e"(0.0280*H))

Unmilled Trona with an BGH = if (H<40,0.0215*H,0.295e(0.0267*H))

Milled Trona with an BGH = if (H<40,0.0160*H,0.208e*(0.0281*H))

Trona Feed Rate M (ton/hr) 16.33 (1.2011x10°-06)"K*A*C*D

(0.7387-0.00073696*H/K)*M Based on a final reaction product of Na2S04 and unreacted dry
sorbent as Na2CO3. Waste product adjusted for a maximum of 5% inert in the Trona sorbent.
(A*C)*Ash in Coal*(1-Boiler Ash Removal)/(2*HHV)

For Bituminous Coal: Ash in Coal = 0.12; Boiler Ash Removal = 0.2; HHV = 11000

NSR K 143

Sorbent Waste Rate N (ton/hr) 11.65

Fly Ash Waste Rate

Include in VOM? P (ton/hr) 2073 For PRB Coal: Ash in Coal = 0.06; Boiler Ash Removal = 0.2; HHV = 8400
For Lignite Coal: Ash in Coal = 0.08; Boiler Ash Removal = 0.2; HHV = 7200
Aux Power Q (%) 0.65 =if Milled Trona M*20/A else M*18/A
Include in VOM?
Trona Cost R ($iton) 170 User Input
Waste Disposal Cost S ($iton) 50 <— User Input (Disposal cost with fly ash = $50. Without fly ash, the sorbent waste alone
will be more dificult to dispose = $100)
Aux Power Cost T ($/kWh) 0.06 User Input
Operating Labor Rate U ($/hr) 60 < User Input (Labor cost including all benefits)

Costs are all based on 2012 dollars

Capital Cost Calculation Example Comments
Includes - Equipment, installation, buildings, foundations, electrical, and retrofit difficulty
. e e R A
BM ($) = Hﬂggli(:ozfﬂigl (>r\2’15 f:er?gz(gég'g%q&)I\é‘l)sslgé%&?%%gpﬂq(?/\"(E\)"I2g42)84) $ 18,348,000 Base DSI module includes all equipment from unloading to injection
BM ($/KW) = 37 Base module cost per kW

Total Project Cost

A1 =5% of BM $ 917,000 Engineering and Construction Management costs

A2 = 5% of BM $ 917,000 Labor adjustment for 6 x 10 hour shift premium, per diem, efc...

A3 = 5% of BM $ 917,000 Contractor profit and fees

CECC ($) - Excludes Owner's Costs = BM+A1+A2+A3 $ 21,099,000 Capital, engineering and construction cost subtotal

CECC ($/kW) - Excludes Owner's Costs = 42 Capital, engineering and construction cost subtotal per KW

B1 = 5% of CECC $ 1,055,000 Owners costs including all "home ofﬁce costs (owners engineering,
management, and procurement activities)

TPC’ ($) - Includes Owner's Costs = CECC + B1 $ 22,154,000 Total project cost without AFUDC

TPC' ($/kW) - Includes Owner's Costs = 44 Total project cost per kW without AFUDC

B2 = 0% of (CECC + B1) $ - AFUDC (Zero for less than 1 year engineering and construction cycle)

TPC (§) =CECC +B1+ B2 $ 22,154,000 Total project cost

TPC ($/kW) = 44 Total project cost per kW
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Variable Designation Units Value Calculation
Unit Size (Gross) A (MW) 500 <— User Input
Retrofit Factor B 1 <— User Input (An "average" retrofit has a factor = 1.0)
Gross Heat Rate C (Btu/kWh) 9500 <— User Input
S02 Rate D (Ib/MMBtu) 2 <— User Input
Type of Coal E Bituminous ¥ |<— User Input
Particulate Capture F EsP ¥ |<—— User Input
Milled Trona G TRUE Based on in-line milling equipment
Maximum Removal Targets:
Unmilled Trona with an ESP = 65%
Removal Target H (%) 50 Milled Trona with an ESP = 80%
Unmilled Trona with an BGH = 80%
Milled Trona with an BGH = 50%
Heat Input J (Btu/hr) 4.75E+09  |A*C*1000
Unmilled Trona with an ESP = if (H<40,0.0350"H,0.352e*(0.0345"H))
NSR K 143 Milled Trona with an ESP = if (H<‘4UED_UZTD‘H‘U 353e0.0280"H))
: Unmilled Trona with an BGH = if (H=40,0 0215*H,0.295e"(0.0267*H))
Milled Trona with an BGH = if (H<40,0.0160*H,0.208e"(0.0281*H))
Trona Feed Rate M (ton/hr) 16.33 (1.2011x10"06)*K*A*C*D
(0.7387-0.00073696"H/K)*M Based on a final reaction product of Na2504 and unreacted dry
Sorbent Waste Rate N (ton/hr) 11.65 sorbent as Na2C0O3. Waste product adjusted for a maximum of 5% inert in the Trona sorbent
(A*C)"Ash in Coal*(1-Boiler Ash Removal)/(2*HHV)
Fly Ash Waste Rate P (fon/hr) 2073 For Bituminous Coal: Ash in Coal = 0.12; Boiler Ash Removal = 0.2; HHV = 11000
Include in VOM? For PRB Coal: Ash in Coal = 0.06; Boiler Ash Removal = 0.2; HHV = 8400
For Lignite Coal: Ash in Coal = 0.08; Boiler Ash Removal = 0.2; HHV = 7200
Aux Power Q (%) 0.65 =if Milled Trona M*20/A else M*18/A
Include in VOM?
Trona Cost R ($/ton) 170 <— User Input
Waste Disposal Cost S ($/ton) 50 <— User Input (Disposal cost with fly ash = $50. Without fly ash, the sorbent waste alone
will be more dificult to dispose = $100)
Aux Power Cost T ($/kWh) 0.06 <— User Input
Operating Labor Rate U (S/hr) 60 <— User Input (Labor cost including all benefits)

Costs are all based on 2012 dollars

FOMO ($/kW yr) = (2 additional operators)*2080*U/(A*1000) 3 0.50 Fixed O&M additional operating labor costs
FOMM ($/kW yr) = BM*0.01/(B*A*1000) $ 0.37 Fixed O&M additional maintenance matenal and labor costs
FOMA ($/kW yr) = 0.03*(FOMO+0.4*FOMM) $ 0.02 Fixed O&M additional administrative labor costs
FOM ($/kW yr) = FOMO + FOMM + FOMA $ 0.89 Total Fixed O&M costs
Variable O&M Cost
VOMR ($/MWh) = M*R/A $ 555 Variable O&M costs for Trona reagent
_ . Vanable O&M costs for waste disposal that includes both the sorbent
VOMW ($/MWh) = (N-+P)"S/A $ 324 and the fly ash waste not removed prior to the sorbent injection
PR Variable O&M costs for additional auxiliary power required
VOMP ($/MWh) =Q*T*10 $ 039 (Refer to Aux Power % above)
VOM ($/MWh) = VOMR + VOMW + VOMP $ 9.18
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THE STATE Department of Environmental

of L SKA Conservation
v k 1 &. DIVISION OF AIR QUALITY

Director’s Office

GOVERNOR BILL WALKER _ _
410 Willoughby Avenue, Suite 303

PO Box 111800

Juneau, Alaska 99811-1800
Main: 907-465-5105

Toll Free: 866-241-2805

Fax: 907-465-5129
www.dec.alaska.gov

CERTIFIED MAIL: 7014 0514 0001 9932 8897
Return Receipt Requested

April 24, 2015

Frances Isgrige

Director of Environmental Health, Safety & Risk Management
University of Alaska Fairbanks

PO Box 758145

Fairbanks, AK 99775

Subject: Voluntary BACT Analysis for Fairbanks Campus Power Plant
Dear Ms. Isgrigg:

Portions of the Fairbanks North Star Borough are in nonattainment with the 24-hour National
Ambient Air Quality Standard for Fine Particulate Matter (PM 2.5). The Alaska Department of
Environmental Conservation (ADEC) expects that the Environmental Protection Agency (EPA)
will change the nonattainment designation from a Moderate Area to a Serious Area in June 2016.
Once EPA designates the area as Serious, an 18-month clock begins for submittal of an
implementation plan that includes best available control technologies (BACT) analysis and
determination for stationary sources with over 70 tons per year (TPY) potential to emit (PTE) for
PM2.5 or its precursors.

ADEC has neither the funding nor the in depth knowledge of your facility’s infrastructure to
determine the most appropriate BACT for your facility. Without the information or resources
necessary to conduct detailed cost analysis and produce supporting documentation, ADEC may
select a more stringent BACT for your facility in order to be approvable by EPA. In addition, 18
months is likely not adequate to complete a thorough BACT analysis.

Therefore, ADEC requests that your facility voluntarily begin the BACT analysis. We request that
you submit an initial BACT analysis to ADEC by December 2015 and the final BACT analysis by
March 2016 to ADEC. ADEC is required to make a BACT determination for every eligible facility
within the designated PM2.5 nonattainment area and final BACT determinations are ultimately
reviewed by EPA and subject to federal approval as part of the federally required PM2.5
implementation plan.

Background

Clean Air
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EPA required that ADEC submit a State Implementation Plan (SIP) because portions of the
Fairbanks North Star Borough (FSNB) are in nonattainment with the health based 24-hour National
Ambient Air Quality Standard for PM2.5. ADEC submitted an initial, Moderate Area PM2.5 SIP for
FNSB to EPA on December 31, 2014.

Unfortunately, this Moderate Area SIP was developed as an impracticable SIP because modeling was
unable to demonstrate that attainment with the health standard was possible by December 30, 2015.
Preliminary air monitoring results also indicate that FNSB will not demonstrate attainment in 2015.
Attainment is calculated on a rolling three year average of the highest 98" percentile concentration at
each monitor. When those monitoring results become final in May 2016 and an official three year
design value is calculated, the FNSB non-attainment area will remain over the 24-hr PM 2.5 standard
of 35 pug/m’. The final determination of this design value will result in the FNSB non-attainment
area being reclassified from a Moderate Area to a Serious Area' (40 CRF Parts 50, 51 and 93). This
reclassification will happen by operation of law as outlined in Clean Air Act Sections 188 and 189. It
is anticipated that the formal designation to Serious Area will occur in June 2016.

A Serious Area designation will result in several new, more stringent requirements, one of which is
that all source categories in the nonattainment area that meet the BACT threshold of 70 TPY PTE
for PM.s and its precursor pollutants (NOx, SO2, VOC, NH3) must be analyzed for Best Available
Control Measures (BACM). As part of BACM, a Best Available Control Technologies (BACT)
analysis will be required. The Setious Area BACT trigger requites the same approach as a PSD/NSR
BACT project. A Serious non-attainment area BACT limit is set using a top-down analysis on a case-
by-case basis taking into account energy, environmental and economic impacts, and costs. The
analysis must include all emission units at the source.

The timelines for completion of the BACT analysis, subsequent BACT determination, and the
submittal of the Serious Area SIP are outlined in the preamble of the Particulate Matter 10 (PM10)
rule and reconfirmed in the newly proposed PM, s Implementation Rule’. Both rules requite a
completed SIP 18 months after designation to Serious. This 18 month time period does not allow
enough time to thoroughly evaluate BACT, update the emission inventory, complete the modeling
and allow for development and processing for a Serious Area SIP.

ADEC believes that it is best for facilities to complete the BACT analysis for their own facilities.
ADEC does not have the funding to develop the analysis nor the in depth knowledge of each
sources’ infrastructure. ADEC would therefore base the cost analysis on the installation of control
equipment without being able to factor in all the costs associated with retrofitting existing
equipment. Without the detailed cost analysis and supporting documentation to support less
stringent BACT options, it is doubtful that the BACT portions of the Serious SIP will be approvable
without using the most stringent measures.

By requesting an early BACT analysis for facilities before the official Serious Area designation, it will
help ADEC meet the following timelines and ultimately submit a Serious Area SIP to EPA by the

140 CFR Parts 50,51 and 93 http://www.epa.gov/airquality/particlepollution/actions.html

2 http://www.epa.gov/airquality/particlepollution/actions.html
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required due date. Early analysis also has the potential to increase flexibility for each Stationary
Source under the rules.

® Serious Area SIP inventory development starts: January, 2015

® BACT kick off meeting: March 5, 2015

®  Submit initial BACT results to ADEC: December, 2015
¢  Submit complete/final BACT analysis to ADEC: March, 2016

¢ Serious Area SIP modeling by ADEC starts: March, 2016

® Serious Area designation by EPA (Expected): June, 2016

® Serious Area SIP draft: December, 2016
® Serious Area SIP public notice period: February, 2017
® Serous Area SIP submitted by ADEC to EPA: December, 2017

Meeting the BACT analysis requirements is a major component of a Serious SIP. This is a
challenging issue. It is important that ADEC accurately reflect the contributions of industrial sources
to the air pollution problem and the potential improvements available within this emission sector
along with the other emission sources in the community.

ADEC staff would like to continue periodic meetings to keep track of timelines and progress. If you
have any questions related to this request, please feel free to contact us. Deanna Huff (email:

Deanna.huff@alaska.gov) and Cindy Heil (email: Cindy.heil@alaska.gov) are the primary contacts
for this effort within the Division of Air Quality.

Sincerely,

Denise Koch, Director
Division of Air Quality

cc:  Larry Hartig, ADEC/ Commissioner’s Office
Alice Edwards, ADEC/ Commussioner’s Office
John Kuterbach, ADEC/ Air Quality
Cindy Heil, ADEC/Air Quality
Deanna Huff, ADEC/ Air Quality

Page 3 of 3
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ACRONYMS
AAC Alaska Administrative Code
ADEC Alaska Department of Environmental Conservation
BACM Best Available Control Measures
BACT Best Available Control Technology
CAA Clean Air Act
CFB Circulating Fluidized Bed
CFR Code of Federal Regulations
EPA U.S. Environmental Protection Agency
EU Emission Unit
EUAC Equivalent Uniform Annual Cost
FNSB Fairbanks North Star Borough
ID Identification
LAER Lowest Achievable Emission Rate
NH; Ammonia
NOy Total Nitrogen Oxides
NESHAP National Emission Standards for Hazardous Air Pollutants
NSPS New Source Performance Standards
NSR New Source Review
PM, 5 Particulate matter with a diameter less than or equal to 2.5 micrometers
PMso Particulate matter with a diameter less than or equal to 10 micrometers
PSD Prevention of Significant Deterioration
PTE Potential to Emit
RACT Reasonably Available Control Technology
RBLC RACT/BACT/LAER Clearinghouse
SIP State Implementation Plan
SLR SLR International Corporation
SO, Sulfur Dioxide
TAR Technical Analysis Report
tpy Tons per Year
UAF University of Alaska Fairbanks
VOC Volatile Organic Compounds
University of Alaska Fairbanks Page ii of ii July 2015
PMzs Nonattainment BACT Analysis Protocol Version 1.0
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INTRODUCTION

The U.S. Environmental Protection Agency (EPA) designated portions of the Fairbanks North
Star Borough (FNSB), including the City of Fairbanks and the City of North Pole, as a moderate
nonattainment area for fine particulate matter (PM, s, particulate matter with a diameter less
than 2.5 micrometers in diameter) in 2009 [74 FR 58,688; 13 November 2009]. This
designation is for the 24-hour averaging period. The Alaska Department of Environmental
Conservation (ADEC) expects EPA to change this designation to serious in or about June 2016
based on the failure to attain compliance with the 24-hour average PM, s National Ambient Air
Quiality Standard (NAAQS) through the measures implemented to bring the moderate
nonattainment area into attainment.

On March 23, 2015, EPA proposed changes to 40 Code of Federal Regulations (CFR) 51,
Subpart Z, Provisions for Implementation of PM; s National Ambient Air Quality Standards.
These proposed changes, once finalized, will include the attainment plan submittal requirements
that ADEC must address in the plan to bring the FNSB Serious PM, s honattainment area into
attainment. In proposing this rule, EPA presented and solicited comments about several plan
alternatives. As a result, the requirements which may be promulgated in the revised 40 CFR 51
Subpart Z are difficult to anticipate at this time.

One element of the attainment plan that ADEC must prepare for EPA approval is likely to be
determining Best Available Control Technology (BACT) for certain stationary sources located in
the nonattainment area. The University of Alaska Fairbanks (UAF) Campus is likely to be a
stationary source for which a BACT analysis is required. In a letter dated April 24, 2015, ADEC
asked UAF to voluntarily prepare a BACT analysis that ADEC could then incorporate into the
attainment planning process. ADEC made this request because the agency “has neither the
funding nor the in depth knowledge of your facility’s infrastructure to determine the most
appropriate BACT for your facility.” UAF is responding to this request by submitting this BACT
analysis protocol to ADEC for approval. Once the protocol is approved, UAF will move forward
with voluntarily preparing the requested BACT analysis with the intent to submit the initial BACT
analysis to ADEC no later than the requested December 2015 deadline.

University of Alaska Fairbanks Page 1 of 8 July 2015
PMzs Nonattainment BACT Analysis Protocol Version 1.0

Appendix I11.D.7.7-1023



Adopted November 19, 2019

1. BACT ANALYSIS APPROACH

The methodology that will be used for identifying BACT will be the five step “top-down” process
set forth in the proposed EPA New Source Review Rule Revisions (1996) and is outlined in the
following subsections.

11 IDENTIFY ALL CONTROL TECHNOLOGIES

The first step of the BACT analysis will be to survey alternative control techniques and identify
all “available” control options. Available control options are those air pollution control
technologies or techniques with a practical potential for application to the emissions units and
pollutants under evaluation. The following guidelines are used to identify available control
options:

The technology should be “demonstrated in practice”. The control technology should
have been installed and operating at a minimum of 50 percent of capacity for six months,
and the performance should have been verified with a test or operational data at 90
percent of operational capacity.

Controls applied to similar source categories, gas streams, and innovative control
technologies should be examined. Process controls, such as combustion modifications,
that are currently available from a supplier should be reviewed.

1.2 ELIMINATE TECHNICALLY INFEASIBLE CONTROL OPTIONS

In step two, the technical feasibility of each available control option will be evaluated based on
source-specific factors. The use of control options, which would clearly result in technical
difficulties precluding their successful use, will be deemed technically infeasible.

1.3 RANK REMAINING CONTROL OPTIONS BY EFFECTIVENESS

In step three, the effectiveness of control alternatives will be determined for all options not
eliminated in step two. Control options are then ranked “top-down” in order of overall control
effectiveness for the pollutant under review. Control options which would result in emissions that
exceed Federal New Source Performance Standards (NSPS) or National Emission Standards
for Hazardous Air Pollutants (NESHAP) applicable to the source can be eliminated.

1.4 EVALUATE MOST EFFECTIVE CONTROL OPTIONS

In step four, the energy, environmental, and economic impacts of control options will be
considered, beginning with the top-ranked control alternative. If the most effective control option
is shown to be inappropriate due to adverse impacts, that option will be eliminated and the next

University of Alaska Fairbanks Page 2 of 8 July 2015
PMzs Nonattainment BACT Analysis Protocol Version 1.0
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most stringent alternative will be evaluated. If the most stringent technology is selected as
BACT, continuing the analysis will not be necessary.

15 SELECT BACT

Finally, in step five, the most effective control option not eliminated in step four will be proposed
as BACT for the pollutant and emission unit under review.

The basis for comparing the economic impacts of control scenarios will be cost effectiveness.
This value is defined as the total net annualized cost of control, divided by the tons of pollutant
removed per year, for each control technique. Annualized costs include the annualized capital
cost plus the financial requirements to operate the control system on an annual basis, including
operating and maintenance labor, replacement parts, overhead, raw materials, and utilities.

Capital costs include both the direct and indirect costs to install the equipment. Direct
installation costs include costs for foundations, erection, electrical, piping, insulation, painting,
site preparation, and buildings. Indirect installation costs include costs for engineering and
supervision, construction expenses, startup costs and contingencies.

For the analysis, all costs are expressed as an annualized cost, and cost-effectiveness values
are then calculated. This approach of amortizing the investment into equal end-of-year annual
costs is termed the Equivalent Uniform Annual Cost (EUAC). This approach is the EPA
recommended method for estimating control costs. Templates for cost estimation purposes can
be found in Appendix B.

For the purposes of the PM, s Serious nonattainment BACT analysis, if a particular control
technology is eliminated based on economic factors, the assumption will be made that the
control technology is also uneconomic for smaller emission units.

1.6 DOCUMENTATION

Supporting documentation for the nonattainment BACT analysis will be provided and will include
data to support control effectiveness assertions, cost estimates, and justification for eliminating
control options based environmental or economic determinations, if applicable.

University of Alaska Fairbanks Page 3 of 8 July 2015
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2. STATIONARY SOURCE DESCRIPTION

This section provides a description of the UAF Campus stationary source. This description is
based on information in Operating Permit No. AQ0316TVP02, Revision 1, the Statement of
Basis (SOB) associated with that permit, Construction Permit No. AQ0316CPTO01, the Technical
Analysis Report (TAR) associated with that permit, and Minor Source Permit Nos.
AQO0316MSS03 and AQ0316MSS04. Section 2.1 provides a BACT applicability analysis.
Section 2.2 provides a description of the UAF stationary source and a detailed emission unit
inventory.

2.1 BACT APPLICABILITY ANALYSIS

A stationary source in a serious nonattainment area that has potential emissions of more than
70 tons per year (tpy) of direct PM,s or any PM, s precursor is a major stationary source for
serious PM; s nonattainment purposes. Major stationary sources are expected to be subject to a
BACT review. Table 1 provides the potential emissions for PM, s, sulfur dioxide (SO,), nitrogen
oxides (NOy), volatile organic compounds (VOC), and ammonia (NH3) for the UAF stationary
source. Table 1 is based on information in the SOB for Operating Permit No. AQ0316TVP02,
Revision 1 and the TAR for Construction Permit No. AQ0O316CPTO01. UAF plans to replace the
existing coal-fired boilers, which are currently identified in Operating Permit No. AQ0316TVP02,
Revision 1 as EUs 1 and 2, with two new dual fuel-fired boilers. UAF has been authorized to
install and operate these new boilers under Construction Permit No. AQ0O316CPTO1.

Based on the potential emissions provided in Table 1, the stationary source potential NOx and
SO, emissions exceed the 70 tpy major source threshold, independent of whether the existing
coal-fired boilers are replaced. Given the uncertainties associated with the proposed changes to
40 CFR 51 Subpart Z, BACT analyses will be prepared for direct PM, s and for NOx and SO, as
PM, s precursors. BACT analyses will not be prepared for VOC and NH3; based on the low
potential emission values for those two air pollutants.

Table 1. UAF Serious Nonattainment Area Major Source Applicability

Potential Emissions Major Source?
Pollutant Existing UAF Campus Proposed UAF Campus
Emission Units Emission Units® SO (=

PM2'5 (PM10:17) 46 (PM10:54) NO

SO, 858 765 Yes

NOy 637 512 Yes

VOC 11 23 No

NH; <1° <1® No
*From Table D of the SOB for AQO0316TVP02, Revision 1.
2From Table 3 of the TAR for AQO0316CPTO1.
3 Estimated potential emissions based on 0.565 Ib/1,000 ton emission factor from WebFIRE.
University of Alaska Fairbanks Page 4 of 8 July 2015
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2.2  UAF EMISSION UNIT INVENTORY

Table 2 provides the currently permitted emission unit inventory for the UAF Campus stationary
source. The inventory includes the existing emission units that UAF is authorized to operate
under Operating Permit No. AQ0316TVPO02, Revision 1, emission units listed in Minor Source
Permit Nos. AQ0316MSS03 and AQ0316MSS04, and the planned emission units that UAF is
authorized to install and operate under Construction Permit No. AQ0316CPT01. The UAF
Campus stationary source emission unit inventory includes equipment used for central heat and
power, specifically two coal-fired boilers, two dual fuel-fired boilers (diesel and natural gas), and
a diesel-fired backup generator engine. An incinerator for medical and infectious waste
disposal, three diesel-fired boilers, and one diesel-fired engine are also present at the facility.
UAF is authorized to install and operate two dual fuel-fired circulating fluidized bed (CFB) boilers
(coal and woody biomass) and associated handling systems under Construction Permit No.
AQO0316CPTO01. UAF has not yet installed these emission units.

Construction Permit No. AQ0316CPTO01 was issued on April 2, 2014, for the replacement of the
existing coal-fired boilers (EU IDs 1 and 2) with two new dual fuel-fired boilers (EU IDs 101 and
102) and ancillary equipment (EU IDs 103 through 112). Permit No. AQ0316CPTO01, Condition
13, requires UAF to remove one of the existing coal-fired boilers (EU IDs 1 or 2) from service
prior to either of EU IDs 101 or 102 becoming fully operational. UAF must also remove the
remaining existing boiler (either EU ID 1 or 2) from service prior to the remaining replacement
dual fuel-fired boiler (either EU ID 101 or 102) becoming fully operational. UAF anticipates
installing the dual fuel-fired boilers (EU IDs 101 and 102) before the end of calendar year 2019,
contingent upon the full funding of the project and assuming that no construction delays occur.
Because UAF plans to replace the existing coal-fired boilers with the new dual fuel-fired boilers
within four years after the FNSB nonattainment area is reclassified as a Serious Area, UAF will
prepare a PM,s, NOyx and SO, BACT analyses for EU IDs 101 and 102, but not for EU IDs 1
and 2. UAF will prepare a PM,s BACT analysis for EU IDs 103 through 112, but will not prepare
NOyx or SO, BACT analyses for those emission units because the units do not emit NOy or SO..

In summary, UAF will prepare PM, 5, NOx and SO, BACT analyses for the following emission
units:

e EU IDs 3 and 4, dual fuel (diesel and natural gas (NG))-fired boilers,

o EU ID 8, backup diesel-fired internal combustion engine (ICE) generator,

e EU ID 9A, incinerator,

e EU IDs 19 through 21, diesel-fired boilers,

e EUID 27, diesel-fired ICE generator, and

e EUIDs 101 and 102, the dual fuel-fired circulating fluidized bed (CFB) boilers.

UAF will also prepare a PM, s BACT analysis for EU IDs 103 through 112.

University of Alaska Fairbanks Page 5 of 8 July 2015
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Table 2. Permitted Facility Emission Unit Inventory

Emission Unit Fuel Type/ Maximum Existing Permit
ID Description | Make/Model | Location Material Capacity Controls
Coal-Fired Boilers
. . o 84.5 AQO0316TVPO2,
1 Coal-Fired Boiler Erie City FS802 Coal MMBtu/hrt Baghouse Rev 1
. . o 84.5 AQO0316TVPO02,
2 Coal-Fired Boiler Erie City FS802 Coal MMBtu/hrt Baghouse Rev 1
Dual Fuel-Fired (Diesel/NG) Boilers
. . . 2.3 180.9 AQO0316TVPO2,
3 Dual-Fired Boiler Zurn FS802 Dual - Diesel and NG MMBtu/hr None Rev 1
] ] . 3 180.9 AQO0316TVPO2,
4 Dual-Fired Boiler Zurn FS802 Dual - Diesel and NG MMBtu/hr® None Rev 1
Emergency Generator Engine
. Fairbanks Morse
8 Peaking/Backup Generator (DEG) Colt-Pielstick FS817 Diesel® 13,266 hp SCR AQD316TVPO2,
Engine Rev 1
PC2.6
Incinerator
. . AQO0316TVPO2,
9A BiRD Incinerator Thesr(r)‘r1F;:I'le|_c|:/G- FS919 Medlca\;\lllalgtfgctlous 83 Ib/hr* None Rev1&
AQ0316MSS04
Diesel-Fired Boilers
19 BiRD RM 100U3 Boiler #1 weil FS919 uLsD® 6.13 7 None AQ0316MSS04
McLain/2094W MMBtu/hr
. . Weil 6 6.13
20 BiRD RM 100U3 Boiler #2 McLain/2094W FS919 ULSD MMBtu/hr” None AQ0316MSS04
. . Weil 6 6.13
21 BiRD RM 100U3 Boiler #3 McLain/2094W FS919 ULSD MMBtu/hr” None AQ0316MSS04
Generator Engine
27 Alaska Center for Energy and Power | 0 iiar c-15 | Fsg14 Diesel 500 hp None AQ0316MSS03
Generator Engine

" The actual rating is shown. The rating in Permit No. AQ0316TVP02, Revision 1, Table A is incorrect.

2EU 3is permitted as a dual fuel-fired boiler but is currently configured to fire only diesel.

3 EUs 3, 4, and 8 are authorized to combust coal slurry fuel. Those emission units have not operated on this fuel and will not do so in the future.

“EU8is currently operated as an emergency engine as opposed to a peaking/backup engine.

°®EU 4 has a 10 percent capacity factor limit per Condition 17 of Permit No. AQ0316TVPO02.

® Ultra Low Sulfur Diesel.

" The nameplate does not specify whether the rating is based on heat output or heat input; the rating shown assumes 75% boiler efficiency to conservatively
estimate the maximum heat input rating.

University of Alaska Fairbanks Page 6 of 8 June 2015
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Table 2. Permitted Facility Emission Unit Inventory (Continued)

Emission Unit Fuel Type/ Maximum Existing Permit
ID Description | Make/Model | Location Material Capacity Controls
Dual Fuel-Fired CFB Boilers
Babcock & Dry
101 Dual Fuel-Fired CFB Boiler No. 1 Wilcox/TBD TBD® Coal/Woody Biomass | 185 MMBtu/hr sorbent AQO0316CPTO1
injection
Babcock & 8 Dry
102 Dual Fuel-Fired CFB Boiler No. 2 Wilcox/TBD TBD Coal/Woody Biomass | 185 MMBtu/hr sorbent AQO0316CPTO1
injection
Fugitive Emission Sources

103 Fuel Handling System for Boiler No. 1 NA® TBD® Particulate Matter 40,000 acfm colﬁg(?:or AQO0316CPTO1
104 Fuel Handling System for Boiler No. 2 NA TBD® Particulate Matter 40,000 acfm col-l)lggttor AQO0316CPT01
105 | Limestone Handling System for Boiler No. 1 NA TBD® Particulate Matter 1,600 acfm colﬁg(?;[or AQO0316CPTO1
106 | Limestone Handling System for Boiler No. 2 NA TBD® Particulate Matter 1,600 acfm colﬁg(i[or AQO0316CPTO1
107 Sand Handling System NA TBD® Particulate Matter 1,600 acfm Coﬁ’lg;tor AQO316CPTO1
108 Dry Sorbent Handling System NA TBD® Particulate Matter 1,600 acfm colﬁg(?;[or AQO0316CPTO1
109 Ash Handling System NA TBD? Particulate Matter 1.3 acfm Co'ﬁg;tor AQ0316CPTO1
110 Ash Handling System Vacuum NA TBD® Particulate Matter 400 acfm col-l)lggttor AQO0316CPTO1
111 Ash Loadout to truck NA TBD® Particulate Matter NA NA AQO316CPTO1
112 Cooling Tower NA TBD® Particulate Matter 7,300 gal/min NA AQO316CPTO1
® EU IDs 101 through 112 are permitted under AQ0316CPTO01 and are not yet installed or in service.
° Not applicable.
University of Alaska Fairbanks Page 7 of 8 July 2015
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APPENDIX A

ADEC REQUEST FOR VOLUNTARY BACT ANALYSIS OF THE
UAF CAMPUS
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oCT 15, ZU15
THE STATE Department of Environmental

of L SKA Conservation
v k 1 &. DIVISION OF AIR QUALITY

Director’s Office

GOVERNOR BILL WALKER _ _
410 Willoughby Avenue, Suite 303

PO Box 111800

Juneau, Alaska 99811-1800
Main: 907-465-5105

Toll Free: 866-241-2805

Fax: 907-465-5129
www.dec.alaska.gov

CERTIFIED MAIL: 7014 0514 0001 9932 8897
Return Receipt Requested

April 24, 2015

Frances Isgrige

Director of Environmental Health, Safety & Risk Management
University of Alaska Fairbanks

PO Box 758145

Fairbanks, AK 99775

Subject: Voluntary BACT Analysis for Fairbanks Campus Power Plant
Dear Ms. Isgrigg:

Portions of the Fairbanks North Star Borough are in nonattainment with the 24-hour National
Ambient Air Quality Standard for Fine Particulate Matter (PM 2.5). The Alaska Department of
Environmental Conservation (ADEC) expects that the Environmental Protection Agency (EPA)
will change the nonattainment designation from a Moderate Area to a Serious Area in June 2016.
Once EPA designates the area as Serious, an 18-month clock begins for submittal of an
implementation plan that includes best available control technologies (BACT) analysis and
determination for stationary sources with over 70 tons per year (TPY) potential to emit (PTE) for
PM2.5 or its precursors.

ADEC has neither the funding nor the in depth knowledge of your facility’s infrastructure to
determine the most appropriate BACT for your facility. Without the information or resources
necessary to conduct detailed cost analysis and produce supporting documentation, ADEC may
select a more stringent BACT for your facility in order to be approvable by EPA. In addition, 18
months is likely not adequate to complete a thorough BACT analysis.

Therefore, ADEC requests that your facility voluntarily begin the BACT analysis. We request that
you submit an initial BACT analysis to ADEC by December 2015 and the final BACT analysis by
March 2016 to ADEC. ADEC is required to make a BACT determination for every eligible facility
within the designated PM2.5 nonattainment area and final BACT determinations are ultimately
reviewed by EPA and subject to federal approval as part of the federally required PM2.5
implementation plan.

Background

Clean Air
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EPA required that ADEC submit a State Implementation Plan (SIP) because portions of the
Fairbanks North Star Borough (FSNB) are in nonattainment with the health based 24-hour National
Ambient Air Quality Standard for PM2.5. ADEC submitted an initial, Moderate Area PM2.5 SIP for
FNSB to EPA on December 31, 2014.

Unfortunately, this Moderate Area SIP was developed as an impracticable SIP because modeling was
unable to demonstrate that attainment with the health standard was possible by December 30, 2015.
Preliminary air monitoring results also indicate that FNSB will not demonstrate attainment in 2015.
Attainment is calculated on a rolling three year average of the highest 98" percentile concentration at
each monitor. When those monitoring results become final in May 2016 and an official three year
design value is calculated, the FNSB non-attainment area will remain over the 24-hr PM 2.5 standard
of 35 pug/m’. The final determination of this design value will result in the FNSB non-attainment
area being reclassified from a Moderate Area to a Serious Area' (40 CRF Parts 50, 51 and 93). This
reclassification will happen by operation of law as outlined in Clean Air Act Sections 188 and 189. It
is anticipated that the formal designation to Serious Area will occur in June 2016.

A Serious Area designation will result in several new, more stringent requirements, one of which is
that all source categories in the nonattainment area that meet the BACT threshold of 70 TPY PTE
for PM.s and its precursor pollutants (NOx, SO2, VOC, NH3) must be analyzed for Best Available
Control Measures (BACM). As part of BACM, a Best Available Control Technologies (BACT)
analysis will be required. The Setious Area BACT trigger requites the same approach as a PSD/NSR
BACT project. A Serious non-attainment area BACT limit is set using a top-down analysis on a case-
by-case basis taking into account energy, environmental and economic impacts, and costs. The
analysis must include all emission units at the source.

The timelines for completion of the BACT analysis, subsequent BACT determination, and the
submittal of the Serious Area SIP are outlined in the preamble of the Particulate Matter 10 (PM10)
rule and reconfirmed in the newly proposed PM, s Implementation Rule’. Both rules requite a
completed SIP 18 months after designation to Serious. This 18 month time period does not allow
enough time to thoroughly evaluate BACT, update the emission inventory, complete the modeling
and allow for development and processing for a Serious Area SIP.

ADEC believes that it is best for facilities to complete the BACT analysis for their own facilities.
ADEC does not have the funding to develop the analysis nor the in depth knowledge of each
sources’ infrastructure. ADEC would therefore base the cost analysis on the installation of control
equipment without being able to factor in all the costs associated with retrofitting existing
equipment. Without the detailed cost analysis and supporting documentation to support less
stringent BACT options, it is doubtful that the BACT portions of the Serious SIP will be approvable
without using the most stringent measures.

By requesting an early BACT analysis for facilities before the official Serious Area designation, it will
help ADEC meet the following timelines and ultimately submit a Serious Area SIP to EPA by the

140 CFR Parts 50,51 and 93 http://www.epa.gov/airquality/particlepollution/actions.html

2 http://www.epa.gov/airquality/particlepollution/actions.html
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required due date. Early analysis also has the potential to increase flexibility for each Stationary
Source under the rules.

® Serious Area SIP inventory development starts: January, 2015

® BACT kick off meeting: March 5, 2015

®  Submit initial BACT results to ADEC: December, 2015
¢  Submit complete/final BACT analysis to ADEC: March, 2016

¢ Serious Area SIP modeling by ADEC starts: March, 2016

® Serious Area designation by EPA (Expected): June, 2016

® Serious Area SIP draft: December, 2016
® Serious Area SIP public notice period: February, 2017
® Serous Area SIP submitted by ADEC to EPA: December, 2017

Meeting the BACT analysis requirements is a major component of a Serious SIP. This is a
challenging issue. It is important that ADEC accurately reflect the contributions of industrial sources
to the air pollution problem and the potential improvements available within this emission sector
along with the other emission sources in the community.

ADEC staff would like to continue periodic meetings to keep track of timelines and progress. If you
have any questions related to this request, please feel free to contact us. Deanna Huff (email:

Deanna.huff@alaska.gov) and Cindy Heil (email: Cindy.heil@alaska.gov) are the primary contacts
for this effort within the Division of Air Quality.

Sincerely,

Denise Koch, Director
Division of Air Quality

cc:  Larry Hartig, ADEC/ Commissioner’s Office
Alice Edwards, ADEC/ Commussioner’s Office
John Kuterbach, ADEC/ Air Quality
Cindy Heil, ADEC/Air Quality
Deanna Huff, ADEC/ Air Quality
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APPENDIX B

EXAMPLE ECONOMIC ANALYSIS TEMPLATES
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Table B-1. Example Total Capital Investment Determination

Capital Costs

DIRECT COSTS Cost Factors
(1) Purchased equipment and material costs

(a) Basic equipment

(b) Instrumentation

(c) Freight

(d) Labor

(e) Startup Spares

() Vendor representatives fees
Purchased Equipment and Materials Cost (PEMC) =

(2) Direct Installation Costs

(a) Concrete

(b) Piling

(c) Structural steel

(d) Electrical

(e) Painting

(f) Insulation

(g) Abovegrade piping

(h) Functional Checkouts
Direct Installation Costs (DIC)

Total Direct Costs (TDC) (PEMC) + (DIC)

INDIRECT COSTS
(3) Engineering, Procurement & Construction Support Services =

(4) Performance tests =
Total Indirect Costs (TIC) =

MANAGEMENT AND CONTINGENCY COSTS

(5) UOC Costs =
(6) Contingency =
Total Management and Contingency Costs (TM&CC) =

TOTAL CAPITAL INVESTMENT (TCI) (TDC)+(TIC)+(TM&CC) =
University of Alaska Fairbanks Version 1.0
PM, 5 Nonattainment BACT Analysis Protocol Table B-1 July 2015
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Table B-2. Example Cost Effectiveness Determination

Annualized Costs

DIRECT ANNUAL COSTS Cost Factors
(1) Operating labor =
(2) Supervisory labor =
(3) Maintenance labor =
(4) Maintenance materials =
(5) Utilities
Fuel: =
Electricity: =
Total Direct Annual Costs (TDAC) =

INDIRECT ANNUAL COSTS

(6) Overhead =
(7) Administrative Charges =
(8) Property tax =
(9) Insurance =
(10) Capital Recovery (CRF*TCI) =

Capital Recovery Factor (CRF) [7% ROR, 10-year life] is 0.1424
Total Indirect Annual Costs (TIAC) =

TOTAL ANNUALIZED COSTS (TAC) (TDAC) + (TIAC)

Cost Effectiveness Summary

TOTAL TONS AVOIDED PER YEAR =

COST EFFECTIVENESS ($ PER TON AVOIDED) (TAC)/(TPY) =
University of Alaska Fairbanks Version 1.0
PM, s Nonattainment BACT Analysis Protocol Table B-2 July 2015
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Director’s Office

GOVERNOR BILL WALKER _ _
410 Willoughby Avenue, Suite 303

PO Box 111800

Juneau, Alaska 99811-1800
Main: 907-465-5105

Toll Free: 866-241-2805

Fax: 907-465-5129
www.dec.alaska.gov

CERTIFIED MAIL: 7014 0150 0000 1163 5983
Return Receipt Requested

August 14, 2015

Frances M. Isgrigg, Director

Environmental Health, Safety & Risk Management
University of Alaska Fairbanks

1855 Marika Road

PO Box 758145

Fairbanks, AK 99775-8145

Subject: UAF PM2.5 Serious Nonattainment BACT Protocol Response
Dear Ms. Isgrigg:

Thank you for submitting your PM2.5 Serious Nonattainment BACT Analysis Protocol for the UAF
Stationary Source.

The clarifications you have requested are below:

1. The stationary source modeling was completed for the Fairbanks PM2.5 Moderate Area SIP
Submittal using the CALPLPUFF dispersion model with emissions and meteorology data
representative of a severe PM2.5 winter episode. Emissions input were based on actual
(reported) 2008 emissions for a two week representative metrological episode (January-
February 2008). Meteorology inputs were simulated with the WRE (Weather Research and
Forecast) meteorological model (Linux system required) and processed through the MMIF
(Mesoscale Model Interface) preprocessor model. The modeling files are approximately 1TB
in size. DEC can provide the modeling files if you can make an external hard drive available.

2. The baseline year modeling for the Serious Area will be one of the last three years of the
design value that caused the Fairbanks area to become a Serious Area: 2013, 2014 or 2015.

3. The EPA R10 has provided informal comments on the BACT protocol that was submitted
and they are below.

a. 'The BACT analysis should be conducted for the proposed boilers (EU 1Ds 101 and
102). Before the BACT analysis is officially submitted with the Serious Area SIP, a
permit change is required that states if the proposed boilers are not completed by the
required completion date (four years after the official designation expected in 2010),
a BACT analysis will need to be completed on the old boilers.

Clean Air
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A Serious Area BACT analysis is only required for permitted emission units.

c. EPA Region 10 reviewed the protocol and made comments, but they will not give
tull approval of the BACT analysis until it has been officially submitted by DEC (see
the excerpt from an email below).

USEPA Region 10 Response to the PM2.5 Serious Nonattainment BACT Analysis Protocol
for the UAF Stationary Source:

“EPA is providing informal comments to you on the BACT protocol provided by the University of Alaska,
Fairbanks. At this time, we are not approving the protocol —we will formally review and approve the BACT analysis
if] when it is submitted to us as part of the Serious Area Attainment Plan.

As we discussed earlier, it is important to clarify to UAF that, if there is any delay in the boiler replacement project
and schedule, UAF will need to conduct a BACT analysis for the existing boilers. _And, we understand that you
have had discussions with UAF about this already, and that you are planning to ensure that UAF will take steps to
address this through updates to the facilities’ existing permit(s).

Below are some additional comments on the protocol document

BACT Protocol

1. Section 1 — The BACT analysis will be evaluated with respect to EPA BACT guidance. "The protocol
needs to be consistent with that guidance - this protocol will not govern should any inconsistency be identified.

2. Section 1.5 — This section should clarify that all cost analyses will be conducted in accordance with the
EPA Air Pollution Control Cost Manual.

3. Section 1.5 — The final sentence shounld be modified as follows “...if a particular control technology is
eliminated based on economic factors, the assumption will be made that the control technology is also
uneconomic for smaller emission units, provided that all other factors besides size are equivalent.” T'his
clarification is necessary because the reasoning only applies for emission units that are the same basic type of
equipment, burn the same fuel, have similar retrofit challenges, etc.

4. Section 1.6 — Cost information must be emission unit specific. BACT cannot be determined using generic
cost ranges.

5. Section 1.6 — Each BACT analysis must provide the basis for each input value and assumption used in
the analysis and calenlations. Electronic (pdf) copies of the actual documents forming the basis for each
assumption should be provided. If the documents are publicly available on the internet, functional links to the
information is acceptable.

6. Section 2 — The BACT analyses need to be conducted based on potential to emit (PTE), and EPA will
verify the basis for the PTE values used for each emission unit and each pollutant. The BACT analysis
should provide the basis and actual caleulations used to derive each PTE value. 1t is acceptable to cite
another document that forms the basis for the PTE, but these underlying documents must be included as
attachments to the BACT analysis, and must themselves include sufficient detail in order to clearly illustrate
the basis for the PTE values.

7. Table 2 — No control for particulate matter is listed for the proposed new boilers, although presumably they
will be equipped with such control equipment.”

Thank you again for submitting your BACT protocol for DEC and EPA Review.
If you have any further questions in order to complete a timely BACT analysis, please contact me.
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University of Alaska Fairbanks

Sipcerely,

Ao,

Denise Koch, Director
Division of Air Quality

cc: Cindy Heil, ADEC/Non-Point Mobile Sources
Patrick Dunn, ADEC/Air Permits Program
Deanna Huff, ADEC/Non-Point Mobile Sources
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Executive Summary

UAF prepared this voluntary Best Available Control Technology (BACT) analysis for equipment
expected to be operating on campus by 2019 in anticipation that the U. S. Environmental
Protection Agency (EPA) will re-classify the Fairbanks PM, s Non-attainment area (NAA) as a
‘serious’ NAA. The UAF campus is a major source of nitrogen oxides (NOyx) and sulfur dioxide
(SO,) emissions which triggers BACT review because these pollutants are precursors to
particulate matter. Although the UAF PM; s emissions are below the threshold for being a major
source contributing impact to the NAA, UAF has proactively conducted a BACT analysis of the
PM, s emissions should the information be useful.

The equipment at the UAF campus that contributes to impacts in the PM,s NAA include the two
large diesel-fired boilers (EU IDs 3 and 4), one large peaking/backup generator engine (EU ID
8), a pathological waste incinerator (EU ID 9A), three diesel-fired boilers (EU IDs 19 through
21), one diesel-fired generator (EU ID 27), nine material handling systems (EU IDs 105, 107,
109 through 111, 114, and 128 through 130), and one large coal-fired CFB boiler (EU ID 113).

UAF reviewed the NOyx emission control options and has determined that the current equipment
designs and controls in place are BACT. Permit No. AQ0316MSS06 Revision 1 authorizes
construction of EU ID 113, a coal-fired, circulating fluidized bed (CFB) boiler. CFB with staged
combustion is proposed as NOyx BACT for EU ID 113.

The PM, s review concluded that the existing emission control options are BACT for the
permitted equipment. Of the new equipment authorized in Permit No. AQ0316MSS06 Revision
1, fabric filters will be included on the large CFB boiler (EU ID 113) and many of the material
handling emission units (EU IDs 105, 17, 109, 110, 114, and 128 through 130). Material
handling unit EU ID 111 is the ash loadout transfer point for which a fabric filter is not technically
feasible, so PM,s BACT for EU ID 111 is use of the enclosure.

UAF is proposing to switch all remaining diesel-fired units (EU IDs 3, 4, and 8) to ultra-low sulfur
diesel (ULSD) combustion to reduce SO, emissions as SO, BACT. This change results in a
potential SO, emission reduction of up to 489 tpy of SO,. This reduction does not take credit for
the three boilers that already fire ULSD or the sulfur reduction achieved by using limestone
injection with low sulfur fuel as part of the proposed CFB boiler design and operation. No new
emission control options are proposed as SO, BACT for the non-diesel-fired units.

A summary of the BACT determinations for all three pollutants is provided in Table ES-1.
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Table ES-1. Summary of Proposed BACT Determinations for EQuipment at the
University of Alaska Fairbanks Campus

Emission Unit

Proposed BACT Determination”

ID Description NOy PM, 5 S0,
3 Mid-sized Boiler Good Combusnon Good Combusnon ULSD
Practices Practices
4 Mid-sized Boiler Limited Operation Limited Operation ULSD + L!mlted
Operation
Turbocharger and Positive Crankcase -
8 Large Engine Aftercooler + Limited Ventilation + Low Ash Fuel ULgDew;aLt:;nr:ted
Operation + Limited Operation P
Medical/Pathological Gooq Combgst_lon Multiple Chambers + ULSD + Limited
9A : Practices + Limited L : .
Waste Incinerator . Limited Operation Operation
Operation
19 Small Boiler
20 Small Boiler Limited Operation Limited Operation ULSD
21 Small Boiler
Turbocharger and Federal Limit (NSPS
27 Small Engine Aftercooler + Federal Limit Subpart IllI, Tier 3) + ULSD
+ Limited Operating Limited Operation
105 Limestone Handling N/A Fabric Filter + Enclosure N/A
System
107 | Sand Handling System N/A Fabric Filter + Enclosure N/A
109 Ash Handling System N/A Fabric Filter + Enclosure N/A
110 Ash Handling System N/A Fabric Filter + Enclosure N/A
Vacuum
111 Ash Loadout to Truck N/A Enclosure N/A
113 Large Boiler CFB with staged Fabric Filter Limestone Injection +
combustion Low Sulfur Fuel
Dry Sorbent Handling -
114 Vent Filter Exhaust N/A Fabric Filter + Enclosure N/A
128 Coal Silo \'/\leoﬁtl with bin N/A Fabric Filter + Enclosure N/A
129 Coal Silo \,/\leoritz with bin N/A Fabric Filter + Enclosure N/A
130 Coal Silo \l/\leon.t3 with bin N/A Fabric Filter + Enclosure N/A
Notes:

! Determinations in bold are changes to the required controls in the applicable operating permit or minor permit.

UAF
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ACRONYMS
ADEC Alaska Department of Environmental Conservation
A/F Air to Fuel
BACT Best Available Control Technology
CFB Circulating Fluidized Bed
CFR Code of Federal Regulations
CH, Methane
CcoO Carbon Monoxide
CO, Carbon Dioxide
DEF Diesel Exhaust Fluid
dscf Dry Standard Cubic Feet
DPF Diesel Particulate Filter
DSl Dry Sorbent Injection
ESP Electrostatic Precipitator
EPA U.S. Environmental Protection Agency
EU Emission Unit
EU ID Emission Unit Identification
EUAC Equivalent Uniform Annual Cost
F Fahrenheit
FGD Flue Gas Desulfurization
FGR Flue Gas Reduction
FITR Fuel Injection Timing Retard
gr Grains
g/kWh Grams Per Kilowatt- Hour
H> Hydrogen
HC Hydrocarbons
HCI Hydrochloric Acid
HF Hydrofluoric Acid
hp Horsepower
ID Identification
ITR Ignition Timing Retard
LAER Lowest Achievable Emission Rate
LNB Low NOx Burner
MACT Maximum Achievable Control Technology
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ACRONYMS (Continued)

MMBtu/hr Million British Thermal Units per Hour

NAA Nonattainment Area

NH; Ammonia

NO Nitrogen Oxide

NO, Nitrogen Dioxide

NOy Total Nitrogen Oxides

NRE Non-road Engine

NSCR Non Selective Catalytic Reduction

NSPS New Source Performance Standards

NSR New Source Review

OFA Overfired Air

PC Pulverized Coal

PM Particulate matter

PM, 5 Particulate matter with an aerodynamic diameter less than or equal to a
nominal 2.5 micrometers

PMso Particulate matter with an aerodynamic diameter less than or equal to a
nominal 10 micrometers

ppm Parts per Million

PSD Prevention of Significant Deterioration

PTE Potential to Emit

RACT Reasonably Available Control Technology

RBLC RACT/BACT/LAER Clearinghouse

SCI Stanley Consultants, Inc.

SCR Selective Catalytic Reduction

SDA Spray Dry Absorber

SNCR Selective Non Catalytic Reduction

SLR SLR International Corporation

SO, Sulfur Dioxide

tpy Tons per Year

UAF University of Alaska Fairbanks

ULSD Ultra-low Sulfur Diesel

VOC Volatile Organic Compounds
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1.0 Introduction

The Alaska Department of Environmental Conservation (ADEC) has requested that certain
stationary sources in the Fairbanks particulate matter with an aerodynamic less than or equal to
a nominal 2.5 microns (PM;s) nonattainment area voluntarily prepare a Best Available Control
Technology (BACT) analysis. This request was issued in anticipation of the PM, 5
nonattainment area (NAA) being re-classified by the U.S. Environmental Protection Agency
(EPA) as “serious” in 2016. The University of Alaska Fairbanks (UAF) is one of many sources
of PM, 5 emissions located within the Fairbanks PM, 5 nonattainment area.

This BACT analysis has been prepared for all permitted stationary emission units at the facility
that are expected to be installed and operating by 2019, have emissions of direct PM, s or a
precursor, and have a combined potential to emit (PTE) of 70 tons per year (tpy), on a pollutant-
by-pollutant basis. In a serious PM, s nonattainment area, 70 tpy is the major stationary source
threshold. The precursors to PM, 5 include nitrogen oxides (NOx), sulfur dioxide (SO,), volatile
organic compounds (VOC), and ammonia (NH3). As shown in Table 1-1, potential emissions of
NOyx and SO, exceed the 70 tpy threshold, are PM, s precursors, and so will be reviewed.
Although the PM, s PTE is less than the 70 tpy BACT review threshold requirement, UAF is
proactively including PM, s in this BACT analysis.

Table 1-1. UAF Serious Nonattainment Area Major Source Applicability

Potential to Emit* Major Source?
Pollutant
(tpy) >70 tpy PTE
NOx 454 Yes
PM, 5 42 No
SO, 710 Yes
VOC 23 No
NH; <1 No

“NOy, PM, s, and SO, PTE are from Table 1-2. VOC and NH; PTE are from the PM, s Serious
Nonattainment Area BACT Analysis Protocol for the UAF Campus Stationary Sources, dated July 2015.

This BACT analysis has been prepared according to the BACT analysis protocol submitted to
ADEC on July 23, 2015, and incorporates the ADEC comments received on August 10, 2015.
As approved in the ADEC comments, emission units at the facility that are planned for removal
no later than 2019 are not included in this BACT analysis. New emission units that are planned
for permitting and installation by 2019 are included in this analysis.
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This PM, 5 serious NAA BACT analysis includes NOy, PM, 5, and SO, emissions from the
significant emission units that are expected to be installed and operating in 2019. The emission
units included in this analysis are:
o Emission Unit Identification (EU ID) 113, a large coal and biomass-fired boiler;
e EU IDs 3 and 4, the existing mid-sized diesel-fired and dual fuel-fired (diesel and natural
gas-fired) boilers, respectively;
e EUIDs 19, 20, and 21, the existing small diesel-fired boilers;
e EU ID 8, an existing large diesel-fired engine;
e EUID 27, a small diesel-fired engine;
e EU ID 9A, the pathological waste incinerator; and
e EUIDs 105, 107, 109 through 111, 114, and 128 through 130, material handling
systems.

As shown in Table 1-2, EU IDs 105, 107, 109 through 111, 114, and 128 through 130 do not
emit NOyx or SO, and are not included in those respective BACT analyses. Tables 1-3, 1-4, and
1-5 provide detailed worst-case PTE calculations for each emission unit for NOy, PM, s, and
SO;, respectively.
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Table 1-2. Potential to Emit Inventory for BACT Basis of Worst-Case Emissions - Significant Emission Units
University of Alaska Fairbanks Campus

Emission Unit

Installation Fiel T Maximum Maxi o i
Date ve e Rating/Capacity axiu beralon

Potential Emissions (tpy)

November 19, 2019

(B e | wews [Faw
3 Dual-Fired Boiler Zurn FS802 1970 Diesel' 180.9 MMBtu/hr 8,760 hriyr 1388 | 123 | 4106
4 Dual-Fired Boiler Zurn FS802 1987 Duel - z‘gse' and 180.9 MMBtu/hr? 158,468 MMBtu/yr” 139 2 40.0

8,760 hriyr? 11.1 06 0.048
8 | Peaking/Backup Generator (DEG) Enging | 2irbanks Morse Colt- | - gy 1999 Diesel® 13,266 h, 8,760 hriyr 40.0 1.0 40.0
9 P 9 Pielstick PC2.6 iese <00 hp i Y . . :
iRD - Medi i Medical/Pathologi
on | BIRD-MedcalPathological Waste | 1, 1oq/G.30p-1H | FSot9 | 2008 | o0 anoiodiea 83 Io/hr® 100 tpy® 02 | 03 | 01
Incinerator | Waste
19 BiRD RM 100U3 Boiler No. 1 Weil McLain/2094W | FS919 2004 ULSD’ 6.13 MMBtu/hr®
20 BiRD RM 100U3 Boiler No. 2 Weil McLain/2094W | FS919 2004 ULSD’ 6.13 MMBtuhr® 19,650 hrfyr® 8.8 0.9 0.1
21 BiRD RM 100U3 Boiler No. 3 Weil McLain/2094W | FS919 2004 ULSD’ 6.13 MMBtu/hr®
27 Alaska Center for Energy and Power | oo 015 (Tier 3)|  FS814 | June 2012 uLSD 500 hp 4,380 hriyr'® 77 03 | 1.2E-02
Generator Engine
105 Limestone Handling System TBD TBD TBD N/A 1,200 acfm 8,760 hr/yr N/A 0.1 N/A
107 Sand Handling System TBD TBD TBD N/A 1,600 acfm 8,760 hrlyr N/A 0.2 N/A
109 Ash Handling System TBD TBD TBD N/A 1,000 acfm 8,760 hriyr N/A 01 N/A
110 Ash Handling System Vacuum TBD TBD TBD N/A 2,000 acfm 8,760 hr/yr N/A 0.2 N/A
111 Ash Loadout to Truck TBD TBD TBD N/A N/A 26,280 tpy NA_| 7.2E:04 | NA
113 Replacement Dual-fired CFB Boiler Babcock & Wilcox TBD TBD c%?g:;;dy 295.6 MMBtu/hr 8,760 hrfyr 2589 | 155 | 2589
114 | Dry Sorbent Handling Vent Filter Exhaust TBD TBD TBD N/A 5 acfm 8,760 hr/yr N/A 9.4E-03 N/A
128 Coal Silo No. 1 with bin vent TBD TBD TBD N/A 1,650 acfm 8,760 hrlyr N/A 0.2 N/A
129 Coal Silo No. 2 with bin vent TBD TBD TBD N/A 1,650 acfm 8,760 hrlyr N/A 0.2 N/A
130 Coal Silo No. 3 with bin vent TBD TBD TBD N/A 1,650 acfm 8,760 hriyr N/A 0.2 N/A
| Total"'| 454.4 33.3 709.8
Notes:

" Although this boiler is permitted as a dual fuel-fired boiler, the unit is configured to fire only diesel. A BACT analysis will only be completed for diese
firing for this unit.

2EU ID 4 has a 10 percent capacity factor limit and a 158,468 MMBtu/yr limit per Condition 17 of Permit No. AQ0316TVP02, Rev 1.

3 EU ID 8 is also authorized to combust coal slurry fuel. The unit has not operated on this fuel and will not do so in the future. Emission estimates fo
this unit are based on diesel fuel combustion.

4 EU ID 9A fuel is piped with EU IDs 19 through 21. Because EU IDs 19 through 21 are required to use ULSD, EU ID 9A is also firing ULSD.

®The rating of EU ID 9A is listed incorrectly in the existing Title V permit. The correct rating provided here is from the Title V permit renewal
application.

® EU ID 9A is limited by Condition 8 of Permit No. AQ0316MSS04 to 109 tons of waste combustion per rolling 12-month period.
" EU IDs 19 through 21 are limited to operating on ULSD per Condition 9 of Permit No. AQ316MSS04.

8The nameplates for EU IDs 19 through 21 list the ratings in gross output or do not specify whether the rating is output or input. A 75 percent
efficiency has been assumed for these units to conservatively calculate the heat input rating per the Title V permit renewal application.

?EU IDs 19 through 21 are limited to operating no more than 19,650 hr/yr, combined, per Condition 10 of Permit No. AQ0316MSS04.
" EU ID 27 is limited to operating no more than 4,380 hr/yr per Condition 4 of Permit No. AQ0316MSS03.

" The total emissions for NOy and SO, are restricted for EU IDs 4 and 8 to 40 tpy for each pollutant because the units share these limits for both
pollutants. Emission for PM, 5 is the sum of all emissions from all units.
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Table 1-3. Potential to Emit Calculations for BACT Basis of Worst-Case Emissions - NG, Emissions
University of Alaska Fairbanks Campus

NOx Emission Factor Control Technolo Short Term ;
— Fuel Type X Maxnmum Rating/Capacity| Allowable Annuat 9y o Potential NOy
Standard
3 Dual-Fired Boiler Diesel AP-42 Table 1.3-1 24 Ib/kgal 180.9 MMBtu/hr 8,760 hr/yr Combustor when 0.175 Ib/MMBtu 138.8 tpy3
firing Diesel
Standard
Combustor when
4 Dual-Fired Boiler Diesel AP-42 Table 1.3-1 24 Ib/kgal 180.9 MMBtu/hr 158,468 MMBtulyr firing ?‘ese' 90% 0.175 Ib/MMBtu|  13.9 tpy*
10 Percent
Capacity Factor
Low NOx Burners
4 Dual-Fired Boiler Natural Gas AP-42 Table 1.4-1 low NOy 140 Ib/MMscf 180.9 MMBtu/hr 8,760 hr/yr 10 P;rcent 90% 140.0 Ib/MMscf 1.1 tpy‘
Capacity Factor
. . " 5 Turbocharging 5
8 Peaking/Backup Generator (DEG) Engine Diesel AQ0316MSS02, Cond.12.3b 0.571 Ib/gal 13,266 hp 140,105 gal/yr and Intercooler 0.0195 g/hp-hr 40.0 tpy’
Multi-chamber (4
. . . . Medical/Pathologic g ~ 6 primary burners
9A BiRD - Medical/Pathological Waste Incinerator al Waste AP-42 Table 2.3-1 3.56 Ib/ton 83 Ib/hr 109 ton/yr and 2 flue duct 3.56 Ib/ton 0.2 tpy
burners)
19 BiRD RM 100U3 Boiler No. 1 uLsD’ AP-42 Table 1.3-1 20 Ib/kgal 6.13 MMBtu/hr N/A 1.24 g/MMBtu
20 BiRD RM 100U3 Boiler No. 2 uLSD’ AP-42 Table 1.3-1 20 Ib/kgal 6.13 MMBtu/hr 19,650 hriyr® N/A 1.24 g/MMBtu 8.8 tpy
21 BiRD RM 100U3 Boiler No. 3 uLsD’ AP-42 Table 1.3-1 20 Ib/kgal 6.13 MMBtu/hr N/A 1.24 g/MMBtu
Tier 3,
27 | Alaska Centerfor E"zﬂnznd Power Generator uLSD Vendor Data 3.52 Ib/hr 500 hp 4,380 hriyr® Turbocharger and 3.20 g/hp-hr 7.7 toy
9 aftercooler
105 Limestone Handling System N/A N/A 1,200 acfm 8,760 hr/yr N/A N/A
107 Sand Handling System N/A N/A 1,600 acfm 8,760 hr/yr N/A N/A
109 Ash Handling System N/A N/A 1,000 acfm 8,760 hr/yr N/A N/A
110 Ash Handling System Vacuum N/A N/A 2,000 acfm 8,760 hr/yr N/A N/A
111 Ash Loadout to Truck N/A N/A N/A 26,280 tpy N/A N/A
Coal/Wood 1b/MMBtu Io/MMBtu
113 Replacement Dual-fired CFB Boiler N Y 40 CFR 60.44b(1)(1) 0.20 . 296 MMBtu/hr 8,760 hr/yr N/A 0.20 heat 259 tpy
Biomass heat input input
114 Dry Sorbent Handling Vent Filter Exhaust N/A N/A 5 acfm 8,760 hr/yr N/A N/A
128 Coal Silo No. 1 with bin vent N/A N/A 1,650 acfm 8,760 hr/yr N/A N/A
129 Coal Silo No. 2 with bin vent N/A N/A 1,650 acfm 8,760 hr/yr N/A N/A
130 Coal Silo No. 3 with bin vent N/A N/A 1,650 acfm 8,760 hr/yr N/A N/A
Notes:
" Maximum annual operation for all units based on full-time operation, or permitted operating limits, where applicable.
2 Conversion factors: Mass Conversion 454.0 g/lb

Diesel Heating Value 0.137 MMBtu/gal

Natural Gas Heat Content 1,000 Btu/scf
3 Although this boiler is permitted as a dual fuel-fired boiler, the unit is configured to fire only diesel. The potential NO y emissions for EU ID 3 are based on diesel fuel combustion.
4 Maximum annual operation of EU ID 4 while firing diesel or gas is restricted by a 10 percent capacity factor limit on the annual the heat input, and by a limit that restrict emissions to less the 40 tpy for EU ID and EU ID 8, combined per Condition 16 of Operating
Permit AQ0316TVPO02.
® Maximum annual operation of EU ID 8 is restricted by the 40 tpy of NO x emission limit that is shared with EU ID 4. EU ID 8 can consume no more than 140,105 gal/year of fuel and be in compliance this limit. (40 ton/yr * 2,000 Ib/ton/0.571 Ib/gal = 140,105 gal/yr)
SEU ID 9A is limited by Condition 8 of Permit No. AQ0316MSS04 to 109 tons of waste combustion per rolling 12-month.
"EU IDs 19 through 21 are limited to operating on ULSD per Condition 9 of Permit No. AQ316MSS04.
8EU IDs 19 through 21 are limited to operate no more than 19,650 hr/yr, combined, per Condition 10 of Permit No. AQ0316MSS04.
° EU ID 27 limited to operating no more than 4,380 hr/yr per Condition 4 of Permit No. AQ0316MSS03.
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Table 1-4. Potential to Emit Calculations for BACT Basis of Worst-Case Emissions - PM, s Emissions
University of Alaska Fairbanks Campus

PM, s Emission Factor
g

nificant Emission Units

November 19, 2019

i . . Control Technoloy Short Term Potential PM
Maximum Rating/Capacity|  Allowable Annual o o R
Operation Technol = PM; ¢ Emissions Emissions’

3 Dual-Fired Boiler Diesel AP-42 Tables 1.3-2, 1.3-7 2.13 Ib/kgal 180.9 MMBtu/hr 8,760 hriyr N/A 0.016 Ib/MMBtu 12.3 tpy®
Standard Combustor
when firing Diesel
4 Dual-Fired Boiler Diesel AP-42 Tables 1.3-2, 1.3-7 2.13 Ib/kgal 180.9 MMBtu/hr 158,468 MMBtu/yr + 90% 0.016 Ib/MMBtu 1.2 tpy*
10 Percent Capacity
Factor
Low NOx Burners
4 Dual-Fired Boiler Natural Gas AP-42 Table 1.4-2 7.6 Ib/MMscf 180.9 MMBtu/hr 8,760 hr/yr 10 P * . 90% 7.6 Ib/MMscf 0.6 tpy*
ercent Capacity
Factor
8 Peaking/Backup Generator (DEG) Engine Diesel AP-42 Table 3.4-1 0.1 Ib/MMBtu 13,266 hp 140,105 gallyr P“'ﬁ',";ﬁ;’;’:fase 0.10 Ib/MMBtu 1.0 tpy®
) ! ) ! Medical/Pathological s Multi-chamber (4
9A BiRD - Medical/Pathological Waste Incinerator Waste AP-42 Table 2.3-2 4.67 Ib/ton 83 Ib/hr 109 ton/yr primary burners and 4.67 Ib/ton 0.25 tpy
2 flue duct burners)
19 BiRD RM 100U3 Boiler No. 1 uLsD’ AP-42 Tables 1.3-2, 1.3-7 2.13 Ib/kgal 6.13 MMBtu/hr N/A 7.06 g/MMBtu
20 BiRD RM 100U3 Boiler No. 2 uLSD’ AP-42 Tables 1.3-2, 1.3-7 2.13 Ib/kgal 6.13 MMBtu/hr 19,650 hr/yrB N/A 7.06 g/MMBtu 0.94 tpy
21 BiRD RM 100U3 Boiler No. 3 uLSD’ AP-42 Tables 1.3-2, 1.3-7 2.13 Ib/kgal 6.13 MMBtu/hr N/A 7.06 g/MMBtu
27 Alaska Center for Energy and Power Generator Engine ULSD Vendor Data 0.12 Ib/hr 500 hp 4,380 hr/yrg Tier 3 0.11 g/hp-hr 0.263 tpy
105 Limestone Handling System N/A Design Specifications 0.003 gr/dcf 1,200 acfm 8,760 hr/yr Dust Collector 0.003 gr/dcf 0.14 tpy
107 Sand Handling System N/A Design Specifications 0.003 gr/dcf 1,600 acfm 8,760 hr/yr Dust Collector 0.003 gr/dcf 0.18 tpy
109 Ash Handling System N/A Design Specifications 0.003 gr/dcf 1,000 acfm 8,760 hr/yr Dust Collector 0.003 gr/dcf 1.1E-01 tpy
110 Ash Handling System Vacuum N/A Design Specifications 0.003 gr/dcf 2,000 acfm 8,760 hr/yr Dust Collector 0.003 gr/dcf 0.23 tpy
111 Ash Loadout to Truck N/A AP-42 Table 13.2.4 5.50E-05 |b/ton'® N/A 26,280 tpy Enclosure 5.50E-05 Ib/ton 7.23E-04 tpy
113 Replacement Dual-fired CFB Boiler C%?gg:;dy Vendor Data 0.012 Ib/MMBtu 296 MMBtu/hr 8,760 hriyr Baghouse 0.012 Ib/MMBtu 15.5 tpy
4 Dry Sorbent Handling Vent Filter Exhaust N/A AK state SIP_PM emission std. 0.05 gr/dcf 5 acfm ,760 hr/yr Dust Collector 0.050 gr/dcf 9.4E-03 tpy
28 Coal Silo No. 1 with bin vent N/A Design Specifications 0.003 gr/dcf 1,650 acfm ,760 hr/yr Dust Collector 0.003 gr/dcf 0.19 tpy
29 Coal Silo No. 2 with bin vent N/A Design Specifications 0.003 gr/dcf 1,650 acfm ,760 hr/yr Dust Collector 0.003 gr/dcf 0.19 tpy
130 Coal Silo No. 3 with bin vent N/A Design Specifications 0.003 gr/dcf 1,650 acfm 8,760 hriyr Dust Collector 0.003 gr/dcf 0.19 tpy
Notes:
1 Maximum annual operation for all units based on full-time operation, or permitted operating limits, where applicable.
2 Conversion factors:
Mass Conversion 454.0 g/lb
Diesel Heating Value 0.137 MMBtu/gal
Mass Conversion 7,000 gr/lb
Natural Gas Heat Content 1,000 Btu/scf
Engine Heat Rate 7,000 Btu/hp-hr
° Although this boiler is permitted as a dual fuel-fired boiler, the unit is configured to fire only diesel. The potential PM , 5 emissions for EU ID 3 are based on diesel fuel combustion.
4 Maximum annual operation of EU ID 4 while firing diesel or gas is limited by the 10 percent annual capacity factor which restricts the heat input.
°The highest potential PM, s emissions for EU ID 8 is shown using the NOy-driven fuel restriction.
SEU ID 9A is limited by Condition 8 of Permit No. AQ0316MSS04 to 109 tons of waste combustion per rolling 12-month.
"EU IDs 19 through 21 are limited to operating on ULSD per Condition 9 of Permit No. AQ316MSS04.
®EU IDs 19 through 21 are limited to operating no more than 19,650 hr/yr, combined, per Condition 10 of Permit No. AQ0316MSS04.
¥ EU ID 27 limited to operating no more than 4,380 hr/yr per Condition 4 of Permit No. AQ0316MSS03.
'® Ash loadout emission calculations:
Emission factor from AP-42, Section 13.2.4 based on empirical equation E = k x 0.0032 x (U/5)1'3/(M/2)1"' Ib/ton transferred where:
k for PM, 5 = 0.053
U = mean wind speed = 5.4 mph in Fairbanks, per National Climactic Data Center (http:/Iwf.ncdc.noaa.gov/oa/climate/online/ccd/avgwind.html)
M = ash moisture content = 4.8 percent (AP-42, page 13.2.4-4)
Ash loadout emissions based on maximum boiler total coal consumption capacity 26,280 tpy
Ash content of coal = 8.5% per Usibelli Coal Mine website
Operations, ash tons/hr = (X coal capacity, ton/hr) x (0.085 ash content) + (captured sulfur, captured oxygen, and limestone inerts) = 3 ton/hr per design engineers
Operations, ash tons/yr = (3 ton/hr) * (8,760 hr/yr)
Ash loadout emissions, tons/yr = (emission factor, Ib/ton) x (ash loading, ton/yr) / (2,000 Ib/ton)
UAF
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Table 1-5. Potential to Emit Calculations for BACT Basis of Worst-Case Emissions - SO, Emissions

Fuel Type Fuel Sulfur Content

University of Alaska Fairbanks Campus

SO, Emission Factor

November 19, 2019

Maximum Allowable Annual Control Technology Short Term Potential SO,
RAlndiCab ey Operation® Technology Efficiency S0, Emissions Emissions®

Significant Emission Units
3 Dual-Fired Boiler Diesel 0.5 weight % AP-42 Table 1.3-1 142 *S Ib/kgal 180.9 MMBtu/hr 8,760 hr/yr N/A 0.52 Ib/MMBtu 410.6 tpy3
Standard Combustor
when firing Diesel
4 Dual-Fired Boiler Diesel 0.5 weight % AP-42 Table 1.3-1 142 *S Ib/kgal 180.9 MMBtu/hr 154,366 MMBtu/yr4 + 90% 0.52 Ib/MMBtu 40.0 tpy4
10 Percent Capacity
Factor
Low NOx Burners
4 Dual-Fired Boiler Natural Gas N/A AP-42 Table 1.4-2 0.6 Ib/MMscf 180.9 MMBtu/hr 8,760 hr/yr * y 90% 0.60 Ib/MMscf 0.0475 tpy4
10 Percent Capacity
Factor
8 Peaking/ Bac";sg?nz”eramr (DEG) Diesel 0.5 weight % AP-42 Table 3.4-1 | 8.09E-03 *S Ib/hp-hr| 13,266 hp 1,010,529 galyr® N/A 1.84 g/hp-hr 40.0 tpy
on | BRD - Medical/Pathological Waste | Medical/Pathologic N/A AP-42 Table 2.3-1 2.17 Ib/ton 83 Ib/hr 109 tpy® N/A 2.17 Iblton 0.1 tpy
Incinerator al Waste
19 BiRD RM 100U3 Boiler No. 1 uLsSD 0.0015 weight %’ AP-42 Table 1.3-1 142 *S Ib/kgal 6.13 MMBtu/hr ULsSD 0.013 g/MMBtu
20 BiRD RM 100U3 Boiler No. 2 ULSD 0.0015 weight %’ AP-42 Table 1.3-1 142 *S Ib/kgal 6.13 MMBtu/hr 19,650 hr/yrE ULsSD 0.013 g/MMBtu 0.094 tpy
21 BiRD RM 100U3 Boiler No. 3 ULSD 0.0015 weight %’ AP-42 Table 1.3-1 142 *S Ib/kgal 6.13 MMBtu/hr ULsSD 0.013 g/MMBtu
Alaska Center for Energy and Lo g . 9 g
27 Power Generator Engine uLsD 0.0015 weight % Mass Balance 1.088E-05 Ib/hp-hr 500 hp 4,380 hriyr ULSD 0.005 g/hp-hr 0.01 tpy
105 Limestone Handling System N/A N/A N/A N/A 1,200 acfm 8,760 hr/yr N/A N/A N/A
107 Sand Handling System N/A N/A N/A N/A 1,600 acfm 8,760 hr/yr N/A N/A N/A
109 Ash Handling System N/A N/A N/A N/A 1,000 acfm 8,760 hr/yr N/A N/A N/A
110 Ash Handling System Vacuum N/A N/A N/A N/A 2000 acfm 8,760 hr/yr N/A N/A N/A
111 Ash Loadout to Truck N/A N/A N/A N/A N/A 26,280 tpy N/A N/A N/A
113 | Replacement Duak-fired CFB Boiler |  C02/Woody N/A 40 CFR 60.42b(k)(1) 0.20 'PMMBtu 296 MMBtu/hr 8,760 hriyr Limestone Injection, 0.20 Ib/MMBtu 258.9 tpy
Biomass heat input Low sulfur coal
114 | Pv S"’be”‘;i’;'i"s’;g Vent Filter N/A N/A N/A N/A 5 acfm 8,760 hriyr N/A N/A N/A
128 Coal Silo No. 1 with bin vent N/A N/A N/A N/A 1650 acfm 8,760 tpy N/A N/A N/A
129 Coal Silo No. 2 with bin vent N/A N/A N/A N/A 1650 acfm 8,760 hr/yr N/A N/A N/A
130 Coal Silo No. 3 with bin vent N/A N/A N/A N/A 1,650 acfm 8,760 hr/yr N/A N/A N/A
Notes:

" Maximum annual operation for all units based on full-time operation, or permitted operating limits, where applicable.

2 Conversion factors:

Mass Conversion
Diesel Heating Value
Natural Gas Heat Content

Density of Diesel

Engine Heat Rate

454.0 g/l
0.137 MMBtu/gal
1,000 Btu/sct
7.1 Ib/gal
7,000 Btu/hp-hr

3 Although this boiler is permitted as a dual fuel-fired boiler, the unit is configured to fire only diesel. The potential SQ emissions for EU ID 3 are based on diesel fuel combustion.

#Maximum annual operation of EU ID 4 while firing diesel is limited to 40 tpy of SO,, a shared limit with EU ID 8. EU ID 4 can consume no more than 154,366 MMBtu/year and be in compliance with the 40 tpy limit. (40 ton/yr * 2,000 Ib/ton /(0.52
Ib/MMBtu) = 154,366 MMBtu/yr. Firing on natural gas is restricted by a 10 percent annual capacity factor.
® Maximum annual operation of EU ID 8 is limited to 40 tpy of SO,, a limit shared with EU ID 4. EU ID 8 can consume no more than 1,010,529 gal/year and be in compliance with the 40 tpy limit. (40 ton/yr * 2,000 Ib/ton /(8.09e-3 Ib/hp-hr * 0.5%S) *
7,000 Btu/hp-hr * 1 MMBtu/10° Btu / 0.137 MMBtu/gal = 1,010,529 gallyr)
®EU ID 9A is limited by Condition 8 of Permit No. AQ0316MSS04 to 109 tons of waste combustion per rolling 12-month period.
" EU IDs 19 through 21 are limited to operating on ULSD per Condition 9 of Permit No. AQ316MSS04.
®EU IDs 19 through 21 are limited to operating no more than 19,650 hr/yr, combined, per Condition 10 of Permit No. AQ0316MSS04.
° EU ID 27 limited to operating no more than 4,380 hr/yr per Condition 4 of Permit No. AQ0316MSS03.
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2.0 Methodology: The Top-Down Approach

The methodology used to identify BACT for the proposed emission units is the five step “top-
down” methodology set forth in EPA New Source Review Rule Revisions (proposed) (Federal
Register Vol. 61, No. 142, July 23, 1996). The emission units and pollutants subject to a BACT
review are identified in Table 1-2.

The first step of the BACT analysis is to survey alternative control techniques and identify all
“available” control options. Available control options are those air pollution control technologies
or techniques with a practical potential for application to the emissions units and pollutants
under evaluation. The following guidelines are used to identify available control options:

The technology should be “demonstrated in practice”. The control technology should
have been installed and operating at a minimum of 50 percent of capacity for six months,
and the performance should have been verified with a test or operational data at 90
percent of operational capacity.

Controls applied to similar source categories, gas streams, and innovative control
technologies should be examined. Process controls, such as combustion modifications,
that are currently available from a supplier should be reviewed.

In step two, the technical feasibility of each available control option is evaluated based on
source-specific factors. The use of control options, which would clearly result in technical
difficulties precluding their successful use, is deemed technically infeasible.

In step three, the effectiveness of control alternatives is determined for all options not eliminated
in step two. Control options are then ranked “top-down” in order of overall control effectiveness
for the pollutant under review.

In step four, the energy, environmental, and economic impacts of control options are
considered, beginning with the top-ranked control alternative. If the most effective control option
is shown to be inappropriate due to adverse impacts, that option is eliminated and the next most
stringent alternative is evaluated. If the most stringent technology is selected as BACT,
continuing the analysis is not necessary.

Finally, in step five, the most effective control option not eliminated in step four is proposed as
BACT for the pollutant and emission unit under review.

The basis for comparing the economic impacts of control scenarios is cost effectiveness. This
value is defined as the total net annualized cost of control, divided by the tons of pollutant
removed per year, for each control technique. Annualized costs include the annualized capital

UAF Page 7 January 2017
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cost plus the financial requirements to operate the control system on an annual basis, including
operating and maintenance labor, replacement parts, overhead, raw materials, and utilities.

Capital costs include both the direct and indirect costs to install the equipment. Direct
installation costs include costs for foundations, erection, electrical, piping, insulation, painting,
site preparation, and buildings. Indirect installation costs include costs for engineering and
supervision, construction expenses, startup costs and contingencies.

In this analysis, all costs are expressed as an annualized cost, and cost-effectiveness values
are then calculated. This approach of amortizing the investment into equal end-of-year annual
costs is termed the Equivalent Uniform Annual Cost (EUAC). This approach is the EPA
recommended method for estimating control costs.
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3.0 NOyx BACT Analysis

NOx is formed as a by-product of combustion. NOx contributes indirectly to the formation of
PM, s through atmospheric chemical reactions that produce nitrates, a form of particulate matter.
This BACT analysis includes a review of control technologies that could reduce NOy emissions
either by reducing the formation of NOx during combustion or post-combustion controls that
eliminate NOx in the flue gas. As shown in Table 1-2, the emission units for which a NOx BACT
analysis is required are:

e EUID 113, a large circulating fluidized bed (CFB) coal and biomass-fired boller;

e EU IDs 3 and 4, mid-sized diesel-fired and dual fuel-fired (diesel and natural gas-fired)

boilers, respectively;

e EU IDs 19, 20, and 21, small diesel-fired boilers;

e EU ID 8, a large diesel-fired engine;

e EUID 27, a small diesel-fired engine; and

e EU ID 9A, a pathological waste incinerator.

EU IDs 103 through 105, 107, 109 through 111, 114, and 128 through 130 are all material
handling equipment which do not have any combustion emissions. As a result, a NOx BACT
analysis is not needed for those emission units.

The tables supporting the NOx BACT analysis which identify the available control options,
technically feasible options, ranking of technically feasible control options, cost of technologies
and summaries of the proposed BACT can be found at the end of Section 3.

3.1 Available NOy Control Options

The EPA RACT/BACT/LAER Clearinghouse (RBLC) has been reviewed to identify available
control technology for emission units similar to the emission units at UAF. This clearinghouse of
information was reviewed for emission units permitted during the past ten years, from January
1, 2005 through August 24, 2015. All applicable control options from the RBLC are considered
in this BACT analysis. In addition, control technologies from equipment vendors and other
known possible control technologies have been included in this analysis. The NOy emission
information found in the RBLC for each type of emission unit is included in Appendix A for
reference. Supporting vendor and contractor information for the NOx BACT analysis can be
found in Appendix B.

3.1.1 Large CFB Coal and Biomass-fired Boiler (EU ID 113) — NOx Control Options

The large CFB coal and biomass-fired boiler (EU ID 113) is rated 295.6 million British thermal
units per hour (MMBtu/hr) heat input and has a CFB combustor design. Coal is expected to be
the primary fuel for this boiler, but woody biomass could also be combusted. The RBLC was
reviewed for NOx BACT control technology applications on large boilers rated at 250 MMBtu/hr
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or greater. Entries for both large coal-fired boilers (RBLC Process ID 11.110) and large
biomass-fired boilers (RBLC Process ID 11.120) were reviewed. Summaries of the results can
be found in Table A-1 of Appendix A. Many of the control technology entries for coal and
biomass-fired boilers were the same. A number of the boilers were identified as CFB boilers,
but many boilers were identified as the traditional pulverized coal (PC) design or the combustor
design was not identified.

Some RBLC boiler entries identified multiple BACT controls on individual boilers if the units
were equipped with both combustion burner emission reduction designs and post-combustion
add-on control technologies. Although not found in the RBLC review, non-selective catalytic
reduction (NSCR) is included in this review.

Identified NOx control technologies for large coal-fired and biomass-fired boilers include:

. Selective Catalytic Reduction (SCR);

o Selective Non-catalytic Reduction (SNCR);

. NSCR;

. Low NOx Burners (LNB)/Overfired Air(OFA)/Flue Gas Recirculation (FGR)/
Staged Combustion;

o CFB;

. Low Excess Air; and

J Good Combustion Practices.

SCR - Large CFB Boiler NOx Control Option

SCR is a post-combustion gas treatment technique for reduction of nitric oxide (NO) and
nitrogen dioxide (NO,) in the exhaust stream to molecular nitrogen, water, and oxygen. In the
SCR process, aqueous or anhydrous NH; is used as the reducing agent, and is injected into the
flue gas upstream of a catalyst bed. The function of the catalyst is to lower the activation
energy of the NOyx decomposition reaction. NOyx and NH3; combine at the catalyst surface
forming an ammonium salt intermediate, which subsequently decomposes to produce elemental
nitrogen and water. Depending on the overall ammonia-to-NOx ratio, removal efficiencies are
generally between 70 and 90 percent (EPA-452/F-03-032).

According to the RBLC, of the NOx control technologies that were permitted for similar boilers,
more than one in three entries identified SCR as BACT. Although SCR systems were
commonly identified as BACT, a list of the recognized disadvantages of using SCR is provide
below.
¢ A common characteristic of all SCR catalyst types is the narrow window of acceptable
system inlet temperatures, typically 500 degrees Fahrenheit (F) to 800 degrees F. The
reaction will not proceed below the minimum acceptable temperature. Operation above
the maximum acceptable temperature results in poor NOyx reduction performance,
causing oxidation of NH; to NOy, and potentially generating explosive levels of
ammonium salts in the exhaust gas. The EU ID 113 normal exhaust temperature is
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expected to range from approximately 1,550 degrees F to 1,650 degrees F. Applying
SCR to the boiler would require installing a system to cool the exhaust gas.

e Some vendors advertise ceramic catalysts which can operate at temperatures higher
than conventional catalysts. Little demonstrated operating experience exists for these
catalysts. The RBLC search discovered only one CFB boiler with SCR. That case
makes no mention of using a high temperature catalyst.

¢ A number of environmental hazards are associated with SCR. These systems generally
operate with a molar NH3/NOy ratio greater than the ratio required by the stoichiometry
of the reduction reaction to achieve optimal conversion efficiencies. This operation
results in the passage of toxic and odorous NHj; to the atmosphere, called NHj3 slip.
Ammonia is more toxic than NOyx and is classified as a hazardous material by EPA.

o If the depleted catalysts cannot be reclaimed, then disposal as hazardous waste may be
required.

Even though significant disadvantages are noted for the use of SCR, the technology is an
available control technology for large boilers and will be reviewed in this analysis.

SNCR - Large CFB Boiler NOy Control Option

SNCR is a post-combustion control technology that involves the non-catalytic decomposition of
NOy in the flue gas to nitrogen and water using reducing agents, such as urea or ammonia.
The process utilizes a gas phase homogeneous reaction between NOyx and the reducing agent
within a specific temperature window. The reducing agent must be injected into the flue gas at
a location in the unit that provides the optimum reaction temperature and residence time. The
ammonia process (trade name - Thermal DeNOy) requires a reaction temperature window
between 1,600 degrees F and 2,200 degrees F. In the urea process (trade name - NOxOUT),
the optimum temperature ranges between 1,600 degrees F and 2,100 degrees F. With
combustion temperatures between 1,550 and 1,650 degrees F, this technology may require
adding minor amounts of heat to the flue gas for successful operation.

An RBLC search identified multiple applications of SNCR for large boilers rated at 250
MMBtu/hr or more. SNCR is expected to achieve 40 to 62 percent NOy control, based on the
reported control effectiveness in the RBLC and 30 to 50 percent NOyx control based on the EPA
fact sheet (EPA-452/F-03-031). The vendor, Babcock & Wilcox, estimated that SNCR on this
boiler would have a NOy control efficiency between 10 and 20 percent and that ammonia slip
would be less than 20 parts per million (ppm). SNCR is an available control technology for the
large CFB boiler.

NSCR — Large CFB Boiler NOx Control Option

NSCR is a post-combustion control technology that is designed to simultaneously reduce NOy
and oxidize carbon monoxide (CO) and hydrocarbons (HC) in the combustion gas to nitrogen,
carbon dioxide (CO,), and water. The catalyst, usually a noble metal, causes the reducing
gases in the exhaust stream (hydrogen [H;], methane [CH,4], and CO) to reduce both NO and
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NO, to nitrogen at temperatures between 800 degrees F and 1,200 degrees F. NSCR requires a
low excess oxygen concentration in the exhaust gas stream to be effective because the oxygen

must be depleted before the reduction chemistry can proceed. NSCR is only effective with rich-

burn gas-fired units that operate at all times with an air to fuel (A/F) ratio controller at or close to

stoichiometric conditions.

The RBLC search discovered no applications of NSCR for large boilers since 2005. This result
occurred because boilers operate under conditions far more fuel-lean (with excess oxygen) than
required to support feasible application of this technology. The boiler is anticipated to have
exhaust gas between 1,550 degrees F and 1,650 degrees F, which is well above the
recommended exhaust temperature range. Flue gas cooling would be required. The RBLC did
not identify NSCR as a technology available to boilers of this size and design. NSCR is not an
available control technology because the proposed large boiler is not of a rich-burn design.

LNB/OFA/FGR/Staged Combustion — Large CFB Boiler NOx Control Option

LNB restrict the formation of NOx by lowering the thermal NOy formation created by high flame
temperature in the presence of oxygen. The key to limiting thermal NOyx formation is to reduce
peak flame temperature and restrict oxygen availability and exposure at peak flame
temperature. This goal can be achieved through several combustion chamber designs which
include OFA, FGR, and staged combustion.

OFA systems are often a part of an overall NOy reduction strategy in boilers referred to as LNB.
Applying OFA, a portion of air from the burners is removed to reduce oxygen availability early in
the combustion process and is reintroduced later in the combustion process. This action
reduces the availability of oxygen to form NOx in the combustion zone which reduces the peak
temperature in the combustion zone, ultimately lowering NOy formation. Regardless of whether
the air is reintroduced through ports located above the combustion zone or elsewhere, this
process is described as OFA.

Staged combustion is the same principle as OFA. Staged combustion burners are the most
common type of LNB. Staged combustion can be achieved by staging the injection of either air
or fuel in the near burner region. Staged air combustion reduces NOx formation using the
reduced air strategy described for OFA, by reducing the amount of available air to form NOy in
the combustion chamber. With less air to combust, the combustion temperature is reduced so
less thermal NOy is formed. Staged fuel combustion burners inject the fuel in multiple
combustion zones, which reduces the formation of NOx by keeping the peak combustion
temperature lower and lowering the quantity thermal NOy formation.

Upon closer review of the RBLC data, staged combustion technology is the only LNB
technology that has been identified as NOx BACT for large CFB boilers. Only pulverized coal
boilers have used OFA and FGR for NOx emission control. The proposed CFB boiler design
includes staged combustion with the primary air jets raising the coal and limestone to be above
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the boiler feed bed and with secondary air being injected above the fed bed through the walls of
the boiler. As a result, staged combustion is available for the CFB boiler and will be the only
version of LNB technology considered in this BACT analysis.

CFB — Large CFB Boiler NOx Control Option

In a fluidized bed combustor, fuel is introduced to a bed of either sorbent (limestone) or inert
material (usually sand) that is fluidized by an upward flow of air. This upward air flow allows for
better mixing of the gas and solids to create a better heat transfer and chemical reactions.
Combustion takes place in the bed at a lower temperature than other boiler types which lowers
the formation of thermally generated NOx.

Fluidized bed technology is an available combustion design technology for lowering NOx
formation with the additional bonus of controlling sulfur emissions when limestone is introduced.
Because the proposed large boiler will have CFB and staged combustion, these two
technologies will be reviewed together through the remainder of this BACT analysis.

Low Excess Air — Large CFB Boiler NOx Control Option

Boiler operation with low excess air is considered an integral part of good combustion air
management practices because this process can maximize the boiler efficiency while controlling
the formation of NOx. Boilers operated with five to seven percent excess air typically have the
peak NOy formation from both peak combustion temperatures and chemical reactions. At both
lower and higher excess air concentrations the formation of NOy is reduced. At higher levels of
excess air, an increase in the formation of CO occurs. CO can increase exponentially at very
high levels of excess air and the combustion efficiency is greatly reduced. As a result, the
preference is to reduce excess air such that both NOx and CO generation is minimized and the
boiler efficiency is optimized. Only one RBLC entry identified low excess air technology as a
NOy control alternative for a mass-feed stoker designed boiler. Boilers are regularly designed
to operate with low excess air as described in the various LNB combustion designs described
above. Low excess air control technology will not be carried forward as an available control
technology in this NOy BACT analysis for large boilers because the air flow to the boiler is
already reduced through the boilers proposed staged combustion design.

Good Combustion Practices — Large CFB Boiler NOy Control Option

Large boilers that follow good combustion practices are maintained and operated following
manufacturer instructions and conventional industry practices. Maintaining a boiler in peak
operating condition is in the interest of every owner because the boiler lifespan will be
optimized. Operating a boiler according to manufacturer recommendation will keep the boiler at
the highest level of efficiency, reduce strain on the boiler, and optimize operating costs.

Good combustion practices are an available control technology for large CFB coal and biomass-
fired boilers.
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3.1.2 MID-SIZED DIESEL-FIRED BOILERS (EU IDs 3 AND 4) — NOx CONTROL OPTIONS

The mid-sized diesel-fired boilers (EU IDs 3 and 4) are rated at 180.9 MMBtu/hr maximum heat
input, each. These units are operated to provide supplemental heat and as backup boilers
should the main boilers fail. EU ID 3 is permitted as a dual fuel-fired boiler for both diesel and
natural gas, but the boiler is only configured to fire diesel fuel. As a result, this BACT analysis
will only focus on diesel firing for EU ID 3. EU ID 4 is also permitted as a dual fuel-fired boiler
for both diesel and natural gas fuels. EU ID 4 is capable of firing both fuels, so this BACT
analysis will consider that ability for that boiler. EU ID 4 has a permitted annual capacity factor
of 10 percent, so although these two similar package boilers have the same rated capacity, EU
ID 4 is significantly restricted operationally.

A review of the RBLC for diesel-fired boilers with a heat input rating between 100 and 250
MMBtu/hr (process code 12.220) identified one boiler that was subject to a BACT analysis in the
past 10 years. That analysis showed a “no controls” determination. Table A-6 in Appendix A
provides this RBLC summary. A review of the RBLC for natural gas-fired boilers with a heat
input rating between 100 and 250 MMBtu/hr (process code 12.310) identified multiple control
options.

Both the diesel-fired and natural gas-fired boiler control technologies will be considered for
these mid-sized boilers. SNCR will also be considered as a known NOx control technology
even though SNCR did not appear in either RBLC inventories for mid-sized boilers. Identified
NOx control technologies for mid-sized diesel and natural gas-fired boilers include:

o SCR;

° SNCR;

. LNB/FGR;

° Natural Gas;

. Limited Operation; and

. Good Combustion Practices.

SCR — Mid-sized Boilers NOx Control Option

SCR is a post-combustion gas treatment technique for reduction of NO and NO in the exhaust
stream to molecular nitrogen, water, and oxygen. In the SCR process, aqueous or anhydrous
NH; is used as the reducing agent, and is injected into the flue gas upstream of a catalyst bed.
The function of the catalyst is to lower the activation energy of the NOx decomposition reaction.
NOyx and NHz combine at the catalyst surface forming an ammonium salt intermediate, which
subsequently decomposes to produce elemental nitrogen and water. Depending on the overall
ammonia-to-NOx ratio, removal efficiencies are generally between 70 and 90 percent.

For a number of reasons, SCR may not be an ideal NOyx control technology for these mid-sized
boilers. Some recognized disadvantages of using SCR are discussed below.
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e A common characteristic of all SCR catalyst types is the narrow window of acceptable
system inlet temperatures, typically 500 degrees F to 800 degrees F. The reaction will
not proceed below the minimum acceptable temperature. Operation above the
maximum acceptable temperature results in poor NOyx reduction performance, causing
oxidation of NH3 to NOy, and potentially generating explosive levels of ammonium salts
in the exhaust gas. The normal exhaust temperature for EU IDs 3 and 4 ranges
between approximately 340 degrees F and 400 degrees F, according to heat exchanger
data available to Stanley Consultants, Inc. (SCI). Applying SCR to the boilers would
require installing a system to heat the exhaust gas.

e Backpressure in the boiler due to the catalyst system can be a problem that may require
re-sizing the fan.

¢ A number of environmental hazards are associated with SCR. These systems generally
operate with a molar NHs/NOy ratio greater than the ratio required by the stoichiometry
of the reduction reaction to achieve optimal conversion efficiencies. This operation
results in the passage of toxic and odorous NH; to the atmosphere, called NHj3 slip.
Ammonia is more toxic than NOyx and is classified as a hazardous material by EPA.

e |If the depleted catalysts cannot be reclaimed, then disposal as hazardous waste may be
required.

Even though significant disadvantages to using SCR exist, the technology is an available control
technology for these mid-sized boilers and will be reviewed in this NOx BACT analysis.

SNCR - Mid-sized Boilers NOx Control Option

SNCR is a post-combustion control technology that involves the non-catalytic decomposition of
NOy in the flue gas to nitrogen and water using reducing agents, such as urea or ammonia.
The process utilizes a gas phase homogeneous reaction between NOx and the reducing agent
within a specific temperature window. The reducing agent must be injected into the flue gas at
a location in the unit that provides the optimum reaction temperature and residence time. The
ammonia process (trade name - Thermal DeNOy) requires a reaction temperature window
between 1,600 degrees F and 2,200 degrees F. In the urea process (trade name - NOxOUT),
the optimum temperature ranges between 1,600 degrees F and 2,100 degrees F. With
combustion temperatures between 340 and 400 degrees F, this technology would require that
heat be added to the flue gas for successful operation.

An RBLC search discovered no applications of SNCR for mid-sized diesel or natural gas-fired
boilers since 2005. SNCR is expected to achieve 30 to 50 percent NOx control without LNB and
65 to 75 percent when operated with LNB according to the EPA fact sheet (EPA-452/F-03-031).
Although no applications of SNCR for mid-sized boilers could be identified, SNCR is an
available control technology for the mid-sized boilers.
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LNB/FGR — Mid-sized Boilers NOyx Control Option

LNB restricts the formation of NOy by lowering the thermal NOyx formation created by high flame
temperature in the presence of oxygen. The key to limiting the thermal NOy is to reduce peak
flame temperature and restrict oxygen availability and exposure at the peak flame temperature.
LNB can use a staged combustion design to minimize NOx formation and FGR to further reduce
NOx formation as identified in the RBLC.

Staged combustion is described above for the large CFB boiler NOy control. Staged
combustion burners are the most common type of LNB. Staged combustion can be achieved by
staging the injection of either air or fuel in the near burner region. Staged air combustion
reduces NOx formation using a reduced air strategy, by reducing the amount of available air to
form NOy in the combustion chamber. With less air to combust, the combustion temperature is
reduced so less thermal NOy is formed. Staged fuel combustion burners inject the fuel in
multiple combustion zones which reduced the formation of NOx by keeping the peak
combustion temperature lower, and so lowering the quantity of thermal NOx created.

The addition of FGR to a LNB allows flue gas to be recirculated back into the combustion
chamber. This recirculated flue gas acts as a heat sink by absorbing heat from the flame and
lowering peak flame temperatures. The recirculated flue gas also dilutes the combustion air
lowering the oxygen content of the air, starving the NOx forming reaction of one of the
necessary reaction chemicals.

These various techniques all achieve the reduction of NOx by reducing the potential thermal
NOx formation. These technologies will be referred to as LNB technologies in this BACT
analysis.

EU IDs 3 and 4 are described as having a LNB design, but the LNB design is only applicable to
these boilers while firing natural gas. Because EU ID 3 is not able to fire natural gas, the unit
does not include a LNB design for the current operation. EU ID 4, which is the dual fuel-fired
boiler and is restricted by a 10 percent annual capacity factor, only uses LNB while firing natural
gas. While firing on diesel, the boilers use standard combustion. No staged combustion, OFA
or FGR exists in the burner design for diesel firing that would qualify these boilers as LNB units.

LNB/FGR designs have been used as a retrofit NOx control for existing boilers and can achieve
approximately 35 to 55 percent reduction from uncontrolled levels (1995, EPA). LNB/FGR is an
available NOx control technology for these mid-sized boilers while firing diesel. Indeck, the
vendor currently supporting these Zurn boilers, has supplied information about emission
reductions for these boilers if new LNB/FGR boilers were to be installed. Indeck estimates the
NOy emission reduction to be 66.7 to 68.6 percent for these boilers if a new LNB/FGR system
were to be installed.
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Natural Gas — Mid-sized Boilers NOyx Control Option

Only EU ID 4 has the ability to burn natural gas. Natural gas combustion has a lower NOy
emission rate than diesel combustion, so natural gas can be a preferred fuel for this reason.
The availability of natural gas in Fairbanks is limited. Natural gas must be trucked to Fairbanks
because no pipeline system currently exists to deliver natural gas to Fairbanks. UAF must
retain the ability to burn diesel in EU ID 4 during the times natural gas is not available. EU ID 4
is permitted to emit no more than 40 tons per year (tpy) of NOx whether the unit burns diesel or
natural gas. As a result, a switch to only natural gas-firing will not reduce the NOy emission
potential from EU ID 4.

EU ID 3 is not configured to burn natural gas. Because Fairbanks does not have a pipeline
source, natural gas is not an available fuel for consideration for this boiler. During the times that
EU ID 4 is firing natural gas, operators have noticed a pressure loss in the natural gas supply.
Operating both boilers on natural gas at the same time would only exacerbate this pressure loss
unless the natural gas delivery system was to be changed.

For the above reasons, switching to only fire natural gas as a control technology is not an
available option for either EU ID 3 or 4.

Limited Operation — Mid-sized Boilers NOyx Control Option

Because EU ID 4 has limited operation due to permit restrictions, this limit is an available NOyx
emission control. With fewer available hours of operation, the annual potential NOx emissions
are reduced. This approach is not always practical to control NOx emissions because not all
emission units can be operated in a limited manner while sustaining electrical and steam output
commitments. Regardless of this constraint, limited operation is an available BACT control
technology for NOx emissions from the boilers.

Good Combustion Practices — Mid-sized Boilers NOx Control Option

Mid-size boilers that follow good combustion practices are maintained and operated following
manufacturer instructions and conventional industry practices. Maintaining a boiler in peak
operating condition is in the interest of every owner because the boiler lifespan will be
optimized. Operating a boiler according to the manufacturer recommendation will keep the
boiler at the highest level of efficiency, lower fuel costs, reduce strain on the boiler, and optimize
operating costs.

Good combustion practices are an available control technology and are standard practice for
UAF.
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3.1.3 SMALL DIESEL-FIRED BOILERS (EU IDs 19 THROUGH 21) — NOx CONTROL
OPTIONS

The small diesel-fired boilers (EU IDs 19 through 21) are rated at 6.13 MMBtu/hr, each. These
three boilers are identical in make, model, and use. These small boilers are permitted to
operate combusting ultra-low sulfur diesel (ULSD) and share an allowable annual hourly
operating limit.

The review of the RBLC for small diesel-fired boilers rated at less than 100 MMBtu/hr (process
code 13.220) found several entries for small boilers with burner designs to control NOy
emissions. Table A-11 lists the RBLC control options found for these boilers. No add-on NOx
control options were identified for these small boilers. Identified NOx control technologies for
small diesel-fired boilers include:

e LNB/FGR;

e Limited Operation; and

e Good Combustion Practices.

LNB/FGR — Small Diesel-fired Boilers NOy Control Option

LNB restrict the formation of NOx by lowering the thermal NOy formation created by high flame
temperature in the presence of oxygen. The key to limiting the thermal NOy is to reduce peak
flame temperature and restrict oxygen availability and exposure at peak flame temperature.
This goal can be achieved through FGR boiler designs. Several RBLC entries identified both
LNB and FGR together as the NOx control option for small boilers.

FGR involves recycling a portion of the combustion gases from the stack to the boiler
combustion air intake. The low oxygen combustion products, once mixed with the combustion
air, lower the overall excess oxygen concentration and act as a heat sink to lower the peak
flame temperature and the residence time at peak flame temperature. These effects work
together to limit thermal NOyx formation.

These various techniques all achieve the reduction on NOx by reducing the potential thermal
NOx formation. These technologies will be referred to as LNB technologies in this BACT
analysis. LNB designs have been used as a retrofit NOy control for existing boilers and can
achieve approximately 35 to 55 percent reduction from uncontrolled levels (1995, EPA).
LNB is an available NOx control technology for these small boilers firing diesel.

Limited Operation — Small Diesel-fired Boilers NOx Control Option

The three small boilers share an operating limit of 19,650 hours per year. With fewer available
hours of operation, the annual potential NOx emissions are reduced. Limited operation is an
available NOy control technology for these small boilers.
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Good Combustion Practices — Small Diesel-fired Boilers NOyx Control Option

Small boilers that follow good combustion practices are maintained and operated following
manufacturer instructions and conventional industry practices. Maintaining a boiler in peak
operating condition is in the interest of every owner because the boiler lifespan will be
optimized. Operating a boiler according to the manufacturer recommendation will keep the
boiler at the highest level of efficiency, which lowers fuel costs, reduces strain on the boiler, and
optimizes operating costs. Good combustion practices are an available control technology.

3.1.4 LARGE DIESEL-FIRED ENGINE (EU ID 8) — NOx CONTROL OPTIONS

UAF has one large diesel-fired engine (EU ID 8) rated at 13,266 horsepower (hp). This engine
has a turbocharger, an intercooler, and a SCR system, which controls NOx formation and
emissions. The engine shares a 40 tpy NOx emission limit with EU ID 4.

The RBLC was reviewed for NOy control options on similar engines (RBLC Process ID 17.110)
from the past ten years. A summary of the findings are provided in Table A-15 of Appendix A.
Many emission control options were identified for large diesel-fired engines, including:

e SCR;

e Reduce NOyx 90 Percent (methodology not specified);

e Turbocharger and Aftercooler;

e Fuel Injection Timing Retard (FITR);

e Ignition Timing Retard (ITR);

o Federal Standard;

e Limited Operation; and

e Good Combustion Practices.

SCR - Large Diesel-fired Engine NOx Control Option

SCR is a post-combustion gas treatment technique for reduction of NO and NO, in the exhaust
stream to molecular nitrogen, water, and oxygen. In the SCR process, aqueous or anhydrous
NH; is used as the reducing agent, and is injected into the flue gas upstream of a catalyst bed.
The function of the catalyst is to lower the activation energy of the NOx decomposition reaction.
NOyx and NH3z combine at the catalyst surface forming an ammonium salt intermediate, which
subsequently decomposes to produce elemental nitrogen and water. Depending on the overall
ammonia-to-NOy ratio, removal efficiencies are generally 70 to 90 percent.

One RBLC NOy determination was identified for SCR for large engines. EU ID 8 has an SCR
system at this time which cannot be operated as currently installed due to excess visible
emissions that result from the design of the exhaust gas ducting and stack on the downstream
side of the SCR system. Operating the SCR system is not required to comply with the 40 tpy
NOy emission limit in Condition 16 of Permit No. AQ0316TVP02, but operating the system
would enable increased actual operating hours for EU ID 8. The SCR system has a 90 percent
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NOy control efficiency and is permitted for a 5 ppm ammonia slip. As a result, SCR is an
available control technology.

Reduce NOx 90 Percent — Large Diesel-fired Engine NOx Control Option

Reducing NOx by 90 percent is a very general control option determination in the RBLC for one
engine. This determination does not specific a control strategy for reaching 90 percent NOx
control. The determination implies the use of an add-on control device to achieve this level of
NOy control. This control option is not an available NOx control option because the
determination fails to identify the method to achieve this level of control. Because SCR is an
available NOy control option for large engines and SCR can control 90 percent of NO
emissions, the Reduce NOyx 90 Percent control option is available for further review.

Turbocharger and Aftercooler — Large Diesel-fired Engine NOx Control Option
Turbocharger technology involves the process of compressing intake air in a turbocharger
upstream of the air/fuel injection. This process boosts the power output of the engine. The air
compression increases the temperature of the intake air so an aftercooler is used to reduce the
intake air temperature. Reducing the intake air temperature helps lower the peak flame
temperature which reduces NOy formation in the combustion chamber.

EU ID 8 is operating with a turbocharger and aftercooler. As a result, turbocharger and
aftercooler design is an available control option for this engine.

FITR — Large Diesel-fired Engine NOyx Control Option

The RBLC identified three entries from 2007 at the same facility for FITR for NOx emission
control from large diesel engines. The three large engines are either firewater pump engines or
emergency engines.

With FITR, NOyx emissions are reduced by delay of the fuel injection in the engine from the time
the compression chamber is at minimum volume to a time the compression chamber is
expanding. Timing adjustments are relatively straightforward. The larger volume in the
compression chamber produces a lower peak flame temperature. Retrofitting the engine with a
FITR would require changing the cam.

The downsides to FITR is that the engine becomes less fuel efficient, an increase in particulate
matter emissions results, and a limit exists with respect to the degree the timing may be
retarded because excessive timing delay can cause the engine to misfire. For these reasons,
timing retard is generally limited to no more than three degrees. Diesel engines may also
produce more black smoke due to a decrease in exhaust temperature and incomplete
combustion. FITR was a popular NOyx control technology through the 1990s. Because of a
limited ability to reduce NOyx emissions to no less than 4 grams per kilowatt-hour (g/kWh), FITR
has been replaced by new and more effective NOyx control technologies (2015, Jaaskelainen).
FITR can achieve up to 50 percent NOx control efficiency (1999, EPA). Because FITR can
increase particulate matter emissions while reducing NOy emissions, this control technology is
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not appropriate for use in a serious PM, 5 nonattainment area. Other control technologies are
available to achieve much better NOy reductions, such as the SCR system that is already
installed on this engine. For these reasons, FITR is not an available control technology for this
analysis.

ITR — Large Diesel-fired Engine NOx Control Option

The RBLC identified multiple entries of ITR for NOx control of large engines. ITR lowers NOy
emissions by moving the ignition event to later in the power stroke, after the piston has begun to
move downward. Because the combustion chamber volume is not at a minimum, the peak
flame temperature is not at as high, which lowers combustion temperature and produces less
thermally formed NOy. Tradeoffs exist with the use of ITR, including a possible increase in fuel
usage, increase in particulate matter emissions, and the risk of misfire. The typical NOx
emission reduction with ITR from compression ignition engines is 20 to 30 percent (2007, IL
EPA). Because ITR can increase particulate matter emissions while reducing NOyx emissions,
this control technology is not appropriate for use in a serious PM, s nonattainment area. Other
control technologies are available that achieve much better NOy reductions, such as the SCR
system that is already installed on this engine. For these reasons, ITR is not an available
control technology for this analysis.

Federal Standard — Large Diesel-fired Engine NOx Control Option

Multiple RBLC NOy determinations identified that large engines are required to meet federal
emission standards. The RBLC determinations indicated the listed engines were to meet New
Source Performance Standards (NSPS) requirements of 40 Code of Federal Regulations (CFR)
60 Subpart I, non-road engine (NRE) standards, or EPA certification. Subpart 1l has
performance standards for stationary compression ignition internal combustion engines that are
manufactured or reconstructed after July 11, 2005. The age, rating, and size of the
compression cylinder will determine whether an applicable federal emission standard is included
in Subpart 1111, is referenced to the NRE standards, or the engine comes with a manufacturer’s
certification of meeting the required federal standards. All stationary engines must meet the
required applicable federal emission limit.

EU ID 8 was installed in 1999 and has not been reconstructed since that time. The Subpart IllI
emission standards are not applicable to EU ID 8 because Subpart Illl has no emission
standards for engines installed in 1999. As a result, the use of complying with the federal
emission standards is not an appropriate control option for EU ID 8 and will not be considered
any further in this analysis.

Limited Operation — Large Diesel-fired Engine NOx Control Option

Several RBLC determinations identified limiting the engine operation as the NOx emission
control option. Fewer hours of operation reduces the potential annual NOyx emissions. This
approach is not always practical for controlling NOy emissions because not all emission units
can be operated in a limited manner while sustaining electrical commitments. EU ID 8 has
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existing limits on NOx and SO, emissions which limit operations. As a result, limited operation
is an available BACT control for NOx emissions from the large engine.

Good Combustion Practices — Large Diesel-fired Engine NOx Control Option

Engines that follow good combustion practices are maintained and operated following
manufacturer instructions and conventional industry practices. Maintaining an engine in peak
operating condition is in the interest of every owner because the engine lifespan will be
optimized. Operating an engine according to the manufacturer’'s recommendation will keep the
engine at the highest level of efficiency, lower fuel costs, reduce strain on the engine, and
optimize operating costs. Good combustion practice is an available control option.

3.1.5 SMALL DIESEL-FIRED ENGINE (EU ID 27) — NOx CONTROL OPTIONS

UAF has one small diesel-fired engine (EU ID 27) rated at 500 hp. This Tier 3 engine
incorporates LNB through the use of a turbocharger and aftercooler. The engine also has a
4,380 hour per year operating limit. The RBLC was reviewed for NOx emission control options
on similar engines (RBLC Process ID 17.210) from the past ten years. A summary of the
findings are provided in Appendix A. Although SCR was not identified in the RBLC, this
technology has been included because of a broad effectiveness at controlling NOy emissions.
The following control options were identified for the small diesel-fired engine:

e SCR;

e Turbocharger and Aftercooler;

o ITR;

e Federal Standard;

e Limited Operation; and

e Good Combustion Practices.

SCR - Small Diesel-fired Engine NOx Control Option

SCR is a post-combustion gas treatment technique for reduction of NO and NO in the exhaust
stream to molecular nitrogen, water, and oxygen. In the SCR process, aqueous or anhydrous
ammonia is used as the reducing agent, and is injected into the flue gas upstream of a catalyst
bed. The function of the catalyst is to lower the activation energy of the NOx decomposition
reaction. NOx and NH; combine at the catalyst surface forming an ammonium salt intermediate,
which subsequently decomposes to produce elemental nitrogen and water. Depending on the
overall ammonia-to-NOy ratio, removal efficiencies are generally 70 to 90 percent.

SCR is an available control technology for this small engine.
Turbocharger and Aftercooler — Small Diesel-fired Engine NOx Control Option

Common combustion technology includes the use of a turbocharger and aftercooler in the
engine design. Turbocharger technology involves the process of compressing intake air in a
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turbocharger upstream of the air/fuel injection. This process boosts the power output of the
engine. The air compression increases the temperature of the intake air so an aftercooler is
used to reduce the intake air temperature. Reducing the intake air temperature helps lower the
peak flame temperature, which reduces NOy formation in the combustion chamber.

EU ID 27 has a turbocharger and aftercooler as part of the engine design. As a result,
turbocharge and aftercooler is an available control technology for this small engine.

ITR — Small Diesel-fired Engine NOyx Control Option

The RBLC identified one entry of ITR for NOx control from small engines. ITR lowers NOy
emissions by moving the ignition event to later in the power stroke, once the piston has begun
to move downward. Because the combustion chamber volume is not at a minimum, the peak
flame temperature is not as high. With this lower temperature, less thermally formed NOy is
created during the combustion products. Tradeoffs exist with the use of ITR, including a
possible increase in fuel usage, a possible increase in particulate matter emissions, and the risk
of misfire. The typical NOx emission reduction with ITR from compression ignition engines is 20
to 30 percent (2007, IL EPA). Because ITR can increase particulate matter emissions while
reducing NOx emissions, use of this control technology is not appropriate in a serious PM; 5
nonattainment area. For this reason, ITR is not an available control technology for this analysis.

Federal Standard — Small Diesel-fired Engine NOx Control Option

Multiple RBLC NOx determinations identified the determination that small engines are required
to meet federal emission standards. The RBLC determinations indicate the engines were to
meet 40 CFR 60 Subpart Il limits, nonroad engine (NRE) standards, or EPA certification limits.
Subpart Il has performance standards for stationary compression ignition internal combustion
engines that are manufactured or reconstructed after July 11, 2005. The age, rating, and size of
the compression cylinder determine whether an applicable federal emission standard is included
in Subpart 111, referenced to the NRE standards, if the engine must be provided with a
manufacturer’s certification of meeting the required federal standards, or if no applicable federal
standard exists. All stationary engines subject to an applicable federal emission limit must
comply with the limits.

EU ID 27 was recently manufactured and installed. The unit is a certified Tier 3 engine and is in
compliance with the applicable federal standard. As a result, meeting a federal standard is an
available control option for this engine.

Limited Operation — Small Diesel-fired Engine NOx Control Option

Only a few RBLC determinations identified limiting the engine operation as the NOx control
option. With fewer available hours of operation, the annual potential NOx emissions are
reduced. This approach is not always practical to control NOx because not all emission units
can be operated in a limited manner while sustaining the needed electrical commitments. EU ID
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27 is limited to 4,380 hours of operation per year. As a result, limited operation is an available
control option.

Good Combustion Practices — Small Diesel-fired Engine NOyx Control Option

Small engines that follow good combustion practices are maintained and operated following
manufacturer instructions and conventional industry practices. Maintaining an engine in peak
operating condition is in the interest of every owner because the engine lifespan will be
optimized. Operating an engine according to the manufacturer’'s recommendation will keep the
engine at the highest level of efficiency, lower fuel costs, reduce strain on the engine, and
optimize operating costs. Good combustion practice is an available control technology and is
standard practice for UAF.

3.1.6 MEDICAL/PATHOLOGICAL WASTE INCINERATOR (EU ID 9A) — NOx CONTROL
OPTIONS

The medical/pathological waste incinerator, EU ID 9A, is designed to properly dispose of
animals remains in a safe and efficient manner. The pathological waste incinerator is equipped
with an afterburner that has a multiple chamber design. The afterburner fires supplemental
diesel fuel to augment the destruction of pathological wastes. EU ID 9A is rated to process one
ton of waste per day. An owner requested limit of 109 tpy total of waste restricts the
incinerator’s operation, per Condition 8 of the Operating Permit.

A review of the RBLC for hospital, medical and infectious waste incinerators (RBLC Process ID
21.300) for the past ten years produced only one entry. This entry identified multiple chambers
as the control option for the incinerator, as seen in Table A-23 of Appendix A. Additional add-on
control technologies will be reviewed to be certain a broad review of NOx control technology is
conducted. Although not found in the RBLC review, limited operation is included in the analysis
because EU ID 9A has an existing operating limit. NOx control options identified for
consideration for the medical/pathological waste incinerator include:

e SCR;
e SNCR;
e L|LNB:;

e Multiple Chambers;
e Limited Operation; and
¢ Good Combustion Practices.

SCR - Medical/Pathological Waste Incinerator NOyx Control Option
As described above for many types of emission units, SCR is a post-combustion gas treatment

technique for reduction of NO and NO; in the exhaust stream to molecular nitrogen, water, and
oxygen. In the SCR process, aqueous or anhydrous ammonia is used as the reducing agent,
and is injected into the flue gas upstream of a catalyst bed. The function of the catalyst is to
lower the activation energy of the NOyx decomposition reaction. NOyx and NHz combine at the
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catalyst surface forming an ammonium salt intermediate, which subsequently decomposes to
produce elemental nitrogen and water. Depending on the overall ammonia-to-NOx ratio,
removal efficiencies are generally 70 to 90 percent.

Although no RBLC NOx BACT determinations were identified for pathological waste
incinerators, an RBLC review of the municipal waste incinerator category (RBLC Process ID
21.400) did identify two SCR systems on those units. Municipal waste incinerators are much
larger units with a waste handling capacity of 1,000 tons per day to over 2,000 tons per day.
These municipal waste incinerators are 1,000 to over 2,000 times larger in rated capacity than
the UAF medical/pathological waste incinerator. Similar to the concerns described above for
SCR on other emission units, SCR may not be an ideal NOx control technology for pathological
waste incinerators. The incinerator exhaust may not fall within the narrow window of acceptable
temperatures. NH; slipped into the atmosphere is more toxic than NOyx and is classified as a
hazardous material by EPA. The disposal of the spent catalyst may require treatment as a
hazardous waste. Even though significant disadvantages exist to using SCR for post-
combustion incinerator emission control, the technology is an available control technology for
the incinerator and will be reviewed in this analysis.

SNCR - Medical/Pathological Waste Incinerator NOy Control Option

SNCR, as described above in the review for other emission units, is a post-combustion control
technology that involves the non-catalytic decomposition of NOy in the flue gas to nitrogen and
water using reducing agents, such as urea or ammonia. The process utilizes a gas phase
homogeneous reaction between NOx and the reducing agent within a specific temperature
window.

An RBLC search discovered no applications of SNCR for hospital, medical or infectious waste
incinerators since 2005. An RBLC review of the municipal waste incinerator category identified
SNCR on two incinerators rated at 200 and 600 tons per day of waste throughput. These
municipal waste incinerators are 200 to 600 times larger in rated capacity than the UAF medical
waste incinerator. Although no applications of SNCR to pathological waste incinerators were
identified, SNCR is an available control technology.

LNB — Medical/Pathological Waste Incinerator NOx Control Option

LNB restrict the formation of NOx by lowering the thermal NOy formation created by high flame
temperature in the presence of oxygen. The key to limiting the thermal NOy is to reduce peak
flame temperature and restrict oxygen availability and exposure at peak flame temperature.
Use of LNB is an available control for the incinerator.

Multiple Chambers — Medical/Pathological Waste Incinerator NOx Control Option
Only one RBLC entry for hospital, medical and infectious waste incinerators was found from a

review of the last ten years. The identified NOx control technology for this incinerator was listed
as the same technology as for particulate matter (PM) emission control technology. The listed
control technology was multiple chambers and temperature control. Multiple chambers
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introduce the waste material and a portion of the combustion air in the primary chamber. The
secondary chamber introduces the remaining air to complete the combustion of all incomplete
combustion products which mainly reduces the production of PM. The secondary chamber
allows for a longer residence time at a reduced temperature which will render pathological
waste to be innocuous and produce less PM emissions through the destruction of organic PM in
the secondary chamber during the long residence time. The overall mass of NOx emissions
increases in a multi-chambered incinerator with these long combustion residence times while
the PM emissions decrease. The RBLC listing as a NOy control is incorrect.

EU ID 9A is designed with an afterburner that is a secondary combustion chamber or multiple
chamber incinerator. This afterburner is a very effective method for destroying pathogens which
can produce organic particulate matter. This control technology will be reviewed in the PM
section of the BACT. Multiple chambers are not an available incinerator NOy control technology
because this technology does not reduce NOx emissions.

Good Combustion Practices — Medical/Pathological Incinerator NOy Control Option
Incinerators that follow good combustion practices are maintained and operated according to
manufacturer instructions and conventional industry practices. Maintaining an incinerator in
good operating conditions is in the interest of every owner because the incinerator lifespan will
be optimized and the highest level of destruction of pathological material is enabled. Good
combustion practices are an available control technology.

Limited Operation — Medical/Pathological Incinerator NOx Control Option
While the RBLC did not identify limited operation as a NOx control option, fewer available hours
of operation does reduce the annual potential NOx emissions. EU ID 9A is limited to 109 tpy of
waste combustion. As a result, limited operation is an available control option.

3.1.7 SUMMARY OF AVAILABLE NOx CONTROL OPTIONS

Table 3-1 summarizes the available NOyx control options that are subject to this BACT analysis.
The large coal and biomass-fired boiler (EU ID 113) has four available NOx emission control
options. Staged combustion and CFB are part of the proposed burner design and will be
considered together in the remainder of this analysis. Two of the control options, SCR and
SNCR, are competing post-combustion control technologies. The final available control
technology is good combustion practices.

The mid-sized diesel-fired boilers (EU IDs 3 and 4) have SCR, SNCR, LNB/FGR, limited
operation, and good combustion practices as available NOx emission control options. The use
of natural gas fuel was eliminated as an available control option because Fairbanks does not
receive pipeline natural gas services to fully support natural gas availability.
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Small boilers have the retrofit control option of LNB along with limited operation and good
combustion practices as available NOy emission control options.

For EU ID 8, the large diesel-fired engine, eight NOyx emission control options were identified.
Four of these options are available. Table 3-1 lists each of these control options. Of these
available control technologies, EU ID 8 is already designed to operate with a turbocharger and
aftercooler. EU ID 8 has an installed SCR system which cannot be used as installed. EU ID 8
also has limited operation based on the NOy emission limit that is shared with EU ID 4. SCR
and good combustion practices are the additional control options under consideration for BACT.

The small diesel-fired engine, EU ID 27, is a Tier 3 engine that uses turbocharger and
aftercooler control technology to meet the federal emission limit. This engine also has an hourly
operating restriction. Table 3-1 identifies SCR and good combustion practices as other
available emission control options.

SCR and SNCR add-on control options are considered available for the medical/pathological
waste incinerator, EU ID 9A, along with LNB, limited operation, and good combustion practices.

3.2 Technical Feasibility of Available NOx Control Options

The following subsections provide the technical feasibility analyses for the available NOy
emission control alternatives for each emission unit. The technically feasible NOx control
options are shown in Table 3-2.

3.2.1 LARGE COAL AND BIOMASS-FIRED BOILER (EU ID 113) — NOx TECHNICAL
FEASIBILITY

SCR and SNCR are considered available and feasible technologies by vendors for the large
coal and biomass-fired boiler. Because this large boiler is still in the planning stages at this
time, either one of these post-combustion controls could be considered in the project design.

CFB and staged combustion are proposed to be incorporated into the burner design of the large
boiler. As a result, these two technologies will jointly be carried forward as a technically feasible
NOy control option. Good combustion practices are always a feasible control technology for
large boilers and are technically feasible for the boiler.

3.2.2 MID-SIZED DIESEL-FIRED BOILERS (EU IDs 3 AND 4) — NOx TECHNICAL
FEASIBILITY

SCR is a technically feasible control option for EU ID 3. SCR is not a technically feasible control
option for EU ID 4 due to space constraints around this boiler.
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As seen in Figure 3-1, EU ID 4 is located on the east side of the existing Atkinson Combined
Heat and Power Plant at UAF. The building is surrounded by the ash loading facility and truck
access to the south, a close property line and existing roadway immediately to the north, facility
parking and a building egress stair to the east, and the remainder of the Atkinson facility to the
west. Within the existing plant building, horizontal space is occupied by fuel, water and steam
lines, burners, the primary combustion chamber, and combustion air and flue gas ductwork.
Vertical space is occupied by a tubular air heater located immediately above the boiler exhaust
breech. The presence of the administrative spaces directly above the boiler room eliminates the
potential for growth in the vertical direction.

The addition of an SCR system to EU ID 4 would add the following equipment to an already
crowded footprint: the SCR reactor, structural steel to support the reactor, incoming and
outgoing ductwork from the reactor, urea/ammonia storage and mixing, feed lines into the
reactor and access for maintenance and repair activities.

Based on a review of the available space in this portion of the power plant, severe limitations
exist on available space for add-on control equipment between the boiler and the exhaust stack.
As previously stated, the limitations are both in the horizontal and vertical directions. In addition,
the building does not have sufficient space to be expanded in any direction due to the existing
equipment described above, the administrative spaces, and the available property around the
facility. For these reasons, a SCR control system is not viable from a technical perspective for
EU ID 4.

SNCR is not a technically feasible control option for mid-sized diesel-fired boilers or mid-sized
natural gas-fired boilers. The RBLC inventories did not identify any SNCR systems in operation
as BACT, Lowest Achievable Emission Rate (LAER), Maximum Achievable Control Technology
(MACT) or other determination. New source review requires that a control technology be
demonstrated through at least six months of operation with operations of at least 50 percent of
capacity and the performance is to be verified with a test or operational data at 90 percent of
operational capacity to be considered a demonstrated control option. SNCR is not a
demonstrated NOy control option for diesel-fired boilers rated between 100 and 250 MMBtu/hr,
because no RBLC entries in the past ten years identified this control option as being applied to
this category of emission unit.

LNB is commonly identified as a mid-sized boiler NOx emission control technology. LNB is
used while firing natural gas on EU ID 4, but is not used while EU IDs 3 and 4 are firing diesel.
Replacing the current standard fuel oil burners with LNB/FGR burners is a technically feasible
control option for these boilers.

Limited operation is technically feasible for EU ID 4 because the unit currently operates with an
annual heat input restriction which limits NOx emissions. EU ID 3 does not currently have any
operating limits. EU ID 3 is needed as a backup to the existing large boilers and the proposed
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new CFB boiler, should those boilers fail. As a result, limited operation is technically feasible
only for EU ID 4. Limited operation is not technically feasible for EU ID 3.

Good combustion practices are a feasible control technology for both boilers.

3.2.3 SMALL DIESEL-FIRED BOILERS (EU IDs 19 THROUGH 21) — NOx TECHNICAL
FEASIBILITY

This subsection describes the technical feasibility analyses for the available NOx control
alternatives for the small diesel-fired boilers. LNB combustor designs are commonly identified
as a small boiler NOx emission control technology. LNB combustor designs are a technically
feasible control option for these boilers.

These boilers have limited hourly operations under Condition 10 of Air Quality Permit No.
AQO0316MSS03. UAF cannot reduce the operations of these boilers to levels below this
restriction without adversely affecting facility needs. The use of limited operations controls
emissions from these boilers more than good combustion practices. As a result, good
combustion practices will not be carried forward since limited operations are required by the
permit and are a better NOy control option. Although eliminated from BACT consideration, good
combustion practices will be implemented for other reasons.

3.2.4 LARGE DIESEL-FIRED ENGINE (EU ID 8) — NOx TECHNICAL FEASIBILITY

EU ID 8 is currently operating under a shared 40 tpy NOy limitation. UAF cannot further restrict
the operation of EU ID 8 because the engine is needed to maintain the operation and integrity of
the power generation facility. Limited operation of EU ID 8 is technically feasible and already in
place.

EU ID 8 currently operates with a turbocharger and aftercooler. Although the SCR system
cannot be used as installed, the system can be modified. SCR is a technically feasible control
technology. Because EU ID 8 is equipped with a turbocharger, aftercooler and limited
operation, these controls are technically feasible.

Because the turbocharger aftercooler control options offer more NOx emission control than
good combustion practices, no need exists to carry good combustion practices forward in this
analysis. Although eliminated from BACT consideration, good combustion practices will be
implemented for other reasons.

3.25 SMALL DIESEL-FIRED ENGINE (EU ID 27) — NOx TECHNICAL FEASIBILITY

SCR is a technically feasible add-on NOy control technology for EU ID 27. Because federal
standards and limited operations are already a part of the engine design and operation, these
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technically feasible control options will be considered together as a control option. Because
these control options offer more NOyx emission control than good combustion practices, no need
exists to carry good combustion practices forward in this analysis. Although eliminated from
BACT consideration, good combustion practices will be implemented for other reasons.

3.2.6 MEDICAL/PATHOLOGICAL WASTE INCINERATOR (EU ID 9A) — NOx TECHNICAL
FEASIBILITY

SCR and SNCR are both add-on NOy control technologies. Based on the EU ID 9A permitted
limit to combust no more than 109 tpy of waste, the potential NOyx emissions from EU ID 9A is
0.2 tpy. The amount of NOyx controlled using an SCR or SNCR with 90 percent control would be
0.18 tpy of NOx. Given the low concentration and mass amount of NOy in the exhaust stream,
the reasonable expectation is that neither SCR nor SNCR would be effective at removing large
guantities of NOyx from the exhaust steam. As shown by the RLBC search results, no hospital,
medical or infectious waste incinerators have installed SCR or SNCR systems. Expanding the
RBLC search to municipal waste incinerators identified two incinerators with SCR systems and
two incinerators with SNCR systems. These municipal waste incinerators were 200 to 2,000
times larger in rated capacity than EU ID 9A. Given that EU ID 9A processes no more than one
ton of waste per day and has an operating limit, installing an SCR or SNCR system on EU ID 9A
is not technically feasible based on the lack of demonstrated use and low NOx concentrations in
the exhaust.

Discussions with Therm-Tech, the pathological waste incinerator vendor, indicated that LNB is
only an available control technology for natural gas-fired pathological waste incinerators. The
UAF incinerator is diesel-fired. Natural gas at UAF is only available at the power plant, not near
the incinerator. Natural gas is only available in limited quantities because no natural gas
pipeline to Fairbanks exists. As a result, switching the incinerator to natural gas-firing and the
use of a LNB is not possible. On this basis, LNB is not a technically feasible control technology
for the incinerator.

The use of good combustion practices is technically feasible for EU ID 9A. Limited operation is
technically feasible for EU ID 9A because the unit currently operates with an annual waste
combustion limit which limits NOx emissions. Because good combustion practices and limited
operation are the only technically feasible control technologies for EU ID 9A, these options will
be proposed as BACT. No further NOyx BACT review will be conducted for the incinerator.

3.2.7 SUMMARY OF TECHNICALLY FEASIBLE NOx CONTROL OPTIONS

Table 3-2 shows the technically feasible NOy technologies for the emission units. This table
presents two add-on control technologies for the large coal-fired boiler along with one boiler
design control option and good combustion practices. The technically feasible NOy control
option for mid-sized boilers has been divided into two analyses because SCR is technically
feasible only for EU ID 3. Upgrading the burners to LNB/FGR for diesel-firing and good
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combustion practices are technically feasible options for both of these mid-sized boilers. Table
3-2 shows LNB as the only technically feasible add-on retrofit for small diesel-fired boilers along
with limited operation.

Also shown in Table 3-2, the large diesel-fired engine has two technically feasible NOyx emission
control option entries. One option is to modify the existing SCR system to enable operation.
The other option is a combination of the existing NOx emission controls on this engine. These
controls include a turbocharger and aftercooler and limited operation.

Table 3-2 shows two technically feasible NOy control options for the small diesel-fired engine,
EU ID 27. These options are SCR and the joint emission control options systems currently
being practiced. Those joint emission control options are turbocharger and aftercooler, federal
emission standards, and limited operation.

Good combustion practices and limited operation are the only technically feasible options for the
medical/pathological waste incinerator, EU ID 9A. Good combustion practices and limited
operation will be proposed as BACT for the incinerator and no further BACT review will be
conducted for EU ID 9A.

3.3 Summary of Ranking of Technically Feasibility NOx Control Options

Each technically feasible control technology is ranked in order of overall NOx control
effectiveness. Each subsection describes the ranking of the feasible control technologies.

3.3.1 LARGE CFB COAL AND BIOMASS-FIRED BOILER (EU ID 113) — NOx RANKING OF
TECHNICAL FEASIBILITY

The large boiler is proposed to include CFB and staged combustion into the boiler design. The
use of CFB and staged combustion is the base case for the boiler ranking. The post-
combustion control technologies will be ranked by controlling the emissions from this base case.
Replacing the proposed CFB and staged combustion with a boiler simply operating using good
combustion practices does not offer as much NOy control as the proposed CFB and staged
combustion. For this reason, good combustion practices have not been included in the ranking
of technically feasible control technologies in Table 3-3.

Full operation of EU ID 113 with CFB and staged combustion is expected to produce a
maximum of 259 tpy of NOx emissions. SCR post-combustion control technology generally is
expected to control 80 percent of NOx emissions per manufacturer information. SNCR post-
combustion control technology is estimated to control 10 to 20 percent of the NOy emissions
according to the boiler vendor. This analysis will conservatively assume SNCR can control 20
percent of the NOx emissions. Table 3-3 shows the potential NOx emissions and the amount of
NOy emission reduction for each control option.
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3.3.2 MID-SIZED DIESEL-FIRED BOILERS (EU IDs 3 AND 4) — NOx RANKING OF
TECHNICAL FEASIBILITY

The mid-sized diesel-fired boilers have no currently installed NOx emission control technology.
Because EU ID 4 has a permitted NOy emission limit and a capacity factor limit, EU ID 4 will be
analyzed separately from EU 3.

As shown in Table 3-3, for EU ID 3, SCR has the largest NOy control efficiency, followed by
LNB/FGR control technology. Good combustion practices do not change the potential NOy
emissions for boiler EU ID 3. Good combustion practices are the base case for emissions.

EU ID 4 shares a NOx emission limit of 40 tpy with EU ID 8. EU ID 4 also has a 10 percent
annual capacity factor limit, which is more restrictive than the shared NO limit. As shown in
Table 3-3, LNB/FGR has an estimated NOyx control of less than 9 percent. Good combustion
practices are the base case for emissions.

3.3.3 SMALL DIESEL-FIRED BOILERS (EU IDs 19 THROUGH 21) — NOx RANKING OF
TECHNICAL FEASIBILITY

Retrofitting these small boilers with a LNB would be expected to reduce NOx emissions from
each boiler by 35 to 55 percent according to AP-42. Discussions of emissions using a LNB
were discussed with Proctor Sales Inc. The vendor indicated that the lowest emission
achievable by a LNB retrofit would be 100 ppm of NOy, plus or minus 10 ppm. (See Appendix B
for a copy of the Proctor Sales Inc. information.) Based on this emission rate, SCI has
estimated that emissions from a LNB would be 1.41 pounds per hour, each, for a combined total
of 13.87 tpy with the 19,650 hours per year operating restriction. The LNB emission estimate is
larger than the current boiler emission estimate which is based on AP-42 emission factors. The
current boiler design has lower NOx emissions than if the boilers were retrofitted with LNB. As a
result, the current limited operation of these boilers ranks higher than retrofitting the boiler with a
LNB with limited operation.

Based on this information, the use of limited operation will be proposed as BACT for these three
small diesel-fired boilers. No further NOx BACT review will be conducted for EUs 19 through
21.

3.3.4 LARGE DIESEL-FIRED ENGINE (EU ID 8) — NOx RANKING OF TECHNICAL
FEASIBILITY

EU ID 8 is a large diesel-fired engine equipped with a turbocharger and aftercooler. This engine
also has NOx and SO, emission limits which restrict operations. These control options are the
base case for determining emissions.
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The addition of SCR to the base case for EU ID 8 results in a higher level of NOyx emission
control. As shown in Table 3-3, the SCR system can be 90 percent effective and reduce NOx
emissions from 40 tpy to 4 tpy.

3.3.5 SMALL DIESEL-FIRED ENGINE (EU ID 27) — NOx RANKING OF TECHNICAL
FEASIBILITY

EU ID 27 is an engine that incorporates a turbocharger and aftercooler to achieve the federal
Tier 3 emission limits. This engine also has an annual operating limit. Because EU ID 27
already is operating under the federal Tier 3 limits and has limited operation, these control
options are the base case for determining emissions.

The addition of SCR to the base case emissions for EU ID 27 results in a higher level of NOx
emission control. As shown in Table 3-3, the SCR can remove 90 percent of the remaining
emissions and reduces NOyx emissions to less than 1 tpy.

3.3.6 SUMMARY OF NOx RANKING OF TECHNICAL FEASIBILITY

The ranking of each control option for the various emission units is summarized in Table 3-3.
Each of these control options will be reviewed for additional impacts in the following sub-section
with the exception of the control technologies for EU IDs 19 through 21. The traditional base
case emissions for EU IDs 19 through 21 are limited operation, which shows lower emissions
than retrofitting these boilers with LNB and maintaining the limited operation. Because only one
control option remains under review for EU IDs 19 through 21 and this option was found to
cause higher emissions than the base case, UAF will propose that the base case of limited
operation be NOx BACT.

3.4 Additional Impacts of Technically Feasible NOyx Control Options

The following subsections describe the energy, environmental, and economic impacts
associated with the alternative control options for the various equipment. The control
technology offering the greatest level of NOyx removal is reviewed for impact. If the control
technology offering the greatest level of NOx control is not appropriate for BACT, then the next
control technology offering the second greatest level of NOx removal is reviewed. If the second
greatest level of NOx control is not BACT, then the review continues until a technically feasible
emission control technology is identified.

Cost estimates were prepared for the various control technologies by SCI with input from control
technology vendors. The supporting cost estimates from SCI can be found in Tables 3-5
through 3-17.
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3.4.1 LARGE CFB COAL AND BIOMASS-FIRED BOILER (EU ID 113) — SCR + (CFB WITH
STAGED COMBUSTION)

The SCR system for the CFB boiler has been roughly designed by the boiler vendor Babcock &
Wilcox. The SCR system is estimated to control 80 percent of the NOy emissions using a
catalyst and agueous ammonia. The vendor information can be found in Appendix B.

Energy Impacts

The application of SCR technology to the boiler would result in the need for power to operate
the aqueous ammonia system and the ammonia injection grid to allow the catalyst to work. As
a result, energy consumption at UAF would increase if SCR equipment is to be installed.

Environmental Impacts

Multiple environmental impacts occur from the use of SCR technology. Potential hazards exist
from the regular transport of ammonia or agueous ammonia to Fairbanks. This boiler is located
on a college campus and very near two high schools, so UAF is especially concerned about
risks to these student populations. Use of agueous ammonia is proposed. Excess ammonia
that is consumed in the SCR system will be released to the atmosphere through ammonia slip.
Additional products of combustion are generated due to the increased fuel combustion needed
to generate power to pump and heat the aqueous ammonia solution and to make up the power
lost due to the catalyst system backpressure. The catalyst is estimated by the vendor to have a
two year life span and must then be trucked off-site for disposal or reclamation.

Babcock & Wilcox proposed the use of 29 percent aqueous ammonia to facilitate the catalytic
reaction instead of anhydrous ammonia. Both aqueous and anhydrous ammonia are more toxic
than NOx.

A SCR system would require continuous adjustments of the ammonia injection rate to match the
NOy formation. An ammonia deficiency causes NO to react with O, causing more NOx to be
generated and excess ammonia leads to an increase of slip released to the atmosphere.
Operating below the optimal range will reduce the catalytic activity thus allowing excess
ammonia to ‘slip’ through the system. A properly designed SCR system can provide control
efficiencies of 80 to 90 percent and commonly has an ammonia slip rate of 10 ppm. Babcock &
Wilcox estimated the ammonia consumption rate for an SCR system with 80 percent control
efficiency.

Economic Impacts

Only a few of the capital and annualized cost estimates for providing SCR system for the large
CFB boiler were provided by Babcock & Wilcox in the document provided in Appendix B. SCI
provided additional SCR system costs estimates.
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The estimated cost of basic equipment shown in Table 3-4 is expected to include the SCR
equipment, catalyst, ammonia injection grid, agueous ammonia storage tank and
accoutrements, but not the additional necessary instrumentation, freight, labor or direct
installation costs. SCI has estimated the costs of startup spares and vendor representative fees
based on past project experience. SCI assumes the cost of direct installation costs are twice
the basic equipment costs based on information supplied by Fuel Tech in Appendix B regarding
SCR equipment costs for other emission units at UAF. The indirect costs for engineering,
procurement and construction support services are based on SCI past project experience and
the management and contingency costs are based on information supplied by Fuel Tech.

As shown in Table 3-4 the estimated total capital investment cost is $26,740,640 for an SCR
NOy control system. Table 3-5 shows the estimated annual cost to operate an SCR system and
the associated equipment. No labor costs have been estimated at this time. No estimated cost
is included for the cost for maintenance materials or to operate the support equipment for the
SCR. SCI has estimated the ammonia costs, energy costs, and catalyst replacement costs, but
has not included the cost of transporting agueous ammonia to Fairbanks. The catalyst is
estimated by the vendor to operate at an 80 percent NOy reduction rate and is assumed the
catalyst will require replacement on a two year cycle. SCI has estimated administrative charges
and insurance at three percent of the total capital investment based on the OAQPS Control Cost
Manual recommended factors. Since UAF is a public institution it does not pay property tax
which often would be included in this entry at an extra one percent.

A standardized ten year return on investment at seven percent interest rate is assumed for the
capital recovery estimate. Because of the harsh climate, equipment in Interior Alaska is subject
to more wear and tear than equipment located in moderate climates. On this basis, a ten year
return on the SCR system investment is reasonable. A seven percent interest rate is used to
account for the time value of money.

The annualized cost effectiveness is based on the total annualized costs and the amount of
NOyx removed by the SCR system. The annualized cost effectiveness is estimated at $28,425
per ton of NOx removed. This cost effectiveness rate is extremely high, and would be higher if
the estimate were to include the capital and annual costs not otherwise included in the estimate.
Based on this cost effectiveness estimate, SCR is not economically feasible and will not be
determined to be BACT.

UAF Page 35 January 2017
PM,s Serious NAA BACT Analysis

Appendix II1.D.7.7-1085



Adopted November 19, 2019

3.4.2 LARGE CFB COAL AND BIOMASS-FIRED BOILER (EU ID 113) — SNCR + (CFB
WITH STAGED COMBUSTION)

Energy Impacts

Babcock & Wilcox is designing the large coal and biomass-fired boiler with a CFB and staged
combustion. Babcock & Wilcox supplied information addressing the use SNCR equipment on
this boiler. Babcock & Wilcox estimated that SNCR would require minimal additional operating,
maintenance, and power costs. The reagent used to operate the SNCR system would require
heating to prevent freezing, but these costs have not been estimated at this time. No additional
energy impacts are associated with SNCR control technology.

Environmental Impacts

Babcock & Wilcox estimated the use of 29 percent agueous ammonia at 20 pounds per hour,
which presents safety concerns around transport, storing, handling, and disposal. Both
agueous and anhydrous ammonia are more toxic than NOyx. This boiler is located on a college
campus and very near two high schools, so UAF is especially concerned about risks to these
student populations. An environmental impact will result from the ammonia slip, which is
expected to be less than 20 ppm.

Economic Impacts

An economic analysis has been conducted for the installation of SNCR. The vendor of the new
boiler was contacted for costs to install an SNCR system on the boiler. The vendor estimated
that an SNCR system would cost approximately $1,000,000 in equipment costs to install and
operate the control device. Appendix B contains this cost estimate from Babcock & Wilcox.
This cost estimate is shown in the total capital investment calculation in Table 3-6. The cost
estimate includes the basic equipment cost and is assumed to include all instrumentation,
freight, labor and vendor representative fees. Direct installation costs are estimated to be
equivalent to the basic equipment costs based on comments from Fuel Tech that an SCR
system on EU ID 113 would cost twice the basic equipment costs. Because an SNCR system is
less complicated than an SCR system, SCI estimated by that the direct installation costs would
be equivalent to the equipment costs.

SCI has estimated that engineering, procurement and construction support services of the
indirect costs are 18 percent of the total direct costs based on past project experience. The
contingency costs are assumed to be 30 percent of the total direct costs based on SCR
equipment information available from Fuel Tech.

The cost effectiveness estimate for SNCR is found in Table 3-7. Very few annual costs are
provided. Babcock & Wilcox estimated the reagent usage, which is the only direct annual cost
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estimated in the table. The indirect annual cost estimate includes administrative charges,
property taxes, insurance and the capital recovery. SCI estimated the administrative charges
and insurance as three percent of the total capital investment based on their past project
experience.

A standardized ten year return on investment at seven percent interest rate is assumed for the
capital recovery estimate based on the OAQPS Control Cost Manual recommendations.
Because of the harsh climate, equipment in Interior Alaska is subject to more wear and tear
than equipment in moderate climates. On this basis, a ten year return on the SNCR system is
reasonable. A seven percent interest rate is used to account for the time value of money.

The annualized cost effectiveness is based on the total annualized costs and the amount of
NOyx removed by the SNCR system. The annualized cost effectiveness is estimated at $10,192
per ton of NOyx removed without including most annual operating costs. This cost effectiveness
rate is very high, making SNCR cost prohibitive. Based on this cost effectiveness estimate,
SNCR is not economically feasible and will not be determined to be BACT.

3.4.3 MID-SIZED DIESEL-FIRED BOILER (EU ID 3) - SCR

An SCR system for this BACT analysis is based on information from Fuel Tech for a system that
would control 85 percent of the NOy emissions. The SCR system requires the use of a catalyst
and aqueous urea to form ammonia. Direct and indirect expenses for installation of an SCR
system on the boiler and annual costs for maintaining the system has been estimated. These
costs are shown in the Fuel Tech documents found in Appendix B along with additional SCR
project costs estimated by SCI.

Energy Impacts

The application of SCR technology to the boiler will result in the need for power to operate the
urea feed system and the ammonia injection grid to allow the catalyst to work. As a result,
energy consumption at UAF will increase if SCR equipment is installed on this boiler.

Environmental Impacts

Multiple environmental impacts occur from the use of SCR technology. Because potential
hazards exist with the regular transport of ammonia or aqueous ammonia to Fairbanks, the use
of aqueous urea is proposed to reduce the transportation hazards of ammonia. This boiler is
located on a college campus and very near two high schools, so UAF is especially concerned
about risks to these student populations. Once the urea is converted to ammonia and used in
the SCR system, ammonia slip will be released to the atmosphere. Additional products of
combustion are generated due to the increased fuel combustion needed to generate power to
pump and heat the aqueous urea solution and to make up for the lost power caused by the
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catalyst backpressure. The catalyst is guaranteed to have a two year life span and then must
be either hauled off-site for disposal or reclamation.

UAF is proposing the use of 50 percent aqueous urea to facilitate the catalytic reaction, instead
of agueous or anhydrous ammonia, to minimize the safety concerns around transport, storing,
handling, and disposal. Both aqueous and anhydrous ammonia are more toxic than NOx. A 50
percent aqueous urea solution has a freezing point of 60 degrees F, which will require heating
the delivery solution, storage tanks and piping to allow year-round operation of the SCR system.
The freezing point of aqueous urea drops to the lowest temperature of 11 degrees F when the
solution is 32.5 percent aqueous urea. This solution is also known as Diesel Exhaust Fluid
(DEF) and is used for on-highway vehicles. The use of DEF would require UAF to install larger
storage tanks or have more frequent deliveries.

An SCR system would require continuous adjustments of the ammonia injection rate to match
the NOyx formation. An ammonia deficiency causes NO to react with O, causing more NOx to be
generated and excess ammonia leads to an increase of slip released to the atmosphere.
Operating below the optimal range will reduce the catalytic activity thus allowing excess
ammonia to ‘slip’ through the system. A properly designed SCR system can provide control
efficiencies of 70 to 90 percent or better with ammonia slip of less than 10 ppm. Fuel Tech has
designed a system for these boilers with an 85 percent efficiency and an ammonia slip of 5

ppm.

Economic Impacts

Many of the capital costs and annualized costs for an SCR system on the mid-sized boiler have
been estimated by Fuel Tech in a document provided in Appendix B. Additional SCR system
project costs are estimated by SCI.

The estimated cost of basic equipment shown in Table 3-8 includes the SCR system with
catalyst, an ammonia injection grid, aqueous urea storage tank, urea forwarding pump module,
a metering and distribution module, a decomposition chamber with injection, two site trips
totaling 20 field man days and all equipment and system engineering with drawings, operations
and maintenance manuals, and training manuals.

SCI has estimated the cost of a NOx analyzer and the associated initial performance testing.
SCI has also estimated freight costs for the SCR equipment and materials as well as the cost of
startup spare parts for the system.

Fuel Tech has estimated the cost of installation along with a typical scope of supply by others as
twice the equipment and services costs. The installation costs account for the cost of
installation labor and materials, structural steel and foundations, insulation, heating the aqueous
ammonia and the ammonia injection grid, soot blowers for catalysts as needed, demineralized
water for intermittent flushing, air compressors, supporting structures, piping, wiring, installation
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engineering, BOP engineering, and installation project management, and more. These
installation costs and additional scope of supply by others costs do not include a NOx analyzer.

As shown in Table 3-8, the estimated total capital investment cost is $3,434,525 for an SCR
NOy control systems. Table 3-9 shows the estimated annual cost to operate an SCR system
and the associated equipment. SCI has estimated the annual labor costs, urea costs, energy
costs, and catalyst replacement costs. The estimate does not include the cost for maintenance
materials or to operate the support equipment for the SCR system. The catalyst is guaranteed
by the vendor to operate at an 85 percent NOx reduction rate for 16,000 hours. SCI has
estimated administrative charges and insurance at three percent of the total capital investment.

Similar to the economic analyses above, the standardized ten year return on investment at
seven percent interest rate is assumed for the capital recovery estimate. Because of the harsh
climate, equipment in Interior Alaska is subject to more wear and tear than equipment in
moderate climates. On this basis, a ten year return on the SCR system investment is assumed
to be reasonable. A seven percent interest rate is used to account for the time value of money.

The annualized cost effectiveness is based on the total annualized costs and the amount of
NOx removed by the SCR system. The annualized cost effectiveness is estimated at $8,416
per ton of NOyx removed. This cost effectiveness rate is high given that several capital and
annual costs are not included in the estimate and because this boiler does not generally operate
annually at more than five percent of the potential heat input. Because the SCR cost-
effectiveness value is expected to be higher than $8,416 per ton of NOx removed and because
the boiler is operated infrequently, SCR is not economically feasible and will not be determined
to be BACT.

3.4.4 MID-SIZED DIESEL-FIRED BOILER (EU ID 3 AND 4) — LNB/FGR

Information about the installation of a new burner on the boiler that is already equipped with a
LNB and FGR is based on vendor information from Indeck, the current manufacturer
representing Zurn boilers. Indeck estimates that a new LNB/FGR system will reduce NOXx
emissions from these boilers by less than 43 percent. These costs are shown in the Indeck
documents found in Appendix B along with additional LNB/FGR project costs estimated by SCI.

Energy Impacts
The application of LNB/FGR technology to the boiler will result in the need for power to operate

the forced draft fan. As a result, energy consumption at UAF will increase if a LNB/FGR
system is installed.
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Environmental Impacts

In addition to the NOx reduction, the vendor has identified that CO emissions will be reduced by
about 37 percent. No additional reagents are necessary to operate the LNB/FGR system. The
additional energy necessary to operate the forced draft fan will require an increase in power
production, but will have a marginal impact on the emissions.

Economic Impacts

Two economic analyses are presented to represent each boiler specifically. Indeck estimated
equipment costs individually for each boiler. The potential NOy emissions for each boiler are
significantly different.

The basic equipment costs for LNB/FGR systems for EU IDs 3 and 4 are provided on Tables 3-
10 and 3-12. These tables show the costs to install LNB and FGR systems on each boiler. SCI
has estimated the freight costs and the direct installation costs for EU ID 4 based on project
experience and Haskell has estimated the direct installation costs for EU ID 3 in the April 5,
2016 email in Appendix B. The Indeck proposed costs do not include receipt, unloading and
installation of the burner and all auxiliary equipment. These costs have not been estimated at
this time. Additional costs not included in the capital cost tables are for foundation work,
combustion air ducting, combustion control devices, and many FGR system components as
described by Indeck in the February 5, 2016 letter.

Indeck believes these two boilers are not identical in size based on the available original
purchasing information. For this reason, the total capital investment costs are not identical for
these two boilers.

The annualized cost only includes an estimated administrative charge, insurance and the capital
recovery factor. No additional operating costs have been estimated at this time. These boilers
have significantly different potential NOx emissions, so the cost effectiveness values are
different for these two boilers. The cost effectiveness for LNB/FGR for EU ID 3 is $3,634 per
ton of NOx removed, while the cost effectiveness for EU ID 4 is $189,312 per ton of NOx
removed. Because the 10 percent capacity factor limits potential NOyx emissions from EU ID 4,
the cost effectiveness is extremely large and unreasonable. A LNB/FGR system is not
economically feasible for EU ID 4 and will not be determined to be BACT.

EU ID 3 does not have any potential emission restrictions and has a lower cost effectiveness
than EU ID 4. Historically, EU ID 3 is often operated less frequently than EU ID 4 because EU
ID 4 is a newer, more efficient boiler. UAF maintains the full potential operating capability of EU
ID 3 so that the boiler can be operated if the main coal-fired boilers are not operational. UAF
must maintain the full potential operational ability of EU ID 3 to provide heat and electricity
should the main boilers becoming unavailable for any reason. Without having EU ID 3
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available, the loss of the coal-fired boilers during the winter months would be catastrophic for
the university because of losing heat and power to the campus. Available assessable emission
data for EU ID 3 indicates NOx emissions from 2011 through 2014 have been 6.1 tpy or less,
which is less than five percent of the PTE. If the cost effectiveness of a LNB/FGR system were
to be based on the actual operation during these five years, the cost effectiveness of LNB/FGR
would be approximately $35,500 per ton of NOx removed. Based on this analysis, LNB/FGR is
not an economically feasible technology and will not be determined to be BACT for EU ID 3.

Good combustion practices will be proposed as BACT for EU ID 3 because all other technically
feasible control options are not cost effective. Limited operation and good combustion practices
will be proposed as BACT for EU ID 4 because all other control options are not cost effective.

3.45 LARGE DIESEL-FIRED ENGINE (EU ID 8) — SCR +
(TURBOCHARGER/AFTERCOOLER + LIMITED OPERATION)

The SCR system considered for this BACT analysis would control 90 percent of the NOx
emissions beyond the emission reductions already achieved by the NOx emission limit of 40 tpy.
SCR requires the use of aqueous urea to form ammonia and a catalyst to enable the NOy
reduction reaction. Because EU ID 8 has an installed SCR system which cannot currently be
used and would require reactivation, the analysis uses the reactivation costs as the basis for the
BACT analysis. As a result, the cost effectiveness calculation is based on total annual direct
and indirect costs, but excludes capital recovery because an SCR system is already in place.
Direct and indirect expenses for reactivating the SCR and annual costs for maintaining the
system have been estimated. These costs are shown in the Table 3-14.

Energy Impacts

The application of SCR technology to the engine will result in an increase in backpressure on
the engine due to a pressure drop across the catalyst bed. The increased backpressure will, in
turn, reduce the engine power output and reduce fuel efficiency. Engines with SCR require that
additional fuel be burned to achieve the same output power as engines without SCR.
Additionally, power will be needed by the ammonia pumping and heating system. As a result,
energy consumption for UAF will increase if SCR were to be installed.

Environmental Impacts

Multiple environmental impacts occur from the use of SCR technology. Potential hazards exist
from the regular transport of ammonia or agueous ammonia to Fairbanks. This engine is
located on a college campus and very near two high schools, so UAF is especially concerned
about risks to these student populations. Use of agueous ammonia is proposed. Once the
ammonia is used in the SCR system, ammonia will be released to the atmosphere due to
ammonia slip. Additional products of combustion are generated to make up for the lost power
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caused by the catalyst backpressure. The catalyst should be replaced every two years and
then must be either trucked off-site for disposal or reclamation.

UAF would use a 29 percent aqueous ammonia solution to facilitate the catalytic reaction, as
this is how the SCR system is currently designed. Both aqueous and anhydrous ammonia are
more toxic than NOx.

An SCR system would require continuous adjustments of the ammonia injection rate to match
the NOy formation. An ammonia deficiency causes NO to react with O, causing more NOx to be
generated and excess ammonia leads to an increase of slip released to the atmosphere.
Operating below the optimal range will reduce the catalytic activity thus allowing excess
ammonia to ‘slip’ through the system. A properly designed SCR system can provide control
efficiencies of 70 to 90 percent and commonly has an ammonia slip rate of 10 ppm. Babcock &
Wilcox estimated the ammonia consumption rate for an SCR system on EU ID 113 with 80
percent control efficiency; scaling the reagent consumption to EU ID 8 would result in reagent
consumption of 6.84 Ib/hr.

Economic Impacts

Many of the capital costs and annualized costs to reactivate the existing SCR system have been
estimated by SCI by scaling up from the analysis for EU ID 27. In addition to the costs shown in
Table 3-14, information regarding the installation and use of SCR can be found in Appendix B.
These support documents provide details about the SCR system design that affect the direct
and indirect costs to install an SCR systems on the engine to achieve 90 percent NOyx control
using agueous ammonia.

The estimated capital cost of catalyst replacement is shown in Table 3-14. Direct installation
costs are conservatively assumed to be double the capital cost and are consistent with other
SCR installations.

As shown in Table 3-14, the estimated total capital investment cost is $8,526,324 for
reactivating the SCR system.

Table 3-15 shows the estimated annual costs to operate an SCR system and the associated
equipment at $940,278. SCI has estimated the ammonia costs, energy costs, and catalyst
replacement costs, but has not included the cost of transporting aqueous ammonia to
Fairbanks. The catalyst is estimated to operate at a 90 percent NOy reduction rate and is
assumed to require replacement on a two year cycle. SCI has estimated administrative charges
and insurance at three percent of the total capital investment based on the OAQPS Control Cost
Manual recommended factors. Because UAF is a public institution, it does not pay property tax
which often would be included in this entry at one percent.
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A standardized ten year return on investment at seven percent interest rate is assumed for the
capital recovery estimate. Because of the harsh climate, equipment in Interior Alaska is subject
to more wear and tear than equipment located in moderate climates. On this basis, a ten year
return on the SCR system investment is reasonable. A seven percent interest rate is used to
account for the time value of money.

The cost effectiveness calculation is based on total annual direct and indirect costs (but
excludes capital recovery because an SCR system is already in place) and the amount of NOx
removed by the SCR system. The annualized cost effectiveness is estimated at $26,119 per
ton of NOx removed from the engine exhaust. This cost effectiveness rate is very high, making
SCR cost prohibitive.

Based this analysis, SCR is not economically feasible and will not be determined to be BACT.
UAF will propose that the use of the existing turbocharger and aftercooler and the 40 tpy NOx
limit be BACT.

3.4.6 SMALL DIESEL-FIRED ENGINE (EU ID 27) — SCR +
(TURBOCHARGER/AFTERCOOLER + FEDERAL LIMIT + LIMITED OPERATION)

The SCR system considered for this BACT analysis would control 90 percent of the NOx
emissions beyond the emission reductions already achieved by Tier 3 certification and the 4,380
hour per year operating restriction. SCR requires the use of a catalyst and aqueous urea to
form ammonia. Direct and indirect expenses for installation of an SCR on the engine and
annual costs for maintaining the system have been estimated. These costs are shown in the
Table 3-16 along with additional SCR project information and vendor information that can be
found in Appendix B.

Energy Impacts

The application of SCR technology to the engine will result in an increase in backpressure on
the engine due to a pressure drop across the catalyst bed. The increased backpressure will, in
turn, reduce the engine power output and reduce fuel efficiency. Engines with SCR require that
additional fuel be burned to achieve the same output power as engines without SCR.
Additionally, power will be needed by the ammonia pumping and heating system. As a result,
energy consumption for UAF will increase if SCR were to be installed.

Environmental Impacts

Multiple environmental impacts occur from the use of SCR technology. Potential hazards exist
from the regular transport of ammonia or agueous ammonia to Fairbanks. This engine is
located on a college campus and very near two high schools, so UAF is especially concerned
about risks to these student populations. Use of aqueous urea is proposed to reduce the
transportation hazards of ammonia. Once the urea is converted to ammonia and used in the
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SCR system, ammonia will be released to the atmosphere due to ammonia slip. Additional
products of combustion are generated due to the increased fuel combustion needed to generate
power to pump and heat the aqueous urea solution and to make up for the lost power caused by
the catalyst backpressure. The catalyst should be replaced every five years and then must be
either trucked off-site for disposal or reclamation.

UAF would use a 32.5 percent aqueous urea to facilitate the catalytic reaction instead of
agueous or anhydrous ammonia to minimize the safety concerns around transport, storing,
handling, and disposal. Both aqueous and anhydrous ammonia are more toxic than NOy. The
benefits of 32.5 percent agueous urea concentration is that the material has the lowest freezing
temperature (12 degrees F) compared to the other common concentration of 40 percent
agueous urea (32 degrees F). The 32.5 percent aqueous urea, also known as DEF, is the
material used for SCR systems on on-highway trucks and so is readily available.

An SCR system would require continuous adjustments of the ammonia injection rate to match
the NOy formation. An ammonia deficiency causes NO to react with O, causing more NOx to be
generated and excess ammonia leads to an increase of slip released to the atmosphere.
Operating below the optimal range will reduce the catalytic activity thus allowing excess
ammonia to ‘slip’ through the system. A properly designed SCR system can provide control
efficiencies of 70 to 90 percent or better with ammonia slip of generally less than 10 ppm.

Economic Impacts

Many of the capital costs and annualized costs for an SCR system have been estimated by SCI
based on information from NC Power Systems and Miratech Corporation. In addition to the
costs shown in Table 3-16, information regarding the installation and use of SCR can be found
in Appendix B. These support documents provide details about the SCR system design that
affect the direct and indirect costs to install an SCR systems on the engine to achieve 90
percent NOx control using agueous ammonia.

The estimated cost of basic equipment shown in Table 3-16 includes the SCR system with
catalyst, an ammonia injection system, a pre-evaporation skid for urea solution and aqueous
urea dosing panel, an aqueous urea storage tank, and associated pumps and vessels.
Additionally the other equipment and materials included in the basic equipment and auxiliary
costs are instrumentation and vendor representative fees. Startup spares and freight costs
have been included as individual costs. Freight costs for the equipment and materials include
transport from suppliers to Fairbanks.

Direct installation costs which include the concrete, piling, structural steel, electrical, painting,
insulation, above grade piping, freight, handling and erection, and functional checkouts are not
estimated. The estimated indirect costs for engineering, procurement, and construction support
services are based on 15 percent of the total direct costs.
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As shown in Table 3-16 the estimated total capital investment cost is $151,592 for an SCR
system.

Table 3-17 shows the estimated annual costs to operate an SCR system and the associated
equipment at $84,554. SCI has estimated the annual operating, maintenance and supervisory
labor costs.

The SCR system is designed to achieve a 90 percent NOy reduction rate for five years before
requiring catalyst replacement. The cost of replacing the catalyst is estimated and is included in
the annualized cost estimate by spreading the cost of a new catalyst over five years. The
catalyst costs were obtained from the Miratech Corporation. The cost to dispose of the spent
catalyst which includes transporting the spent catalyst to a disposal site, has not been included
in the annualized costs at this time.

Aqueous urea is to be trucked to Fairbanks and transferred to a storage tank. The aqueous
urea is converted to vaporized ammonia and is then injection into the exhaust flow prior to
entering the catalyst unit. Multiple truck deliveries of agueous urea will be required to meet the
annual needs of UAF to achieve a NOx reduction of 90 percent. Although the aqueous urea
costs have been determined, a cost has not been assigned to the transportation of the aqueous
urea at this time.

Other costs not included in the annualized cost of operating an SCR system are the cost of lost
power each year as a result of backpressure created from the catalyst and the cost of power
needed to operate the SCR ammonia pumping and heating systems. These costs are not
included in the annualized costs at this time and would decrease the cost effectiveness of
operating an SCR system with the engine.

The indirect annual costs have been estimated. As recommended by the EPA Air Pollution
Control Cost Manual, Section 4.2, Chapter 2, overhead has been assumed to be zero. No
administrative charges or insurance costs have been estimated. Only the capital recovery cost
has been estimated.

Similar to the economic analyses above, a standardized ten year return on investment at seven
percent interest rate is assumed for the capital recovery estimate. Because of the harsh
climate, equipment in Interior Alaska experiences more wear and tear than equipment in
moderate climates. On this basis, a ten year return on the SCR system is reasonable. A seven
percent interest rate is used to account for the time value of money. These values are
recommended in the EPA Air Pollution Control Cost Manual.

The annualized cost effectiveness is based on the total annualized costs and the amount of
NOyx removed by the SCR system. The annualized cost effectiveness is estimated at $12,200

UAF Page 45 January 2017
PM,s Serious NAA BACT Analysis

Appendix I11.D.7.7-1095



Adopted November 19, 2019

per ton of NOx removed from the engine exhaust. This cost effectiveness rate is very high,
making SCR cost prohibitive.

Based this analysis, SCR is not economically feasible and will not be determined to be BACT.
UAF will propose that the current use of a Tier 3 certified engine and the 4,380 hours per year
operating limit be BACT.

3.5 Summary of BACT Analysis for NOyx

Based on the above analyses, Table 3-18 summarizes the NOx BACT economics for each type
of equipment. Table 3-19 identifies the proposed BACT control option and the associated
emission rate for each control option. Although good combustion practices are not always
identified as the proposed BACT determination, UAF follows these practices for their equipment.

SCR and SNCR economic analyses for EU ID 113 both showed control options with cost
effectiveness values above $10,000 per ton of NOyx removed. The proposed NOx BACT for this
large coal and biomass fired-boiler is a boiler with CFB and staged combustion with an emission
rate of 0.2 Ib/MMBtu. These control options are consistent with the requirements in Permit No.
AQO0316MSS06 Revision 1.

The cost effectiveness of SCR for EU ID 3 is estimated to be at least $8,416 per ton of NOy
removed. This estimate is low because the economic analysis did not include many capital and
annual costs nor account for the unit historically operating annually at approximately five
percent of the allowed heat input. Since the actual annual boiler operation has been only five
percent of the allowed operation, the cost effectiveness of SCR would actually be much larger.
Similar to SCR, LNB/FGR for EU ID 3 is not cost effective because the actual annual boiler
operation has not been greater than five percent of the allowed operation. As a result, the
expected impact of installing a LNB/FGR system to control NOy emissions will be marginal
given the very large capital expenditure. The use of good combustion practices is proposed as
NOyx BACT with an NOx emission rate of 0.2 Ib/MMBtu.

LNB/FGR for EU ID 4 was found to have a cost effectiveness value of more than $189,000 per
ton of NOx removed. A LNB/FGR system is an unreasonable control option for EU ID 4. Good
combustion practices and limited operation are proposed as NOyx BACT with a NOx emission
rate of 0.2 Ib/MMBtu for diesel firing and 140 Ib/MMscf for natural gas firing.

The currently permitted limited operation of boilers EU IDs 19 through 21 is proposed as the
NOyx BACT control option with NOyx emissions of 1.24 g/MMBtu. The boilers share a 19,650
hr/yr operating limit, which is proposed as NOyx BACT.

The large diesel-fired engine, EU ID 8, has a turbocharger and aftercooler in place, and has a
NOy emission limit of 40 tpy. While EU ID 8 has an installed SCR system, the system cannot
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be used as installed. The cost effectiveness for reactivating the SCR system is estimated to be
at least $26,000 per ton of NOyx removed, which is not appropriate as BACT. Use of the existing
turbocharger, aftercooler, and operating under the existing NOx emission limit are proposed as
NOx BACT. The associated NOx emission rate is 0.0195 g/hp-hr.

NOyx BACT for EU ID 27 is proposed to be the use of a turbocharger and aftercooler with federal
limits and limited operation. This small engine is a Tier 3 certified engine that operates with a
turbocharger and aftercooler. The engine is restricted to no more than 4,380 hours of operation
annually. The NOx emission rate is less than or equal to 3.2 g/hp-hr.

The control option proposed as NOx BACT for the medical/pathological waste incinerator, EU 1D
9A, is limited operation and good combustion practices with a NOy emission rate of 3.56 Ib/ton.
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Table 3-1. UAF - Available NOy Control Options

Emission Unit

Description

Available Control
Options

113

Large Coal-fired Boiler

SCR

SNCR

CFB with Staged Combustion

Good Combustion Practices

3and 4

Mid-sized Diesel-fired Boilers

SCR

SNCR

LNB/FGR

Limited Operation

Good Combustion Practices

19
through
21

Small Diesel-fired Boilers

LNB

Limited Operation

Good Combustion Practices

Large Diesel-fired Engine

SCR

Turbocharger and Aftercooler

Limited Operation

Good Combustion Practices

27

Small Diesel-fired Engines

SCR

Turbocharger and Aftercooler

Federal Standard

Limited Operation

Good Combustion Practices

9A

Medical/Pathological Waste
Incinerator

SCR

SNCR

LNB

Limited Operation

Good Combustion Practices

UAF
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Table 3-2. UAF - Technically Feasible NOy Control Options

Emission Unit

Description

Technically Feasible
Control Options

113

Large Coal-fired Boiler

SCR

SNCR

CFB with Staged Combustion

Good Combustion Practices

Mid-sized Diesel-fired Boilers

SCR

LNB/FGR

Good Combustion Practices

Mid-sized Diesel-fired Boilers

LNB/FGR

Limited Operation

Good Combustion Practices

19 through 21

Small Diesel-fired Boilers

LNB

Limited Operation

Large Diesel-fired Engine

SCR

Turbocharger and Aftercooler +
Limited Operation

27

Small Diesel-fired Engine

SCR

Turbocharger and Aftercooler +

Federal Standard + Limited Operation

9A

Medical/Pathological Waste
Incinerator

Good Combustion Practices

Limited Operation

UAF
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Table 3-3. UAF - Ranking of Technically Feasible NOy Control Options

Emission Unit Control Control NOy Emissions Emissions
ID Description Technology Efficiency (pct.) (tpy) Reduction (tpy)
SCR + (CFB with staged
Large Coal and combustion) 80 51.8 207.2
113 B|oma§s—flred SNCR + (CFB v_wth staged 20 207.2 518
Boiler combustion)
CFB with staged combustion 0 259 0
A . SCR 85 20.8 118.0
3 M"ii'i'ge;m?;se' LNB/FGR 42.9 79.2 59.6
Good Combustion Practices 0 138.8 0
Mid-Sized Diesel LNB/FGR 8.8 12.7 1.2
4 and Natural Gas-
fired Boiler Limited Operation® 0 13.9 0
19 through 21 Small Diesel- Limited _Operationz_ N/A 8.8 NA
fired Boilers LNB + Limited Operation N/A 13.9 0
SCR + (Turbocharger +
. Aftercooler + Limited 90 4.0 36.0
Large Diesel- .
8 fired Engine Operation)
Turbocharger + Aftercooler +
Limited Operation 0 40 0
SCR + (Turbocharger +
Aftercooler + Federal Limit + 90 0.8 6.9
27 Small Diesel- Limited Operation)
fired Engine Turbocharger + Aftercooler +
Federal Limit + Limited 0 7.7 0
Operation
Notes:

'EU 4 NOx emissions are limited to 13.9 tpy by the 10 percent capacity factor in Condition 17 of Permit AQ0316TVP02 and
are less than the 40 tpy shared NOy limit with EU 8 from Condition 16 of that permit.

%\endor emission estimates for retrofitting LNB on the boilers was for a higher NO x emission rate than the AP-42 emission
rate used to estimate the emissions of the boilers with limited operation.

UAF
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Table 3-4. UAF - Capital Costs for SCR on
the Large CFB Coal-fired Boiler (EU ID 113)

November 19, 2019

| Shaded cells indicate user inputs.

Total Capital Investment Determination - SCR Date: 2/2/2016
Project: UAF - PM, s BACT Analysis (EU ID 113 - CFB Boiler) Prepared By: L. Pacini
Checked By: C. Stevenson|
Rev: Al
Capital Costs
DIRECT COSTS Qry UNIT UNITCOST ~ TOTAL MATERIALS COST ~ TOTAL LABOR COST
(1) Purchased equipment and material costs
(a) Basic equipment
Total SCR System EA $ 6,000,000
TOTAL= $ 6,000,000
(b)  Instrumentation
Total Instrumentation |:| EA |:| S - Included above
TOTAL= $ -
(c) Freight
TOTAL= $ -
(d) Labor
Labor - shop fab E MH E S -
Labor - onsite MH $ -
TOTAL= $ R
(e) Startup Spares
Startup Spare Parts for SCR % S 30,000
TOTAL= $ 30,000
(f) Vendor representatives fees
Fab Site Vendor Representatives fees (enter no. of days and daily rate) Days $ 18,000
Onsite Vendor Representatives fees (enter no. of days and daily rate) Days $ 20,000
TOTAL= $ 38,000
Purchased i and Material Cost (PEMC) All above costs included in vendor scope except SCR spares and SCR vendor rep. fees PEMC = 6,068,000
(2) Direct Installation Costs
(a) Concrete cy $ - $ -
(b)  Piling TON $ - $ -
(c)  Structural steel TON $ - $ -
(d)  Electrical Lot S - $ -
(e) Painting SF $ - $ -
f) Insulation Lot S - $ -
(g) Abovegrade piping LF $ - $ -
(h)  Functional Checkouts
Functional Checkout - fab site, enter %: % offsite fab labor S - $ -
Functional Checkout - onsite, enter % % onsite fab labor S - $ -
Contractor Commissioning, enter %: % of equipment total cost! $ - $ -
Direct ion Costs (DIC) - 2 x SCR Equij Capital DIC = 12,000,000
Total Direct Costs (TDC) TDC = (PEMC) + (DIC) = 18,068,000
|'NDIRECT COSTS
(3) Engineering, Procurement & Construction Support Services % TDC S 3,252,240
(4) Performance tests 0 EA $ - Excluded in this estimate.
Total Indirect Costs (TIC) TIC = 3,252,240
|MANAGEMENT AND CONTINGENCY COSTS
(5)  Unit Operator Costs % TDC Excluded in this estimate.
(6) Contingency 30% % TDC $ 5,420,400

Total and Contil Costs (TM&CC)

TM&CC = 5,420,400

TOTAL CAPITAL INVESTMENT (TCl)

TCl = (TDC)+(TIC)+(TM&CC) = 26,740,640

PM, 5 Serious NAA BACT Analysis

Appendix JJLD.7.7-1102

January 2017



Adopted

Table 3-5. UAF - Annualized Costs for SCR on

the Large CFB Coal-fired Boiler (EU ID 113)

November 19, 2019

Shaded cells indicate user inputs

Cost Effectiveness Determination - SCR Date: 2/2/2016
Project: UAF - PM, 5 BACT Analysis (EU ID 113 - CFB Boiler) Prepared By: L. Pacini
Checked By:  C. Stevenson
Rev: A
Annualized Costs
DIRECT ANNUAL COSTS QTY UNIT UNIT COST TOTAL MATERIALS COST TOTAL LABOR COST TOTAL
(1) Operating Labor MH excluded in this estimate S - $ -
(2) Supervisory Labor MH excluded in this estimate S - S -
(3) Maintenance Labor MH excluded in this estimate S - $ -
(4) Maintenance Materials LOT excluded in this estimate
(5) Utilities
(a  Aqueous Ammonia: TON $ 52,581 $ 52,581
(b)  Energy: kwh $ 110,376 $ 110376
(6) Catalyst Replacement Costs (every 2 years)
(a) Replacement of SCR Catalyst: % of total equipment cost 30% % total equip  $ 6,068,000 $ 1,820,400.00 S 879,420
(b) Replacement labor for SCR Catalyst 180 MH 105 S 18,900 S 9,130
(c) Transport cost direct to site (SCR catalyst) 13% % replacement S 236,652 S 114,325
(d) Transport cost for spent SCR catalyst 13% % replacement S 236,652 S 114,325
Sinking Fund Factor [see inputs below]: 0.4831
Total Direct Annual Costs (TDAC) TDAC = $ 1,280,157
|INDIRECT ANNUAL COSTS
(7) Overhead [ ] % excluded in this estimate S - $ -
(8) Administrative Charges and Insurance % total capital S 802,219 $ 802,219
Capital Recovery Factor [see inputs below] 0.1424
(9) Capital Recovery CRF*TCl = $ 3,807,266
Total Indirect Annual Costs (TIAC) TIAC = $ 4,609,485
TOTAL ANNUALIZED COSTS (TAC) TAC = (TDAC) + (TIAC) = $ 5,889,642

Cost Effectiveness Summary

TOTAL TONS NOx AVOIDED PER YEAR

= 207.2

UAF

COST EFFECTIVENESS ($ PER TON AVOIDED) (TAC)/(TPY) = $ 28,425
Data Inputs for Capital Recovery Factor and Sinking Fund Factor:
Annual Interest Rate (EPA OAQPS Control Cost Manual) 7.00 %
Project Life (EPA OAQPS Control Cost Manual) 10 years
Catalyst Life 2 years
Asset Utilization 100 %
PM, s Serious NAA BACT Analysis AppenlePlgLIBD . 77_ l l 03 January 2017
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Table 3-6. UAF - Capital Costs for SNCR on
the Large CFB Coal-fired Boiler (EU ID 113)

November 19, 2019

| Shaded cells indicate user inputs.
Total Capital Investment Determination - SNCR Date: 2/3/2016
Project: UAF - PM, s BACT Analysis (EU ID 113 - CFB Boiler) Prepared By: L. Pacini
Checked By: C. Stevenson|
Rev: Al
Capital Costs
DIRECT COSTS Qry UNIT UNITCOST  TOTAL MATERIALS COST ~ TOTAL LABOR COST
(1) Purchased equipment and material costs
(a) Basic equipment
Total DSI System EA $ 1,000,000
(per Babcock & Wilcox) TOTAL= $ 1,000,000
(b)  Instrumentation
Total Instrumentation |:| EA |:| $ -
TOTAL= $ -
(c) Freight
SNCR Freight [ 1 %matcost 0% $ -
TOTAL= $ -
(d) Labor
Labor - offsite fab E MH E $ -
Labor - onsite MH $ -
TOTAL= $ R
(e) Vendor representatives fees
Fab Site Vendor Representatives fees (enter no. of days and daily rate) Days $ -
Onsite Vendor Representatives fees (enter no. of days and daily rate) E Days E $ -
TOTAL= $ -
Purchased E and Material Cost (PEMC) All above costs included in vendor scope. PEMC = $ 1,000,000
(2) Direct Installation Costs
(a) Concrete cy $ - $ -
(b)  Piling TON $ - $ -
(c)  Structural steel TON $ - $ -
(d)  Electrical Lot S - $ -
(e) Painting SF $ - $ -
(f)  Insulation Lot S - $ -
(g) Abovegrade piping LF $ - $ -
(h)  Functional Checkouts
Functional Checkout - fab site, enter %: % offsite fab labor S - $ -
Functional Checkout - onsite, enter % % onsite fab labor S - $ -
Contractor Commissioning, enter %: % of equipment total cost! $ - $ -
Direct Costs (DIC) - 1 x SNCR E¢ Capital DIC = §$ 1,000,000
Total Direct Costs (TDC) TDC = (PEMC) +(DIC) = § 2,000,000
|INDIRECT COSTS
(3) Engineering, Procurement & Construction Support Services % TDC S 360,000
(4) Performance tests EA $ -
Total Indirect Costs (TIC) TIC = $ 360,000
|MANAGEMENT AND CONTINGENCY COSTS
(5)  Unit Operator Costs % TDC Excluded in this estimate.
(6) Contingency 30% % TDC S 600,000
Total M and Ci y Costs (TM&CC) TM&CC = § 600,000
TOTAL CAPITAL INVESTMENT (TCI) TCl = (TDC)+(TIC)+(TM&CC) = $ 2,960,000

PM, 5 Serious NAA BACT Analysis
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Table 3-7. UAF - Annualized Costs for SNCR on
the Large CFB Coal-fired Boiler (EU ID 113)

Shaded cells indicate user inputs

Total Capital Investment Determination - SNCR Date: 2/3/2016|
Project: UAF - PM, 5 BACT Analysis (EU ID 113 - CFB Boiler) Prepared By: L. Pacini
Checked By:  C. Stevenson|
Rev: Al
Annualized Costs
DIRECT ANNUAL COSTS Qry UNIT UNIT COST TOTAL MATERIALS COST  TOTAL LABOR COST TOTAL
(1) Operating Labor MH - Excluded Excluded
(2) Supervisory Labor MH - Excluded Excluded
(3) Maintenance Labor MH - Excluded Excluded
(4) Maintenance Materials LOT Excluded - Excluded
(5) Utilities
(a) Aqueous Ammonia: 87.60 TON 200.08 $ 17,527 $ 17,527
(b) Electricity: KWH 0.18 S - S -

(per Babcock & Wilcox)

Total Direct Annual Costs (TDAC) TDAC = § 17,527

JINDIRECT ANNUAL COSTS

(6) Overhead % Excluded S - $ -

(7) Administrative Charges and Insurance 3.00% % total capital S 88,800 S 88,800
Capital Recovery Factor [see inputs below] 0.1424

(8) Capital Recovery CRF*TCl = $ 421,437

Total Indirect Annual Costs (TIAC) TIAC = $ 510,237

TOTAL ANNUALIZED COSTS (TAC) TAC = (TDAC) +(TIAC) = § 527,764

Cost Effectiveness Summary

TOTAL TONS NOx AVOIDED PER YEAR = 51.78
COST EFFECTIVENESS ($ PER TON AVOIDED) (TAC)/(TPY) = S 10,192

Data Inputs for Capital Recovery Factor:
Annual Interest Rate (EPA OAQPS Control Cost Manual) 7.00 %
Project Life (EPA OAQPS Control Cost Manual) 10 years

UAF
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Table 3-8. UAF - Capital Costs for SCR on

the Mid-sized Diesel Boiler (EU ID 3)

November 19, 2019

| Shaded cells indicate user inputs.
Total Capital Investment Determination - SCR Date: 2/17/2016]
Project: UAF - PM, s BACT Analysis (EU ID 3 - Zurn Boiler) Prepared By: L. Pacini
Checked By: J. Rubino
Rev: [«
Capital Costs
DIRECT COSTS Qry UNIT UNITCOST  TOTAL MATERIALS COST ~ TOTAL LABOR COST
(1) Purchased equipment and material costs
(a) Basic equipment
Total SCR System EA $ 850,000
(per Fuel Tech) TOTAL= $ 850,000
(b)  Instrumentation
NOxX CEMs System EA $ 50,000
NOX CEMS Certification Testing EA $ 10,000
TOTAL= $ 60,000
(c) Freight
SCR Freight
TOTAL= $ 20,000
(d) Labor
Labor - shop fab MH Included above
Labor - onsite MH E Included above
TOTAL= $ -
(e) Startup Spares
Startup Spare Parts for SCR % $ 4,250
TOTAL= $ 4,250
(f) Vendor representatives fees
Fab Site Vendor Representatives fees (enter no. of days and daily rate) E Days E Included above
Onsite Vendor Representatives fees (enter no. of days and daily rate) Days Included above
TOTAL= $ -
Purchased Equipment and Material Cost (PEMC) All above costs included in vendor scope. PEMC = 934,250
(2) Direct Installation Costs
(a) Concrete cy $ - S -
(b)  Piling TON S - $ -
(c) Structural steel TON $ - S -
(d) Electrical LOT $ - S -
(e) Painting SF $ - $ -
(f) Insulation LOT $ - S -
(g) Abovegrade piping LF $ - S -
(h) Functional Checkouts
Functional Checkout - fab site, enter %: % offsite fab labor $ -
Functional Checkout - onsite, enter % % onsite fab labor $ -
Contractor Commissioning, enter %: % of equipment total cost! $ - $ -
Direct Costs (DIC) - 2 x SCR Equi| Capital DIC = 1,700,000
Total Direct Costs (TDC) TDC = (PEMC) + (DIC) = 2,634,250
|INDIRECT COSTS
(3) Engineering, Procurement & Construction Support Services |:| % TDC S - Included in PEMC above.
(4) Performance tests 1 EA 10,000 S 10,000
Total Indirect Costs (TIC) TIC = 10,000
MANAGEMENT AND CONTINGENCY COSTS
(5)  Unit Operator Costs % TDC Excluded in this estimate.
(6) Contingency 30% % TDC S 790,275
Total I and Ce y Costs (TM&CC) TM&CC = 790,275
TOTAL CAPITAL INVESTMENT (TCI) TCl = (TDC)+(TIC)+(TM&CC) = 3,434,525

PM, 5 Serious NAA BACT Analysis
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Table 3-9. UAF - Annualized Costs for SCR on
the Mid-sized Diesel Boiler (EU ID 3)

November 19, 2019

Shaded cells indicate user inputs
Cost Effectiveness Determination - SCR Date: 2/17/2016
Project: UAF - PM, 5 BACT Analysis (EU ID 3 - Zurn Boiler) Prepared By: L. Pacini
Checked By: J. Rubino
Rev: C]
Annualized Costs
DIRECT ANNUAL COSTS Qry UNIT UNIT COST TOTAL MATERIALS COST TOTAL LABOR COST TOTAL
(1) Operating Labor 730 MH 105 S 76,650 S 76,650
(2) Supervisory Labor 183 MH 125 S 22,813 S 22,813
(3) Maintenance Labor 365 MH 105 $ 38,325 S 38,325
(4) Maintenance Materials LOT excluded in this estimate
(5) Utilities
(a) Urea Solution: 15.57 TON 356 S 5,544 S 5,544
(50% Urea solution and 2.2 moles needed per ton of NOX removed.)
(b)  Energy: 376680 kWh 0.18 $ 67,802 $ 67,802
(6)  Annual RATA Testing EA 10,000 $ 10,000 $ 10,000
(7) Catalyst Replacement Costs (every 2 years)
(per FuelTech)
(a) Replacement of SCR Catalyst: % of total equipment cost 30% % total equip  $ 934,250 S 280,275.00 S 135,399
(per MiraTech)
(b) Replacement labor for SCR Catalyst 180 MH 105 S 18,900 S 9,130
(c) Transport cost direct to site (SCR catalyst) 13% % replacement 36,436 S 17,602
(d) Transport cost for spent SCR catalyst 13% % replacement S 36,436 S 17,602
Sinking Fund Factor [see inputs below]: 0.4831
Total Direct Annual Costs (TDAC) TDAC = S 400,867
|INDIRECT ANNUAL COSTS
(8) Overhead % excluded in this estimate S - S -
(9) Administrative Charges and Insurance 3.00% % total capital S 103,036 S 103,036
Capital Recovery Factor [see inputs below] 0.1424
(10)  Capital Recovery CRF*TCl = $ 488,999
Total Indirect Annual Costs (TIAC) TIAC = $ 592,035
TOTAL ANNUALIZED COSTS (TAC) TAC = (TDAC) + (TIAC) = S 992,901
Cost Effectiveness Summary
TOTAL TONS NOx AVOIDED PER YEAR = 117.98
COST EFFECTIVENESS ($ PER TON AVOIDED) (TAC)/(TPY) = S 8,416
Data Inputs for Capital Recovery Factor and Sinking Fund Factor:
Annual Interest Rate (EPA OAQPS Control Cost Manual) 7.00 %
Project Life (EPA OAQPS Control Cost Manual) 10 years
Catalyst Life (from vendor) 2 years
Asset Utilization 100 %
PM, 5 Serious NAA BACT Analysis AppenlePlgLIBD . 77_ l l 07 January 2017
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Table 3-10. UAF - Capital Costs for LNB/FGR on
the Mid-sized Diesel Boiler (EU ID 3)

November 19, 2019

Total Capital Investment Determination - Low NOy Burners & FGR Date: 4/12/2016]
Project: UAF PM, s BACT Analysis - Zurn Boiler #3 (EU ID 3) Prepared By: L. Pacini
Checked By: J. Rubino
Rev: ¢
Capital Costs
DIRECT COSTS Qry UNIT UNITCOST  TOTAL MATERIALS COST ~ TOTAL LABOR COST
(1) Purchased equipment and material costs
(a) Basic equipment
Low NOx Burner EA $ 419,484
FGR FD Fans EA $ 198,872 TOTAL= $ 618,356
(from Indeck)
(b)  Instrumentation
Total Instrumentation :I EA |:| S - Included in above price
TOTAL= $ R
(c) Freight
% MATL COST $ 61,835.60
TOTAL= $ 61,836
(d) Labor
Labor - offsite fab “ MH _ None required $ -
Labor - onsite - MH 105 S 3,150
(from Indeck) TOTAL= $ 3,150
(e)  Vendor representatives fees
Fab Site Vendor Representatives fees 0 MH None required S -
Onsite Vendor Representatives fees 46 MH S 224 S 10,290
Onsite Vendor Representatives Travel & Expenses 1 EA 3500 $ 3,500
(from Indeck) TOTAL= $ 13,790
Purchased E and Material Cost (PEMC) PEMC = § 697,132
Direct Costs (DIC) DIC = $ 340,948
Total Direct Costs (TDC) TDC = (PEMC) +(DIC) = $ 1,038,079
|INDIRECT COSTS
(2) Engineering, Procurement & Construction Support Services % TDC S 103,808
(3) Performance tests for NOy emissions 1 EA 10000 $ 10,000 Excluded in this estimate.
Total Indirect Costs (TIC) TIC = $ 113,808
|MANAGEMENT AND CONTINGENCY COSTS
(4)  Unit Operator Costs % TDC Excluded in this estimate.
(5) Contingency 10% % TDC S 103,808
Total I and Ci y Costs (TM&CC) TM&CC = § 103,808
TOTAL CAPITAL INVESTMENT (TCI) TCl = (TDC)+(TIC)+(TM&CC) = $ 1,255,695

PM, 5 Serious NAA BACT Analysis
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Table 3-11. UAF - Annualized Costs for LNB/FGR on
the Mid-sized Diesel Boiler (EU ID 3)

November 19, 2019

Shaded cells indicate user inputs

Capital Recovery Factor [see inputs below]
(7) Capital Recovery

0.1424

Cost Effectiveness Determination - Low NOy Burners & FGR Date: 4/12/2016|
Project: UAF PM, s BACT Analysis - Zurn Boiler #3 (EU ID 3) Prepared By: L. Pacini
Checked By: J. Rubino|
Rev: Ci
Annualized Costs
DIRECT ANNUAL COSTS Qry UNIT UNIT COST TOTAL MATERIALS COST TOTAL LABOR COST TOTAL
(1) Operating Labor - Not required MH S - S -
(2) Supervisory Labor - Not required MH $ - S -
(3) Maintenance Labor - Not required MH S - S -
(4) Maintenance Materials - Not required LoT $ - S - S -
Total Direct Annual Costs (TDAC) TDAC = $ -
[INDIRECT ANNUAL COSTS
(5) Overhead MH l:l Excluded in this estimate. $ - S -
(6) Administrative Charges and Insurance % total capital S 37,671 $ 37,671

CRF*TCl = § 178,783

Total Indirect Annual Costs (TIAC)

TIAC = $ 216,454

TOTAL ANNUALIZED COSTS (TAC)

TAC = (TDAC) + (TIAC) = $ 216,454

Cost Effectiveness Summary

TOTAL TONS AVOIDED PER YEAR

= 59.57

UAF

COST EFFECTIVENESS ($ PER TON AVOIDED) (TAC)/(TPY) = S 3,634
Data Inputs for Capital Recovery Factor:
Annual Interest Rate (EPA OAQPS Control Cost Manual) 7.00 %
Project Life (EPA OAQPS Control Cost Manual) 10 years
Catalyst Life N/A years
Asset Utilization N/A %
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Table 3-12. UAF - Capital Costs for LNB/FGR on
the Mid-sized Diesel Boiler (EU ID 4)

November 19, 2019

| Shaded cells indicate user inputs.

Total Capital Investment Determination - Low NOy Burners & FGR Date: 3/18/2016]
Project: UAF PM, s BACT Analysis - Zurn Boiler (EU ID 4) Prepared By: L. Pacini
Checked By: J. Rubing]
Rev: Al
Capital Costs
DIRECT COSTS Qry UNIT UNITCOST  TOTAL MATERIALS COST ~ TOTAL LABOR COST
(1) Purchased equipment and material costs
(a) Basic equipment
Low NOx Burner EA $ 444,039
FGR FD Fans EA $ 187,755 TOTAL= $ 631,794
(b)  Instrumentation
Total Instrumentation I:l EA I:l S - Included in above price
TOTAL= $ R
(c) Freight
% MATL COST $ 44,404
TOTAL= $ 44,404
(d) Labor
Labor - offsite fab “ MH _ None required $ -
Labor - onsite MH S -
TOTAL= $ -
(e)  Vendor representatives fees
Fab Site Vendor Representatives fees (enter no. of days and daily rate) Days E $ -
Onsite Vendor Representatives fees (enter no. of days and daily rate) “ Days $ -
TOTAL= $ -
Purchased Equipment and Material Cost (PEMC) PEMC = §$ 676,198
Direct Costs (DIC) DIC = § 442,659
Total Direct Costs (TDC) TDC = (PEMC) + (DIC) = $ 1,118,857

|INDIRECT COSTS

(2) Engineering, Procurement & Construction Support Services 10% % TDC $ 111,886

(3) Performance tests EA S - Excluded in this estimate.
Total Indirect Costs (TIC) TIC = § 111,886
MANAGEMENT AND CONTINGENCY COSTS

(4)  Unit Operator Costs % TDC Excluded in this estimate.
(5) Contingency 10% % TDC $ 111,886

Total I and C y Costs (TM&CC) TM&CC = $ 111,886
TOTAL CAPITAL INVESTMENT (TCI) TCl = (TDC)+(TIC)+(TM&CC) = $ 1,342,628

PM, 5 Serious NAA BACT Analysis
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Table 3-13. UAF - Annualized Costs for LNB/FGR on
the Mid-sized Diesel Boiler (EU ID 4)

Shaded cells indicate user inputs

Cost Effectiveness Determination - Low NOy Burners & FGR Date: 3/18/2016|
Project: UAF PM, s BACT Analysis - Zurn Boiler (EU ID 4) Prepared By: L. Pacini|
Checked By: J. Rubino|
Rev: Al
Annualized Costs

DIRECT ANNUAL COSTS Qry UNIT UNIT COST TOTAL MATERIALS COST TOTAL LABOR COST TOTAL
(1) Operating Labor MH $ - $ -
(2)  Supervisory Labor MH S - S -
(3) Maintenance Labor MH $ - $ -
(4) Maintenance Materials LoT S - S - S -
Total Direct Annual Costs (TDAC) Excluded in this estimate TDAC = $ -

JINDIRECT ANNUAL COSTS

(5) Overhead MH l:l Excluded in this estimate. $ - S -
(6) Administrative Charges and Insurance 3.00% % total capital S 40,279 S 40,279

Capital Recovery Factor [see inputs below] 0.1424
(7) Capital Recovery CRF*TCl = S 191,160
Total Indirect Annual Costs (TIAC) TIAC = S 231,439
TOTAL ANNUALIZED COSTS (TAC) TAC = (TDAC) + (TIAC) = $ 231,439

Cost Effectiveness Summary

TOTAL TONS AVOIDED PER YEAR = 1.22
COST EFFECTIVENESS ($ PER TON AVOIDED) (TAC)/(TPY) = S 189,312
Data Inputs for Capital Recovery Factor:
Annual Interest Rate (EPA OAQPS Control Cost Manual) 7.00 %
Project Life (EPA OAQPS Control Cost Manual) 10 years
Catalyst Life N/A years
Asset Utilization N/A %

UAF :
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Table 3-14. UAF - Capital Costs for SCR on
the Large Diesel-Fired Engine (EU ID 8)

[ Shaded cells indicate user inputs
Total Capital Investment Determination - SCR Date: 10/13/2016
Project: UAF - PM2.5 BACT Analysis (EU ID 8 - Peaking/Backup Generator Engine) Prepared By: J. Rubino]
Checked By: L. Pacini
Rev: A
Capital Costs
DIRECT COSTS Qry UNIT UNIT COST TOTAL MATERIALS COST ~ TOTAL LABOR COST
(1) Purchased equipment and material costs
(a) Basic equipment
Total SCR System EA $ 2,842,108
TOTAL= $ 2,842,108
(b) Instrumentation
NOx CEMs System EA S -
NOx CEMS Certification Testing E EA E $ -
TOTAL= $ -
(c) Freight
TOTAL= $ -
(d) Labor
Labor - shop fab E MH E
Labor - onsite MH
TOTAL= $ -
(e) Startup Spares
Startup Spare Parts for SCR l:l % S -
TOTAL= $ -
(f) Vendor representatives fees
Fab Site Vendor Representatives fees (enter no. of days and daily rate) Days
Onsite Vendor Representatives fees (enter no. of days and daily rate) E Days E
TOTAL= $ -
Purchased Equipment and Material Cost (PEMC) Note: Although existing SCR to be used, capital costs needed for catalyst replacement costs. PEMC = 2,842,108
(2) Direct Installation Costs
(a) Concrete cy $ - $ -
(b)  Piling TON $ - $ -
(c)  Structural steel TON $ - $ -
(d)  Electrical Lot $ - $ -
(e) Painting SF $ - $ -
f) Insulation Lot $ - $ -
(g) Abovegrade piping LF $ - $ -
(h)  Functional Checkouts
Functional Checkout - fab site, enter %: % offsite fab labor| $ -
Functional Checkout - onsite, enter % % onsite fab labor| $ -
Contractor Commissioning, enter %: % of equipment total cost S - $ -
Direct jon Costs (DIC) Note: Although existing SCR to be used, capital costs needed for catalyst replace costs. DIC = 5,684,216
Total Direct Costs (TDC) TDC = (PEMC) + (DIC) = 8,526,324
|'NDIRECT COSTS
(3) Engineering, Procurement & Construction Support Services ’:‘ % TDC N/A S -
(4) Performance tests EA N/A S -
Total Indirect Costs (TIC) TIC = -
|MANAGEMENT AND CONTINGENCY COSTS
(5)  Unit Operator Costs % TDC Excluded in this estimate.
(6) Contingency % TDC N/A S -
Total and Contil Costs (TM&CC) TM&CC = -
TOTAL CAPITAL INVESTMENT (TCI) TCl = (TDC)+(TIC)+(TM&CC) = 8,526,324
'};’JI\A/IZS Serious NAA BACT Analysis Appendlx mﬁp . 7'7_ 1 1 1 2 January 2017
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Table 3-15. UAF - Annualized Costs for SCR on

the Large Diesel-Fired Engine (EU ID 8)

November 19, 2019

Shaded cells indicate user inputs
Cost Effectiveness Determination - SCR Date:  10/13/2016|
Project: UAF - PM2.5 BACT Analysis (EU ID 8 - Peaking/Backup Generator Engine) Prepared By: J. Rubino
Checked By: L. Pacini
Rev: A
Annualized Costs
DIRECT ANNUAL COSTS Qry UNIT UNIT COST TOTAL MATERIALS COST TOTAL LABOR COST TOTAL
(1) Operating Labor 730 MH 105 S 76,650 S 76,650
(2) Supervisory Labor 183 MH 125 S 22,813 S 22,813
(3) Maintenance Labor 365 MH 105 $ 38,325 S 38,325
(4) Maintenance Materials LOT excluded in this estimate
(5) Utilities
(a)  Aqueous Ammonia TON $ 5,994 $ 5,994
(b)  Energy: 69905 kwh $ 12,583 $ 12,583
(6)  Annual RATA Testing [ o ] EA 10,000 $ - $ -
(7) Catalyst Replacement Costs (every 2 years)

(a) Replacement of SCR Catalyst: % of total equipment cost 30% % total equip  $ 2,842,108 S 852,632.35 S 411,900
(b) Replacement labor for SCR Catalyst 180 MH 105 S 18,900 S 9,130
(c) Transport cost direct to site (SCR catalyst) 13% % replacement 110,842 S 53,547
(d) Transport cost for spent SCR catalyst 13% % replacement S 110,842 S 53,547

Sinking Fund Factor [see inputs below]: 0.4831
Total Direct Annual Costs (TDAC) TDAC = § 684,489

|INDIRECT ANNUAL COSTS

(8)  Overhead [ ] % excluded in this estimate $ - S -
(9) Administrative Charges, Property Taxes, Insurance 3.00% % total capital S 255,790 S 255,790

Capital Recovery Factor [see inputs below] 0.1424
(10)  Capital Recovery CRF*TCl = S -
Total Indirect Annual Costs (TIAC) TIAC = $ 255,790
TOTAL ANNUALIZED COSTS (TAC) TAC = (TDAC) + (TIAC) = $ 940,278

Cost Effectiveness Summary
TOTAL TONS NOx AVOIDED PER YEAR = 36

COST EFFECTIVENESS ($ PER TON AVOIDED) (TAC)/(TPY) = S 26,119

UAF
PM2.5 Serious

Annual Interest Rate (EPA OAQPS Control Cost Manual)
Project Life (EPA OAQPS Control Cost Manual)

Catalyst Life (from vendor)

Asset Utilization

Data Inputs for Capital Recovery Factor and Sinking Fund Factor:

7.00
10

100

%
years
years
%

NAA BACT Analysis

Appendix [JLJ).7.7-1113

January 2017



UAF

Adopted

Table 3-16. UAF - Capital Costs for SCR on
the Small Diesel-Fired Engine (EU ID 27)

November 19, 2019

[ Shaded cells indicate user inputs. _l

Date: 12/18/2015]

[Total Capital Investment Determination - SCR
Project: UAF PM, s BACT Analysis - ACEP Engine (EU ID 27) Prepared By: L. Pacini
Checked By: J. Rubing]
Rev: D
Capital Costs
DIRECT COSTS QTY UNIT UNIT COST TOTAL MATERIALS COST TOTAL LABOR COST
(1) Purchased equipment and material costs
(a) Basic equipment
Total SCR System EA $ 107,120
(per NC Power Systems) TOTAL= $ 107,120
(b) Instrumentation
Total Instrumentation I:l EA I:l $ -
TOTAL= $ -
(c) Freight
SCR Freight $ 10,500
(per NC Power Systems) TOTAL= $ 10,500
(d) Labor
Labor - offsite fab MH Not included $ -
Labor - onsite MH $ 1,680
TOTAL= $ 1,680
(e) Startup Spares
Startup Spare Parts for SCR %
TOTAL= $ 536
(f) Vendor representatives fees
Fab Site Vendor Representatives fees (enter no. of days and daily rate) Days $ -
Onsite Vendor Representatives fees (enter no. of days and daily rate) Days $ -
TOTAL=_$ -
Purchased Equipment and Material Cost (PEMC) PEMC = 119,836
(2) Direct Installation Costs
@) Concrete (% $ - $ -
(b)  Piling TON $ - $ -
) Structural steel TON $ - $ -
(d) Electrical LOT $ - $ -
(e) Painting SF $ - $ -
) Insulation LOT $ - $ -
Q) Abovegrade piping LF $ - $ -
(h) Functional Checkouts
Functional Checkout - fab site, enter %: % offsite fab labor $ - $ -
Functional Checkout - onsite, enter % % onsite fab labor $ - $ -
Contractor Commissioning, enter %: % of equipment _total cost $ - $ -
Direct Installation Costs (DIC) - estimated at 10% Purchased Equipment Cost DIC = 11,984
[Total Direct Costs (TDC) TDC = (PEMC) + (DIC) = 131,819
JINDIRECT COSTS
(3)  Engineering, Procurement & Construction Support Services % TDC $ 19,773
(4) Performance tests 0 EA $ - Excluded in this estimate.
[Total Indirect Costs (TIC) TIC = 19,773
MANAGEMENT AND CONTINGENCY COSTS
(5) Unit Operator Costs % TDC Excluded in this estimate.
(6)  Contingency % TDC $ - Excluded in this estimate.
[Total Management and Contingency Costs (TM&CC) TM&CC = -
TOTAL CAPITAL INVESTMENT (TCI) TCI = (TDC)+(TIC)+(TM&CC) = 151,592
PM, s Serious NAA BACT Analysis AppenlePIJ;JGAD . 7'7- 1 1 1 4 January 2017
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Table 3-17. UAF - Annualized Costs for SCR on

the Small Diesel-Fired Engine (EU ID 27)

Shaded cells indicate user inputs

Cost Effectiveness Determination - SCR

Date: 12/18/2015

(9) Property tax
(10)  Insurance

Capital Recovery Factor [see inputs below]
(11) Capital Recovery

0.1424

excluded in this estimate
excluded in this estimate

Project: UAF PM, 5 BACT Analysis - ACEP Engine (EU ID 27) Prepared By: L Pacinij
Checked By: J. Rubino|
Rev: D
Annualized Costs
TOTAL LABOR
DIRECT ANNUAL COSTS QTY UNIT UNIT COST TOTAL MATERIALS COST COST TOTAL
(1) Operating Labor 61 MH 105 $ 6,388 $ 6,388
(2) Supervisory Labor 91 MH 125 $ 11,406 $ 11,406
(3) Maintenance Labor 183 MH 105 $ 19,163 $ 19,163
(4) Maintenance Materials LOT excluded in this estimate
(5)  Utilities
(@)  Urea/DEF: TON 587 $ 23,341 $ 23,341
(b)  Energy: kw | | excluded in this estimate
(6) Catalyst Replacement Costs (every 5 years)
(@)  Replacement of SCR Catalyst: % of total equipment cost % total equip  $ 119,836 $ 35,950.68 $ 2,602
(per Miratech)
(b) Replacement labor for SCR Catalyst 8 MH 105 $ 840 $ 61
() Transport cost direct to site (Urea, SCR catalyst) % excluded in this estimate $ - $ -
(d) Transport cost for spent SCR catalyst % excluded in this estimate $ - $ -
Sinking Fund Factor [see inputs below]: 0.0724
Total Direct Annual Costs (TDAC) TDAC = $ 62,960
|I'NDIRECT ANNUAL COSTS
(7) Overhead MH excluded in this estimate $ - $ -
(8) Administrative Charges MH excluded in this estimate $ - $ -

CRF*TCl = $ 21,583

Total Indirect Annual Costs (TIAC)

TIAC = $ 21,583

TOTAL ANNUALIZED COSTS (TAC)

TAC = (IDAC) + (TIAC) = _$ 84,544

Cost Effectiveness Summary

TOTAL TONS NOx AVOIDED PER YEAR

COST EFFECTIVENESS ($ PER TON AVOIDED)

= 6.93

(TAC)(TPY) = 12,200

Catalyst Life
Asset Utilization

Data Inputs for Capital Recovery Factor and Sinking Fund Factor:
Annual Interest Rate (EPA OAQPS Control Cost Manual)
Project Life (EPA OAQPS Control Cost Manual)

7.00 %
10 years
5 years
50 %

UAF
PM, 5 Serious NAA BACT Analysis
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Table 3-18. UAF - NOy BACT Cost Effectiveness
Summary for Each Emission Unit Type

November 19, 2019

; Total Installed Anquahzed Annual O&M Cost Cost Effectiveness ($/ton NOx
Control Technology Option Capital (9) Capital Cost ($lyear) remavad)
($lyear)
Large Coal-fired Boiler (Emission Unit 113)
SCR + (CFB with staged combustion) $26,740,640 $5,889,642 $1,280,157 $28,425
SNCR + (CFB with staged combustion) $2,960,000 $527,764 $17,527 $10,192
CFB with staged combustion ~ ~ ~ ~
Mid-sized Boiler (EU ID 3)
SCR $3,434,525 $992,901 $400,867 $8,416
LNB/EGR* $1,255,695 $216,454 ~ $3,634
Good Combustion Practices ~ ~ ~ ~
Mid-sized Boiler (EU ID 4)
LNB/FGR $1,342,628 $231,439 ~ $189,312
Good Combustion Practices ~ ~ ~ ~
Large Diesel-fired Engine (EU ID 8)
SCR + (Turbocharger and Aftercooler + $8,526,324 $940,278 $684,489 $26,119
Limited Operation)
Turbocharger and Aftercooler + Limited ~ ~ ~ ~
Operation
Small Diesel-fired Engine (EU ID 27)
SCR + (Turbocharger and Aftercooler + $151,592 $84,544 $62,960 $12,200
Federal Limit + Limited Operation)
Turbocharger and Aftercooler + Federal Limit ~ ~ ~ ~
+ Limited Operation

Notes:

LIf the cost effectiveness of a LNB/FGR system were based on the actual operation of EU ID 3 during the last five years, the cost effectiveness of

LNB/FGR would be approximately $35,500 per ton of NOy removed.

UAF
PM, 5 Serious NAA BACT Analysis
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Table 3-19. UAF - Proposed NOy BACT and Associated
Emission Rate for Each Emission Unit Type

Emission Unit Fuel NOy BACT
ID Description Description Emission Rate’
113 Large Boiler Coal and CFB with staged combustion 0.2 Ib/MMBtu
Biomass
3 Mid-sized Boiler Diesel Good Combustion Practices 0.2 Ib/MMBtu
Diesel Limited Operation +_Good Combustion 0.2 Ib/MMBtU
4 Mid-sized Boiler __ Practices .
Natural Gas Limited Operation +.Good Combustion 140 Ib/MMscf
Practices
19 through 21 Small Boilers ULSD Limited Operation 1.24 g/MMBtu
8 Large Engine Diesel Turbocharger and Aft(_ercooler + Limited 0.0195 g/hp-hr
Operation
. Turbocharger and Aftercooler + Federal
27 Small Engine ULSD Limit + Limited Operation 3.20 g/hp-hr
9A MedlcaI/Pat_hologlcal Waste Good Combustion Pr_actlces + Limited 3.56 Ib/ton
Waste Incinerator Operation
Notes:
! Emissions are on a per unit basis.
UAF )
Appendiratddd.7.7-1117 January 2017
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4.0 PM,s BACT Analysis

The emission units presented in Table 1-2 all require a PM;s BACT analysis. These emission
units include both combustion units and material handling units. The emission units reviewed in
this section are:

e EUID 113, a large CFB coal and biomass-fired boiler;

e EU IDs 3 and 4, mid-sized diesel-fired and dual-fired (diesel and natural gas-fired)

boilers, respectively;

e EU IDs 19, 20, and 21, small diesel-fired boilers;

o EUID 8, alarge diesel-fired engine;

e EU ID 27, a small diesel-fired engine;

o EU ID 9A, a medical/pathological waste incinerator; and

e EU IDs 105, 107, 109 through 111, 114, and 128 through 130.

4.1 Available PM,s Control Options

The following subsections provide technical summaries of identified PM, s control technology
options and the availability for each of the emission units. Identified control technologies were
determined from a review of the RBLC from 2005 to August 24, 2015 for all possible emission
controls technologies. If the RBLC had limited information, additional control technologies were
identified that are typical for the emission units. The results from the RBLC review can be found
in Appendix A.

4.1.1 LARGE CFB COAL AND BIOMASS-FIRED BOILER (EU ID 113) — PM,s CONTROL
OPTIONS

A review of CFB coal-fired boilers and biomass-fired boilers rated at more than 250 MMBtu/hr in
the RBLC was completed for PM, 5 control technologies. The identified control technologies
include:

e Fabric Filters;

e Electrostatic Precipitator (ESP);

e Scrubber;

o Cyclones;

e Settling Chamber; and

¢ Good Combustion Practices.

Fabric Filters — Large CFB Boiler PM,s Control Option

Fabric filters (typically a baghouse) operate by passing the flue gas through filters in which
particle collection occurs through interception, inertial impaction, diffusion, gravitational settling,
and electrostatic attraction mechanisms. As the particles collect on the filter, the pressure drop
becomes critical and the filter “cake” must be removed during a cleaning cycle. The filter cake
is removed via mechanical shaking, reverse air cleaning, or pulse-jet cleaning. The filter cake

UAF Page 68 January 2017
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then drops by gravity into collection hoppers and the filters begins another collection cycle.
Baghouses are shown to achieve particulate matter collection efficiencies of 90 to 99.9 percent
in the RBLC on a wide range of particle size distributions and loadings. The EPA fact sheet for
new fabric filter pulse units (EPA-452/F-03-025) indicates new fabric filter baghouses can
achieve 99 to 99.9 percent particulate matter emission control. Fabric filters are sensitive to
humid gas streams which can cause excessive pressure drop, bag binding, and failure,
especially in environments with ambient temperatures commonly below freezing. The
operational complexity and high costs associated with fabric filter technology makes this
technology impracticable for smaller units with relatively low particulate matter emissions.

The RBLC lists numerous fabric filter applications on coal-fired boilers rated at more than 250
MMBtu/hr. A review of the RBLC entries for large biomass-fired boilers also shows that several
of these boilers used fabric filter technology. Fabric filter technology is an available PM, s
control technology for large boilers and is being proposed by UAF to control particulate matter
emissions from this large boiler.

ESP — Large CFB Boiler PM,s Control Option

An ESP operates by introducing a charge on the particulate matter entrained in the exhaust
stream. The charged particles are then attracted to oppositely charged collection plates. The
particles are deposited on the plates and the strong electrostatic field inhibits re-entrainment.
The collected particulate matter is removed by mechanical rappers or a water wash, and the
removed particles are then gravity-fed into collection hoppers. An ESP collection efficiency is
highly dependent on particle resistivity, but removal efficiencies of 90 to 99.9 percent are
possible (EPA-452/F-03-028).

For large boilers solely firing wood or biomass, an ESP is often paired with cyclones to control
the larger diameter particulate matter. An ESP is an available control technology for this large
coal and biomass-fired boiler.

Scrubber — Large CFB Boiler PM, s Control Option

The RBLC identified two scrubbers having particulate matter control on coal-fired boilers. One
unit is clearly identified as a venturi wet scrubber and the other unit is generally identified as a
conventional scrubber. Scrubbers remove air pollutants by inertial and diffusional interception.
The theory of venturi scrubber operation is that the exhaust stream is accelerated through a
‘throat’ section that is built into the duct that forces the gas stream to accelerate as the duct
narrows and then expands. As the gas enters the venturi throat, both gas velocity and
turbulence increase. A scrubbing liquid is introduced into the gas stream either upstream of the
throat, in the throat, or upwards against the gas flow in the throat. The scrubbing liquid is then
atomized into small droplets by the turbulence in the throat and droplet-particle interaction is
increased.

UAF Page 69 January 2017
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After the throat section of the venturi, the particulate matter has become entrained in the
droplets and then the liquid droplets are separated from the exhaust stream by a cyclonic
separator and/or a mist eliminator. Venturi scrubber collection efficiencies of particulate matter
range from 70 to 99 percent, depending on the application. Collection efficiencies are generally
higher for particulate matter of 0.5 to 5 microns in diameter (EPA-452/F-03-017). The use of a
wet scrubber is an available control technology for the large boiler.

Cyclones — Large CFB Boiler PM,s Control Option

Cyclones are used in industrial applications to remove particulate matter from exhaust flows and
other industrial stream flows. Dirty air enters a cyclone tangentially and the centrifugal force
moves the particulate matter against the cone wall. The air flows in a helical pattern from the
top down to the narrow bottom before exiting the cyclone straight up the center and out the top.
Large and dense particles in the stream flow are forced by inertia into the walls of the cyclone
where the material then falls to the bottom of the cyclone and into a collection unit. Cleaned air
then exits the cyclone either for further treatment or release to the atmosphere.

The narrowness of the cyclone wall and the speed of the air flow determine the size of
particulate matter that is removed from the stream flow. Cyclones are most efficient at removing
large particulate matter and are generally designed to control particulate matter of 10 microns in
diameter (PMyo) and larger. Cyclones are especially useful in harsh environments, industrial
environments, high dust load streams, and high temperature applications. Cyclones controlling
PM, s and smaller particles are expected to have collection efficiencies of 0 to 40 percent for
conventional single cyclones and 20 to 70 percent for high efficiency single cyclones. Cyclone
design is generally driven by a pressure-drop limitation, which is the reason for the large range
of efficiencies for PM, s collection. The smaller the particulate matter diameter is, the poorer the
collection efficiency becomes (EPA-452-F-03-005). Cyclones are an available control
technology for this application.

Settling Chamber — Large CFB Boiler PM, s Control Option

Settling chambers appear only in the biomass-fired boilers RBLC inventory for particulate matter
control (not PM_ s control) and not in the RBLC inventory for coal-fired boilers. This type of
technology is a part of the group of air pollution controls collectively referred to as ‘pre-cleaners’
because the units are often used to reduce the inlet loading of particulate matter to downstream
collection devices by removing the larger, abrasive particles. The principle behind particulate
matter removal in a settling chamber is that the gas velocity of the effluent stream is reduced
which allows for larger dust particulate to settle from the effluent stream by gravity. Settling
chambers most effectively control particulate matter with diameters greater than 50 microns
(EPA-452/F-03-009). The collection efficiency of settling chambers is typically less than 10
percent for PM;o and the collection efficiency will be much less than 10 percent for smaller
particulate matter.

The EPA fact sheet for settling chambers (EPA-452/F-03-009) does not specify the PM; s
control efficiency. The collection efficiency for material four times larger in diameter, PMyg, is
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less than 10 percent. The control efficiency is decreased with smaller particulate matter
diameter. For these reasons, and because no settling chamber control technologies are
identified in the RBLC for PM, 5, settling chamber control technology is not an available control
technology for the large CFB boiler.

Good Combustion Practices — Large CFB Boiler PM,s Control Option

Large boilers that implement good combustion practices are maintained and operated following
manufacturer instructions and conventional industry practices. Maintaining a boiler in

peak operating condition is in the interest of the owner because the boiler lifespan will be
optimized. Operating a boiler according to the manufacturer's recommendation will keep the
boiler at the highest level of efficiency, reduce strain on the boiler, and optimize maintenance
and operating costs.

In the RBLC review, a number of sources identified good combustion practices as the BACT
determination for large coal-fired boilers. CFB boilers can reduce the particulate matter exhaust
loading through complete combustion of the coal. Good combustion practices are an available
control technology.

4.1.2 MID-SIZED DIESEL-FIRED BOILERS (EU IDs 3 AND 4) — PM,5s CONTROL OPTIONS

A review of the RBLC for mid-sized diesel-fired boilers with a rating between 100 and 250
MMBtu/hr (process code 12.220) showed no emission control technologies identified for
particulate matter. The RBLC was also reviewed for particulate matter BACT determinations for
large diesel-fired boilers rated at more than 250 MMBtu/hr (process code 11.220). Three BACT
determinations were found in the RBLC for larger boilers. Only one entry identified an ESP as
particulate matter control technology. A review of the RBLC for the past ten years was also
conducted for mid-sized natural gas-fired boilers because EU ID 4 has the ability to burn natural
gas. This review found good combustion practices and the use of natural gas as the only BACT
determinations. Incorporating the control technologies identified for both diesel and natural gas-
fired boilers, and including fabric filters and cyclone technology which are both proposed for the
larger CFB coal-fired boiler, results in the following list of possible PM, s control options:

o Fabric Filters:

e ESP;
e Scrubber;
o Cyclone;

e Natural Gas;
e Limited Operation; and
e Good Combustion Practices.
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Fabric Filters — Mid-sized Diesel-fired Boilers PM,s Control Option

As described above, fabric filters (typically a baghouse) operate by passing the flue gas through
filters on which particle matter collection occurs through interception, inertial impaction,
diffusion, gravitational settling, and electrostatic attraction mechanisms. As the collected
particles collect on the filter, the pressure drop becomes critical and the filter “cake” is removed
via mechanical shaking, reverse air cleaning, or pulse-jet cleaning. The dust then drops by
gravity into collection hoppers and the filter begins another collection cycle. Baghouses can
achieve particulate matter collection efficiencies of 95 percent or greater on a wide range of
particle size distributions and loadings. Fabric filters are sensitive to humid gas streams which
can cause excessive pressure drops, bag binding, and failure, especially in environments with
ambient temperatures commonly below freezing. The operational complexity and high costs
associated with fabric filter technology makes this technology impracticable for smaller units
with relatively low particulate matter emissions.

SCI engineers indicated that particulate matter in the exhaust would be coated with unburned
diesel fuel which would cause the particulate matter to plug the bags. The RBLC did not identify
any applications of fabric filter technology to diesel-fired boilers with a rating of 200 MMBtu/hr or
greater. Although fabric filters are not a common particulate matter control technology for mid-
sized diesel-fired boilers, this technology is available.

ESP — Mid-sized Diesel-fired Boilers PM, s Control Option

An ESP operates by introducing a charge on the particulate matter entrained in the exhaust
stream. The charged particles are then attracted to oppositely charged collection plates. The
particles are deposited on the plates and the strong electrostatic field inhibits re-entrainment.
The collected particulate matter is removed by mechanical rappers or a water wash, and the
removed particles are then gravity-fed into collection hoppers. ESP collection efficiency is
highly dependent on particle resistivity, but removal efficiencies of 95 percent or greater are
possible.

ESPs can have collection efficiencies that are similar fabric filters. A review of the RBLC did not
identify any ESPs for BACT control of particulate matter for mid-sized diesel-fired boilers. Only
one diesel-fired boiler rated at 995 MMBtu/hr was shown to be equipped with an ESP. This
large boiler is more than five times the rated capacity of EU ID 3 and more than 50 times the
restricted annual capacity of EU ID 4. Although an ESP is likely not to be an appropriate
technology for these boilers, an ESP is an available technology for this analysis.

Scrubber — Mid-sized Diesel-fired Boilers PM, s Control Option

The RBLC did not identify any scrubbers as control technology for diesel-fired or natural gas-
fired boilers in this size range. Scrubbers remove air pollutants by inertial and diffusional
interception. As described above, the theory of venturi scrubber operation is that the exhaust
stream is accelerated through a ‘throat’ section that is built into the duct that forces the gas
stream to accelerate as the duct narrows and then expands. As the gas enters the venturi
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throat, both gas velocity and turbulence increase. The scrubbing liquid is introduced into the
gas stream either upstream of the throat, in the throat, or upwards against the gas flow in the
throat. The scrubbing liquid is atomized into small droplets by the turbulence in the throat and
droplet-particle interaction is increased.

After the throat section of the venturi, the particulate matter has become entrained in the
droplets and then the liquid droplets are separated from the exhaust stream by a cyclonic
separator and/or a mist eliminator. Venturi scrubber collection efficiencies of particulate matter
range from 70 to 99 percent, depending on the application (EPA-452/F-03-017). Scrubbers are
an available control technology for these boilers.

Cyclone — Mid-sized Diesel-fired Boilers PM,s Control Option

Cyclones are used in industrial applications to remove particulate matter from exhaust flows and
other industrial stream flows as discussed above. Dirty air enters a cyclone tangentially and the
centrifugal force moves the particulate matter against the cone wall. The air flows in a helical
pattern from the top down to the narrow bottom before exiting the cyclone straight up the center
and out the top. Large and dense patrticles in the stream flow are forced by inertia into the walls
of the cyclone where the material then falls to the bottom of the cyclone and into a storage unit.
Cleaned air then exits the cyclone either for further treatment or release to the atmosphere.

The narrowness of the cyclone wall and the speed of the air flow determine the size of
particulate matter that is removed from the stream flow. Cyclones are most efficient at removing
large particulate matter. Cyclones are especially useful in harsh environments, industrial
environments, high dust load streams and high temperature applications. Cyclones controlling
PM, s and smaller particles are expected to have collection efficiencies of 0 to 40 percent for
conventional single cyclones and 20 to 70 percent for high efficiency single cyclones. Cyclone
design is generally driven by a pressure-drop limitation which is the reason for the large range
of efficiencies for the PM,s. The smaller the particulate matter diameter is, the poorer the
collection efficiency becomes (EPA-452/F-03-005).

Although a cyclone is likely not to be an appropriate technology for these boilers, a cyclone is an
available technology for this analysis.

Natural Gas — Mid-sized Diesel-fired Boilers PM, s Control Option

Although both EU IDs 3 and 4 are permitted to operate on natural gas, only EU ID 4 is equipped
with the ability to operate on natural gas. Natural gas combustion has a lower particulate matter
emission rate than diesel combustion, so natural gas can be a preferred fuel for this reason.
The availability of natural gas in Fairbanks is limited. Natural gas must be trucked to Fairbanks
because no pipeline currently supplies natural gas to Fairbanks. Although EU ID 4 is permitted
for a 10 percent capacity factor which reduces the fuel usage significantly, natural gas is not a
reasonable option for this boiler because natural gas is only available in limited quantities. EU
ID 4 must retain the ability to burn diesel if natural gas is not available.

UAF Page 73 January 2017
PM,s Serious NAA BACT Analysis

Appendix I11.D.7.7-1123



Adopted November 19, 2019

UAF has noticed a significant dip in gas supply pressure to EU ID 4 as load is increased. The
gas supplier will likely not be able to maintain adequate pressure if both EU IDs 3 and 4 were
operated at elevated loads while firing natural gas.

Due to the lack of a gas pipeline into Fairbanks and the experience of significant dips on
pipeline pressure, the use of only natural gas as a control technology is not an available option
for either EU ID 3 or 4. The remainder of this BACT analysis for EU ID 4 will focus on diesel
operation because natural gas supply is limited.

Limited Operation — Mid-sized Boilers PM, s Control Option

Limited operation is an available control technology for both EU IDs 3 and 4. EU ID 4 already
has an enforceable operating restriction due to the permitted 10 percent capacity factor
restriction. With fewer hours of operation, the annual potential PM, s emissions are reduced.
This approach is not always practical to PM, s control because not all emission units can
operated in a limited manner while sustaining the needed electricity and steam output
commitments. Limited operation is an available BACT control for PM, s emissions from the
boilers.

Good Combustion Practices — Mid-sized Diesel-fired Boiler PM, s Control Option
Mid-sized boilers following good combustion practices are maintained and operated following
manufacturer instructions and conventional industry practices. Maintaining a boiler in peak
operating condition is in the interest of every owner because the boiler lifespan will be
optimized. Operating a boiler according to the manufacturer’'s recommendation will keep the
boiler at the highest level of efficiency, reduce fuel costs, reduce strain on the boiler, and
optimize maintenance and operating costs.

Although the RBLC review did not identify good combustion practices as BACT for mid-sized
diesel-fired boilers, good combustion practices was a common technology identified for natural
gas-fired boilers. Good combustion practices are an available control technology for EU IDs 3
and 4.

4.1.3 SMALL DIESEL-FIRED BOILERS (EU IDs 19 THROUGH 21) — PM, 5 CONTROL
OPTIONS

The three small diesel-fired boilers share an hourly operating restriction of 19,650 hours per
year. These boilers have no particulate matter emission controls. A review of the RBLC for
small diesel-fired boilers rated at less than 100 MMBtu/hr (process code 13.220) identified one
add-on emission control technology for particulate matter. This add-on control was a scrubber.
The RBLC also identified good combustion practices as a control technology. Many
determinations had no entry. The following list identifies possible PM, s emission control options
for consideration.

e Scrubber;
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e Limit Operation; and
e Good Combustion Practices.

Scrubber — Small Diesel-fired Boilers PM, s Control Option

The RBLC identified one scrubber, which could be wet or dry, for particulate matter control on a
90 MMBtu/hr boiler. As described above, scrubbers remove air pollutants by inertial and
diffusional interception. The theory of venturi scrubber operation is that the exhaust stream is
accelerated through a ‘throat’ section that is built into the duct that forces the gas stream to
accelerate as the duct narrows and then expands. As the gas enters the venturi throat, both
gas velocity and turbulence increase. The scrubbing liquid is introduced into the gas stream
either upstream of the throat, in the throat, or upwards against the gas flow in the throat. The
scrubbing liquid is atomized into small droplets by the turbulence in the throat and droplet-
particle interaction is increased.

After the throat section of the venturi, the particulate matter has become entrained in the
droplets and then the liquid droplets are separated from the exhaust stream by a cyclonic
separator and/or a mist eliminator. Venturi scrubber collection efficiencies of particulate matter
range from 70 to 99 percent, depending on the application (EPA-452/F-03-017). Scrubbers are
an available control technology for the small boilers.

Limited Operation — Small Diesel-fired Boilers PM, s Control Option

The three small boilers are currently sharing an hourly operating limit of 19,650 hours per year.
With fewer available hours of operation, the annual potential PM, s emissions are reduced.
Limited operation is an available BACT control for these small boilers.

Good Combustion Practices — Small Diesel-fired Boilers PM,s Control Option

Small boilers that follow good combustion practices are maintained and operated following
manufacturer instructions and conventional industry practices. Maintaining a boiler in peak
operating condition is in the interest of every owner because the boiler lifespan will be
optimized. Operating a boiler according to the manufacturer's recommendation will keep the
boiler at the highest level of efficiency, reduce fuel costs, reduce strain on the boiler, and
optimize maintenance and operating costs.

The RBLC identified good combustion practices as BACT for many small diesel-fired boilers.
Good combustion practices are an available control technology.

4.1.4 LARGE DIESEL-FIRED ENGINE (EU ID 8) — PM,5 CONTROL OPTIONS

The large diesel-fired engine has a positive crankcase ventilation system which acts as
particulate matter emission control technology. EU ID 8 also has restricted operations because
of the NOy emission limit shared with EU ID 4. This limit also reduces potential PM, s and other
emissions. A review of the RBLC for large diesel-fired engines (process code 17.110) identified
many control technologies for particulate matter emissions. In addition to the RBLC identified
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control options, use of a diesel particulate matter filter is considered. The following list identifies
these possible PM, s emission control options:

e Diesel Particulate Filter (DPF);

o Positive Crankcase Ventilation;

e Low Ash Diesel;

¢ Federal Standard;

e Limited Operation; and

e Good Combustion Practices.

DPF — Large Diesel-fired Engine PM,s Control Option

Although a DPF is not a control technology identified by the RBLC search, DPF is a control
technology that can reduce PM, s emissions and will be considered available. DPF systems are
designed to physically filter particulate matter from the exhaust stream. Several designs exist
which require cleaning and replacement of the filter media once soot has become caked onto
the media. Regenerative filter designs are also available that burn the soot on a regular basis to
regenerate the filter media. DPF is an available control option.

Positive Crankcase Ventilation — Large Diesel-fired Engine PM, s Control Option

One engine in the RBLC (process code 17.110) identified positive crankcase ventilation as a
PM, s control option. Positive crankcase ventilation is the process of re-introducing the
combustion air into the cylinder chamber for a second chance at combustion after the air has
seeped into and collected in the crankcase during the downward stroke of the piston cycle. This
process allows any unburned fuel to be subject a second opportunity for combustion. Any
combustion products act as a heat sink during the second pass through the piston, which will
lower the temperature of combustion and reduce the thermal NOx formation. Positive
crankcase ventilation is part of the EU ID 8 engine design and is an available control
technology.

Low Ash Diesel — Large Diesel-fired Engine PM;, s Control Option

Residual fuels and crude oil are known to contain ash forming components, while refined fuels
are low ash. Fuels containing ash can cause excessive wear to equipment and foul engine
components. EU ID 8 is fired exclusively on distillate fuel which is a form of a refined fuel. The
potential PM, s emissions are based on emission factors for distillate fuel. EU ID 8 is capable of
firing either diesel or heavy fuel oil (non-low ash fuel) according to manufacturer specifications.
UAF only uses low ash distillate fuel in EU ID 8. Low ash diesel is an available control option.
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Federal Standard — Large Diesel-fired Engine PM, s Control Option

Multiple RBLC NOx determinations identified that large engines are required to meet federal
emission standards. The RBLC determinations indicated the engines were to meet the NSPS
requirements of 40 CFR 60 Subpart Illl, NRE standards or EPA certification. Subpart Illl has
performance standards for stationary compression ignition internal combustion engines that are
manufactured or reconstructed after July 11, 2005. The age, rating and size of the compression
cylinder will determine whether the applicable federal emission standard is in Subpart IlIl,
referenced to the NRE standards, or if the engine comes with a manufacturer’s certification
meeting the required federal standards.

EU ID 8 was installed in 1999 and has not been reconstructed since that time. As a result, the
Subpart 11l emission standards cited in the RBLC are not applicable to EU ID 8 because the
engine was installed before the applicability date. No other federal emission standards apply to
engines the age of EU ID 8.

On this basis, complying with the federal emission standards is not an appropriate control option
for EU ID 8 and will not be considered any further in this analysis.

Limited Operation — Large Diesel-fired Engine PM, s Control Option

Many RBLC determinations identified limiting the engine operation as PM, s emission control.
With fewer available hours of operation, the annual potential PM, s emissions are reduced. This
approach is not always practical because not all emission units can be operated in a limited
manner while sustaining the needed electrical output. EU ID 8 has an operating restriction
because the engine shares a NOx emission limit with EU ID 4. Although the operating
restriction is for NOy, this restriction limits emissions of other pollutants, including PM,s. Limited
operation is an available BACT control for PM, s emissions from the large engine.

Good Combustion Practices — Large Diesel-fired Engine PM,s Control Option

Large engines that follow good combustion practices are maintained and operated following
manufacturer instructions and conventional industry practices. Maintaining an engine in peak
operating condition is in the interest of the owner because the engine lifespan is optimized.
Operating an engine according to the manufacturer’'s recommendation will keep the engine at
the highest level of efficiency, lower fuel costs, reduce strain on the engine, and optimize
maintenance and operating costs.

Good combustion practices are an available control technology.

4.1.5 SMALL DIESEL-FIRED ENGINE (EU ID 27) — PM,5 CONTROL OPTIONS

EU ID 27 is a small certified Tier 3 diesel-fired engine with an operating limit of 4,390 hours per
year. The review of similar engines in the RBLC (process code 17.210) includes several control
technologies for particulate matter emissions. The following list identifies these possible PM; s
control options:
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e DPF;

e [ederal Standard;

e Limited Operation; and

e Good Combustion Practices.

DPF — Small Diesel-fired Engine PM, s Control Option

Although DPF is not a control technology identified by the RBLC search, DPF is a control
technology that can reduce PM, s emissions. DPF is designed to physically filter particulate
matter from the exhaust stream. Several designs are available which can either require
cleaning and replacement of the filter media once soot becomes caked onto the media.
Regenerative filter designs are available that burn-off the caked-on soot on a regular basis to
regenerate the filter media.

DPF can reduce particulate emissions by 85 percent or more according to SCI. DPF is an
available control technology.

Federal Standard — Small Diesel-fired Engine PM,s Control Option

Several RBLC PM, s determinations identified small engines being required to meet federal
emission standards. The RBLC determinations indicated the engines were to meet the
requirements of 40 CFR 60 Subpart Illl, NRE standards, or EPA certification requirements.
Subpart Il has performance standards for stationary compression ignition internal combustion
engines that are manufactured or reconstructed after July 11, 2005. The age, rating, and size of
the compression cylinder determines whether the applicable federal emission standard is in
Subpart Illl, referenced to the NRE standards, or if the engine comes with a manufacturer’'s
certification of meeting the required federal standards.

EU ID 27 was recently manufactured and installed. The unit is a certified Tier 3 engine. As a
result, complying with the applicable federal emission standards is an available control option.

Limited Operation — Small Diesel-fired Engine PM, s Control Option

Only a few RBLC determinations identified limiting the engine operation as the PM, s control
option. With fewer hours of operation, the annual potential PM, s emissions are reduced. This
approach is not always practical to control PM, s emissions because not all emission units can
be operated in a limited manner while sustaining electricity output commitments.

EU ID 27 is subject to a 4,380 hours per year operating limit. As a result, limited operation is an
available control option.
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Good Combustion Practices — Small Diesel-fired Engine PM, s Control Option
Small engines that follow good combustion practices are maintained and operated following

manufacturer instructions and conventional industry practices. Maintaining an engine in peak
operating condition is in the interest of every owner because the engine lifespan will be
optimized. Operating an engine according to the manufacturer’'s recommendation will keep the
engine at the highest level of efficiency, lower fuel costs, reduce strain on the engine, and
optimize maintenance and operating costs.

Good combustion practices are an available control technology and are standard practice, as
well as a component of compliance with applicable federal emission standards.

416 MEDICAL/PATHOLOGICAL WASTE INCINERATOR (EU ID 9A) — PM,5 CONTROL
OPTIONS

The medical/pathological waste incinerator is restricted to processing no more than 109 tons of
waste per year and operates with a secondary combustion chamber. A review of the RBLC for
similar hospital, medical and infectious waste incinerators (process code 21.300) identified only
the use of multiple combustion chambers for particulate matter control technology, yet the
following list identifies several additional PM, s control options:

e Fabric Filters;

e ESP;

e Limited Operation;

e Good Combustion Practices; and

e Multiple Chambers.

Fabric Filters — Medical/Pathological Waste Incinerator PM,s Control Option

Fabric filters (typically a baghouse) operate by passing the flue gas through filters on which
particle collection occurs through interception, inertial impaction, diffusion, gravitational settling,
and electrostatic attraction mechanisms. As the collected particles accumulate on the filter, the
pressure drop becomes critical and the filter “cake” is removed via mechanical shaking, reverse
air cleaning, or pulse-jet cleaning. The dust then drops by gravity into collection hoppers and
the filter begins another collection cycle. Baghouses can achieve particulate matter collection
efficiencies of 95 percent or greater on a wide range of particle size distributions and loadings.
Fabric filters are sensitive to humid gas streams which can cause excessive pressure drops,
bag binding, and failure, especially in environments with ambient temperatures commonly below
freezing.

The operational complexity and high costs associated with fabric filter technology makes this
technology impractical for small units with relatively low particulate matter emissions. SCI
indicated that particulate matter in the exhaust would be coated with unburned fuel which could
cause the particulate matter to plug the bags. The RBLC did not identify any applications of
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fabric filter technology for incinerators. Although fabric filters are not a common particulate
matter control technology for similar incinerators, this technology is available.

ESP — Medical/Pathological Waste Incinerator PM, s Control Option

As described above, an ESP operates by introducing a charge on the particulate matter
entrained in an exhaust stream. The charged particles are then attracted to oppositely charged
collection plates. The particles are deposited on the plates and the strong electrostatic field
inhibits re-entrainment. The collected particulate matter is removed by mechanical rappers or a
water wash, and the removed particles are then gravity-fed into collection hoppers. ESP
collection efficiency is highly dependent on particle resistivity, but removal efficiencies of 95
percent or greater are possible. ESPs can have collection efficiencies similar to fabric filter
collection efficiencies.

A review of the RBLC did not identify any ESPs for BACT control of particulate matter from
similar incinerators. Although ESPs are not a common particulate matter emission control
technology for pathological waste incinerators, ESPs are an available control technology.

Multiple Chambers — Medical/Pathological Waste Incinerator PM,s Control Option

One RBLC entry for hospital, medical and infectious waste incinerators was found from a review
of the last ten years. The identified control technology for this incinerator was multiple
chambers. A multiple chamber incinerator introduces the waste material and a portion of the
combustion air in the primary chamber. The waste material is combusted in the primary
chamber. The secondary chamber introduces the remaining air to complete the combustion of
all incomplete combustion products. Many of the volatile organic compounds from waste
material are completely combusted in the secondary chamber. An EPA fact sheet indicates that
solid waste incinerators can reduce PMj, emissions up to 70 percent (EPA-452/F03-022) using
multiple chambers. The expectation is that less than 70 percent control of PM, s would be
obtained. The incinerator has a multiple chamber design, so multiple chambers are an available
control technology.

Good Combustion Practices — Medical/Pathological Incinerator PM,s Control Option
Incinerators that follow good combustion practices are maintained and operated according to
manufacturer instructions and conventional industry practices. Maintaining an incinerator in
good operating conditions is in the interest of every owner because the incinerator lifespan will
be optimized and the highest level of destruction of pathological material is enabled. Good
combustion practices are an available control technology.

Limited Operation — Medical/Pathological Incinerator PM,s Control Option

While the RBLC did not identify limited operation as a PM, s control option, fewer available
hours of operation does reduce the annual potential PM, s emissions. EU ID 9A is limited to 109
tpy of waste combustion. As a result, limited operation is an available control option.

UAF Page 80 January 2017
PM,s Serious NAA BACT Analysis

Appendix I11.D.7.7-1130



Adopted November 19, 2019

4.1.7 MATERIAL HANDLING EMISSION UNITS (EU IDs 105, 107, 109 THROUGH 111,
114, AND 128 THROUGH 130) — PM,5s CONTROL OPTIONS

A review of the RBLC for several types of material handling sources was conducted. Coal
handling (RBLC Process ID: 90.011), lime/limestone handling (RBLC Process ID: 90.019) and
ash handling (RBLC 99.120) all take place at UAF, so each of these processes were reviewed
for PM, s control options. The control technologies identified in the RBLC include:

e Fabric Filters;

e Scrubber;

e Suppressant;

e Enclosure;

e Screens; and

o Closed System Vents/Negative Pressure Vents.

EU IDs 105, 107, 109, 110, 114, and 128 through 130 are controlled PM, s emission units.
These material handling units are enclosed and the emissions are vented through fabric filters
before exhausting to the atmosphere. EU ID 111, the ash unloading to disposal trucks, occurs
in a building which has large doors for allowing the haul trucks to arrive and leave. During ash
unloading these doors remain closed to prevent the release of fugitive emissions and the
potential generation of wind caused emissions.

Fabric Filters — Material Handling Emission Units PM,s Control Option

Fabric filters operate by passing particulate laden air streams through filters on which particle
collection occurs through interception, inertial impaction, diffusion and electrostatic attraction
mechanisms. Fabric filters are sensitive to humid gas streams which can cause excessive
pressure drops, filter binding, and failure, especially in environments with ambient temperatures
commonly below freezing.

The RBLC review found that the use of fabric filters was the most common particulate matter
technology used for control emissions from ash, coal and lime/limestone handling operations.
Control efficiencies listed in the RBLC for fabric filter particulate matter control the efficiency
were consistently 99 percent or better.

Fabric filter technology is considered an available PM; s control technology for EU IDs 105, 107,
109, 110, 114, and 128 through 130 which currently have or are planned to be constructed with
fabric filter dust collectors. EU ID 111 is the only material handling system without fabric
filtration control because the emissions do not always occur in an enclosed building. The
location at which ash is loaded into haul trucks is enclosed during the loading operation, but
because large doors are opened to allow the trucks to enter and leave, any control technology
would not service all the building air because much of the building air is exchanged with ambient
air during the trucks departure. For this reason, a fabric filter is not an available control
technology for EU ID 111.
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Scrubber — Material Handling Emission Units PM,s Control Option

The RBLC identified two scrubbers as particulate matter control for ash handling. Scrubbers
remove air pollutants by inertial and diffusional interception. Several scrubber designs are
available on the market that include high energy venturi designs and low energy spray tower
design. The theory of venturi scrubber operation is that the exhaust stream is accelerated
through a ‘throat’ section that is built into the duct that forces the gas stream to accelerate as
the duct narrows and then expands. As the gas enters the venturi throat, both gas velocity and
turbulence increase. The scrubbing liquid is introduced into the gas stream either upstream of
the throat, in the throat, or upwards against the gas flow in the throat. The scrubbing liquid is
then atomized into small droplets by the turbulence in the throat and droplet-particle interaction
is increased.

After the throat section of the venturi, the particulate matter has become entrained in the
droplets and then the liquid droplets are separated from the exhaust stream by a cyclonic
separator and/or a mist eliminator. Venturi scrubber collection efficiencies of particulate matter
range from 70 to 99 percent, depending on the application (EPA-452/F-03-017).

In a spray tower design scrubber, the spray mist typically is counter current from the gas flow.
Most commonly, the spray mist is directed downward from the top of the tower while the
particulate matter-laden gas stream enters from the bottom and passes upward through a spray
mist. The particulate matter entrained in the gas stream impacts the droplets and are then
removed from the gas stream through a mist eliminator. Spray towers are not generally used
for fine particulate matter applications because the equipment requires very high liquid to gas
ratios. Collection efficiencies range from 70 to 99 percent depending on the application. (EPA-
452/F-03-016). Scrubbers are an available control technology for EU IDs 105, 107, 109, 110,
114, and 128 through 130 which have captured emissions that can be controlled. EU ID 111 is
not a controlled emission unit so use of a scrubber is not possible to capture PM; s emissions.
As a result, scrubbing is not an available control technology for EU ID 111.

Suppressant — Material Handling Emission Units PM,s Control Option

The use of dust suppression to control particulate matter can be effective for stockpiles and
transfer points exposed to the open air. Applying water or a chemical suppressant can bind the
materials together into larger particles which reduces the ability to become entrained in the air
either from wind or material handling activities. This technology works in practice on material
handling sources that are exposed to wind and ambient conditions. Suppressants are an
available particulate matter control for all the material handling emission units.
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Enclosure — Material Handling Emission Units PM,s Control Option

An enclosure prevents the release of fugitive emissions into the ambient air by confining all
fugitive emissions within a structure and preventing additional fugitive emissions from being
generated from winds eroding stockpiles and lifting particulate matter from conveyors. The
RBLC identified enclosures as control technology for a number of emission units. Often the
enclosures are paired with fabric filter control technology. The RBLC does not identify a control
efficiency for an enclosure that is not associated with another control option. PM, s emissions
from each material handling source originate in an enclosure, so enclosures are available for
particulate matter emission control.

Wind Screens — Material Handling Emission Units PM, s Control Option

The RBLC identified several emission units with wind screens to control particulate matter
emissions. A wind screen is much like a solid fence which is used to lower wind velocities near
stockpiles and material handling sites. As wind speeds increase, so does fugitive particulate
matter emissions from stockpiles, conveyors, and transfer points. The use of wind screens is
appropriate for materials not already located in an enclosure. Because all the material handling
emission units are enclosed, a wind screen is not an appropriate technology for controlling
particulate matter emissions and is not an available technology.

Vents — Material Handling Emission Units PM, s Control Option

Vents can control fugitive emissions by collecting fugitive emissions from enclosed loading,
unloading, and transfer points and then venting emissions to the atmosphere or back into other
equipment such as a storage silo. Vents that exhaust to atmosphere without a filter or other
control device do not reduce emissions. Other vent control designs include closed systems and
operating under a negative pressure. Closed system vent systems are available control options
for EU IDs 105, 107, 109, 110, 114, and 128 through 130 because these emission units are
located in enclosures with vents. EU ID 111 is enclosed during the ash transfer to the disposal
trucks but the large vehicle doors must open for trucks to enter and exit the ash loadout facility.
Installation of a vent would be ineffective because the ambient air exchange from the building
while the doors are opened. Negative pressure vent systems are not an available technology
for these material handling emission units beyond the pneumatic operation which is part of the
design.

418 SUMMARY OF AVAILABLE PM,s CONTROL OPTIONS

Table 4-1 summarizes the available PM; 5 control options for the serious NAA PM, s emission
units at UAF. The large coal and biomass-fired boiler (EU ID 113) has five available PM; s
control technologies. Fabric filters are part of the proposed emission control design for this unit.
Three add-on control technologies are ESP, scrubber and cyclone. The use of good
combustion practice is also available.

The available PM, 5 control technologies for the mid-sized diesel-fired boiler (EU ID 3) and the
diesel and natural-gas fired boiler (EU ID 4) are the same. Because natural gas supply is
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limited in Fairbanks, the BACT analysis for EU ID 4 will focus on diesel operation. Although no
add-on control technologies were identified in the RBLC for mid-sized diesel or natural gas-fired
boilers, fabric filters, ESP, scrubber and cyclone controls are available along with limited
operation and good combustion practices as shown in Table 4-1.

Scrubbing is the only add-on control technology identified as available for small boilers (EU IDs
19 through 21) to control PM,s. Table 4-1 shows limited operation and good combustion
practices as the only other available control technologies for these small boilers.

Several control options are available for the large diesel-fired engine (EU ID 8), as shown in
Table 4-1. EU ID 8 is using low ash diesel, is designed with positive crankcase ventilation, and
has restricted operation. Diesel particulate matter filters can reduce emissions of PM, s as well.

Table 4-1 identifies the small diesel-fired engine control options. EU ID 27 is operating under a
federal emission standard as a Tier 3 engine and has restricted operating hours. A diesel
particulate matter filter is the only add-on control technology available for the small engine.

As shown in Table 4-1, multiple chamber incinerator design is the only internal PM, s control
technology for the medical/pathological waste incinerator. The use of fabric filtration and ESP
for PM, s control as add-on controls, in addition to good combustion practices and limited
operations, will be reviewed for the incinerator.

Nine material handling emission units with PM, s control options are shown in Table 4-1. EU IDs
105, 107, 109, 110, 114, and 128 through 130 are enclosed emission units that have five
available control options. EU ID 111, the ash loadout to truck transfer point, has two available
control technologies identified because, unlike the other material handling points, the ash
loadout building has large access doors for the disposal trucks which allows much of the
building air to escape without the possibility for treatment.

4.2 Technical Feasibility of Available PM,s Control Options

The following subsections describe the technical feasibility analyses for the available PM; 5
control alternatives for the each of the emission units. A summary of the technically feasible
control technologies for each type of emission unit is shown in Table 4-2.

4.2.1 LARGE CFB COAL AND BIOMASS-FIRED BOILER (EU ID 113) — PM,s TECHNICAL
FEASIBILITY

All five of the available control technologies are technically feasible for this boiler, although the
level of particulate matter control varies widely. These five control technologies are fabric
filtration, ESP, scrubber, cyclone, and good combustion practices.
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4.2.2 MID-SIZED DIESEL-FIRED BOILERS (EU IDs 3 AND 4) — PM,s TECHNICAL
FEASIBILITY

Following the combustion of diesel fuel in the boilers, the exhaust gas contains fine particulate
matter and unburned hydrocarbons. Indeck Keystone Energy, LLC was consulted about using
PM. s control equipment on these boilers because Indeck Keystone Energy, LLC acquired Zurn
Energy Division, the original manufacturer of these emission units. Indeck Keystone Energy,
LLC indicated that fabric filters, scrubbers and ESPs are not used on these types of diesel-fired
boilers, as shown in Appendix B. The particulate matter created from diesel combustion is
normally a substantial oily/tar/carbon mass, rather than a lighter dust or fly ash particle that is
typical from coal or gas burning. The particulate matter from diesel combustion readily adheres
to downstream control equipment. Filter bags would quickly become clogged by the unburned
hydrocarbons preventing proper flow through the filter bags and creating high back pressure
issues. The electromagnetically charged collection plates in the ESP could not release the
particulate matter through mechanical rappers that use vibration to release the adhered material
or through water washing. Material that would be released from the collection plates would
adhere to the waste hopper and could not easily be removed for disposal. Scrubbers would
have a similar problem because upon contact with the spray the droplet would become a larger
but still sticky material that would adhere to the discharge piping requiring regular and extensive
labor to clean and maintain. For these reasons, fabric filtration, EPS and scrubbing are not
technically feasible PM, s control options for these boilers and will not be reviewed any further in
this BACT analysis.

Cyclone control of PM, 5 has very limited efficiency, as described above. Cyclones are
especially good as pre-cleaners and are ideal for flow streams that contain heavy particulate
matter loading of large diameter particles and are at high temperature and in harsh
environments. None of these qualities apply to the diesel-fired boilers exhaust gas. Typical
cyclones are known to achieve from O to 40 percent PM, s removal efficiencies, while high
efficiency cyclones have been known to control 20 to 70 percent of the PM,s. The boiler
exhaust does not have heavy particulate matter loading, the particulate matter size of interest is
PM, s for which cyclones have low collection efficiencies, and no RBLC entries identify the use
of a cyclone for this type of application. The particulate matter created from the diesel
combustion as described above would cause fouling of the cyclone, preventing proper cyclonic
operation and requiring regular and extensive labor to clean and maintain the cyclone. Based
on this information, cyclones are not technically feasible and will not be reviewed any further in
this BACT analysis.

Limited operation is technically feasible for EU ID 4 because the unit currently operates with an
annual heat input restriction and limited NOy emissions. EU ID 3 does not currently have an
operating limit. EU ID 3 is needed as backup to the current large boilers or the proposed new
CFB boiler, should those boilers fail. On this basis, limited operation is technically feasible for
EU ID 4, but is not technically feasible for EU ID 3.
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Good combustion practices are technically feasible. Because good combustion practices are the
only remaining PM, s control option for EU ID 3, good combustion practices will be proposed as
BACT for that boiler. No additional BACT review is necessary for EU ID 3.

Because EU ID 4 has limited operation and this control option reduces PM, s emissions more
than good combustion practices, UAF will propose that BACT for EU ID 4 be limited operation.
No further BACT review is necessary for EU ID 4. Although eliminated from BACT
consideration, good combustion practices are practiced for other reasons.

4.2.3 SMALL DIESEL-FIRED BOILERS (EU IDs 19 THROUGH 21) — PM,s TECHNICAL
FEASIBILITY

One add-on PM, s emission control identified as available is a scrubber. Only one scrubber was
identified among the eight RBLC entries. This scrubber was to be installed on unit rated at 90
MMBtu/hr. This unit is more than 14 times larger than the small boilers at UAF. Although
Proctor Sales Inc, a scrubber vendor, has indicated that installing a scrubber for boilers the size
of EU IDs 19 through 21 is technically feasible, scrubbers are not a typical application because
of the high capital cost. Scrubbing is technically feasible for these small boilers and will be
reviewed in this BACT analysis.

Another identified available control technology is limited hours of operation. These boilers
already operate with limited hourly operating under Condition 10 of Air Quality Permit No.
AQO0316MSS03. UAF cannot reduce the operations of these boilers to levels below this
restriction without hindering the facility operations.

Because these boilers have operating limits that reduce PM, s emissions, the use of good
combustion practices will not be carried forward as an additional control option because good
operating practices do not add any additional improvement to the current level of PM, s control.
Although eliminated from BACT consideration, good combustion practices are practiced for
other reasons.

4.2.4 LARGE DIESEL-FIRED ENGINE (EU ID 8) — PM,s TECHNICAL FEASIBILITY

Several concerns exist about the technical feasibility of using a DPF on EU ID 8. A Fairbanks
Morse Engine employee stated that Fairbanks Morse have never supplied a DPF with a new
engine or for aftermarket use. The RBLC has 86 PM control option entries for large diesel-fired
engines, but none for a DPF. A commercially available DPF likely does not exist for large
engines similar to EU ID 8. The Fairbanks Morse Engine employee emphasized that any post-
combustion control technology sizing is critical such that the technology does not cause the total
exhaust system backpressure to exceed the maximum allowable backpressure of the engine.
An increase in the backpressure levels requires the engine to compress the exhaust gases to a
higher pressure, which involve additional mechanical work and/or less energy extracted by the
engine. Several of the effects of additional backpressure include:
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e Increased pumping work,

¢ Reduced intake manifold boost pressure,

e Cylinder scavenging and combustion effects, and
e Turbocharger problems.

EU ID 8 has an SCR system that creates backpressure. Use of DPF is not technically feasible
because DPF has not been demonstrated in practice based on the numerous RBLC entries.
The backpressure issues are one of the possible reasons DPF is not commercially available.

Positive crankcase ventilation is technically feasible and already incorporated into the EU ID 8
design. EU ID 8 is combusting low ash diesel (distillate fuel oil) although the engine is designed
to fire either heavy fuels or distillate fuel. As a result, the use of low ash fuels is technically
feasible.

This engine has existing operating limits because of the shared NOx emission limit that also
effectively limits the potential emissions of all other air pollutants, including PM,s. UAF cannot
reduce the operation of this engine to levels below these restrictions without hindering the ability
to meet electricity needs. Limited operation will be carried forward as technically feasible at the
current level of restriction. Because this large engine is operated using three technically
feasible PM, s control options, the use of good combustion practices will not be carried forward
as an additional control option because this technology does not add any additional
improvement to the current level of PM, s emission control. Although eliminated from BACT
consideration, good combustion practices are practiced for other reasons.

UAF will propose that PM, s BACT for EU ID 8 be the use of the three existing control
techniques currently in practice. These control techniques include positive crankcase
ventilation, use of low ash fuel, and limited operation. No further BACT analysis will be
completed for this engine.

4.25 SMALL DIESEL-FIRED ENGINE (EU ID 27) — PM,s TECHNICAL FEASIBILITY

Four control technologies were identified as available for this small engine. A DPF is
considered technically feasible for this small engine. This engine already is subject to an hourly
operating limit and is subject to the Tier 3 federal emission standard. As a result, both limited
operations and federal standards are considered technically feasible. UAF cannot reduce the
hours of operations on this engine to lower levels without impacting facility electrical
requirements. Because this small engine is operated using two technically feasible PM, 5
control options, the use of good combustion practices will not be carried forward as an
additional control option because this option would not reduce PM, s emissions below the
current control technologies. Although eliminated from BACT consideration, good combustion
practices are practiced for other reasons, including compliance with federal emissions
standards.
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426 MEDICAL/PATHOLOGICAL WASTE INCINERATOR (EU ID 9A) — PM, s TECHNICAL
FEASIBILITY

Of the three identified control technologies for the incinerator, fabric filtration and the use of
multiple chambers are considered technically feasible. The third control technology, ESP, is not
technically feasible for this incinerator. The incinerator vendor, Therm Tec (see Appendix B),
has indicated that the use of an ESP on this incinerator is not a viable PM, s emission control
option due to the 10 to 12 percent moisture content in and high temperature of the flue gas.
The high moisture content and high temperature causes the particles to have a low resistivity.
This phenomenon allows the particles to pick up the charge from the electrodes in the ESP
quickly, but also allows the charged particle upon contacting the collection plate to rapidly lose
charge, bounce off the collection plate, and become re-entrained in the flue gas. In general,
Therm Tec states ESPs are expensive and inefficient for this type of application. Based on this
information, an ESP will not be technically feasible for this application and will not be further
reviewed in this BACT analysis.

This incinerator is operating with multiple chambers. This technology and the use of add on
fabric filtration control technology are considered technically feasible and will be reviewed in this
BACT analysis. The incinerator has an existing operating limit. Limited operations and good
combustion practices are technically feasible.

4.277 MATERIAL HANDLING EMISSION UNITS (EU IDs 105, 107, 109 THROUGH 111,
114, AND 128 THROUGH 130) — PM, s TECHNICAL FEASIBILITY

The material handling emission units have been divided into two groups because of physical
differences. The larger group of emission units, EU IDs 105, 107, 109, 110, 114, and 128
through 130 will be equipped with poly-tetra-fluoro-ethylene (PTFE) membrane fabric filters.
These fabric filters are technically feasible and are expected to control emissions such that
PM, s emissions will be 0.003 gr/dscf. These emission units are enclosed and fabric filters
control the air vented from the enclosures. Table 4-2 shows enclosure and fabric filtration as a
technically feasible control technology for EUs ID 105, 107, 109, 110, 114, and 128 through
130.

EU IDs 105, 107, 109, 110, 114, and 128 through 130 are enclosed emission units that are
vented. The use of closed system venting is technically feasible for these emission units.

The use of water in a scrubber would be problematic in the Fairbanks climate. In the Interior
Alaska environment, moisture from a scrubber would easily freeze in a scrubber or the mist
eliminator, rendering the scrubber or mist eliminator inoperable. Moisture escaping with the
exhausted gas stream would enhance the risk of forming ice fog. Using water to control coal,
sand, or limestone handling would introduce moisture into the boiler which would change the
combustion characteristics of these materials. Using a chemical suppressant on these
materials could introduce new unwanted chemicals for atmospheric release. The use of water
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or water based suppressants poses too many risks to be considered a technically feasible
control technology for particulate matter control for these material handling emission units.
Scrubbers are not technically feasible PM, s emission controls for any of the material handling
emission units.

The use of water or a water-based suppressant also would be problematic in the Interior Alaska
climate. Applications of water to materials exposed to the ambient winter conditions could
create large frozen blocks of material. Adding water within the process would cause blockage in
the fabric filters because the moisture would freeze or plug the filters, preventing air. The
addition of moisture to emission units in enclosures that vent to the ambient air could also be a
source of ice fog. EU IDs 105, 107, 109, 110, 114, and 128 through 130 are enclosed and are
proposed to have fabric filter control technology in place. Suppressants are not an appropriate
control technology because the result would be filters that freeze during the winter. Ice fog could
potentially form and be problematic. As a result, suppressants are not technically feasible for
these emission units.

The second group of material handling emission units consists of one emission unit, EU ID 111,
which is the ash loadout. Application of a suppressant to the ash as the material is deposited
into trucks would create ice during the winter months. The ice would prevent the haul truck from
being able to dump the ash if frozen to the truck bed. The additional moisture in the warmer
months of the year would cause for heavier truck loads that would increase fugitive road dust.
For these reasons, use of a suppressant is not a technically feasible control technology for EU
ID 111.

The ash unloading area is fully enclosed while ash is dropped from a hopper into the truck bed.
Although the building around the ash loadout is closed during the loadout activity, the large truck
doors are not closed at all times because the doors must be opened to allow the haul trucks to
enter and leave the loadout station. The use of an enclosure for the ash loadout at EU ID 111 is
considered technically feasible even though the loadout area is not a continuously maintained
enclosure. Emissions for the ash loadout operation are based on the empirical equation from
AP-42, section 13.2.4, which considers wind speed and ash moisture content. The mean
Fairbanks wind speed was used with this empirical equation and no credit was taken for the
enclosure surrounding this transfer point. As a result, the potential PM, s emissions are likely
overestimated. The use of the enclosure will be proposed as BACT for the EU ID 111 because
enclosure is the only remaining control technology. No further analysis will be completed for EU
ID 111.

42.8 SUMMARY OF PM,s TECHNICAL FEASIBILITY

All five available control technologies identified for the large coal and biomass-fired boiler are
considered technically feasible control technologies, as shown in Table 4-2.
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Of the control technologies identified as available for mid-sized boilers, none of the add-on
control technologies are technically feasible. Only good combustion practices remained feasible
for EU ID 3, as shown in Table 4-2. EU ID 4 operates with limited operation, so this technology
will be proposed as PM, s BACT for EU ID 4. As a result, no further PM, s BACT analysis will be
completed for EU IDs 3 and 4.

Among the available control technologies identified for the small diesel-fired boilers, the
scrubber and limited hours of operation are considered technically feasible.

The large diesel-fired engine has three technically feasible control options for consideration, as
shown in Table 4-2. Positive crankcase ventilation is part of the engine design, the engine is
using a low ash diesel fuel, and has limited operation. These three control options will be
proposed as PM,s BACT for EU ID 8.

Use of a DPF is the only new add-on control technology for PM, s emission control from the
small engine, EU ID 27, as shown in Table 4-2. EU ID 27 is operating in compliance with the
applicable federal emission standard as a Tier 3 engine and is restricted to operating no more
than 4,380 hours per year.

EU ID 9A has four technically feasible control options, the use of multiple chambers for
combustion, good combustion practices, limited operation, and fabric filtration as an add-on
control technology. EU ID 9A has an existing operating limit.

Table 4-2 shows the two groupings of material handling emission units. EU ID 111, as shown in
the table, has enclosure as the only technically feasible control technology. This technology will
be proposed as PM,s BACT. EU IDs 105, 107, 109, 110, 114, and 128 through 130 have three
available control technologies for further review.

4.3 Ranking of Technical Feasibility PM, s Control Options

The following subsections rank the technically feasible control technologies for each equipment
type by the ability to reduce PM, s emissions. A summary of the rankings are found in Table 4-
3.

4.3.1 LARGE CFB COAL AND BIOMASS-FIRED BOILER (EU ID 113) — PM,s RANKING
OF TECHNICAL FEASIBILITY

As shown in Table 4-3, each of the five technically feasible control technologies for EU 113 are
ranked by PM, s control efficiency. Fabric filters are estimated to provide the best PM, 5
emission control. The EPA fact sheet for fabric filters indicates this technology can remove 99
to 99.9 percent of all sizes of particulate matter, including the small fraction of PM,s. The RBLC
does not include any control efficiencies for fabric filter control technology determinations on
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PM,s. For this analysis, the assumption is that a baghouse will capture 95 percent of the PM, s,
a conservatively low assumption.

SCl indicated that an ESP has a lower particulate matter collection efficiency than a baghouse
for this coal-fired boiler application. Based on this information, the average particulate matter
collection efficiency of 90 percent was assumed based on the EPA ESP fact sheet. The
scrubber and cyclone have even lower particulate matter collection efficiencies of 70 and 20
percent, respectively. The PM,s emissions have been estimated based on the baghouse
vendor emission rate guarantee and assuming a 95 percent level of control.

UAF is proposing to install a baghouse for particulate matter control on this boiler. The vendors
for the baghouse designed for this boiler guarantee a PM, s emission rate of 0.012 Ib/MMBtu of
heat input. The estimated level of control is approximately 95 percent of the PM,s. This
baghouse is designed with filter bags that have the highest efficiency available for this
application according to the vendor. Because the baghouse system has the highest level of
PM, s control of the five control technologies under consideration, UAF will propose that PM; 5
BACT for EU ID 113 be a baghouse. Because UAF proposes to install a baghouse, no further
review of impacts or other PM; 5 control technologies is necessary.

4.3.2 SMALL DIESEL-FIRED BOILERS (EU IDs 19 THROUGH 21) — PM, s RANKING OF
TECHNICAL FEASIBILITY

EU IDs 19 through 21 share an operating limit of 19,650 hours per year to control NOx.
Although this analysis is focused on PM; s, the restricted operation must be considered as the
base case jointly with any add-on control technology. The scrubber is the only technically
feasible add-on PM, s emission control technology for these small boilers. This technology can
reduce the PM, s emissions by 70 to 99 percent, which will reduce the overall emissions from all
three boilers by less than 1 tpy, as shown in Table 4-3. For this analysis, the conservative
assumption is that 99 percent of the PM, s emission is controlled by the scrubber.

4.3.3 SMALL DIESEL-FIRED ENGINE (EU ID 27) — PM,s RANKING OF TECHNICAL
FEASIBILITY

EU ID 27 is a Tier 3 certified engine with an annual operating restriction. This existing
configuration is the base-case for ranking the PM, s emission control technologies. A DPF is the
only additional particulate matter emission control considered for this engine. A DPF is
estimated to remove less than 0.25 tpy of PM, s emissions (an 85 percent control efficiency), as
shown in Table 4-3.
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4.3.4 MEDICAL/PATHOLOGICAL WASTE INCINERATOR (EU ID 9A) — PM, 5 RANKING
OF TECHNICAL FEASIBILITY

EU ID 9A is designed with a secondary combustion chamber in which organic particulate matter
is destroyed. This existing configuration, along with the operating limit, is the base-case for
ranking the PM, s emission control technologies. Fabric filters are an add-on emission control
technology that will be considered in addition to the use of multiple chambers. Fabric filters are
estimated to capture 95 percent of PM, s emissions.

4.3.5 MATERIAL HANDLING EMISSION UNITS WITH FABRIC FILTERS (EU IDs 105, 107,
109, 110, 114, AND 128 THROUGH 130) — PM, s RANKING OF TECHNICAL
FEASIBILITY

The current design incorporates the three technically feasible control technologies for EU IDs
105, 107, 109, 110, 114, and 128 through 130. Each material handling emission unit is
enclosed. The vented emissions are treated by a fabric filter. EU IDs 105, 107, 109, 110, and
128 through 130 have exhaust flows of 1,000 acfm and are guaranteed to emit no more than
0.003 gr/dscf of PM,5s. EU ID 114 is a much smaller emission unit with an exhaust flow of 5
acfm and a vendor guarantee to emit no more than 0.05 gr/dscf of PM,s. The proposed filters
have the best level of control available, per vendor information. Although closed system venting
is identified as a technically feasible control technology, re-designing the vent system and
ducting the vents into the boiler combustion air intake or another closed system at the plant will
result in PM, s emission reductions of less than 0.23 tpy for any of these emission units. The
annualized costs for re-design and ducting will not be quantified in this analysis due to the
extremely low PM, s emission reductions that could be achieved. The use of enclosure with
fabric filter control technologies will be proposed as BACT for these material handling emission
units. No further BACT review is necessary.

4.4 Additional Impacts of Technically Feasible PM,s Control Options

The following subsections describe the energy, environmental, and economic impacts
associated with the alternative control options for the various equipment. The control
technologies offering the greatest level of PM, s removal will be reviewed for impact. If the
control technology offering the greatest level of PM, s emission control is not appropriate as
BACT, then the next control technology offering the second greatest level of PM, s emission
removal is reviewed. If the second greatest level of PM, s control is not BACT, then the review
continues until a technically feasible emission control technology is identified.

Cost estimates were prepared for the various control technologies by SCI with input from control
technology vendors. The supporting cost estimates from SCI can be found in Tables 4-4
through 4-9.
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441 SMALL DIESEL-FIRED BOILERS (EU IDs 19 THROUGH 21) — SCRUBBER
Energy Impacts

The small diesel-fired boilers will be subject to an increased need for energy to operate a
scrubber. This cost has not been estimated at this time.

Environmental Impacts

The scrubber will produce a liquid waste stream that will need to be treated and disposed
appropriately. The associated impact from this waste stream has not been assessed at this
time.

Economic Impacts

The total capital cost to install one scrubber on the exhaust from three boilers has been
estimated by Proctor Sales Inc. to be $300,000. This cost is shown in Table 4-4. This cost
estimate from Proctor Sales is provided in Appendix B. This scrubber is conservatively
assumed to control 99 percent of the PM, s emission. Because of the large capital cost, no
additional costs have been estimated at this time.

The annualized cost for a scrubber on these small diesel boilers of $42,713 is based on the
capital recovery cost and does not include any annual operating or maintenance costs, as
shown in Table 4-5. This scrubber would control less than one ton per year of PM, s emissions.
The cost-effectiveness of using a scrubber to control PM; 5 on these boilers is $47,939 per ton
of PM, s removed. The cost-effectiveness of using a scrubber to control these emissions is
much higher than a reasonable cost for emission control technology.

BACT will be proposed as the use of the shared limited annual hours of operation.

442 SMALL DIESEL-FIRED ENGINE (EU ID 27) — DIESEL PARTICULATE FILTER
Energy Impacts

The small diesel-fired engine will not be subject to any significant additional requirement of
energy with the installation of a DPF.

Environmental Impacts

The existing silencer on EU ID 27 will need to be removed to allow for the installation of a DPF.
A minimal change in noise without the silencer is expected to occur because the DPF will have
an insulating blanket that will control both noise and heat. No other environmental impacts are
anticipated.
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Economic Impacts

The total capital cost to install a DPF is $30,751 as estimated by SCI in Table 4-6. NC Power
Systems has estimated the cost of a standalone DPF that will require the removal of the existing
silencer during installation of the DPF (see Appendix B). The new DPF will need to have an
insulating blanket that is used for noise and heat control. The silencer will be removed during
the two days effort as part of the DPF installation.

No annual maintenance costs have been included in the annualized costs at this time. Table 4-
7 shows the expected annualized cost as $4,378. The DPF is expected to remove up to 85
percent of the PM, s from the engine exhaust. Because only 0.26 tons per year of PM, s are
expected to be emitted from this small diesel engine before the use of a DPF, only 0.22 tons of
PM, s will be controlled. As a result, the cost effectiveness of a DPF is $19,811 per ton of PM, 5
removed. This cost is not reasonable for an emission control technology. On this basis, a DPF
is not economical as BACT.

BACT will be proposed to be the 40 CFR 60 Subpart Il particulate matter standard and the use
of limited annual operating hours. EU ID 27 is a certified Tier 3 engine which meets the
requirements of 40 CFR 60 Subpart Illl. EU ID 27 also is restricted to 4,380 operating hours per
year per Condition 4 of Air Quality Permit No. AQ0316MSS03.

443 MEDICAL/PATHOLOGICAL WASTE INCINERATOR (EU ID 9A) — FABRIC FILTER +
MULTIPLE CHAMBERS

Energy Impacts

The medical/pathological waste incinerator is operating with a secondary combustion chamber.
No additional energy impacts are associated with the multiple staged combustion control
technology because the incinerator will operate in this manner regardless of the fabric filter
determination. The addition of a fabric filter system on the incinerator exhaust has no identified
energy impacts.

Environmental Impacts

No identified negative environmental impacts are associated with the use of a fabric filter on the
incinerator.

Economic Impacts
The total capital costs estimated to install a fabric filter would be $1,300,000 according to Therm

Tec (see Appendix B). The capital cost includes a complete fabric filter system consisting of 70
bags which must be insulated and preheated. The flue gas temperature must be reduced from
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1,700 degrees F to approximately 450 degrees F prior to entering the fabric filter system. To
accomplish this reduction, the flue gas must be directed to a fire tube boiler, then to a cooling
tower before entering the baghouse. The existing exhaust stack must be capped so that all flue
gas is redirected into the boiler. The new stack must be refractory lined. These expenses are
included in the cost of the fabric filter system.

The fabric filter system would operate under negative pressure. The exhaust system, including
the fan, must be designed to operate in the harsh environment of the incinerator exhaust gas.

Expected maintenance includes the replacement of all 70 bags on a 12 month to 18 month
cycle at a cost of $300 per bag plus labor costs. The annualized cost for the fabric filter is
estimated to be $217,011. Because the controlled PM, s emissions are less than 0.5 tpy, the
cost effectiveness of installing a fabric filter on the incinerator is $761,441 per ton of PM; 5
removed. This cost is much greater than a reasonable cost for emission control technology.
The estimated capital and annual costs are provided in Tables 4-8 and 4-9.

Because the cost effectiveness of fabric filter is very high, this PM, s control technology is not
economical as PM,s BACT. The use of multiple combustion chambers and the existing
operating limit will be proposed as PM,s BACT.

444 SUMMARY OF BACT ANALYSIS FOR PM3s

Based on the above analysis, Table 4-10 summarizes the PM,s BACT economics for each type
of equipment. No annual operating or maintenance costs are estimated for the scrubber
reviewed for EU IDs 19 through 21 or for the DPF for EU ID 27. These two control technologies
were found to have very high cost effectiveness values without the inclusion of annual operating
and maintenance costs. The analysis for EU ID 9A did include annual operating and
maintenance costs for the fabric filter analysis. This cost effectiveness was extremely high. All
three cost effectiveness values are very high because the amount of PM, s emitted from these
emission units is less than 1 tpy, each. The existing base-case control technologies are
proposed as PM,s BACT for each of these emission units. These controls include: limited
operation of 19,650 hr/yr, combined, for EU IDs 19 through 21; limited operation of 4,380 hr/yr
for EU ID 27 and compliance with the Tier 3 engine limits; and, limited operation of 109 tpy
waste and using a multiple chamber incinerator design for EU ID 9A.

A complete summary of the proposed PM, s BACT control technologies and emission rates are
provided in Table 4-11. Although good combustion practices are not always identified as the
proposed BACT determination, UAF follows these practices for their equipment. The proposed
PM,s BACT for the large CFB boiler (EU ID 113) is the use of a baghouse because this fabric
filter technology offers the best particulate matter emission control for the coal-fired boiler.
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No technically feasible add-on PM, 5 emission control options were identified for EU IDs 3 and 4.
Good combustion practices are proposed as PM, s BACT for EU ID 3. The existing operating
limit is proposed as PM,s BACT for EU ID 4.

EU IDs 19 through 21 are small diesel-fired boilers that share an operating limit of 19,650 hr/yr.
This existing operating limit is proposed as PM, s BACT for these small boilers.

The proposed PM, s BACT for the large diesel-fired engine, EU ID 8, is three existing emission
controls. These controls include the positive crankcase ventilation design of the engine, use of
low ash fuel which is standard diesel fuel, and an emission limit. EU ID 8 shares an annual NOx
emission limit with EU ID 4. This limit translates into a restriction on fuel consumption for EU 1D
8, which limits annual PM, s emissions. These three emission controls are proposed as PM;s
BACT for EU ID 8.

The proposed PM, s BACT for the small diesel-fired engine, EU ID 27, is the existing 40 CFR 60
Subpart 111l emission limit and limited annual operation. EU ID 27 is a small engine that must
meet the emission limits from 40 CFR 60 Subpart Illl as a Tier 3 engine. The engine has a
permitted operating restriction of 4,380 hours per year.

The control technology proposed as PM,s BACT for the medical/pathological waste incinerator,
EU ID 9A, is the use of the multiple chamber combustion design of the incinerator and the
existing operating limit. The PM, s emission rate of 0.25 tpy makes the addition of any other
PM, s emission control too costly.

The PM,s BACT analysis for the material handling emission units was conducted as two
groups. The emission units that will be enclosed and equipped with fabric filtration include: EU
IDs 105, 107, 109, 110, 114, and 128 through 130. PM, s BACT is proposed to be the use of
fabric filtration for these emission units.

EU ID 111, the ash loadout operation, is the only material handling emission unit that is not fully
enclosed at all times. Capturing PM, s emissions in a fabric filter system is not possible because
the air in the ash loadout building is exchanged with ambient air whenever the doors are opened
for haul trucks access to the building. The use of this part-time enclosure is proposed as PM,s
BACT because part-time enclosure is the only technically feasible control for this material
handling operation.
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Table 4-1. UAF - Available PM, 5 Control Options

Emission Unit Available Caontrol
ID Description Options

Fabric Filters
ESP
113 Large Coal and Biomass-fired Boiler Scrubber
Cyclone
Good Combustion Practices
Fabric Filters
ESP
Scrubber
Cyclone
Limited Operation
Good Combustion Practices
Scrubber
19 through 21 Small Diesel-fired Boilers Limited Operation
Good Combustion Practices
DPF
Positive Crankcase Ventilation
8 Large Diesel-fired Engine Low Ash Diesel
Limited Operation
Good Combustion Practices
DPF
Federal Standard
Limited Operation
Good Combustion Practices
Fabric Filters
ESP
Limited Operation
Good Combustion Practices
Multiple Chambers
Fabric Filters

105, 107, 109, 110, Material Handling Sources with Scrubber

3and 4 Mid-sized Diesel-fired Boilers

27 Small Diesel-fired Engines

Medical/Pathological Waste

9A )
Incinerator

114, and 128 through Eabric Filtration Suppressant
130 Enclosure
Closed System Vent
Material Handling Sources without Suppressant
111 S
Fabric Filtration Enclosure
UAF
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Table 4-2. UAF - Technically Feasible PM, s Control Options

Emission Unit

Technically Feasible

ID Description Control Options
Fabric Filters
. . ESP
113 Large Coal anq Biomass-fired Scrubber
Boiler
Cyclone
Good Combustion Practices
3 Mid-sized Diesel Fired Boiler Good Combustion Practices
4 Mid-sized Diesel Fired Boiler Limited Operation

19 through 21

Small Diesel-fired Boilers

Scrubber

Limited Operation

Large Diesel-fired Engine

Positive Crankcase Ventilation

Low Ash Diesel

Limited Operation

27

Small Diesel-fired Engine

DPF

Federal Standard

Limited Operation

9A

Medical/Pathological Waste
Incinerator

Fabric Filters

Limited Operation

Good Combustion Practices

Multiple Chambers

105, 107, 109, 110, 114, and 128
through 130

Material Handling Emission Units
with Fabric Filtration

Fabric Filters

Enclosure

Closed System Venting

111

Material Handling Emission Unit
without Fabric Filtration

Enclosure

UAF
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Table 4-3. UAF - Ranking of Technically Feasible PM, 5 Control Options

Emission Unit Control Control PM, ¢ Emissions Emissions
D Description Technology Efficiency (pct.) (tpy) Reduction (tpy)
Fabric filter 95 15.5 294.5
. ESP 90 31 279
113 Large Cﬁ?::jaé‘g”gomass' Scrubber 70 93 217
Cyclone 20 248 62
Good Combustion Practices 0 310 0
. ) ) Scrubber + Limited Operation 99 0.01 0.93
19 through 21 - !
roug Small Diesel-fired Boilers Limited Operation 0 0.94 0.0
DPF + (Fegz;ar!ﬁg?];t + Limited 85 0.04 0.22
27 Small Diesel-fired Engine Federal Limit + Limited ) 20 )
Operation ’
. . Fabric Filters + Multiple 95 0.01 0.24
oA Medical/Pathological Chambers
Waste Incinerator Multiple Chambers + (Limited 0 0.25 0
Operation) '
105, 107, 109, Material Handling Closed System Venting 100 0 Varies?
110, 114, and 128 |Emission Units with Fabric
through 130 Filtration Fabric Filter + Enclosure 0 Varies® 0
UAF
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Table 4-4. UAF - Capital Costs for Scrubber on

the Small Diesel-Fired Boilers (EU IDs 19 through 21)

November 19, 2019

| Shaded cells indicate user inputs.

Total Capital Investment Determination - Scrubber Date: 12/18/2015)
Project: UAF PM, s BACT Analysis - BiRD Boilers 1 through 3 (EU19 through 21; WM 2094W) Prepared By: C. Stevenson|
Checked By: J. Rubino|
Rev: B
Capital Costs
DIRECT COSTS QTY UNIT UNIT COST TOTAL MATERIALS COST TOTAL LABOR COST
(1) Purchased equipment and material costs
(@) Basic equipment
Scrubber for 3 Boilers, Units 19, 20, & 21 (includes freight & install) EA 300000 | $ 300,000
(per Proctor Sales Inc.) TOTAL= $ 300,000
(b) Instrumentation
Total Instrumentation 1 EA s - Included in above price
TOTAL= $ -
() Freight
wmatLcosT [ $ -
TOTAL= $
(d) Labor
Labor - offsite fab [ o ] MH None required $
Labor - onsite Lo | MH $ -
TOTAL= $
(e) Vendor representatives fees
Fab Site Vendor Representatives fees (enter no. of days and daily rate) [ o ] Days $
Onsite Vendor Representatives fees (enter no. of days and daily rate) Lo | Days $ -
TOTAL= § -
Purchased Equipment and Material Cost (PEMC) PEMC = $ 300,000
Direct Installation Costs (DIC) DIC =
Total Direct Costs (TDC) TDC = (PEMC) + (DIC) =_$ 300,000
INDIRECT COSTS
(2)  Engineering, Procurement & Construction Support Services % TDC $ Excluded in this estimate.
(3) Performance tests EA $ - in this estimate.
Total Indirect Costs (TIC) TC = § -
MANAGEMENT AND CONTINGENCY COSTS
(4)  Unit Operator Costs % TDC Excluded in this estimate.
(5) _ Contingency % TDC $ - in this estimate.
Total Management and Contingency Costs (TM&CC) TM&CC = $ -
TOTAL CAPITAL INVESTMENT (TCI) TCI = (TDC)+(TIC)+(TM&CC) = _$ 300,000
PM2.5 Serious NAA BACT Analysis
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Table 4-5. UAF - Annualized Costs for Scrubber on
the Small Diesel-Fired Boilers (EU IDs 19 through 21)

November 19, 2019

Shaded cells indicate user inputs

Cost Effectiveness Determination - Scrubber Date: 12/18/2015)
Project: UAF PM, s BACT Analysis - BiRD Boilers 1 through 3 (EU19 through 21; WM 2094W) Prepared By:  C. Stevenson
Checked By: J. Rubinol
Rev: B
Annualized Costs
DIRECT ANNUAL COSTS - EXCLUDED IN THIS ESTIMATE QTY UNIT UNIT COST TOTAL MATERIALS COST TOTAL LABOR COST TOTAL
(1) Operating Labor MH $ - $ -
(2) Supervisory Labor MH $ - $ -
(3) Maintenance Labor MH $ - $ -
(4) Maintenance Materials LOT $ - $ -
Total Direct Annual Costs (TDAC) Excluded in this estimate TDAC = § -
I'INDIRECT ANNUAL COSTS
(5) Overhead MH Excluded in this estimate. $ - $ -
(6) Administrative Charges MH Excluded in this estimate.  $ - $ -
(7) Property tax Not Applicable
(8) Insurance Excluded in this estimate.
Capital Recovery Factor [see inputs below] 0.1424
(9) Capital Recovery CRF*TCI = $ 42,713
Total Indirect Annual Costs (TIAC) TIAC = § 42,713
TOTAL ANNUALIZED COSTS (TAC) TAC=(TDAC) +(TIAC) = $ 42,713
Cost Effectiveness Summary
[TOTAL TONS AVOIDED PER YEAR = 0.891
COST EFFECTIVENESS ($ PER TON AVOIDED) (TAC)(TPY) = $ 47,939
Data Inputs for Capital Recovery Factor:
Annual Interest Rate (EPA OAQPS Control Cost Manual) 7.00 %
Project Life (EPA OAQPS Control Cost Manual) 10 years
Catalyst Life N/A years
Asset Utilization N/A %
UAF
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Table 4-6. UAF - Capital Costs for DPF on
the Small Diesel-Fired Engine (EU ID 27)

Total Capital Investment Determination - DPF

[_Shaded cells indicate user input
Date: 12/18/2015|

Project: UAF PM, 5 BACT Analysis - ACEP Engine (EU 27) Prepared By: C. Stevenson|
Checked By: J. Rubino|
Rev: C
Capital Costs
DIRECT COSTS QTY UNIT UNIT COST TOTAL MATERIALS COST TOTAL LABOR COST
(1) Purchased equipment and material costs
(a) Basic equipment
Total DPF System EA $ 26,428
(per NC Power Systems) TOTAL= $ 26,428
(b) Instrumentation
Total Instrumentation \:| EA |:| $ - Included in above price
TOTAL= $ -
(c) Freight
DPF Freight % MATL COST 10% $ 2,643
TOTAL= $ 2,643
(d) Labor
Labor - offsite fab [ o | MH None required $ -
Labor - onsite MH $ 1,680
(per SCI) TOTAL= $ 1,680
(e) Vendor representatives fees
Fab Site Vendor Representatives fees (enter no. of days and daily rate) [ o | Days $ -
Onsite Vendor Representatives fees (enter no. of days and daily rate) Lo | Days $ -
TOTAL= $ -
Purchased Equipment and Material Cost (PEMC) PEMC = § 30,751
Direct Installation Costs (DIC) DPF replaces existing silencer, no direct installation costs necessan DIC = § -
Total Direct Costs (TDC) TDC = (PEMC) + (DIC) = $ 30,751
INDIRECT COSTS
(2)  Engineering, Procurement & Construction Support Services ’:‘ % TDC $ - Excluded in this estimate.
(3)  Performance tests EA $ - Excluded in this estimate.
Total Indirect Costs (TIC) TIC = $ -
MANAGEMENT AND CONTINGENCY COSTS
(4)  Unit Operator Costs % TDC Excluded in this estimate.
| [© Contingency % TDC $ - Excluded in this estimate.
Total Management and Contingency Costs (TM&CC) TM&CC = $ -
[TOTAL CAPITAL INVESTMENT (TCI) TCl = (TDCO)+(TIC)+(TM&CC) = $ 30,751
UAF
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Table 4-7. UAF - Annualized Costs for DPF on
the Small Diesel-Fired Engine (EU ID 27)

November 19, 2019

Shaded cells indicate user inpulg

Cost Effectiveness Determination - DPF Date: 12/18/201!

Project: UAF PM, s BACT Analysis - ACEP Engine (EU 27) Prepared By: C. Stevenson)|
Checked By: J. Rubing

Rev: C|
Annualized Costs

DIRECT ANNUAL COSTS QTY UNIT UNIT COST TOTAL MATERIALS COST TOTAL LABOR COST TOTAL

(1) Operating Labor MH $ - $ -

(2) Supervisory Labor MH $ - $ -

(3) Maintenance Labor MH $ - $ -

(4) Maintenance Materials LOT $ - $ -

Total Direct Annual Costs (TDAC) Excluded in this estimate TDAC = $ -

|INDIRECT ANNUAL COSTS

(5) Overhead MH Excluded in this estimate.  $ - $ -

(6) Administrative Charges MH Excluded in this estimate. ~ $ $ -

(7) Property tax Not Applicable

(8) Insurance Excluded in this estimate.

Capital Recovery Factor [see inputs below] 0.1424

(9) Capital Recovery CRF*TClI = $ 4,378

Total Indirect Annual Costs (TIAC) TIAC = $ 4,378

[TOTAL ANNUALIZED COSTS (TAC) TAC = (TDAC) + (TIAC) = $ 4,378

Cost Effectiveness Summary
[TOTAL TONS AVOIDED PER YEAR = 0.22
[COST EFFECTIVENESS ($ PER TON AVOIDED) (TAC)/(TPY) = $ 19,811

Data Inputs for Capital Recovery Factor:

Project Life (EPA OAQPS Control Cost Manual)
Catalyst Life
Asset Utilization

Annual Interest Rate (EPA OAQPS Control Cost Manual)

7.00 %

10 years
N/A years
N/A %

PM2.5 Serious NAA BACT Analysis
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Table 4-8. UAF - Capital Costs for a Fabric Filter on

the Medical/Pathological Waste Incinerator (EU ID 9A)

November 19, 2019

Shaded cells indicate user inputs.

Total Capital Investment Determination - Fabric Filter

UAF PM, s BACT Analysis - BIRD

Date: 12/18/2015

Project: INCINERATOR (EU 9A) Prepared By: C. Stevenson
Checked By: J. Rubino|
Rev: B
Capital Costs
TOTAL MATERIALS
DIRECT COSTS QTY UNIT UNIT COST COSsT TOTAL LABOR COST
(1) Purchased equipment and material costs
(@) Basic equipment
FABRIC FILTRATION - INSTALLED EA $ 1,300,000
(per Thermtec) TOTAL= $ 1,300,000
(b) Instrumentation
Total Instrumentation l:l EA l:l $ - Included in above price
TOTAL= $ -
(c) Freight
Freight included in basic equipment cost % MATL COSTl:l $ -
TOTAL= $ -
(d) Labor
Labor - offsite fab “ MH $ -
Labor - onsite “ MH $ -
TOTAL= $ -
(e) Vendor representatives fees
Fab Site Vendor Representatives fees
(enter no. of days and daily rate) 0 Days $ -
Onsite Vendor Representatives fees
(enter no. of days and daily rate) 0 Days $ -
TOTAL= $ -
Purchased Equipment and Material Cost (PEMC) PEMC = $ 1,300,000
Direct Installation Costs (DIC) DIC =
Total Direct Costs (TDC) TDC = (PEMC) + (DIC) = $ 1,300,000
|INDIRECT COSTS
(2)  Engineering, Procurement & Construction Support Services % TDC $ N Excluded in this estimate.
(3)  Performance tests EA $ - Excluded in this estimate.
Total Indirect Costs (TIC) TIC = § -
MANAGEMENT AND CONTINGENCY COSTS
(4)  Unit Operator Costs % TDC Excluded in this estimate.
(5) Contingency % TDC $ - Excluded in this estimate.

Total Management and Contingency Costs (TM&CC)

TM&CC = $ -

TOTAL CAPITAL INVESTMENT (TCI)

TCI = (TDC)+(TIC)+(TM&CC) = $

1,300,000

PM2.5 NAA Serious BACT Analysis
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Table 4-9. UAF - Annualized Costs for a Fabric Filter on
the Medical/Pathological Waste Incinerator (EU ID 9A)

Shaded cells indicate user inputs
Cost Effectiveness Determination - Fabric Filter Date: 12/18/2015
Project: UAF PM, 5 BACT Analysis - BiRD INCINERATOR (EU 9A) Prepared By: C. Stevenson|
Checked By: J. Rubino|
Rev: B
Annualized Costs
DIRECT ANNUAL COSTS QTY UNIT UNIT COST TOTAL MATERIALS COST TOTAL LABOR COST TOTAL
(1) Operating Labor MH $ - $ -
(2) Supervisory Labor MH $ - $ -
(3) Maintenance Labor (clean boiler/heat exchanger) 104 MH 105 $ 10,920 $ 10,920
(4) Maintenance Materials (Bag replacement) 70 LOT 300 $ 21,000 $ 21,000
(per Thermtec)
Total Direct Annual Costs (TDAC) Excluded in this estimate TDAC = $ 31,920
|INDIRECT ANNUAL COSTS
(5) Overhead MH Excluded in this estimate. $ - $ -
(6) Administrative Charges MH Excluded in this estimate. $ - $ -
(7) Property tax Not Applicable [
(8) Insurance Excluded in this estimate. |
Capital Recovery Factor [see inputs below] 0.1424
(9) Capital Recovery CRF*TCl =  $ 185,091
Total Indirect Annual Costs (TIAC) TIAC = $ 185,091
TOTAL ANNUALIZED COSTS (TAC) TAC = (TDAC) + (TIAC) = $ 217,011
Cost Effectiveness Summary
[TOTAL TONS AVOIDED PER YEAR =[ 0.285
COST EFFECTIVENESS ($ PER TON AVOIDED) (TAC)/(TPY) = $ 761,441
Data Inputs for Capital Recovery Factor:
Annual Interest Rate (EPA OAQPS Control Cost Manua| 7.00 %
Project Life (EPA OAQPS Control Cost Manual) 10 years
Catalyst Life N/A years
Asset Utilization N/A %
UAF
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Table 4-10. UAF - PM, 5 BACT Cost Effectiveness

Summary for Each Emission Unit Type

November 19, 2019

: Total Installed Anquallzed Annual O&M Cost Cost Effectiveness ($/ton PMs 5
Control Technology Option Capital ($) Capital Cost (SMMlyear) d
p ($lyear) y removed)
Small Diesel-fired Boilers (EU ID 19 through 21)
Scrubber + Limited Operation $300,000 $42,713 NA $47,939
Limited Operation® ~ ~ ~ ~
Small Diesel-fired Engine (EU ID 27)
DPF + Federal Limits + Limited Operation $30,751 $4,378 NA $19,811
Federal Limits® + Limited Operation1 ~ ~ ~ ~
Medical/Pathological Waste Incinerator (EU ID 9A)
Fabric Filters + Multiple Chambers $1,300,000 $217,011 $31,920 $761,441

Multiple Chambers + Limited Operation1

Notes:

! This technology is proposed as the baseline case.
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Table 4-11. UAF - Proposed PM, s BACT and Associated
Emission Rate for Each Emission Unit Type

Emission Unit Fuel PM,: BACT
1D Description Description Emission Rate’
. Coal and -
113 Large Boiler ) Fabric Filter 0.012 Ib/MMBtu
Biomass
3 Mid-sized Boiler Diesel Good Combustion Practices 0.016 Ib/MMBtu
S . Diesel . . 0.016 Ib/MMBtu
4 Mid-sized Boiler Natural Gas Limited Operation ~ 6 Ib/MMscf
19 through 21 Small Boilers ULSD Limited Operation 7.06 g/MMBtu
. . Positive Crankcase Ventilation + Low Ash
8 Large Engine Diesel Fuel + Limited Operation 0.32 g/hp-hr
. Federal Limit (NSPS Subpart I, Tier 3) +
27 Small Engine ULSD Limited Operation 0.11 g/hp-hr
9A Med|caI/Pat_holog|caI Waste Multiple Chambers + Limited Operation 4.67 Ib/ton
Waste Incinerator
Material Handling
105, 107, 109, 110, and Emission Units with N/A Fabric Filter + Enclosure 0.003 gr/dscf
128 through 130 S
Fabric Filtration
Material Handling
114 Emission Units with N/A Fabric Filter + Enclosure 0.05 gr/dscf
Fabric Filtration
Material Handling
111 Emission Unit without N/A Enclosure 5.5e-5 Ib/ton

Fabric Filtration

UAF

PM2.5 Serious NAA BACT Analysis

Page 107

Appendix I11.D.7.7-1157

January 2017




Adopted November 19, 2019

5.0 SO, BACT Analysis

SO, is formed as a by-product of combustion from the sulfur in the fuel. SO, contributes
indirectly to the formation of PM, s through atmospheric chemical reactions that produce sulfate
aerosol particles. This BACT analysis includes a review of control options that will reduce the
SO, emissions either by reducing the formation of SO, during combustion or by removing SO,
from exhaust gases. As shown in Table 1-2, the emission units that require an SO, BACT
analysis are:

e EUID 113, a large CFB coal and biomass-fired boiler;

e EU IDs 3 and 4, mid-sized diesel-fired and dual-fired (diesel and natural gas-fired)

boilers, respectively;

e EU IDs 19, 20, and 21, small diesel-fired boilers;

e EU ID 8, a large diesel-fired engine;

e EUID 27, a small diesel-fired engine; and

e EU ID 9A, a medical/pathological waste incinerator.

EU IDs 103 through 105, 107, 109 through 111, 114, and 128 through 130 are all material
handling emission units which do not have any SO, emissions and so do not require an SO,
BACT analysis.

5.1 Available SO, Control Options

The following subsections provide technical summaries and availability analyses for the SO,
control technology options identified for each of the emission units. Similar to the NOx and PM, 5
pollutants, a review of the RBLC from 2005 to August 24, 2015, for all control technology
determinations on applicable emission units was conducted. The RBLC identified multiple SO,
BACT determinations.

5.1.1 LARGE CFB COAL AND BIOMASS-FIRED BOILER (EU ID 113) — SO, CONTROL
OPTIONS

This boiler has a CFB combustion chamber which uses limestone injection to control SO,
emissions. Similar to the NOx and PM, s analyses, the RBLC for large coal and biomass-fired
boilers rated at greater than 250 MMBtu/hr was reviewed for SO, control technologies. The
RBLC identified the following control technologies:

e Flue Gas Desulfurization (FGD)/Scrubber/Spray Dryer;

e Limestone Injection;

e Low Sulfur Coal; and

e Good Combustion Practices.
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FGD/Scrubber/Spray Dryer — Large CFB Boiler SO, Control Option

Two basic types of FGD systems exist, dry and wet scrubbing. In the wet scrubbing system,
flue gas is contacted with a solution or slurry of alkaline material in a vessel providing a
relatively long residence time. Generally, particulate matter has not been removed prior to
entering the adsorber, and the spray drying process acts as a combined SO,/particulate matter
removal system. The SO, in the flue reacts with the alkali solution or slurry by adsorption and/or
absorption mechanisms to form liquid-phase salts. These salts are dried to about one percent
free moisture by the heat in the flue gas. These solids are entrained in the flue gas and carried
from the dryer to a particulate matter collection device, such as a baghouse.

Spray drying technology is less complex mechanically, and no more complex chemically, than
wet scrubbing systems. The main advantages of the spray dryer is that this technology avoids
two problems associated with wet scrubbing, corrosion and liquid waste treatment. A particulate
matter collection device is also required for dry scrubbing.

FGD systems are typically used if uncontrolled SO, emissions are high and/or eliminating the
sulfur from the fuel supply is uneconomical or impossible. FGD scrubbing systems are capable
of removal efficiencies in the range of 50 to 98 percent. The highest removal efficiencies are
achieved by wet scrubbers at greater than 90 percent. The lowest removal efficiencies are
achieved by dry scrubbers with typically less than 80 percent reduction (EPA-452/F-03-034).
FGD is most commonly added to a coal fired boiler with limestone injection only if the fuel is a
very high sulfur fuel such as a waste coal or refinery petroleum coke. Otherwise, the additional
SO, reduction is minimal.

The vendor of this proposed boiler, Babcock & Wilcox, indicated that this new boiler design can
accommodate a wet or dry FGD system. The recommended semi-dry FGD system is a spray
dry absorber (SDA) that would be located at grade between the air heater and the baghouse.
The current baghouse and filter media is capable of handling the higher solids loading from an
SDA. The system would utilize a baghouse fly ash recycle system which would activate a
portion of the un-reacted lime in the fly ash. The recycled slurry, when sprayed through the
atomizer, will reduce the SO, emissions, possibly without the need for any additional reagent
depending on the level of SO, reduction required. The proposed SDA technology is expected to
achieve an SO, emission rate of 0.04 Ib SO,/MMBtu, which is approximately 92 percent control.

Babcock & Wilcox indicated that the boiler design should include a small dry sorbent injection
(DSI) system to reduce hydrofluoric acid (HF) and hydrochloric acid (HCI) emissions if needed.
This small DSI system is not designed for SO, emission control. An add-on DSI system for
control of SO, emissions is considered as an available control technology for this boiler.

An add-on DSI system is possible and would use sodium bicarbonate or specialized hydrated
lime as a reagent to react with SO,. This form of a dry FGD system would likely require a silo for
reagent storage, a mill building, pneumatic conveying, and reagent distribution upstream of the
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baghouse. Potentially, the baghouse ash handling system capacity would also need to be
increased, depending on the sorbent injection rate. The add-on DSI system could achieve
approximately a 75 percent SO, emission reduction. Sodium can react with NOx to create a
brown plume. The use of hydrated lime would prevent the creation of a brown plume.

Both SDA and DSI will be evaluated as separate control technologies available for the large
coal-fired boiler.

Limestone Injection — Large CFB Boiler SO, Control Option

In the limestone injection process, crushed coal and limestone are suspended in a boiler by an
upward stream of hot air. The coal is burned in this bubbling fluidized mixture. The temperature
in the combustion chamber of between 1,500 and 1,600 degrees F is the correct temperature
for the limestone to react with SO, to form a solid compound that is collected in a particulate
matter collection device. The sulfur reduction can be achieved with either dry limestone or
hydrated lime. Limestone injection technology has the benefits of low capital costs, low feed
rates, and low operating costs.

The CFB design of the proposed boiler is capable of using limestone as part of the feed bed
which controls the sulfur emissions released during coal combustion. The proposed fabric filter
baghouse system would remove the particulate matter formed as calcium sulfate. Limestone
injection is an available control technology.

Low Sulfur Coal — Large CFB Boiler SO, Control Option

UAF purchases coal from the Usibelli Coal Mine located in Healy, Alaska. This coal mine is 115
miles south of Fairbanks and is the only coal mine in Alaska. The coal mined at Usibelli is sub-
bituminous coal and has a sulfur content of less than 1 percent. According to the US Geological
Survey, coal with less than 1 percent sulfur is classified as low sulfur coal. Therefore, low sulfur
coal is an available control technology.

Good Combustion Practices — Large CFB Boiler SO, Control Option

Large boilers that use good combustion practices are maintained and operated following
manufacturer instructions and conventional industry practices. Maintaining a boiler in peak
operating condition is in the interest of the owner because the boiler lifespan will be optimized.
Operating a boiler according to the manufacturer's recommendation will keep the boiler at the
highest level of efficiency, reduce strain on the boiler, and optimize operating costs. Fuel
consumption will be optimized in a well maintained and operated boiler, which will help minimize
SO, emissions.

In the RBLC review, a number of emission units identified good combustion practices as the
BACT determination for large coal-fired boilers. Good combustion practices are an available
control option for reducing SO, emissions from the large boiler.
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5.1.2 MID-SIZED DIESEL-FIRED BOILERS (EU IDs 3 AND 4) — SO, CONTROL OPTIONS

A review of the RBLC for mid-sized diesel-fired boilers rated between 100 and 250 MMBtu/hr
identified one entry with no control technology determination. A review of larger diesel-fired
boilers was conducted for the same time period, which identified only a few SO, BACT
determinations. An RBLC review was also conducted for mid-sized natural gas-fired boilers
rated between 100 and 250 MMBtu/hr because EU ID 4 is a dual fuel-fired boiler. Similar SO,
emission control options were identified as BACT for both the larger diesel-fired boilers and mid-
sized natural gas-fired boilers. The identified control options are:

e ULSD Combustion;

¢ Natural Gas;

e Limited Operation; and

e Good Combustion Practices.

ULSD — Mid-sized Boilers SO, Control Option

ULSD has a sulfur content of 0.0015 percent sulfur by weight or less. Using ULSD would
reduce SO, emissions because the boilers are combusting standard diesel that has a sulfur
content of up to 0.5 percent sulfur by weight. Switching to ULSD could realize a greater than 99
percent decrease in SO, emissions. ULSD is an available SO, control option for this boiler.

Use of Natural Gas — Mid-sized Boilers SO, Control Option

Natural gas combustion has a lower SO, emission rate than standard diesel combustion and
can be a preferred fuel for this reason. The availability of natural gas in Fairbanks is limited.
Natural gas must be trucked to Fairbanks because no pipeline currently exists to provide natural
gas to Fairbanks. EU ID 3 is not configured to burn natural gas and, because Fairbanks does
not have a pipeline source, natural gas is not an available SO, control option for this boiler.

Only EU ID 4 has the ability to burn natural gas. Although EU ID 4 is permitted for a 10 percent
capacity factor which reduces the fuel usage, a reasonable option is not to require sole usage of
natural gas by this boiler. The boiler must retain the ability to burn diesel in the event that
natural gas is not available. Operators have also noticed a decrease in the gas pressure as the
natural gas load is increased. Maintaining a suitable gas header pressure is likely not possible
if both EU IDs 3 and 4 were operating at elevated loads on natural gas.

For the above reasons, the use of only natural gas as a control technology is not an available
SO, control option for either EU ID 3 or 4.

Limited Operation — Mid-sized Boilers SO, Control Option

Limited operation was not an RBLC identified control option but it is an available control
technology for both EU IDs 3 and 4. EU ID 4 operates under limited operation through its
restriction to a 10 percent capacity factor and shared SO, and NOx emission limits of 40 tpy with
EU ID 8. These two limits ultimately restrict potential SO, emissions from EU ID 4. With fewer
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available hours of operation, the annual potential SO, emissions are reduced. This approach is
not always practical to control SO, emissions because not all emission units can be operated in
a limited manner while sustaining the needed electrical and steam output. Limited operation is
considered an available SO, BACT control option for both boilers EU IDs 3 and 4.

Good Combustion Practices — Mid-sized Diesel-fired Boilers SO, Control Option
Mid-sized boilers that use good combustion practices are maintained and operated following
manufacturer instructions and conventional industry practices. Maintaining a boiler in peak
operating condition is in the interest of the owner because the boiler lifespan will be optimized.
Operating a boiler according to the manufacturer's recommendation will keep the boiler at the
highest level of efficiency, lower fuel consumption, reduce strain on the boiler, and optimize
operating costs. Fuel consumption will be optimized in a well maintained and operated boiler,
which will help minimize SO, emissions. The RBLC identified a number of emission units for
which good combustion practices is the BACT determination for mid-sized boilers. Good
combustion practices are an available SO, control option for the mid-sized boilers.

5.1.3 SMALL DIESEL-FIRED BOILERS (EU IDs 19 THROUGH 21) — SO, CONTROL
OPTIONS

The small diesel-fired boilers are permitted to only fire ULSD. The three boilers also share an
operating limit of 19,650 hours per year. A review of the RBLC for small diesel-fired boilers
rated at less than 100 MMBtu/hr identified two control options. Limited operations were not
indicated by the RBLC review but will also be considered:

e ULSD Combustion;

e Limited Operation; and

e Good Combustion Practices.

ULSD — Small Diesel-fired Boilers SO, Control Option

ULSD has a sulfur content of 0.0015 percent sulfur by weight, which is 30 times less than the
allowed sulfur in standard diesel. In the RBLC, the use of ULSD was the most common
technology identified for SO, emission control. These small boilers are only permitted to
operate on ULSD. As a result, ULSD is an available control option.

Limited Operation — Small Diesel-fired Boilers SO, Control Option

The three small boilers share an operating limit of 19,650 hours per year. With fewer available
hours of operation, the annual potential SO, emissions are reduced. Limited operation is an
available BACT control for these boilers.

Good Combustion Practices — Small Diesel-fired Boilers SO, Control Option

Small boilers that use good combustion practices are maintained and operated following
manufacturer instructions and conventional industry practices. Maintaining a boiler in peak
operating condition is in the interest of the owner because the boiler lifespan is optimized.
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Operating a boiler according to the manufacturer's recommendation will keep the boiler at the
highest level of efficiency, lower fuel consumption, reduce strain on the boiler, and optimize
operating costs. Fuel consumption will be optimized in a well maintained and operated boiler,
which will help minimize SO, emissions. In the RBLC review, only one emission unit identified
good combustion practices as the SO, control technology for small boilers. Good combustion
practices are an available SO, control option for small boilers.

5.14 LARGE DIESEL-FIRED ENGINE (EU ID 8) — SO, CONTROL OPTIONS

EU ID 8 is a large diesel-fired engine that shares a NOy emission limit with EU ID 4. This
emission limit restricts engine operation and potential SO, emissions. A review of the RBLC for
large diesel-fired engines (process code 17.110) included several control options identified for
S0O,. The following list identifies these possible SO, control options:

e ULSD Combustion;

e Federal Standard;

e Limited Operation; and

e Good Combustion Practices.

ULSD - Large Diesel-fired Engine SO, Control Option

ULSD has a sulfur content of 0.0015 percent sulfur by weight which is significantly less than the
allowable sulfur in standard diesel. In the RBLC, the use of ULSD was the most common
control technology identified for SO, emission control. The large engine can operate on ULSD,
although the existing permit allows the combustion of non-ULSD. As a result, ULSD is an
available SO, control option.

Federal Standard — Large Diesel-fired Engine SO, Control Option

Multiple RBLC SO, determinations identified that large engines are required to meet federal
emission standards. The RBLC determinations indicated the many engines were to meet the
emission limits in 40 CFR 60 Subpart Illl, NRE standards, or EPA certification. The 40 CFR 60
Subpart 111 limits include performance standards for stationary compression ignition internal
combustion engines that are manufactured or reconstructed after July 11, 2005. The age, rating
and size of the compression cylinder determines whether an applicable federal emission
standard is included Subpart llll, referenced to the NRE standards, or if the engine has a
manufacturer’s certification of meeting the required federal standards.

EU ID 8 was installed in 1999 and has not been reconstructed since that time. As a result, the
reference to Subpart llll emission standards in the RBLC is not applicable because Subpart Il
has no emission standards applicable to engines installed in 1999. On this basis, complying
with the referenced federal emission standards is not an appropriate control option for EU ID 8
and will not be considered any further in this analysis.
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Limited Operation — Large Diesel-fired Engine SO, Control Option

A number of RBLC determinations identified limiting the engine operation as the SO, control.
With fewer hours of operation, the annual potential SO, emissions are reduced. This approach
is not always practical for controlling SO, emissions because not all emission units can be
operated in a limited manner while sustaining the needed electrical output commitments. The
operation of EU ID 8 is restricted because the emission unit shares a SO, emission limit with EU
ID 4, of 40 tpy. Limited operation is an available SO, control option for the large engine.

Good Combustion Practices — Large Diesel-fired Engine SO, Control Option

Large engines that follow good combustion practices are maintained and operated following
manufacturer instructions and conventional industry practices. Maintaining an engine in peak
operating condition is in the interest of the owner because the engine lifespan is optimized.
Operating an engine according to the manufacturer’'s recommendation will keep the engine at
the highest level of efficiency, lower fuel costs, reduce strain on the engine, and optimize
operating costs. Good combustion practices are an available SO, control option.

5.1.5 SMALL DIESEL-FIRED ENGINE (EU ID 27) — SO, CONTROL OPTIONS

The small engine, EU ID 27, is permitted to fire only ULSD and is restricted to operating no
more than 4,380 hours per year. Both of these restrictions are common SO, emission control
technigues and were found in the review of the RBLC for small diesel-fired engines (process
code 17.210). The following list identifies the possible SO, control options:

e ULSD Combustion;

e Limited Operation; and

e Good Combustion Practices.

ULSD — Small Diesel-fired Engine SO, Control Option

ULSD has a sulfur content of 0.0015 percent sulfur by weight which is significantly less than
non-ULSD diesel. In the RBLC, the use of ULSD was the most common control technology
identified for SO, control. EU ID 27 is only permitted to operate on ULSD. As a result, ULSD is
an available control option.

Limited Operation — Small Diesel-fired Engine SO, Control Option

Only a few RBLC determinations identified limiting the engine operation as the SO, control
option. With fewer available hours of operation, the annual potential SO, emissions are
reduced. This approach is not always practical to control SO, emissions because not all
emission units can be operated in a limited manner while sustaining the needed electrical output
commitments. EU ID 27 is limited to operating no more than 4,380 hours per year. As a result,
limited operation is an available SO, control option.
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Good Combustion Practices — Small Diesel-fired Engine SO, Control Option

Small engines that follow good combustion practices are maintained and operated following
manufacturer instructions and conventional industry practices. Maintaining an engine in peak
operating condition is in the interest of the owner because the engine lifespan will be optimized.
Operating an engine according to the manufacturer’'s recommendation will keep the engine at
the highest level of efficiency, lower fuel costs, reduce strain on the engine, and optimize
operating costs. Good combustion practices are an available SO, control option.

5.1.6 MEDICAL/PATHOLOGICAL WASTE INCINERATOR (EU ID 9A) — SO, CONTROL
OPTIONS

SO, emissions for pathological waste incinerators are generally based on the type of waste
material being destroyed and not the fuel that is fired to destroy the waste. The review of the
RBLC for hospital, medical and infectious waste incinerators (process code 21.300) identified
one control option for SO, based on the fuel type. EU ID 9A is permitted to fire standard diesel
fuel. The fuel for EU ID 9A is supplied from a fuel tank also that supplies ULSD to EU IDs 19
through 21. The combustion of only ULSD in those emission units is required. Although not
found in the RBLC review, limited operation is included in the analysis because EU ID 9A has
an existing operating limit. SO, control options identified for consideration for the
medical/pathological waste incinerator include:

Natural Gas Combustion;

Limited Operation;

Good Combustion Practices; and

ULSD Combustion.

Natural Gas — Medical/Pathological Waste Incinerator SO, Control Option

Natural gas combustion has a lower SO, emission rate than standard diesel combustion and
can be a preferred fuel for this reason. The availability of natural gas in Fairbanks is limited.
Natural gas must be trucked to Fairbanks because no pipeline currently exists to provide natural
gas to Fairbanks. Use of natural gas was the only RBLC SO, incinerator control option
identified in the past 10 years. The use of natural gas is an available SO, control option for the
incinerator due to the small size of the unit.

Good Combustion Practices — Medical/Pathological Incinerator SO, Control Option
Incinerators that follow good combustion practices are maintained and operated according to
manufacturer instructions and conventional industry practices. Maintaining an incinerator in
good operating conditions is in the interest of every owner because the incinerator lifespan will
be optimized and the highest level of destruction of pathological material is enabled. Good
combustion practices are an available control technology.
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Limited Operation — Medical/Pathological Incinerator NOx Control Option
While the RBLC did not identify limited operation as a SO, control option, fewer available hours
of operation does reduce the annual potential NOx emissions. EU ID 9A is limited to 109 tpy of
waste combustion. As a result, limited operation is an available control option.

ULSD — Medical/Pathological Waste Incinerator SO, Control Option

ULSD has a sulfur content of 0.0015 percent sulfur by weight which is significantly less than
non-ULSD liquid fuel. EU ID 9A is designed to fire diesel and currently fires ULSD because the
fuel line is connected to the same fuel storage tank used for EU IDs 19 through 21, emission
units that are required to fire ULSD. The combustion of ULSD is an available SO, control option.

5.1.7 SUMMARY OF AVAILABLE SO, CONTROL OPTIONS

Table 5-1 summarizes the available SO, control options for the serious nonattainment area SO,
emission units at UAF. The large coal and biomass-fired boiler (EU ID 113), has five available
SO, control options. Limestone injection is part of the proposed CFB burner design. The other
control options are SDA, DSI, low sulfur coal, and good combustion practices.

The only SO, emission control options for mid-sized diesel-fired boilers (EU IDs 3 and 4) and
the small diesel-fired boilers (EU IDs 19 through 21) are the use of ULSD, limited operations,
and good combustion practices.

Of the identified SO, control options for the large diesel-fired engine, EU ID 8, only three options
are available, as shown in Table 5-1. These options are ULSD combustion, limited operation,
and good combustion practices.

EU ID 27 is a small engine that is permitted for limited operation and ULSD combustion. Table
5-1 lists these two permitted control options in addition to good combustion practices.

Four options have been identified in Table 5-1 as available SO, control measures for the
medical/pathological waste incinerator, EU ID 9A. These options are the combustion of ULSD,
combustion of natural gas, limited operations, and good combustion practices.

5.2 Technical Feasibility of Available SO, Control Options

The following subsections describe the technical feasibility analyses for the available SO,
control alternatives for each emission unit.

5.2.1 LARGE CFB COAL AND BIOMASS-FIRED BOILER (EU ID 113) — SO, TECHNICAL
FEASIBILITY

Although not typically used for this type of coal on a CFB, the SDA and DSI control options are
technically feasible add-on SO, control technology for the large boiler. Limestone injection is
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proposed as part of the CFB boiler design and is technically feasible. Because limestone
injection is proposed as part of the boiler design, the SDA and DSI controls will be evaluated in
addition to the limestone injection control.

Only sub-bituminous coal from the Usibelli coal mine is available in-state. The sulfur content of
coal for the Usibelli mine is less than 1 percent sulfur and is therefore considered a low sulfur
fuel and technically feasible.

Because limestone injection is proposed for this boiler, the SO, emissions will be much lower
than good combustion practices emissions would be without limestone injection. Although good
combustion practices are technically feasible, this technology will not be considered any further
in this BACT analysis because UAF is proposing that limestone injection be used. Although
eliminated from BACT consideration, good combustion practices are currently in use for other
reasons.

Because both Usibelli low sulfur coal and limestone injection will be utilized for EU ID 113, these
two control options will be considered together as the base case control option as shown in
Table 5-2.

5.2.2 MID-SIZED DIESEL-FIRED BOILERS (EU IDs 3 AND 4) — SO, TECHNICAL
FEASIBILITY

Both ULSD combustion and good combustion practices are technically feasible SO, control
options being considered for these mid-sized boilers, as shown in Table 5-2. ULSD combustion
would be implemented by replacing the fuel supply in the storage tanks. Limited operation is
feasible and part of the EU ID 4 permitted operating restriction. EU ID 3 does not currently have
an operating limit. Restricting the operation of this boiler is not possible given the emergency
back-up function of EU ID 3 and the existing operating limit on EU ID 4. As a result, limited
operation is not technically feasible for EU ID 3.

Because continuing the limited operation is necessary for EU ID 4, use of limited operation is
proposed as the base case for SO, emissions for this emission unit. The limited operations
option results in lower potential SO, emissions compared to good combustion practices with
unrestricted operation. No further BACT analysis will be completed for good combustion
practices. Although eliminated from BACT consideration, good combustion practices are
currently in use for other reasons.

5.2.3 SMALL DIESEL-FIRED BOILERS (EU IDs 19 THROUGH 21) — SO, TECHNICAL
FEASIBILITY

ULSD combustion is a technically feasible control option. Potential SO, emissions from ULSD
will be less than if good combustion practices were used with standard diesel. EU IDs 19
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through 21 are permitted to fire ULSD only. Although good combustion practices are technically
feasible, UAF will propose the use of ULSD in conjunction with the existing hourly operating limit
as BACT for these small boilers. No further BACT analysis will be completed for good
combustion practices. Although eliminated from BACT consideration, good combustion
practices will be implemented for other reasons.

5.2.4 LARGE DIESEL-FIRED ENGINE (EU ID 8) — SO, TECHNICAL FEASIBILITY

EU ID 8 is operating with limited operation due to the shared SO, emission limit with EU ID 4,
which restricts the potential of all other pollutants including SO,. UAF cannot reduce the
operations of this engine to levels lower than the permitted restrictions because such a
restriction could adversely impact facility operational needs.

Limited operation is proposed as the base case for SO, emissions. The limited operations
option results in lower potential SO, emissions compared to good combustion practices with
unrestricted operation. No further BACT analysis will be completed for good combustion
practices. Although eliminated from BACT consideration, good combustion practices are
currently in use for other reasons.

ULSD combustion would be implemented by changing the fuel supply in the storage tank. As a
result, both ULSD and limited operation are technically feasible SO, control options being
evaluated for this engine.

5.2.5 SMALL DIESEL-FIRED ENGINE (EU ID 27) — SO, TECHNICAL FEASIBILITY

Use of ULSD is technically feasible for this small engine because the unit is currently firing
ULSD. This engine is subject to an annual operating limit. UAF cannot further reduce the
operating limit on of this engine because such a restriction could adversely impact facility
operational needs. Good combustion practices cannot reduce potential SO, emissions to levels
less than ULSD combustion or limited operation. As a result, use of good combustion practices
will not be considered further. Although eliminated from BACT consideration, good combustion
practices are currently in use for other reasons.

ULSD combustion and limited operation will be proposed jointly as BACT based the existing
permit conditions. Because no other control options are under consideration, no further SO,
BACT analysis review is needed.

5.2.6 MEDICAL/PATHOLOGICAL WASTE INCINERATOR (EU ID 9A) — SO, TECHNICAL
FEASIBILITY

Two fuel options are available as SO, emission control for the incinerator. The use of natural
gas as the firing fuel for the incinerator is not a technically feasible option because Fairbanks
does not have an available source of pipeline natural gas.
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The other fuel option considered available as SO, control is the use of ULSD. An AP-42
emission factor of 2.17 Ib/ton of waste is used to estimate SO, emissions from the incinerator.
This factor does not account for whether the incinerator fuel is standard diesel, ULSD, or natural
gas. As a result, the estimated SO, emissions from switching to ULSD will not change the 0.1
tpy PTE because the potential SO, emissions are largely based on the waste being incinerated.
Although no reduction in potential estimated SO, emissions will result from the use of ULSD, as
a practical matter, SO, emissions will be lower if ULSD is combusted in the incinerator.

The fuel line to EU ID 9A is shared with EU IDs 19 through 21, which are emission units that are
required to fire ULSD. As aresult, EU ID 9A is currently firing ULSD even though combustion of
that fuel is not required. Calculated SO, emissions from EU ID 9A will not change from the
current potential to emit of 0.1 tpy, but less SO, formation will occur because less sulfur will be
bound in the fuel combusted. Although good combustion practices are technically feasible, UAF
will propose the use of ULSD, in conjunction with the existing hourly operating limit, as BACT for
the incinerator. No further BACT analysis will be completed for good combustion practices.
Although eliminated from BACT consideration, good combustion practices will be implemented
for other reasons. No further analysis will be provided for the proposed use of ULSD and limited
operations as SO, BACT for EU ID 9A. UAF will propose that SO, BACT for the
medical/pathological waste incinerator be the use of ULSD and limited operation.

5.2.7 SUMMARY OF SO, TECHNICAL FEASIBILITY

Three SO, control options are technically feasible for the large CFB coal and biomass-fired
boiler (EU ID 113), as shown in Table 5-2. Limestone injection and the use of Usibelli low sulfur
coal are both control options considered part of the base-case control option. The use of SDA
and DSI are add-on controls to the joint limestone injection and low sulfur fuel base case
control.

For mid-sized boiler EU ID 3, both ULSD and good combustion practices are technically
feasible. For EU ID 4, ULSD and limited operation are technically feasible because this boiler
currently operates on a restricted level. Limited operation is not technically feasible for EU ID 3.
Good combustion practices are not included in the SO, BACT analysis for EU ID 4 because
UAF is proposing the use of limited operation as the base-case. This option reduces SO,
emission more than good combustion practices. Although eliminated from BACT consideration,
good combustion practices are currently practiced.

Because the use of ULSD and the existing operating limit are the only technically feasible
control technologies for the small boilers, these technologies will be proposed as SO, BACT for
EU IDs 19 through 21.

The only technically feasible control options for the large engine (EU ID 8) are the use of ULSD
and limited operations, which are the base-case.
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SO, BACT for the small engine (EU ID 27) will be proposed to be the combustion of ULSD and
limited operations. Both technologies are current permit requirements for this engine. No further
SO, BACT analysis will be completed for EU ID 27.

The medical/pathological waste incinerator (EU ID 9A) has the use of ULSD and limited
operation as the only technically feasible control options, as shown in Table 5-2. The use of
ULSD and the existing operating limit will be proposed as SO, BACT. No further SO, BACT
analysis will be completed for EU ID 9A.

5.3 Ranking of Technical Feasibility SO, Control Options

The following subsections rank the technically feasible control technologies for each equipment
type by their ability to reduce SO, emissions. Table 5-3 shows the ranking of each control
technology.

5.3.1 LARGE CFB COAL AND BIOMASS-FIRED BOILER (EMISSION UNIT 113) — SO,
RANKING OF TECHNICAL FEASIBILITY

The three technically feasible control technologies identified for EU ID 113 are limestone
injection with low sulfur fuel, SDA, and DSI. Limestone injection with low sulfur fuel is part of the
boiler design and is the base case control option with SDA and DSI as add-on controls. SDA
with the base case has the highest level of SO, control at 92 percent, while DSI with the base
case is estimated to control about 75 percent. Both add-on control technologies reduce
potential SO, emissions by more than 190 tpy as shown in Table 5-3.

5.3.2 MID-SIZED DIESEL-FIRED BOILERS (EU IDs 3 AND 4) — SO, RANKING OF
TECHNICAL FEASIBILITY

The technically feasible SO, control alternatives for boilers EU IDs 3 and 4 are ranked
separately in Table 5-3. ULSD combustion has the ability to reduce potential SO, emissions by
99.7 percent because of the much lower fuel sulfur content. The amount of SO, emission
reduction differs between the two boilers because EU ID 3 can operate at full potential, while EU
ID 4 has an operating limit of 10 percent capacity, and shares 40 tpy SO, and NOx emission
limits with EU ID 8.

5.3.3 LARGE DIESEL-FIRED ENGINE (EU ID 8) — SO, RANKING OF TECHNICAL
FEASIBILITY

The base-case for SO, emissions from the large engine (EU ID 8) is a maximum potential SO,
emission of 40 tpy, based on the emission limit shared with EU ID 4. As shown in Table 5-3, the
use of ULSD instead of standard diesel results in a 99.7 percent reduction in potential SO,
emissions, assuming the sulfur content of standard diesel is 0.5 percent by weight.
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5.4 Additional Impacts of Technically Feasible SO, Control Options

The following subsections describe the energy, environmental, and economic impacts
associated with the alternative control options for the various equipment. The control
technologies offering the greatest level of SO, removal are reviewed. If the control technology
offering the greatest level of SO, control is not appropriate for BACT, then the next control
technology offering the second greatest level of SO, removal is reviewed. Should the second
best level of SO, control not be appropriate for BACT, then each subsequent control technology
is reviewed until the base-case control is reached.

Cost estimates were prepared for the various control technologies by SCI with input from control
technology vendors. The supporting cost estimates from SCI can be found in Tables 5-4
through 5-10.

5.4.1 LARGE CFB COAL AND BIOMASS-FIRED BOILER (EU ID 113) — SDA +
(LIMESTONE INJECTION)

Energy Impacts

The large coal and biomass-fired boiler is being designed by Babcock & Wilcox with a CFB that
will include limestone injection. Babcock & Wilcox was contacted for information about using an
SDA on this boiler in addition to the limestone injection. Operating the SDA would require an
additional 260 kW as well as additional, but not estimated, power to operate an ID fan. No other
energy impacts have been estimated at this time.

Environmental Impacts

The currently designed baghouse can handle the higher loading of solids from the SDA. The
system will utilize a baghouse fly ash recycle system which will activate a portion of the un-
reacted lime in the fly ash. The recycled slurry, once sprayed through the atomizer, will reduce
the SO, emissions. Although not quantified in this analysis, the material handling of hydrated
lime, including slurrying and storage, could produce additional PM, s emissions. The SDA
byproduct would likely result in more waste being landfilled; this impact is also not quantified
here.

Economic Impacts

An economic analysis has been conducted for the installation of SDA. Babcock & Wilcox was
contacted to prepare costs to install an SDA on this boiler, which is in addition to the planned
limestone injection system. The vendor estimated that an SDA system would cost
approximately $8,000,000 to procure the equipment. These costs include two silos, one for lime
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and a second for recycled lime slurry, a slurry pump enclosure, and a new flue and possibly a
larger ID fan to handle the increased pressure drop across the SDA and flue work. Appendix B
contains the cost estimate from Babcock & Wilcox. This rough cost is shown in the total capital
investment calculation, Table 5-4, as the basic equipment cost and is assumed to include all
instrumentation, freight, labor, and vendor representative fees. SCI has estimated that direct
installation costs are equivalent to half the basic equipment costs.

SCI has estimated that engineering, procurement and construction support services of the
indirect costs are 10 percent of the total direct costs based on past project experience. The
contingency costs are assumed to be 20 percent of the total direct costs based on past project
experiences.

The cost effectiveness for SDA is shown in Table 5-5. Very few annual costs are included in
this table. Babcock & Wilcox estimated the hydrated lime usage and electrical costs for direct
annual costs estimated in the table. The indirect annual costs estimated are for administrative
charges, insurance, and capital recovery. SCI estimated the administrative charges and
insurance as three percent of the total capital investment based on past project experience.

Similar to the other economic impact analyses, a standardized ten year return on investment at
seven percent interest rate is assumed for the capital recovery estimate based on the OAQPS
Control Cost Manual recommendations. Because of the harsh climate, equipment in Interior
Alaska experiences more wear and tear than equipment in moderate climates. On this basis, a
ten year return on the SDA system is reasonable.

The annualized cost effectiveness is based on the total annualized costs and the amount of SO,

removed by the SDA system. The annualized cost effectiveness is estimated at $13,732 per
ton of SO, removed. This cost effectiveness rate is very high, making SDA cost prohibitive.

5.4.2 LARGE CFB COAL AND BIOMASS-FIRED BOILER (EU ID 113) — DSI +
(LIMESTONE INJECTION)

Energy Impacts
Babcock & Wilcox supplied information about the use of an add-on DSI on this boiler in addition

to the limestone injection. Operating the DSI would require an additional 200 kW of power. No
other energy impacts have been estimated at this time.

Environmental Impacts

Babcock & Wilcox expressed concern about the potential formation of a brown plume caused by
the reaction of sodium with the NOx. SCI believes this plume could be avoided by using
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hydrated lime. Although not quantified in this analysis, DSI systems have been shown to
increase the NO, to NO ratio in stacks.

Economic Impacts

An economic analysis has been conducted for the installation of an add-on DSI system beyond
the small DSI system designed to control HF and HCI emissions only as needed. Babcock &
Wilcox supplied costs to install an add-on DSI system on this boiler in addition to the planned
limestone injection and small DSI systems. The costs of the small DSI system are not included
as part of the capital costs in Table 5-6. The vendor estimated that an add-on DSI system to
control SO, emissions would cost approximately $1,500,000 to procure the equipment.
Appendix B contains these cost estimates. This rough cost is shown in the total capital
investment calculation as the basic equipment cost and is assumed to include all
instrumentation, freight, labor, and vendor representative fees. SCI has estimated that direct
installation costs are equivalent to 30 percent of the basic equipment costs.

SCI has estimated that engineering, procurement and construction support services of the
indirect costs are ten percent of the total direct costs based on past project experience. The
contingency costs are assumed to be 20 percent of the total direct costs based on past project
experiences.

The cost effectiveness table for DSI is Table 5-7. Very few annual costs are included in this
table. Babcock & Wilcox estimated the sodium bicarbonate usage and electrical costs for the
add-on DSI system, which are shown as direct annual cost estimates in the table. Estimated
labor and materials costs for maintaining the add-on DSI system annually have not been
included at this time. These costs could be significant. Similar to the other economic impact
analyses, the indirect annual costs estimated are for administrative charges, insurance and the
capital recovery. SCI estimated the administrative charges and insurance as three percent of
the total capital investment based on past project experience.

A standardized ten year return on investment at seven percent interest rate is assumed for the
capital recovery estimate based on the OAQPS Control Cost Manual recommendations.
Because of the harsh climate, equipment in Interior Alaska experiences more wear and tear
than equipment in moderate climates. On this basis, a ten year return on the DSI system is
reasonable. A seven percent interest rate is used to account for the time value of money.

The annualized cost effectiveness is based on the total annualized costs and the amount of SO,
removed by the add-on DSI system. The annualized cost effectiveness is estimated at $8,611
per ton of SO, removed. This cost effectiveness value is low because the estimate does not
include any annual labor or maintenance materials costs. Given the lack of labor and material
costs, the cost effectiveness rate is very high, making DSI cost prohibitive.
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5.4.3 MID-SIZED DIESEL-FIRED BOILERS (EU IDs 3 AND 4) — ULSD
Energy Impacts
Switching fuels from standard diesel to ULSD is not expected to cause any energy impacts.

Environmental Impacts

The only anticipated environmental impact is the SO, reduction from this fuel switch. No
additional environmental impacts are expected.

Economic Impacts

Separate economic analyses have been conducted for EU ID 3 and EU ID 4 because these
boilers have different operating restrictions. EU ID 3 is allowed unlimited operation while EU ID
4 shares an SO, emission limit with EU ID 8 and is also subject to a 10 percent annual capacity
limit.

Switching to ULSD fuel requires that standard diesel fuel in the storage tank be consumed
before filling the tank with ULSD. No capital investment is required to make this switch because
the same fuel tank, once cleared, can be used and the boilers are capable of burning ULSD
without any additional modifications. Because no capital investment is necessary for this fuel
switch, only tables estimating the annual costs and cost effectiveness has been prepared.
Because EU IDs 3 and 4 have different operating limits, a table has been prepared for each of
these boilers. The incremental cost increase to use ULSD instead of Diesel #2 is 28 cents per
gallon based on the average difference in fuel prices during fiscal years 2014 through 2016.
The only cost included in the tables is the incremental cost increase to use ULSD. Tables 5-8
and 5-9 show nearly identical cost effectiveness values of $1,084 and $1,082, respectively, per
ton of SO, removed. The low cost effectiveness value makes the use of ULSD reasonable. As
a result, the use of ULSD is proposed as SO, BACT for these two boilers.

5.4.4 LARGE DIESEL-FIRED ENGINE (EU ID 8) — ULSD

Energy Impacts

Switching fuels from standard diesel to ULSD is not expected to cause any energy impacts.
Environmental Impacts

The only anticipated environmental impact is the SO, reduction from this fuel switch. No
additional environmental impacts are expected from switching fuels.
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Economic Impacts

As discussed above, EU ID 8 shares an operating restriction with EU ID 4 that limits the
operation of EU ID 8.

Switching to ULSD fuel requires that standard diesel fuel in the storage tank be consumed
before filling the tank with ULSD. No capital investment is required to make this switch because
the same fuel tank, once cleared, may be used and the boilers are capable of burning ULSD
without any additional modifications. Because no capital investment is necessary for this fuel
switch, only a table estimating the annual costs and cost effectiveness has been prepared.
Table 5-10 shows a cost effectiveness value of $971 per ton of SO, removed. The low cost
effectiveness value makes the use of ULSD reasonable. As a result, the use of ULSD will be
proposed as SO, BACT for this engine.

545 SUMMARY OF BACT ANALYSIS FOR SO,

Based on the above analysis, Table 5-11 has been prepared to summarize the SO, BACT
economics for each type of equipment for which a cost analysis was prepared. The equipment
is ranked in order of most cost-effective. No capital or annual costs are estimated for
technologies proposed as the base case. Table 5-12 lists the proposed SO, BACT for each
emission unit group.

For EU ID 113, the use of an add-on DSI or SDA system is very expensive with cost
effectiveness values of $8,611 and $13,732 per ton of removed SO,, respectively. Not all
annual operating and maintenance costs are included in these cost estimates, so these cost
effectiveness values are lower than the actual expected costs. EU ID 113 is proposed to
operate using two of the identified SO, control technologies for this BACT. It seems
unreasonable to expect UAF to add a third control technology on top of these proposed two
controls. For this reason and that the add-on control technologies have high cost effectiveness
values, SO, BACT for EU ID 113 is proposed to be the use of limestone injection with Usibelli’s
low sulfur fuel.

EU IDs 3, 4, and 8 had cost estimates prepared to review the use of ULSD as a control option.
The cost effectiveness for ULSD is reasonable in a range between $971 and $1,084 per ton of
SO, removed. The use of ULSD is proposed to be SO, BACT for EU ID 3. Because EU IDs 4
and 8 are subject to operating restrictions, SO, BACT while firing diesel is proposed to be both
limited operations and the use of ULSD. SO, BACT for EU ID 4 while firing natural gas is
proposed to be the use of limited operation because the use of ULSD is not an appropriate
option.

ULSD and limited operations are proposed as SO, BACT for EU IDs 9A, 19 through 21, and 27.
ULSD is the current fuel used for the incinerator, small boilers, and engine.
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A summary of the proposed SO, BACT control options and associated emission rate for each
emission unit is provided in Table 5-12. Although good combustion practices are not always

identified as the proposed BACT determination, UAF follows these practices for their
combustion equipment.
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Table 5-1. UAF - Available SO, Control Options

Emission Unit

Description

Available Control
Options

113

Large Coal-fired Boiler

SDA

DSI

Limestone Injection

Low Sulfur Coal

Good Combustion Practices

3and 4

Mid-sized Diesel-fired Boilers

ULSD

Limited Operation

Good Combustion Practices

19
through
21

Small Diesel-fired Boilers

ULSD

Limited Operation

Good Combustion Practices

8

Large Diesel-fired Engine

ULSD

Limited Operation

Good Combustion Practices

27

Small Diesel-fired Engines

ULSD

Limited Operation

Good Combustion Practices

9A

Medical/Pathological Waste
Incinerator

ULSD

Limited Operation

Good Combustion Practices

Natural Gas

UAF
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Table 5-2. UAF - Technically Feasible SO, Control Options

Emission Unit

Technically Feasible

ID Description Control Options
SDA + (Limestone Injection +
Low Sulfur Fuel)
113 Large Coal-fired Boiler DSI + (Limestone Injection + Low
Sulfur Fuel)
Limestone Injection + Low Sulfur
Fuel
3 Mid-sized Diesel and Dual Fuel- ULSD
fired Boilers Good Combustion Practices
4 Mid-sized Diesel and Dual Fuel- ULSD
fired Boilers Limited Operation
19 through 21 Small Diesel-fired Boilers — ULSD -
Limited Operation
8 Large Diesel-fired Engine ULSD
Limited Operation
27 Small Diesel-fired Engine ULSD + Limited Operation
9A Medical/Pathological Waste ULSD
Incinerator Limited Operation
UAF
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Table 5-3. UAF - Ranking of Technically Feasible SO, Control Options

UAF

Emission Unit Control Control SO, Emissions Emissions
ID Description Technology Efficiency (pct.) (tpy) Reduction (tpy)
SDA + (Limestone Injection +
Low Sulfur Fuel) 92 20.7 238.2
Large Coal and Biomass- | DSI + (Limestone Injection +
113 ) .
fired Boiler Low Sulfur Fuel) 75 64.7 194.2
Limestone Injection + Low 0 2589 0
Sulfur Fuel
3 Mid-Sized Diesel-fired ULSD 99.7 1.2 409.4
Boiler Good Combustion Practices 0 410.6 0
4 Mid-Sized Diesel and ULSD + (Limited Operation) 99.7 0.1 39.9
Natural Gas-fired Boiler Limited Operation 0 40 0
8 Large Diesel-fired Engine ULSD_+ .(Limited Operation) 99.7 01 399
Limited Operation 0 40 0
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Table 5-4. UAF - Capital Costs for SDA on
the Large Coal-fired Boiler (EU ID 113)

November 19, 2019

Shaded cells indicate user inputs.
Total Capital Investment Determination - SDA (Spray Dryer Absorber) Date: 2/12/2016|
Project: UAF - PM, s BACT Analysis (EU ID 113 - CFB Boiler) Prepared By: L. Pacini
Checked By: J. Rubino|
Rev: B|
Capital Costs
DIRECT COSTS Qry UNIT UNITCOST  TOTAL MATERIALS COST ~ TOTAL LABOR COST
(1) Purchased equipment and material costs
(a)  Basic equipment
Total SDA System EA $ 8,000,000
(per Babcock & Wilcox) TOTAL= $ 8,000,000
(b)  Instrumentation
Total Instrumentation \:l EA l:l $ -
TOTAL= $ -
(c)  Freight
SDA Freight [ wwmamcost [ ] $ -
TOTAL= $ -
(d) Labor
Labor - offsite fab E MH E $ -
Labor - onsite MH $ -
TOTAL= $ -
(e)  Vendor representatives fees
Fab Site Vendor Representatives fees (enter no. of days and daily rate) Days S -
Onsite Vendor Representatives fees (enter no. of days and daily rate) E Days E S -
TOTAL= $ -
Purchased and Material Cost (PEMC) All above costs included in vendor scope. PEMC = $ 8,000,000
(2) Direct Installation Costs
(a) Concrete cy $ - $ -
(b)  Piling TON $ - $ -
(c)  Structural steel TON $ - $ -
(d)  Electrical Lot $ - $ -
(e) Painting SF $ - $ -
() Insulation Lot $ - $ -
(g)  Abovegrade piping LF $ - $ -
(h)  Functional Checkouts
Functional Checkout - fab site, enter %: % offsite fab labor S - $ -
Functional Checkout - onsite, enter % % onsite fab labor S - $ -
Contractor Commissioning, enter %: % of it total cost S - $ -
Direct Costs (DIC) - 1/2 x SDA Capital DIC = § 4,000,000
Total Direct Costs (TDC) TDC = (PEMC) + (DIC) = $ 12,000,000
INDIRECT COSTS
(3) Engineering, Procurement & Construction Support Services % TDC S 1,200,000
(4) Performance tests EA Excluded in this estimate.
Total Indirect Costs (TIC) TIC = § 1,200,000
IMANAGEMENT AND CONTINGENCY COSTS
(5)  Unit Operator Costs % TDC Excluded in this estimate.
(6) Contingency 20%! % TDC S 2,400,000
Total and Cc y Costs (TM&CC) TM&CC = § 2,400,000
TOTAL CAPITAL INVESTMENT (TCI) TCl = (TDC)+(TIC}+TM&CC) = $ 15,600,000
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Table 5-5. UAF - Annualized Costs for SDA on

the Large Coal-fired Boiler (EU ID 113)

November 19, 2019

Shaded cells indicate user inputs

Total Capital Investment Determination - SDA (Spray Dryer Absorber)

Date: 2/12/2016

Capital Recovery Factor [see inputs below]
(8) Capital Recovery

Project: UAF - PM, 5 BACT Analysis (EU ID 113 - CFB Boiler) Prepared By: L. Pacini|
Checked By: J. Rubino|
Rev: B
Annualized Costs
DIRECT ANNUAL COSTS QTy UNIT UNIT COST TOTAL MATERIALS COST  TOTAL LABOR COST TOTAL
(1) Operating Labor MH Excluded S - $ -
(2) Supervisory Labor MH Excluded S - $ -
(3) Maintenance Labor MH Excluded S - $ -
(4) Maintenance Materials LoT S - Excluded s -
(5) Utilities
(a)  Hydrated Lime: TON 560 $ 171,696 $ 171,696
(b)  Electricity: KWH $ 409,968 $ 409,968
Total Direct Annual Costs (TDAC) TDAC = $ 581,664
|INDIRECT ANNUAL COSTS
(6)  Overhead % Excluded S - $ -
(7) Administrative Charges and Insurance % total capital S 468,000 S 468,000

CRF*TCl = $ 2,221,089

Total Indirect Annual Costs (TIAC)

TIAC = $ 2,689,089

TOTAL ANNUALIZED COSTS (TAC)

TAC = (TDAC) + (TIAC) = $ 3,270,753

Cost Effectiveness Summary

TOTAL TONS SO2 AVOIDED PER YEAR

= 238.188

COST EFFECTIVENESS ($ PER TON AVOIDED) (TAC)/(TPY) = $ 13,732
Data Inputs for Capital Recovery Factor:
Annual Interest Rate (EPA OAQPS Control Cost Manual) %
Project Life (EPA OAQPS Control Cost Manual) 10 years
UAF
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Table 5-6. UAF - Capital Costs for DSl on
the Large Coal-fired Boiler (EU ID 113)

[ Shaded cells indicate user inputs.
Total Capital Investment Determination - DSI (Dry Sorbent Injection) Date: 2/12/2016|
Project: UAF - PM, 5 BACT Analysis (EU ID 113 - CFB Boiler) Prepared By: L. Pacini
Checked By: J. Rubino]
Rev: B
Capital Costs
DIRECT COSTS Qary UNIT UNITCOST ~ TOTAL MATERIALS COST ~ TOTAL LABOR COST
(1) Purchased equipment and material costs
(a)  Basic equipment
Total DSI System EA $ 1,500,000
(per Babcock & Wilcox) TOTAL= § 1,500,000
(b)  Instrumentation
Total Instrumentation l:l EA l:l $ -
TOTAL= $ -
(c) Freight
DSI System Freight 1 %matcost 0% $ -
TOTAL= $ -
(d) Labor
Labor - offsite fab MH $ -
Labor - onsite E MH E $ -
TOTAL= $ -
(e)  Vendor representatives fees
Fab Site Vendor Representatives fees (enter no. of days and daily rate) E Days E S -
Onsite Vendor Representatives fees (enter no. of days and daily rate) Days $ -
TOTAL= $ -
Purchased Equipment and Material Cost (PEMC) All above costs included in vendor scope. PEMC = § 1,500,000
(2) Direct Installation Costs
(a) Concrete cy $ - $ -
(b)  Piling TON $ - $ -
(c) Structural steel TON $ - $ -
(d) Electrical Lot $ - $ -
(e) Painting SF $ - s -
(f) Insulation Lot $ - $ -
(g) Abovegrade piping LF $ - $ -
(h)  Functional Checkouts
Functional Checkout - fab site, enter %: % offsite fab labor $ - S -
Functional Checkout - onsite, enter % % onsite fab labor $ - $ -
Contractor Commissioning, enter %: % of i 1t total cost $ - S -
Direct llation Costs (DIC) - 30% x DSI i Capital DIC = § 450,000
Total Direct Costs (TDC) TDC = (PEMC) + (DIC) = § 1,950,000
INDIRECT COSTS
(3) Engineering, Procurement & Construction Support Services % TDC $ 195,000
(4) Performance tests EA Excluded in this estimate.
Total Indirect Costs (TIC) TIC = § 195,000
IMANAGEMENT AND CONTINGENCY COSTS
(5)  Unit Operator Costs % TDC Excluded in this estimate.
(6) Contingency 20% % TDC $ 390,000
Total and Contil Costs (TM&CC) TM&CC = $ 390,000
TOTAL CAPITAL INVESTMENT (TCI) TCI = (TDC}+(TIC)+(TM&CC) =  $ 2,535,000
UAF
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Table 5-7. UAF - Annualized Costs for DSl on
the Large Coal-fired Boiler (EU ID 113)

November 19, 2019

Shaded cells indicate user inputs

Total Capital Investment Determination - DSI (Dry Sorbent Injection) Date: 2/12/2016
Project: UAF - PM, 5 BACT Analysis (EU ID 113 - CFB Boiler) Prepared By: L. Pacini
Checked By: J. Rubino|
Rev: B
Annualized Costs
DIRECT ANNUAL COSTS QTy UNIT UNIT COST TOTAL MATERIALS COST  TOTAL LABOR COST TOTAL
(1) Operating Labor MH Excluded S - $ -
(2) Supervisory Labor MH Excluded S - $ -
(3) Maintenance Labor MH Excluded S - $ -
(4) Maintenance Materials LoT S - Excluded s -
(5) Utilities
(a) Sodium Bicarbonate: 1314.00 TON 700 S 919,800 S 919,800
(b)  Electricity: 1752000 KWH $ 315,360 $ 315360
Total Direct Annual Costs (TDAC) TDAC = $ 1,235,160
[INDIRECT ANNUAL COSTS
(6)  Overhead % Excluded S - $ -
(7) Administrative Charges and Insurance d % total capital S 76,050 S 76,050
Capital Recovery Factor [see inputs below] 0.1424
(8) Capital Recovery CRF*TCl = S 360,927
Total Indirect Annual Costs (TIAC) TIAC = $§ 436,977
TOTAL ANNUALIZED COSTS (TAC) TAC = (TDAC) + (TIAC) = $ 1,672,137
Cost Effectiveness Summary
TOTAL TONS SO2 AVOIDED PER YEAR =| 194.175
COST EFFECTIVENESS ($ PER TON AVOIDED) (TAC)/(TPY) = $ 8,611
Data Inputs for Capital Recovery Factor:
Annual Interest Rate (EPA OAQPS Control Cost Manual) %
Project Life (EPA OAQPS Control Cost Manual) 10 years
UAF
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Table 5-8. UAF - Annualized Costs for ULSD on

the Mid-sized Diesel-fired Boiler (EU ID 3)

Shaded cells indicate user inputs
Cost Effectiveness Determination - ULSD Fuel Switch - No Additional Tank Storage Date: 2/11/2016
Project: UAF - PM, 5 BACT Analysis (EU ID 3 - Zurn Boiler) Prepared By: L. Pacini
Checked By: J. Rubino|
Rev: Al
Annualized Costs
DIRECT ANNUAL COSTS Qry UNIT TOTAL MATERIALS COST  TOTAL LABOR COST TOTAL
(1)  Operating & Maintenance Costs % S - $ -
(2)  Repair & Replacement Costs % S - $ -
(3) Maintenance Materials Lot |:| excluded in this estimate
(4) Utilities
(a)  ULSD Costs: 1584684 MMBTU $ 443,712 $ 443,712
Total Direct Annual Costs (TDAC) TDAC = $ 443,712
[INDIRECT ANNUAL COSTS
(5) Overhead % excluded in this estimate S - S -
(6) Administrative Charges and Insurance % of capital S - $ -
Capital Recovery Factor [see inputs below] 0.1424
(7) Capital Recovery CRF*TCl = § -
Total Indirect Annual Costs (TIAC) TIAC = § -
TOTAL ANNUALIZED COSTS (TAC) TAC=(TDAC) + (TIAC) = S 443,712
Cost Effectiveness Summary
TOTAL TONS SO2 AVOIDED PER YEAR = 409.4
COST EFFECTIVENESS ($ PER TON AVOIDED) (TAC)/(TPY) = $ 1,084
Data Inputs for Capital Recovery Factor:
Annual Interest Rate (EPA OAQPS Control Cost Manual) %
Project Life (EPA OAQPS Control Cost Manual) 10 years
UAF
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Table 5-9. UAF - Annualized Costs for ULSD on

the Mid-sized Diesel-fired Boiler (EU ID 4)

November 19, 2019

Shaded cells indicate user inputs
Cost Effectiveness Determination - ULSD Fuel Switch - No Additional Tank Storage Date: 2/11/2016
Project: UAF - PM, 5 BACT Analysis (EU ID 4 - Zurn Boiler) Prepared By: L. Pacini
Checked By: J. Rubino|
Rev: Al
Annualized Costs
DIRECT ANNUAL COSTS Qry UNIT TOTAL MATERIALS COST  TOTAL LABOR COST TOTAL
(1)  Operating & Maintenance Costs % S - $ -
(2)  Repair & Replacement Costs % S - $ -
(3) Maintenance Materials Lot |:| excluded in this estimate
(4) Utilities
(a)  ULSD Costs: 154227 MMBTU $ 43,184 $ 43,184
Total Direct Annual Costs (TDAC) TDAC = $ 43,184
[INDIRECT ANNUAL COSTS
(5) Overhead % excluded in this estimate S - S -
(6) Administrative Charges and Insurance % of capital S - $ -
Capital Recovery Factor [see inputs below] 0.1424
(7) Capital Recovery CRF*TCl = § -
Total Indirect Annual Costs (TIAC) TIAC = § -
TOTAL ANNUALIZED COSTS (TAC) TAC = (TDAC) + (TIAC) = S 43,184
Cost Effectiveness Summary
TOTAL TONS SO2 AVOIDED PER YEAR = 39.9
COST EFFECTIVENESS ($ PER TON AVOIDED) (TAC)/(TPY) = $ 1,082
Data Inputs for Capital Recovery Factor:
Annual Interest Rate (EPA OAQPS Control Cost Manual) %
Project Life (EPA OAQPS Control Cost Manual) 10 years
UAF
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Table 5-10. UAF - Annualized Costs for ULSD on

the Large Diesel-fired Engine (EU ID 8)

November 19, 2019

Shaded cells indicate user inputs
Cost Effectiveness Determination - ULSD Fuel Switch - No Additional Tank Storage Date: 2/11/2016
Project: UAF - PM, 5 BACT Analysis (EU ID 8 - DEG) Prepared By: L. Pacini
Checked By: J. Rubino|
Rev: Al
Annualized Costs
DIRECT ANNUAL COSTS QTy UNIT TOTAL MATERIALS COST  TOTAL LABOR COST TOTAL
(1)  Operating & Maintenance Costs % S - $ -
(2)  Repair & Replacement Costs % S - $ -
(3) Maintenance Materials Lot |:| excluded in this estimate
(4) Utilities
(a)  ULSD Costs: 13833165 | MMBTU $ 38,733 $ 38733
Total Direct Annual Costs (TDAC) TDAC = $ 38,733
[INDIRECT ANNUAL COSTS
(5) Overhead % excluded in this estimate S - S -
(6) Administrative Charges and Insurance % of capital S - $ -
Capital Recovery Factor [see inputs below] 0.1424
(7) Capital Recovery CRF*TCl = § -
Total Indirect Annual Costs (TIAC) TIAC = § -
TOTAL ANNUALIZED COSTS (TAC) TAC = (TDAC) + (TIAC) = S 38,733
Cost Effectiveness Summary
TOTAL TONS SO2 AVOIDED PER YEAR = 39.9
COST EFFECTIVENESS ($ PER TON AVOIDED) (TAC)/(TPY) = $ 971
Data Inputs for Capital Recovery Factor:
Annual Interest Rate (EPA OAQPS Control Cost Manual) %
Project Life (EPA OAQPS Control Cost Manual) 10 years
UAF
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Table 5-11. UAF - SO, BACT Cost Effectiveness

Summary for Each Emission Unit Type

November 19, 2019

A lized Cost
: Total Installed nhuatize Annual: O&M Effectiveness
Control Technology Option . Capital Cost 5
Capital ($) Cost ($lyear) {$iton SO»
($lyear) :
avoided)
Large Coal-fired Engine (EU ID 113)
DSI + (Limestone Injection + Low Sulfur Fuel) $2,535,000 $1,672,137 $1,235,160 $8,611
SDA + (Limestone Injection + Low Sulfur Fuel) $15,600,000 $3,270,753 $581,664 $13,732
Limestone Injection + Low Sulfur Fuel* ~ ~ ~ ~
Mid-sized Diesel-fired Boiler (EU ID 3)
ULSD =~ $443,712 $443,712 $1,084
Good Combustion Practices ~ ~ ~ ~
Mid-sized Diesel-fired Boiler (EU ID 4)
ULSD + (Limited Operation) ~ $43,184 $43,184 $1,082
Limited Operation® ~ ~ ~ ~
Large Diesel-fired Engine (EU ID 8)
ULSD + (Limited Operation) ~ $38,733 $38,733 $971
Limited Operation® ~ ~ ~ ~

Notes:
! This technology is proposed as the baseline case.
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Table 5-12. UAF - Proposed SO, BACT and Associated
Emission Rate for Each Emission Unit Type
Emission Unit SO; BACT
o 5 ot Fuel Description Emission Rate or Fuel

escription Sulfur Content’

113 Large Boiler Cgal and Limestone Injection + Low Sulfur Fuel 0.2 Ib/MMBtu

Biomass

3 Mid-sized Boiler Diesel ULSD 15 ppmw S in fuel
I . Diesel ULSD + Limited Operation 15 ppmw S in fuel

4 Mid-sized Boiler Natural Gas Limited Operation 0.60 Ib/MMscf
19 through 21 Small Boilers ULSD ULSD + Limited Operation 15 ppmw S in fuel
8 Large Engine Diesel ULSD + Limited Operation 15 ppmw S in fuel
27 Small Engine ULSD ULSD + Limited Operation 15 ppmw S in fuel
9A MedlcaI/Pat_hoIoglcaI Waste ULSD + Limited Operation 15 ppmw S in fuel

Waste Incinerator
Notes:

! Emissions are on a per unit basis.
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US Environmental Protection Agency, Compilation of Air Pollutant Emission Factors, AP-42,
January 1995.

US Environmental Protection Agency, October 1990, New Source Review Waorkshop Manual.

US Environmental Protection Agency, Technical Bulletin: Nitrogen Oxides (NOyx), Why and How
They Are Controlled, Office of Air Quality Planning and Standards, EPA 456-F-99-006R, 1999.
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Table A-1. Summary of Identified NOyx Control Technology - Large Coal and Biomass-fired Boiler,
Greater Than 250 MMBtu/hr

Number of Coal-fired (RBLC ID| Number of Biomass-fired (RBLC
Pollutant Control Technology Used 11.110) Entries (70 Total) ID 11.120) Entries (35 Total)
SCR 15 8
Low NOx Burners 15 1
SNCR 16 9
Overfired Air 13 3
NO Fluidized Bed 3 -
X N
Staged Combustion 4 5
Good Combustion Practices 2 4
None 1 1
Low Excess Air 1 -
Flue Gas Recirculation - 4

Note: Data is based on a RBLC review from January 1, 2005 through August 24, 2015.

Table A-2. Summary of PM Identified Control Technology - Large Coal and Biomass-fired Boiler,
Greater Than 250 MMBtu/hr

Number of Coal-fired (RBLC ID

Number of Biomass-fired (RBLC

Pollutant Control Technology Used 11.110) Entries (77 Total) ID 11.120) Entries (53 Total)

Fabric Filters 50 6

None 10 3
ESP 7 25

PM Good Combustion Practices 5 3
Cyclone 3 14

Scrubber 2 -

Settling Chamber - 2

Note: Data is based on a RBLC review from January 1, 2005 through August 24, 2015.

Table A-3. Summary of Identified SO, Control Technology - Large Coal and Biomass-fired Boiler,
Greater Than 250 MMBtu/hr

Number of Coal-fired (RBLC ID

Number of Biomass-fired (RBLC

Pollutant Control Technology Used 11.110) Entries (60 Total) ID 11.120) Entries (17 Total)
Flue Gas Desulfurization 17 -
Limestone Injection 15 2
Scrubber 12 -
S0, Spray Dryer 7 1
None 6 7
Fabric Filters 2 -
Low Sulfur Fuel 1 3
Good Combustion Practices - 4

Note: Data is based on a RBLC review from January 1, 2005 through August 24, 2015.
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Table A-4. RBLC Control Technology Determinations for Large Coal-fired Boilers, Greater than 250 MMBtu/hr (RBLC 11.110;

November 19, 2019

CONTROL EMISSION | CASE-BY-
RBLC ID FACILITY NAME PERMIT PROCESS NAME PROCCESS| primMaRY FUEL | THROUGHPUT | THROUCHPUT POLLUTANT METHOD CONTROL METHOD DESCRIPTION EMISSION | =y CASE
ISSUANCE DATE] TYPE UNITS LIMIT
CODE UNITS BASIS |
KY-0100 | JK. SMITH GENERATING STATION | 0410912010 ACT | CIRCULATING FLUIDIZED BEDBOILER CFBL |4, 3, COAL 3000|MMBTU/H Nitrogen Dioxide (NO2) A SNCR 0.07|LBIMMBTU | BACT-PSD
EMISSIONS CONTROLLED BY A MASS-FEED STOKER CONFIGURATION WITH
VA-0296 VIRGINIA TECH 09/15/2005 ACT OPERATION OF BOILER 11 1111 COAL 146.7|mmbtu Nitrogen Dioxide (NO2) B oW EXCESS MRISTAGED COMBUSTION 0.246|LB/MMBTU | BACT-PSD
AR-0094| JOHN W. TURK JR. POWER PLANT | 11/05/2008 ACT PC BOILER 1111 PRE eI 6000|MMBTU/H Nitrogen Oxides (NOX) A SELECTIVE CATALYTIC REDUCTION (SCR) 0.067|LB/MMBTU | BACT-PSD
AZ-0055 NAVAJO GENERATING STATION 02/06/2012 ACT. PULVERIZED COAL FIRED BOILER 11.11 COAL 7725[MMBTU/H Nitrogen Oxides (NOx) P LOW NOX BURNER (L.NEL SEPARATED OVERFIRE AIR (SOFA) SY: 0.24[LB/MMBTU_[ BACT-PSD
AZ-0055 | _NAVAJO GENERATING STATION _| 02/06/2012_ACT, PULVERIZED COAL FIRED BOILER 1111 COAL 7725[MMBTU/H Nitrogen Oxides (NOX) 2 LOW NOX BURNER (LNB), SEPARATED OVERFIRE AIR (SOFA) SY: 0.24[LB/MMBTU | BACT-PSD
AZ-0055 | _NAVAJO GENERATING STATION _| 02/06/2012_ACT, PULVERIZED COAL FIRED BOILER 1111 COAL 7725[MMBTU/R Nitrogen Oxides (NOX) 2 LOW NOX BURNER (LNE), SEPARATED OVERFIRE AIR (SOFA) SY: 0.24[LB/MMBTU | BACT-PSD
LOW BED TEMPERATUR STAGED COMBUSTION; SELECTIVE NON-
CA-1206 STOCKTON COGEN COMPANY 09/16/2011 ACT CIRCULATING FLUIDIZED BED BOILER 1111 COAL 730|MMBTU/H Nitrogen Oxides (NOx) B CATALYTIC REDUCTION (SNCR) 50(PPM BACT-PSD
LA0148 |  ACTIVATED CARBON FACILITY | 05/28/2008 ACT MULT‘P;T;TH:;;J:NF;SSNACES' 1111 COAL 7.78|LBIYR E +08 Nitrogen Oxides (NOX) A COMBUSTION CONTROLS (INCLUDING LOW-NOX BURNERS) AND SNCR 77.3|LBIH BACT-PSD
LA-0176 BIG CAJUN Il POWER PLANT 0812212005 AcT | NEWE7SMW PU'{J,E‘F;‘?‘)ED COAL BOILER 1111 [ SUBBTUIINOUS 3518791|T/YR Nitrogen Oxides (NOX) B LOW NOX BURNERS AND SELECTIVE CATALYTIC REDUCTION 459.6|LB/H BACT-PSD
Mi-ozsg | KARN WEACD;\‘;SLG&NERAT'NG 12/29/2009 ACT BOILER 1111 P;%ggféhﬁf 8190|MMBTU/H Nitrogen Oxides (NOX) A LOW NOX BURNER, OVER-FIRED AIR, SELECTIVE CATALYTIC REDUCTION. 0.05|LBIMMBTU | BACT-PSD
KCPL SHALL INSTALL SCR UNIT FOR THE UNIT 2 BOILER TO REDUCE NOX
MO-0071 Kggf;;iﬁgn:?r{ﬁ&#:gf 01/27/2006 ACT PULVERIZED COAL BOILER - UNIT 2 1111 PULYERIZED 4000[TH Nitrogen Oxides (NOX) N EMISSIONS AND ALSO SHALL INSTALL WET SCRUBBER TO REDUCE SOX 0.08|LBIMMBTU | BACT-PSD
EMISSIONS. BOTH CONTROLS ARE NOT BACT FOR NOX AND SOX
MO-0077 NORBORNE POWER PLANT 0212212008 ACT MAIN BOILER 1111 COAL 3762420|T/YR Nitrogen Oxides (NOX) A SCR - SELECTIVE CATALYTIC REDUCTION LIV8 - LOWNOX BURNERS OFA - 0.065|LB/MMBTU | BACT-PSD
ND-0021| GASCOYNE GENERATING STATION | 06/03/2005 ACT BOILER, COAL-FIRED 1111 LIGNITE 2116|MMBTU/H Nitrogen Oxides (NOX) g |FHUIPIZED BED COMBUSTION AND&EEE‘;T'VE NON-CATALYTIC REDUCTION 0865|LB/MWH | BACT-PSD
ND-0024 SPIRITWOOD STATION 09/14/2007 ACT ATMOSPHERIC CIR§S|\LAE.SNG FLUIDIZED BED 1111 LIGNITE 1280(MMBTU/H Nitrogen Oxides (NOx) A FLUIDIZED BED COMBUSTION AND SELECTIVE NON-CATALYTIC REDUCTION 0.09|LB/MMBTU | BACT-PSD
ND-0026 M.R. YOUNG STATION /0812012 ACT Cyclone Bollers, Unit 1 FENEY Tignite 3200[MMBTU/H Nitrogen Oxides (NOX) B SNCR plus separated over fire air 0.36[LE/MMBTU | BACT-PSD
ND-0026 M.R. YOUNG STATION 03/08/2012 ACT Cyclone Boilers, Unit 2 1111 Lignite 6300[MMBTU/H Nitrogen Oxides (NOX) B SNCR plus separated over fire air 0.35[LB/MMBTU | BACT-PSD
NE-0031| OPPD - NEBRASKA CITY STATION | 03/09/2005 ACT UNIT 2 BOILER 1111 SUEEgg;"iNOUS Nitrogen Oxides (NOX) A SELECTIVE CATALYTIC REDUCTION (SCR) 0.07|LBIMMBTU | BACT-PSD
NE-0049 OPPD NEBRASKA CITY STATION 02/26/2009 ACT NCS UNIT 1 1111 POB‘Q/SD;JRCROIXER 370|T/YR Nitrogen Oxides (NOx) P LNB W/OVERFIRE AIR PORT SYSTEM 0.23|LB/MMBTU | BACT-PSD
NV-0036 TS POWER PLANT 05/05/2005 ACT 200 MW PC COAL BOILER 1111 POB‘QV;‘,E‘RCTJ'X"_ER 2030|MMBTUH Nitrogen Oxides (NOX) B SCR & LOW NOX BURNERS 0.067|LB/MMBTU | BACT-PSD
AMERICAN MUNICIPAL POWER PULVERIZED
OH-0310 EERATING SAATION 10/08/2009 ACT |  BOILER (2), PULVERIZED COAL FIRED 1111 Rl 5191{MMBTUH Nitrogen Oxides (NOX) A SELECTIVE CATALYTIC REDUCTION 519|LB/H BACT-PSD
~ . - N LOW NOX BURNERS (LNB) W/ OVERFIRE AIR (OFA) AND SELECTIVE .
0OK-0118 HUGO GENERATING STA 02/09/2007 ACT | COAL-FIRED STEAM EGU BOILER (HU-UNIT2) | 11.11 750|MW Nitrogen Oxides (NOX) A CATALYTIC REDUCTION (SCR) 0.07|LBIMMBTU | BACT-PSD
MEADWESTVACO TEXAS LP PULP SCRAP WOOD
TX-0491 AND PAPER MILL 01/24/2007 ACT NO. 6 POWER BOILER 1111 AND BARK Nitrogen Oxides (NOx) P OVERFIRE AIR 0.3(LB/MMBTU | BACT-PSD
AT THIS POINT, THE FLUE GAS HAS BEEN COOLED TO THE APPROPRIATE
TX-0499 | SANDY CREEK ENERGY STATION | 07/24/2006 ACT PULVERIZED CAOL BOILER 1111 COAL 8185[MMBTUH Nitrogen Oxides (NOX) A TEMPERATURE FOR SCR, SO IT NEXT PASSES THROUGH THE SCR 1637|LB/H BACT-PSD
REACTOR, WHERE NOX IS REDUCED TO FORM NITROGEN.
TX-0516 | VALERO HEAVY OIL CRACKER _| 11/16/2005 ACT, EMISSIONS LY Nitrogen Oxides (NOX) N TI57[LBMH BACT-PSD
TX-0554 COLETO CREEK UNIT 2 05/03/2010 ACT Coal-fired Boiler Unit 2 1111 PRE coal 6670[MMBTU/H Nitrogen Oxides (NOX) A Tow-NOX burners with OFA, Selective Catalytic Reduction 0.06[LE/MMBTU | BACT-PSD
TX-0556 HARR‘NGT%%ISLL;T'ON UNITL | 9171502010 ACT Unit 1 Boiler 1111 coal 3630|MMBTU/H Nitrogen Oxides (NOX) g [Separated overfire air windbox Sysi’:‘&'e";‘ﬁg;b”'"e' tips and additional ya control 1452|LB/H BACT-PSD
TX-0557 LIMESTONE E;Eiﬁ%i GENERATING 02/01/2010 ACT LMS Units 1 and 2 1111 Coal 9061|MMBtu/H Nitrogen Oxides (NOx) P Tuning of existing low-NOXx firing system to induce deeper state combustion. 0.25|LB/MMBTU | BACT-PSD
COAL & PET LB
TX-0577 | WHITE STALLION ENERGY CENTER | 12/16/2010 ACT CFB BOILER 1111 ke 3300|MMBTUH Nitrogen Oxides (NOX) B CFB AND SNCR 0.07|NOX/MMBT | BACT-PSD
u
TX-0585 | |ENASKA TR?‘E'fT"ééER ENERGY | 1513012010 ACT Coal-fired Boiler 1111 S“b'b‘c‘:;l“““s 8307|MMBTUMH Nitrogen Oxides (NOx) A Selective Catalytic Reduction 0.05|LB/MMBTU | BACT-PSD
WASTE
BONANZA POWER PLANT WASTE CIRCULATING FLUIDIZED BED BOILER, 1445
UT-0070 AL PIRED UNIT 08/30/2007 ACT B R WASTE COAL PRED 1111 co;x;/g[r;\r‘m[:ruou Nitrogen Oxides (NOX) A SNCR 0.088|LB/MMBTU | BACT-PSD
WASTE
BONANZA POWER PLANT WASTE CIRCULATING FLUIDIZED BED BOILER, 1445
UT-0070 AL PIRED UNIT 08/30/2007 ACT B R WASTE CORL PRED 1111 co;x;/g[r;\r‘m[:ruou Nitrogen Oxides (NOX) A SNCR 0.08|LBIMMBTU | BACT-PSD
VA-0309 | SEORGIA PACIFIC WOOD PRODUCTS | o5/15/2008 ACT KEELER BOILER 1111 COAL 86.6|MMBTU/H Nitrogen Oxides (NOX) B GOOD COMBUSTION PRACTICES AND CEM SYSTEM. 51|LB/H BACT-PSD
VIRGINIA CITY HYBRID ENERGY COAL AND COAL N SELECTIVE NON-CATALYTIC REDUCTION AND GOOD COMBUSTION
VA-0311 Al 06/30/2008 ACT | 2 CIRCULATING FLUIDIZED BED BOILERS 1111 REFUSE 3132|MMBTU/H Nitrogen Oxides (NOX) B PRACTICES AND CEM SySTEM 0.07|LBIMMBTU | BACT-PSD
WV-0024 WES.I;;EER’L\‘Egi_i%%BRLLECR co- 04/26/2006 ACT | CIRCULATING FLUIDIZED BED BOILER (CFB) 1111 WASTE COAL 1070{mmbtu/h Nitrogen Oxides (NOx) A SNCR 0.1|LB/MMBTU | BACT-PSD
WY-0063 WYGEN 3 02/05/2007 ACT PC BOILER 1111 susaggmirvous 1300|MMBTU/H Nitrogen Oxides (NOX) SCRILNBIOVERFIRE AR 0.05|LBIMMBTU | BACT-PSD
WY-0064 DRY FORK STATION 10/15/2007 ACT PC BOILER (ESL-01) FEREY COAL Nitrogen Oxides (NOX) LOW NOX BURNERS AND SCR 0.05[LE/MMBTU | BACT-PSD
SNCR EMPLOYED TO MINIMIZE NOX EMISSIONS. FACILITY WILL BE
PA-0247 | BEECH HOLLOW POWER PROJECT | 04/01/2005 ACT COAL FIRED CFB 1111 WASTE COAL Nitrogen Oxides (NOX) A EQUIPPED WITH NOX CEM 70 MONITOR EXHAUST GAS STREAM. 0.08|LBIMMBTU | LAER
Pa0zag | CREENE ENERGY RESOURCE | oriosra00s AcT 2 CFB BOILERS 1111 WASTE COAL 358|T/H (each) Nitrogen Oxides (NOX) A SNCR, NOX CEM 0.08|LBIMMBTU |  LAER
| PA-0249 | RIVER HILL POWER COMPANY, LLC | 07/21/2005 AC CFB BOILER WASTE COAL itrogen Oxides (NOx) A SNCR INSTALLED. NOX EMISSIONS MONITORED BY CEM 880.2|T/YR LAER
[PA-0257 SUNNYSIDE ETHANOL,LLC 05/07/2007_AC CFB BOILER COAL 496.8[MMBTUR itrogen Oxides (NOX) A 0.1[LB/MVBTU | _LAER
[PA-0259 CAMBRIA COKE CO! 06/25/2006 AC PYROPOWER UNIT A COAL trogen Oxides (NOX) P COMBUSTION STAGING 0.3|LB/MMBTU | _LAER
[PA-0259 CAMBRIA COKE CO. 06/25/2006 AC PYROPOWER UNIT B COAL trogen Oxides (NOX) P COMBUSTION STAGING 0.3|LB/IMMBTU | _LAER
KANSAS CITY POWER & LIGHT -
MO-0071 COMPANY - IATAN STATION 01/27/2006 ACT PULVERIZED COAL BOILER - UNIT 1 1111 COAL 4000[TH Nitrogen Oxides (NOX) N 01[LB/MMBTU | NIA
OH-0314 | _SMART PAPERS HOLDINGS, LLC | 01/31/2008 ACT PULVERIZED DRY BOTTOM BOILER 111 COAL 420[MMBTUH Nitrogen Oxides (NOX) N 267[TVR NA
OH-0314 SMART PAPERS HOLDINGS, LLC 01/31/2008 ACT. SPREADER STOKER COAL-FIRED BOILER 11.11 COAL 249|MMBTU/H Nitrogen Oxides (NOx) N 163.5|LB/H N/A
LOW NOX BURNERS, SEPARATED OVERFIRE AIR WINDBOX, WITH
Tx-04gg | SOUTHWESTERN PUBLIC SERVICE 1 /,7),006 acT UNIT 3 BOILER 1111 PBR COAL 3870|MMBtu/h Nitrogen Oxides (NOX) A ADDITIONAL YAW CONTROL OF THE BURNERS FOR ADDITIONAL NOX 0.3|LemmeTy |Other Case
COMPANY-HARRINGTON STATION CONTROL by-Case
NON-METALLIC MINERAL PROCESSING ANTHRACITE
CA-1158 CELITE 0611112007 ACT | 0 Ui ROCK. SAND AND AGoREGATE) | 1111 ConL 16{16,266 SCFM /4 Particulate Matter (PM) A BAHOUSES. TRIBOELECTRIC OPACITY MONITOR ON ONE UNIT 0.005|GRIDSCF | BACT-PSD
SUB-BITUMINOUS
€0-0057 COMANCHE STATION 07/05/2005 ACT PC BOILER - UNIT 3 1111 oL 7421|MMBTU/H Particulate Matter (PM) A BAGHOUSE 0.013|LB/MMBTU | BACT-PSD
IL-0107 DALLMAN POWER PLANT 08/10/2006 ACT | DALLMAN 4 ELECTRICAL GENERATING UNIT_| 1111 Particulate Matter (PM) A CONVENTIONAL DRY ESP, CONVENTIONAL SCRUBBER AND WET ESP- 0.035[LB/MMBTU | BACT-PSD
ND-0021 | GASCOYNE GENERATING STATION | 06/03/2005_ ACT, BOILER, COAL-FIRED 1111 LIGNITE 2116|MMBTUH Particulate Matter (PM) A BAGHOUSE 0.0167|LB/MMBTU | BACT-PSD
NE-0031 OPPD - NEBRASKA CITY STATION 03/09/2005 ACT TRIPPER DUST COLLECTOR (EP-105) 1111 Particulate Matter (PM) N DUST COLLECTOR IS THE CONTROL 0.01 GEAINSIDS BACT-PSD
NE-0031| OPPD - NEBRASKA CITY STATION | 08/09/2005 ACT RECYCLED ASH STORAGE (EP-203) 1111 Particulate Matter (PM) 001 gEA'NS/ S| gacT-PsD
NE-0031 | _OPPD - NEBRASKA CITY STATION _| 03/09/2005 ACT | __TRIPPER DUST COLLECTOR (EP-106) FEREY Particulate Matter (PM) N DUST COLLECTOR IS THE CONTROL DEVICE 0.01[GRIDSCF__| BACT-PSD
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CONTROL EMISSION
RBLC ID FACILITY NAME PERMIT PROCESS NAME PROCCESS| priMaRY FUEL | THROUGHPUT | THROUCHPUT POLLUTANT METHOD CONTROL METHOD DESCRIPTION EMISSION| ™ yyr
ISSUANCE DATE| TYPE UNITS LIMIT
CODE UNITS BASIS
NE-0031 | _OPPD - NEBRASKA CITY STATION _| 03/09/2005 ACT | _SDA LIME STORAGE EXHAUST (EP-202) FEREY Particulate Matter (PM) N 0.01[GRIDSCF_| BACT-PSD
NE-0031| OPPD - NEBRASKA CITY STATION | 03/09/2005 ACT | FLY ASH WASTE DUST COLLECTOR (EP-211) |  11.11 Particulate Matter (PM) N DUST COLLECTOR IS THE CONTROL 001|GRIDSCF | BACT-PSD
NE-0031| OPPD - NEBRASKA CITY STATION | 03/09/2005 ACT UNIT 2 BOILER 1111 SUBng:ﬂNOUS Particulate Matter (PM) A FABRIC FILTER BAGHOUSES 0.018|LB/MMBTU | BACT-PSD
NE-0031 OPPD - NEBRASKA CITY STATION 03/09/2005 ACT FLY ASH WASTE STORAGE VENT (EP-204) 1111 Particulate Matter (PM) N 0.01|GR/DSCF BACT-PSD
TX-0518 | _VALERO HEAVY OIL CRACKER _| 11/16/2005 ACT, EMISSIONS 1111 Particulate Matter (PM) N 272[LB/H BACT-PSD
WASTE
BONANZA POWER PLANT WASTE CIRCULATING FLUIDIZED BED BOILER, 1445
UT-0070 oA FRED UNIT 08/30/2007 ACT VBTUNE WASTE GOAL FIRED 1111 COA;M;II:FEU'\:AE:NOU Particulate Matter (PM) A PULSE-JET FABRIC FILTER BAGHOUSE 0.03|LBIMMBTU | BACT-PSD
VA-0309 | SEORGIA PA?'EA%:ng PRODUCTS | 45/15/2008 ACT KEELER BOILER 1111 COAL 86.6|MMBTUH Particulate Matter (PM) B 2 MULITCYCLONES AND GOOD COMBUSTION PRACTICES. 20|LB/H BACT-PSD
WV-0024 WESES&&EE:\‘BTE:R co- 04/26/2006 ACT | CIRCULATING FLUIDIZED BED BOILER (CFB) |  11.11 WASTE COAL 1070|mmbtu/h Particulate Matter (PM) A BAGHOUSE 0.03|LBIMMBTU | BACT-PSD
ND-0024 SPIRITWOOD STATION 0971412007 AcT | ATMOSPHERIC CIRE;LL/;ENG FLUDIZEDBED| ) 1q LIGNITE 1280|MMBTU/H Particulate Matter (PM), Organic Condensables| A SPRAY DRYER AND BAGHOUSE 0.018|LB/MMBTU | BACT-PSD
IL-0107 DALLMAN POWER PLANT /10/2006 ACT | DALLMAN 4 ELECTRICAL GENERATING UNIT | 1341 Particulate matter, filterable (FPM) A CONVENTIONAL DRY ESP FOLLOWED BY WET ESP. 0.012[LE/MMBTU | BACT-PSD
KY-0100 | 3.K. SMITH GENERATING STATION | 04/09/2010 AcT | CIRCULATING FLXLDSZ(SEBEED BOILERCFBL |4y 1y COAL 3000|MMBTUM Particulate matter, filterable (FPM) A BAGHOUSE 0.09|LB/MMBTU | BACT-PSD
KARN WEADOCK GENERATING PRE COAL OR -
MI-0389 COMPLEX 12/29/2009 ACT BOILER 1111 50/50 BLEND 8190|MMBTU/H Particulate matter, filterable (FPM) A FABRIC FILTER 0.011(LB/MMBTU | BACT-PSD
ND-0024 SPIRITWOOD STATION 0971412007 AcT | ATMOSPHERIC C'Rggli’;'g”s FLUDIZEDBED| 4y 4y LIGNITE 1280|MMBTU/H Particulate mater, filterable (FPM) A BAGHOUSE 0.015|LB/MMBTU | BACT-PSD
COAL & PET LB PM
TX-0577 | WHITE STALLION ENERGY CENTER | 12/16/2010 ACT CFB BOILER 1111 o 3300|MMBTU/H Particulate mater, filterable (FPM) A BAGHOUSE 0.01|FILTMMBT | BACT-PSD
u
BONANZA POWER PLANT WASTE CIRCULATING FLUIDIZED BED BOILER, 1445 WASTE
UT-0070 AL PIRED UNIT 08/30/2007 ACT BT R WASTE CORL PRED 1111 co;x;/g[r:’\r‘m[:ruou Particulate matter, filterable (FPM) A PULSE-JET FABRIC FILTER BAGHOUSE 0.012|LB/MMBTU | BACT-PSD
vao3iy| VIRGINIA C'EE::SS'D ENERGY | 06/30/2008 ACT | 2 CIRCULATING FLUIDIZED BED BOILERS 1111 COA;EA:'UDSEOA" 3132|MMBTUH Particulate mater, filterable (FPM) P GOOD COMBUSTIONS PRACTICES AND BAGHOUSE 0.01|LB/MMBTU | BACT-PSD
WV-0024 WESTGESC‘Eii.fIEO'LEFE'LECR co- 04/26/2006 ACT | CIRCULATING FLUIDIZED BED BOILER (CFB) | 1111 WASTE COAL 1070|mmbtu/h Particulate matter, filterable (FPM) A BAGHOUSE 0.015|LB/MMBTU | BACT-PSD
‘WY-0063 WYGEN 3 02/05/2007 ACT PC BOILER 1111 SUBngriNOUS 1300(MMBTU/H Particulate matter, filterable (FPM) A BAGHOUSE 0.012(LB/MMBTU | BACT-PSD
'AZ-0050 | CORONADO GENERATING STATION | 01/22/2009 ACT, UNIT1 111 COAL 4719|MMBTUIH Particulate matter, filterable < 10 i (FPM10) A ESP 0.03|LB/MMBTU | BACT-PSD
AR-0094 [ JOHN W. TURK JR. POWER PLANT 11/05/2008 ACT PC BOILER 1111 PRBC%UA?:BIT 6000(MMBTU/H Particulate matter, filterable < 10 p (FPM10) A FABRIC FILTER 0.012(LB/MMBTU | BACT-PSD
'AZ-0050 | CORONADO GENERATING STATION | 01/22/2009 ACT, UNIT 2 FEREY COAL 4719|MMBTU Particulate matter, filterable < 10 i (FPM10) A ESP 0.03|LB/MMBTU | BACT-PSD
LAMAR LIGHT & POWER POWER COAL COAL HIGH EFFICIENCY(MEMBRANE) LINED FABRIC FILTER BAGHAUSE FOR
€0-0055 02103/2006 ACT | CIRCULATING FLUIDIZED BED BOILER 1111 |(BITUMINOUS/SUB 501.7|MMBTUH Particulate matter, filterable < 10 j (FPM10) N |FILTEARABLE PARTICULATE MATTER, MAXIMIZATION OF HEAT EXTRACTION 0.012|LBIMMBTU | BACT-PSD
BITUMINOUS; FROM COMBUSTION GASES PRIOR TO BAGHAUSE
CO0-0057 COMANCHE STATION 07/05/2005 ACT PC BOILER - UNIT 3 1111 SUEVBg(l)JXTNOUS 7421(MMBTU/H Particulate matter, filterable < 10 p (FPM10) BAGHOUSE 0.012(LB/MMBTU | BACT-PSD
FL-0205 | _CRYSTAL RIVER POWER PLANT _| 05/18/2007 ACT FFFSG UNITS 4AND 5 FENEY COAL 760[MW Particulate matter, filterable < 10 i (FPM10) A MODIFIED ESP (MPROVEMENTS) 0.03|LB/MMBTU | BACT-PSD
CIRCULATING FLUIDIZED BED BOILER CFB1 ]
KY-0100 | J.K. SMITH GENERATING STATION 04/09/2010 ACT AND CFB2 1111 COAL 3000|MMBTU/H Particulate matter, filterable < 10 p (FPM10) A BAGHOUSE 0.09|LB/MMBTU | BACT-PSD
LA-0176 BIG CAJUN Il POWER PLANT 0812212005 AcT | NEW 675 MW PU'('JE‘F%)ED COALBOILER 1111 SUBngm'_NOUS 3518791|T/YR Particulate matter, filterable < 10 j (FPM10) A ESP AND BAGHOUSE IN SERIES CONFIGURATION 78.79|LBIH BACT-PSD
KANSAS CITY POWER & LIGHT PULVERIZED KCPL SHALL INSTALL A FABRIC FILTRATION SYSTEM (BAGHOUSE) FOR THE
MO-0071 COMPANY - IATAN STATION 01/27/2006 ACT PULVERIZED COAL BOILER - UNIT 2 1111 Rl 4000[TH Particulate matter, filterable < 10 y (FPM10) A T 2 SO En 6 HEUCD PG Eae o 0.0236|LB/MMBTU | BACT-PSD
MO-0071 Kéﬁ%@iﬁcn:ﬂﬁ;ﬁ:gm 01/27/2006 ACT PULVERIZED COAL BOILER - UNIT 1 1111 COAL 4000(T/H Particulate matter, filterable < 10 j (FPM10) A BAGHOUSE 0.0244|LBIMMBTU | BACT-PSD
MO-0077 NORBORNE POWER PLANT 0272212008 ACT MAIN BOILER FEREY COAL 3762420[TIVR Parliculate matter, fiterable < 10 p (FPM10) A FABRIC FILTRATION SYSTEM (BAGHOUSE) 0.018|LB/MMBTU_| BACT-PSD
ND-0021 | GASCOYNE GENERATING STATION | 06/03/2005 ACT BOILER, COAL-FIRED 1111 LIGNITE 2116|MMBTU/H Particulate matter, filterable < 10 p (FPM10) A BAGHOUSE 0.013[LB/MMBTU_| BACT-PSD
ND-0024 SPIRITWOOD STATION 0971412007 AcT | ATMOSPHERIC C'Rgglﬁgm FLUDIZEDBED| ) 4y LIGNITE 1280|MMBTU/H Particulate matter, filterable < 10 y (FPM10) A BAGHOUSE 0.012|LB/MMBTU | BACT-PSD
NV-0036 TS POWER PLANT 05/05/2005 ACT 200 MW PC COAL BOILER 1111 poa‘;";iRCFgXLER 2030|MMBTUMH Particulate matter, filterable < 10 j (FPM10) A FABRIC FILTER DUST COLLECTION 0.012|LB/MMBTU | BACT-PSD
AMERICAN MUNICIPAL POWER PULVERIZED - BAGHOUSE IN COMBINATION WITH A WET ELECTROSTATIC PRECIPITATOR
OH-0310 GENERATING STATION 10/08/2009 ACT BOILER (2), PULVERIZED COAL FIRED 1111 COAL 5191(MMBTU/H Particulate matter, filterable < 10 p (FPM10) A (WESP) 125|LBH BACT-PSD
OK-0118 HUGO GENERATING STA 02/09/2007 ACT | COAL-FIRED STEAM EGU BOILER (HU-UNIT2) | 11.11 750|MW Particulate matter, filterable < 10 j (FPM10) A FABRIC FILTER BAGHOUSE 0.015|LB/MMBTU | BACT-PSD
PA-0247 | BEECH HOLLOW POWER PROJECT | 04/01/2005 ACT, COAL FIRED CFB FEREY WASTE COAL Particulate matter, filterable < 10 t (FPM10) A BAGHOUSE 0.012|LB/MMBTU | BACT-PSD
GREENE ENERGY RESOURCE BAGHOUSE, 289.7 TPY WAS DETERMINED BY EPA METHODS 201,201A,202.
PA-0248 RECOVERY PROJECT 07/08/2005 ACT 2 CFB BOILERS 1111 WASTE COAL 358|T/H (each) Particulate matter, filterable < 10 j (FPM10) A PROVISION TO INCREASE IF CAN'T MEET LIMIT BECAUSE OF 0.012|LB/MMBTU | BACT-PSD
CONDENSIBLES PER METHOD 202
| PA-0249 | RIVER HILL POWER COMPANY. LLC_| 07/21/2005 AC CFB BOILER WASTE COAL matter, fiterable < 10 i (FP| A BAGHOUSE 125.7[TIVR ACT-PSD
[ PA0257 SUNNYSIDE ETHANOL,LLC 05/07/2007 AC CFB BOILER COAL 496 8| MMBTUIH matter, fiterable < 10 i (FP A CYCLONE AND BAGHOUSE 0. MBTU | BACT-PSD
| PA-0259 CAMBRIA COl Cco. 08/25/2006 AC PYROPOWER UNIT A COAL matter, filterable < 10 p (FP! A FABRIC FILTER 16.1 H ACT-PSD
[ PA0259 CAMBRIA COKE CO. 08/25/2006 AC PYROPOWER UNIT B COAL matter, fiterable < 10 i (FP A BAGHOUSE 16. ACT-PSD
MEADWESTVACO TEXAS LP PULP SCRAP WOOD
TX-0491 AND PAPER ML 0112412007 ACT NO. 6 POWER BOILER 1111 D BARK Particulate matter, filterable < 10 j (FPM10) B VENTURI WET SCRUBBER 0.1{LB/MMBTU | BACT-PSD
TX-0499 | _SANDY CREEK ENERGY STATION _| 07/24/2006 ACT. PULVERIZED CAOL BOILER FEREY COAL 8185[MMBTU/H Particulate matter, fiterable < 10 j (FPM10) N H BACT-PSD
TX-0554 COLETO CREEK UNIT 2 05/03/2010 ACT Coal-fired Boiler Unit 2 1111 PRE coal 6670[MMBTU/H Particulate mater, filterable < 10 i (FPM10) A Tabric fiter MMBTU | BACT-PSD
TX-0585 | |ENASKA TRS‘:_fTLé‘éER ENERGY | 151302010 ACT Coal-fired Boiler 1111 S”b'h‘c‘saml'""“s 8307|MMBTUH Particulate matter, filterable < 10 i (FPM10) A Fabric Filter 0.012|LBIMMBTU | BACT-PSD
WASTE
BONANZA POWER PLANT WASTE CIRCULATING FLUIDIZED BED BOILER, 1445
UT-0070 oA FRED UNIT 08/30/2007 ACT BTUNE WASTE GOAL FIRED 1111 COA;M;II:FEU'\:ADINOU Particulate matter, filterable < 10 i (FPM10) A PULSE-JET FABRIC FILTER BAGHOUSE 0.012|LB/MMBTU | BACT-PSD
VA0296 VIRGINIA TECH 09/15/2005 ACT GPERATION OF BOILER 11 FEREY COAL 146.7[mmbtu Particulate matter, filterable < 10 i (FPM10) BAG HOUSE EQUIPED WITH CEM 0.018|LB/MMBTU_| BACT-PSD
VA-0309 GEORGIA PA?IF‘C WOOD PRODUCTS 05/15/2008 ACT KEELER BOILER 1111 COAL 86.6|MMBTU/H Particulate matter, filterable < 10 p (FPM10) B TWO MULTICYCLONES AND GOOD COMBUSTION PRACTICES. 14.5(LB/H BACT-PSD
WV-0024 WES‘IVGEERI\;VE(;i'EI%’\:\IBRLLECR co- 04/26/2006 ACT | CIRCULATING FLUIDIZED BED BOILER (CFB) |  11.11 WASTE COAL 1070|mmbtu/h Particulate matter, filterable < 10 j (FPM10) A BAGHOUSE 0.03[LB/MMBTU | BACT-PSD
WY-0064 DRY FORK STATION 10/15/2007 ACT PC BOILER (ESL-01) 1111 COAL Particulate matter, fiterable < 10 i (FPM10) A FABRIC FILTER (BAGHOUSE) 0.012|LB/MMBTU | BACT-PSD
TX-0554 COLETO CREEK UNIT 2 05/03/2010 ACT Coal-fired Boiler Unit 2 1111 PRE coal 6670[MMBTU/H Particulate matter, total (TPM) A Tabric filter, spray dry adsorber for acid gases 0.025[LB/MMBTU | BACT-PSD
LB PM
TX-0577 | WHITE STALLION ENERGY CENTER | 12/16/2010 ACT CFB BOILER 1111 CO/élbiEPET 3300|MMBTU/H Particulate matter, total (TPM) A LSD, ACTIVATED CARBON, BAGHOUSE 0.018|TOT/MMBT | BACT-PSD
u
CEM SYSTEM AND BAGHOUSE WITH WET MISTING FOLLOWED BY A DRY
VA-0312 SPRUANCE GENCO, LLC 01/23/2009 ACT ELECTRIC GENERATION 1111 COAL 124392(T/YR Particulate matter, total (TPM) B UNLOADER. FABRIC FILTERS. 0.3|LBH BACT-PSD
Mi-03g9 | KARN WEASSSEE?“ERAT'NG 12/20/2009 ACT BOILER 1111 P;?sggf;\?; 8190|MMBTUH Particulate matter, total < 10 p (TPM10) A FABRIC FILTER, HYDRATED LIME INJECTION 0.024[LBIMMBTU | BACT-PSD
Tx-0s85 | |ENASKA TR@‘E';\?TLQSER ENERGY | 123012010 ACT Coal-fired Boiler 1111 S”b'b‘c‘;;‘l"“ws 8307|MMBTUH Particulate matter, total < 10 i (TPM10) A Fabric filter and wet scrubber 0.025|LB/MMBTU | BACT-PSD
vagaiy| VIRGINIA C';':':gsm ENERGY | 06/30/2008 ACT | 2 CIRCULATING FLUIDIZED BED BOILERS 1111 COARLQ“UDSEOAL 3132|MMBTUM Particulate matter, total < 10 j (TPM10) 3 GOOD COMBUSTION PRACTICES AND BAGHOUSE 0.012|LB/MMBTU | BACT-PSD
VA-0312 SPRUANCE GENCO, LLC 01/23/2009 ACT ELECTRIC GENERATION 1111 COAL 124392(T/YR Particulate matter, total < 10 p (TPM10) B CEM SYSTEM AND BAS:LOS:[EE\/;H:/L:/;E Aé\lf':g;GS FOLLOWED BY ADRY 0.3|LBH BACT-PSD
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CONTROL EMISSION
RBLC ID FACILITY NAME PERMIT PROCESS NAME PROCCESS| priMaRY FUEL | THROUGHPUT | THROUCHPUT POLLUTANT METHOD CONTROL METHOD DESCRIPTION EMISSION| ™ yyr
ISSUANCE DATE| TYPE UNITS LIMIT
CODE UNITS
vao3iy| VIRGINIACITY HYBRIDENERGY | 46305008 ACT | 2 CIRCULATING FLUIDIZED BED BOILERS 1111 COA;EA:'U%(E:OAL 3132|MMBTUH Particulate matter, total < 2.5 y (TPM2.5) P GOOD COMBUSTION PRACTICES AND BAGHOUSE 0.012|LB/MMBTU | BACT-PSD
GH-0314| _SMART PAPERS HOLDINGS, LLC _| 01/31/2008 ACT PULVERIZED DRY BOTTOM BOILER 111 COAL 420|MMBTUIH Particulate Matter (PM) N 011[LB/MMBTU | N/A
OH-0314| _SMART PAPERS HOLDINGS, LLC _| 01/31/2008 ACT | _SPREADER STOKER COAL-FIRED BOILER 1111 COAL 249[MMBTU/H Particulate Matter (PM) N 0.11[LB/MMBTU | __N/A
OH-0314 | _SMART PAPERS HOLDINGS, LLC _| 01/31/2008 ACT | _SPREADER STOKER COAL-FIRED BOILER 1111 COAL 249 MMBTU/H Particulate matter, fiterable < 10 j1 (FPM10) N 0.072[LB/MMBTU
SOUTHWESTERN PUBLIC SERVICE ] COAL CRUSHERS OPERATE AT BELOW ATMOSPHERIC PRESSURE WITH Giher Case-
TX-0489 | Lo A RRINGON STATION | 10/17/2006 ACT UNIT 3 BOILER 1111 PBR COAL 3870|MMBtu/h Particulate matter, fiterable < 10 i (FPM10) B AL DUST CONTROLED ooo|emmeTy |
AMERICAN MUNICIPAL POWER PULVERIZED - BAGHOUSE IN COMBINATION WITH A WET ELECTROSTATIC PRECIPITATOR
OH-0310 CENERATING STATION 10/08/2009 ACT | BOILER (2), PULVERIZED COAL FIRED 1111 oAl 5191|MMBTU/H Particulate matter, filterable (FPM) A WESR) 0012|LB/MMBTU | MACT
AR-0094| JOHN W. TURK JR. POWER PLANT | 11/05/2008 ACT PC BOILER 1111 PRBC%UA?_'B'T 6000[MMBTU/H Sulfur Dioxide (SO2) A DRY FLUE GAS DESULFURIZATION (SPRAY DRY ADSORBER) 0.08|LBIMMBTU | BACT-PSD
LIMESTONE INJECTION W/ A MINIMUM REMOVAL EFFICIENCY OF 70% (3-HR
CA-1206|  STOCKTON COGEN COMPANY | 09/16/2011 ACT|  CIRCULATING FLUIDIZED BED BOILER 1111 COAL 730|MMBTU/H Sulfur Dioxide (SO2) 3 'AVG) TO BE MAINTAINED AT ALL TIMES 59|LB/H BACT-PSD
COAL
LAMAR LIGHT & POWER POWER ’ LIMESTONE INJECTION FOR S02 CONTROL . SAND IS USED AS INERT
€0-0055 02/03/2006 ACT | CIRCULATING FLUIDIZED BED BOILER 1111 (Bgﬁmﬁlﬁg{m 501.7|MMBTU/H Sulfur Dioxide (SO2) P MATERIAL FOR REGULATION OF CIRCULATING BED TEMPERATURE 0.103|LB/MMBTU | BACT-PSD
JA-0091 | OTTUMWA GENERATING STATION | 02/27/2007 ACT BOILER #1 FEREY COAL 6370[MMBTUIH Sulfur Dioxide (S02) 2 LOW SULFUR COAL 12|LE/MMBTU | BACT-PSD
KY-0100 | J.K. SMITH GENERATING STATION | 04/09/2010 ACT | C/RCULATING FLUDIZED BEDBOILER CFB | 4, ;) COAL 3000{MMBTU/H Sulfur Dioxide (SO2) A LIMESTONE INJECTION (CFB)AND A FLASH DRYER ABSORBER WITH FRESH 0.075|LB/MMBTU | BACT-PSD
AND CFB2 LIME INJECTION
LA0148 |  ACTIVATED CARBON FACILITY | 05/28/2008 ACT MuLT‘P;irEEng:NF;RF;NACES/ 1111 COAL 7.78|LBIYR E +08 Sulfur Dioxide (SO2) A SPRAY DRYER ABSORBER (SDA) SYSTEM 101.2|LB/H BACT-PSD
NEW 675 MW PULVERIZED COAL BOILER SUBBITUMINOUS — GPTION 1: SEMI-DRY LIME SCRUBBER OPTION 2: WET FLUE GAS
LA-0176 BIG CAJUN Il POWER PLANT 08/2212005 ACT oniT 4 1111 cont. 3518791|T/YR Sulfur Dioxide (S02) A ESULEURIZATION SvaTom 656.6|LB/H BACT-PSD
KARN WEADOCK GENERATING PRE COAL OR LIMESTONE FORCED OXIDATION, WET FLUIDIZED GAS DESULFURIZATION
MI-0389 ComPLEX 12/20/2009 ACT BOILER 1111 o0 BLEND 8190|MMBTUH Sulfur Dioxide (SO2) B (FGD) AND LOW SULFUR GOAL. 0.06|LBIMMBTU | BACT-PSD
KCPL SHALL INSTALL SCR UNIT FOR THE UNIT 2 BOILER TO REDUCE NOX
MO-0071 K’égﬂgzgn;?&i&'{:gm 01/27/2006 ACT PULVERIZED COAL BOILER - UNIT 2 1111 PUL(\:IEITI'_ZED 4000[TH Sulfur Dioxide (SO2) N EMISSIONS AND ALSO SHALL INSTALL WET SCRUBBER TO REDUCE SOX 0.09|LB/MMBTU | BACT-PSD
EMISSIONS. BOTH CONTROLS ARE NOT BACT FOR NOX AND SOX
MO-0077 NORBORNE POWER PLANT 0272212008 ACT MAIN BOILER FEREY COAL 3762420[TIVR Sulfur Dioxide (S02) A DRY FLUE GAS DESUL 0 BACT-PSD
ND-0021 | GASCOYNE GENERATING STATION | 06/03/2005 ACT, BOILER, COAL-FIRED 1111 LIGNITE ~2116[MMBTUH Sulfur Dioxide (SO2) B LIMESTONE INJECTION WITH A SPRAY DRYER. 0.038[LE/MMBTU | BACT-PSD
ND-0024 SPIRITWOOD STATION 0971412007 AcT | ATMOSPHERIC C'RgglLL/g;NG FLUDIZEDBED| ) 1y LIGNITE 1280 MMBTU/H Sulfur Dioxide (SO2) A LIMESTONE INJECTION INTO THE UNIT WITH A SPRAY DRYER FOLLOWING. 0.06|LBIMMBTU | BACT-PSD
NE-0031| OPPD - NEBRASKA CITY STATION | 03/09/2005 ACT UNIT 2 BOILER 1111 suaaggzniwous Sulfur Dioxide (SO2) A DRY FLUE GAS DESULFURIZATION & FABRIC FILTER 0.095|LB/MMBTU | BACT-PSD
NV-0036 TS POWER PLANT 05/05/2005 ACT 200 MW PC COAL BOILER 1111 P%f;iRCFSXER 2030|MMBTU/H Sulfur Dioxide (S02) A LIME SPRAY SPRAY DRY SCRUBBER 0.09|LBIMMBTU | BACT-PSD
0OH-0310 AMEgéi’g;x#xggﬁ‘ng’\“NER 10/08/2009 ACT | BOILER (2), PULVERIZED COAL FIRED 1111 PUL(\:IEITI'_ZED 5191 MMBTUH Sulfur Dioxide (S02) A |WET FLUE GAS DESULFURIZATION (FGS) EITHER LIME OR AMMONIA-BASED 1246(LBIH BACT-PSD
OH-0314| _SMART PAPERS HOLDINGS, LLC _| 01/31/2008 ACT PULVERIZED DRY BOTTOM BOILER FEEY COAL 420 MMBTUIH Sulfur Dioxide (S02) N 1.7[LB/MMBTU | BACT-PSD
OH-0314| _SMART PAPERS HOLDINGS, LLC _| 01/31/2008 ACT | _SPREADER STOKER COAL-FIRED BOILER 1111 COAL 249 MMBTU/H Sulfur Dioxide (S02) N 1.7]LBH BACT-PSD
OK-0118 HUGO GENERATING STA 02/09/2007 ACT | COAL-FIRED STEAM EGU BOILER (HU-UNIT2) [ 11.11 750|MW Sulfur Dioxide (S02) A WET LIMESTONE FLUE GAS DESULFURIZATION 0.065|LB/MMBTU | BACT-PSD
OREENE ENERGY RESOURCE EMISSION RESTRICTION, LIMESTONE INJECTION PLUS A DRY POLISHING
PA-0248 07/08/2005 ACT 2 CFB BOILERS 1111 WASTE COAL 358|T/H (each) Sulfur Dioxide (SO2) A SCRUBBER, EMISSION MONITORED BY CEM WHICH IS BASIS FOR 0.156|LB/MMBTU | BACT-PSD
RECOVERY PROJECT EFFICIENCY CONTROL
PA-0249 | RIVER HILL POWER COMPANY, LLC | 07/21/2005 ACT, CFB BOILER 1141 WASTE COAL Sulfur Dioxide (S02) A DRY FLUE GAS DESULFURIZATION SYSYTEM 0.274|LEIMMBTU | BACT-PSD
PA-0257 SUNNYSIDE ETHANOL,LLC 05/07/2007 ACT CFB BOILER 1111 COAL 496.8|MMBTUH Sulfur Dioxide (S02) A LIMESTONE INJECTION AND ADD ON DRY FLUE GAS DESULFEDRIZATION, 0.2|LB/MMBTU | BACT-PSD
PA-0259 CAMBRIA COKE CO. G6/25/2006 AC PYROPOWER UNIT A COAL ulfur Dioxide (SO2) A LIME INJECTION, SPRAY DRYER AND ADSORBER SYSTEM ACT-PSD
PA-0259 CAMBRIA COKE CO. 08/25/2006 AC PYROPOWER UNIT B COAL ulfur Dioxide (SO2) A LIME INJECTION/SPRAY DRYER/ADSORBER SYSTEM ACT-PSD
TX-0499 | _SANDY CREEK ENERGY STATION _| 07/24/2006 AC PULVERIZED CAOL BOILER COAL 8185[MMBTU/H ulfur Dioxide (SO2) N ACT-PSD
TX-0518 | VALERO HEAVY OIL CRACKER _| 11/16/2005 AC MISSIONS ulfur Dioxide (SO2 N H ACT-PSD
TX-0554 COLETO CREEK UNIT 2 05/03/2010 AC Coal-fired Boiler Unit 2 PRE coal 6670 MMBTUIH ulfur Dioxide (SO2) A Spray Dry Adsorber/Fabric Filter MBTU | BACT-PSD
COAL & PET [IMESTONE BED CFB AND LIME SPRAY DRYER PERMIT DESIGN SULFUR
TX-0577 | WHITE STALLION ENERGY CENTER | 12/16/2010 ACT CFB BOILER 1111 COKE 3300|MMBTU/H Sulfur Dioxide (SO2) A CONTENT OF ILL BASIN COAL IS 3.9 WT% AND OF PET COKE 4.3 AVG/6.0 0.114[SO2/MMBT | BACT-PSD
MAX HI WEIGHTING OF LIMITS USED FOR FUEL BLENDING u
TX-0585 | |ENASKA TRé‘EL’:‘aTLé\éER ENERGY | 1513072010 ACT Coal-fired Boiler 1111 S”b'b‘ctsaml'mus 8307|MMBTUH Sulfur Dioxide (SO2) A Wet limestone scrubber 0.06|LB/MMBTU | BACT-PSD
Tx-0601 | CIBEONS CRESET';i;iAM ELECTRIC | 102872011 ACT Boiler 1111 Coal 5060|MMBtu/h Sulfur Dioxide (SO2) A Wet Flue Gas Desulfurization 1.2|LB/MMBTU | BACT-PSD
WASTE
BONANZA POWER PLANT WASTE CIRCULATING FLUIDIZED BED BOILER, 1445
UT-0070 AL PIRED UNIT 08/30/2007 ACT BT R WASTE COAL PRED 1111 COA;/I;IEEU':A[;NOU Sulfur Dioxide (SO2) A 0.055|LB/MMBTU | BACT-PSD
WASTE
BONANZA POWER PLANT WASTE CIRCULATING FLUIDIZED BED BOILER, 1445 LIMESTONE INJECTION SYSTEM DRY SO2 SCRUBBER (SPRAY DRY
UT-0070 AL PIRED UNIT 08/30/2007 ACT BT R WASTE CORL PRED 1111 COA;/I;IEEU':A[;NOU Sulfur Dioxide (SO2) A ABSORBER) 0.055|LB/MMBTU | BACT-PSD
VA 0296 VIRGINIA TECH 09/15/2005 ACT GPERATION OF BOILER 11 FEREY COAL 146.7[mmbtu Sulfur Dioxide (S02) A DRY SCRUBBER FLUE GAS DESULFURIZATION SYSTEM AND CEMS 0.161[LB/MMBTU | BACT-PSD
VA-0309 | SEORGIA PA({‘EA‘;;QSD PRODUCTS | 45/15/2008 ACT KEELER BOILER 1111 COAL 86.6|MMBTUH Sulfur Dioxide (SO2) B GOOD COMBUSTION PRACT'CESS';(;‘;V;AULFUR CONTENT COAL AND CEM 0 BACT-PSD
vao31y| VIRGINIACITY HYBRIDENERGY | 46305008 ACT | 2 CIRCULATING FLUIDIZED BED BOILERS 1111 COA;EA:'UDS(E:OAL 3132|MMBTUH Sulfur Dioxide (SO2) B LIMESTONE INJECTION AND F;ﬂi?sj DESULFURIZATION AND CEM 0.035|LB/MMBTU | BACT-PSD
WESTERN GREENBRIER CO- -
WV-0024 CENERATION LLe 04/26/2006 ACT | CIRCULATING FLUIDIZED BED BOILER (CFB) | 1111 WASTE COAL 1070|mmbtu/h Sulfur Dioxide (SO2) B LIME INJECTION AND FLASH DRYER ABSORBER (FDA) 0.14[LB/MMBTU | BACT-PSD
WY-0063 WYGEN 3 02/05/2007 ACT PC BOILER 1111 SUBBES’Z{"‘OUS 1300|MMBTU/H Sulfur Dioxide (SO2) A DRY FGD 0.09|LBIMMBTU | BACT-PSD
WY-0064 DRY FORK STATION T0/15/2007 ACT PC BOILER (ESL-00) LY COAL Sulfur Dioxide (S02) A CIRCULATING DRY SCRUBBER 0.07[LEMMBTU | BACT-PSD
KANSAS CITY POWER & LIGHT
MO-0071 COMDANY - IATAN STATION 01/27/2006 ACT PULVERIZED COAL BOILER - UNIT 1 1111 COAL 4000[TH Sulfur Oxides (SOX) N 0.1|LB/MMBTU | BACT-PSD
LIMESTONE INJECTION WITH FLY ASH HYDRATION AND REINJECTION.
LIMESTONE SORBENT WILL BE FED AT MAX. RATE OF APPROXIMATELY 79
PA-0247 | BEECH HOLLOW POWER PROJECT | 04/01/2005 ACT COAL FIRED CFB 1111 WASTE COAL Sulfur Oxides (SOX) A o 10 ACHIDVE CALCIUM T OLSULPUR RATIO OF ABOUT 5 76 MONITORED 0.245|LB/MMBTU | BACT-PSD
BY CEM
| AZ-0055 | _NAVAJO GENERATING STATION _| 02/06/2012 ACT PULVERIZED COAL FIRED BOILER FEREY COAL 7725[MMBTUIH Sulfur Dioxide (S02) A FLUE GAS DESULFURIZATION (FGD), SCRUBBER 0 BART
[ AZ-0055 | _NAVAJO GENERATING STATION _| 02/06/2012 ACT PULVERIZED COAL FIRED BOILER 1111 COAL 7725[MMBTU/H Sulfur Dioxide (SO2) A FLUE GAS DESULFURIZATION (FGD), SCRUBBER 0 BART
[ Az-0055| NAVAJO GENERATING STATION _| 02/06/2012 ACT PULVERIZED COAL FIRED BOILER 1111 COAL 7725[MMBTU/H Sulfur Dioxide (S02) A FLUE GAS DESULFURIZATION (FGD), SCRUBBER 0 BART
Note: Data s based on a RBLC review from January 1, 2005 through August 24, 2015,
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Table A-5. RBLC Control T Deter for Large B fired Boilers, Greater than 250 MMBtu/hr (RBLC 11.110)
PERMIT ISSUANCE PROCCESS THROUGHPUT CONTROI EMISSION | EMISSION | CASE-BY-
RBLC ID FACILITY NAME Care PROCESS NAME Nee PRIMARY FUEL THROUGHPUT P POLLUTANT ME;:ED CONTROL METHOD DESCRIPTION T | e ons | s sasrs
ND-0022 NORTHERN SUN 05/01/2006 ACT 'WOOD/HULL FIRED BOILER 11.12 BIOMASS Nitrogen Dioxide (NO2) P COMBUSTION CONTROLS 0.2[LB/MMBTU BACT-PSD
NH-0018 BERLIN BIOPOWER 07/26/2010 ACT EUOL BOILER #1 1112 woop 1013|MMBTUH Nitrogen Dioxide (NO2) A SCR (COLD SIDE OF BAGHOUSE) WITH AMMONIA INJECTION 0.06|LBMMBTU | BACT-PSD
WA-0335 SIMPSON TACOMA KRAFT COMPANY, 05/22/2007 ACT uTiLTY Aggté:;id’;igi‘gzlAL SIZED 1112 WOOD WASTE 595|MMBTU/H Nitrogen Dioxide (NO2) N PROPER COMBUSTION CONTROLS WITH OVERFIRE AIR 0.2|LB/MMBTU BACT-PSD
AL-0250 BOISE WHITE PAPER 03/23/2010 ACT COMBINATION BOILER 1112 WooD Z35[MMBTUH Nitrogen Oxides (NOX) LOW NOX BURNERS 03|LEMMBTU | BACT-PSD
RILEY SPREADER STOKER BOILER - ; ;
CA-1203 | SIERRA PACIFIC INDUSTRIES-LOYALTON 08/30/2010 ACT 1112 WOOD 335.7|MMBTU/H Nitrogen Oxides (NOx) A SELECTIVE NON-CATALYTIC REDUCTION (SNCR) 102|PPM BACT-PSD
Transient Period (see notes)
CA-1203 | SIERRA PACIFIC INDUSTRIES-LOYALTON | 08/30/2010 ACT RILEY SPREADER STOKER BOILER 1112 woop 335.7|MMBTUH Nitrogen Oxides (NOX) A SELECTIVE NON-CATALYTIC REDUCTION (SNCR) 80[PPM BACT-PSD
FL-0301 | CLEWISTON SUGAR MILL AND REFINERY | 12/06/2007 ACT O D AL SooARMILL 1112 BAGASSE 738|MMBTUH Nitrogen Oxides (NOX) P BOILER DESIGN AND OPERATION (INCLUDES (OFA SYSTEM) 0.31[LBMMBTU | BACT-PSD
GA-0132 | YELLOW PINE ENERGY COMPANY, LLC 12/03/2008 ACT BUBBLING FLUIDIZED BOILER 1112 BIOMASS 1529 ﬁ\;r;lflt: HEAT Nitrogen Oxides (NOx) B 0.1{LB/MMBTU BACT-PSD
Ga0141 | WARREN COU:X; E\?yASS ENERGY 12/17/2010 ACT Boiler, Biomass Wood 1112 Biomass wood 100{MW Nitrogen Oxides (NOX) A Selective non-catalytic reduction system (SNCR) 0.1|LBIMMBTU | BACT-PSD
[ ME-0037 VERSO BUCKSPORT LLC 112912010 AC Biomass Boller 8 Biomass B14[MMBTUIH irogen Oxides (NOX A SNCR 0.15|LBMMBTU | BACT-PSD
MN-0074 KODA ENERGY 08/23/2007 AC BIOMASS BOILER 3 + itrogen Oxides (NOX A SNCR 0.25|LBIMMBTU | BACT-PSD
MN-0074 KODA ENERGY 08/23/2007 AC BIOMASS BOILER 4 itrogen Oxides (NOX A 0.18|LBIMMBTU | BACT-PSD
[ OH-0307 | SOUTH POINT BIOMASS GENERATION | 04/04/2006 AC WOOD FIRED BOILERS (7) WooDb 318[MMBTUH itrogen Oxides (NOX A SELECTIVE CATALYTIC REDUCTION 27.98]LB/H ACT-PSD
334 MILLION BTUIHR WOOD FIRED ) ) NOX EMISSIONS CONTROLLED THROUGH A COMBINATION OF
SC-0114 GP ALLENDALE LP 11/25/2008 ACT FURNACE #1 1112 WOOD 334|MMBTU/H Nitrogen Oxides (NOx) A STAGED COMBUSTION AND FLUE GAS RECIRCULATION. 119.28|LB/H BACT-PSD
334 MILLION BTU/HR WOOD FIRED NOX EMISSIONS CONTROLLED THROUGH A COMBINATION OF
SC-0114 GP ALLENDALE LP 11/25/2008 ACT Ay 1112 woop 334|MMBTUH Nitrogen Oxides (NOX) A e TN, 119.28[LB/H BACT-PSD
334 MILLION BTU/HR WOOD FIRED " N NOX EMISSIONS CONTROLLED THROUGH A COMBINATION OF
SC-0115 GP CLARENDON LP 02/10/2009 ACT FURNACE #2 1112 WOOD 334|MMBTU/H Nitrogen Oxides (NOx) A STAGED COMBUSTION AND FLUE GAS RECIRCULATION. 119.28|LB/H BACT-PSD
334 MILLION BTUHR WOOD FIRED NOX EMISSIONS CONTROLLED THROUGH A COMBINATION OF
SC-0115 GP CLARENDON LP 02/10/2009 ACT e 1112 woop 334|MMBTUH Nitrogen Oxides (NOX) P foyienpriheriliseniifinchostiabideialisn 119.28[LB/H BACT-PSD
TX-0553 LINDALE RENEWABLE ENERGY 01/08/2010 ACT Wood fired boiler 11.12 biomass 73|TH Nitrogen Oxides (NOx) A Selective Non-catalytic Reduction 0.15|LB/MMBTU BACT-PSD
TX-0555 LUFKIN GENERATING PLANT 10/26/2009 ACT ‘Wood-fired Boiler 11.12 wood 693|MMBtu/H Nitrogen Oxides (NOx) A Selective Catalytic Reduction 0.075[LB/MMBTU BACT-PSD
VT-0037 | BEAVER WOOD ENERGY FAIR HAVEN 02/10/2012 ACT Main Boiler 1112 wood 482|MMBTUH Nitrogen Oxides (NOX) B Good combustion control a(:“’oi gé‘; Pollutant Catalytic Reactor 0.03|LBIMMBTU | BACT-PSD
WA-0327 SKAGIT COUNTY LUMBER MILL 01/25/2006 ACT WOOD-FIRED COGENERATION UNIT 1112 BARK & WASTE WOOD 430|mmBtu/H Nitrogen Oxides (NOx) A SELECTIVE NONCATALYTIC REDUCTION &NCR) 56[LB/H BACT-PSD
DARRINGTON ENERGY COGENERATION ]
WA-0329 POWER PLANT 02/11/2005 ACT 'WOOD WASTE-FIRED BOILER 1112 WOOD WASTE 403(MMBITU/H Nitrogen Oxides (NOx) A SNCR 0.12|LB/MMBTU BACT-PSD
CT-0156 MONTVILLE POWER LLC 04/06/2010 ACT 42 MW Biomass U[il\l! boiler 11.12 Clean wood 600|MMBTU/H Nitrogen Oxides (NOx) A Regenerative SCR 0.06|LB/MMBTU LAER
NH-0015 CONCORD STEAM CORPORATION 02/27/2009 ACT BOILER #1 11.12 BIOMASS 32.62|TH Nitrogen Oxides (NOx) A SELECTIVE CATALYTIC REDUCTION (SCR) SYSTEM 0.06|LB/MMBTU LAER
NH-0016 CLEAN POWER BERLIN LLC 09/25/2009 ACT BOILER 1 11.12 'WOOD CHIPS 40.75|T/H WOOD Nitrogen Oxides (NOx) B SELECTIVE CATALVTI(C:(?'\EIBDSSC_ES;;‘ (SCR) WITH STAGED 0.065|LB/MMBTU LAER
NH-0018 BERLIN BIOPOWER 07/26/2010 ACT EUO01 BOILER #1 11.12 ‘WOOD 1013(MMBTU/H Nitrogen Oxides (NOx) A SCR (COLD SIDE OF BAGHOUSE) WITH AMMONIA INJECTION 0.06(LB/MMBRU LAER
UTILITY-AND LARGE INDUSTRIAL-SIZE
OVERFIRE AIR SYSTEM ADDED TO IMPROVE BOILER Other Case-
WA-0337 BOISE WHITE PAPER LLC 02/01/2006 ACT BOILERSIFURNACES (-250 MLLION 1112 WOOD/BARK 343|MMBTUH Nitrogen Oxides (NOX) P piii b iavin A bty 0.3|LBMMBTU by Cace
0074 KODA ENERGY 0812312007 AC BIOMASS BOILER NATURAL GAS 308 [MMBTUIH atter (P A CYCLONE AND ESP 0.03|LEMMBTU ACT-PSD
-0074 KODA ENERGY 08/23/2007 AC BIOMASS BOILER atter (P A GOOD COMBUSTION PRACTICES 0.01[LB/MMBTU ACT-PSD
-0074 KODA ENERGY 08/23/2007 AC BIOMASS BOILER atter (P A CYCLONE AND ESP 0.037|LB/MMBTU ACT-PSD
D-0022 NORTHERN SUN 05/01/2006 AC WOOD/HULL FIRED BOILER BIOMASS atter (P A ESP 0.08|LB/MMBTU ACT-PSD
SPRINGS GLOBAL US, INC. - GRACE UTILITY- AND LARGE INDUSTRIAL-SIZE ]
SC-0117 COMPLEX 11/06/2010 ACT BOILERS/FURNACES 1112 ‘WOOD BIOMASS 260|MMBTU/H Particulate Matter (PM) A MULTICLONE (80%); ESP (92%) 0.059|LB/MMBTU BACT-PSD
VA-0298 INTERNATIONAL BIOFUELS, INC 121312005 AcT | HEATENERGY SYSTEMS FOR PELLET 1112 | WOODMWOODPASTE 77|MMBTUH Particulate Matter (PM) B SETTING CHAMBERS AND CYCLONES 6.9[LBH BACT-PSD
VA-0298 INTERNATIONAL BIOFUELS, INC 121312005 AcT | WOOPTHERMAL OXIDERS FOR WOOD 1112 | WOODWOOD PASTE 43|MMBTUH Particulate Matter (PM) B SETTING CHAMBER AND CYCLONE 39[LemM BACT-PSD
NH-0018 BERLIN BIOPOWER 07/26/2010 ACT EU01 BOILER #1 11.12 WOOD 1013|MMBTU/H Particulate matter, filterable (FPM) A BAGHOUSE 0.01[LB/MMBTU BACT-PSD
TX-0553 LINDALE RENEWABLE ENERGY 01/08/2010 ACT Wood fired boiler 1112 biomass 73|TH Particulate matter, filterable (FPM) B Good combustion practices and use of an electrostatic precipitator 0.02|LB/MMBTU BACT-PSD
TX-0555 LUFKIN GENERATING PLANT 10/26/2009 ACT Wood-fired Boler 1112 wood 693 [MMBWH Particulate matter, fiterable (FPM) A b 0.012|LBIMMBTU _| BACT-PSD
GA-0132 | YELLOW PINE ENERGY COMPANY, LLC 12/03/2008 ACT BUBBLING FLUIDIZED BOILER 1112 BIOMASS 1529 ﬁ\;r;[_/l:" HEAT Particulate matter, filterable < 10 p (FPM10) B 0.01(LB/MMBTU BACT-PSD
GA-0140 | MITCHELL STEAM-GENERATING PLANT | 5535010 acT Boiler, Wood-Fired 11.12 Wood, Biomass 96|MwW Particulate matter, filterable < 10 p (FPM10) A High Frequency Power Supply (field #1, #2), Multiclone Mechanical 0.04|LBIMMBTU | BACT-PSD
(PLANT MITCHELL Collector System
GA-0141 WARREN COUEIE‘EIITOYMASS ENERGY 12/17/2010 ACT Boiler, Biomass Wood 1112 Biomass wood 100|MW Particulate matter, filterable < 10 p (FPM10) A Fabric filter baghouse and dust sorbent injection system. 0.01|LB/MMBTU BACT-PSD
MN-0074 KODA ENERGY 08/23/2007 ACT BIOMASS BOILER 4 1112 Particulate matter, filterable < 10 p (FPM10) A GOOD COMBUSTION PRACTICE 0.01|LB/MMBTU BACT-PSD
NH-0018 BERLIN BIOPOWER 07/26/2010 ACT EUOL BOILER #1 1112 woop 1013|MMBTUH Particulate matter, filterable < 10 i (FPM10) A BAGHOUSE 0.01[LBMMBTU | BACT-PSD
OH-0307 | SOUTH POINT BIOMASS GENERATION |  04/04/2006 ACT WOOD FIRED BOILERS (7) 1112 woop 318|MMBTUH Particulate matter, flterable < 10 i (FPM10) A PULSE JET BAGHOUSE 3.97|LBM BACT-PSD
SC-0114 GP ALLENDALE LP 11/25/2008 ACT 334 M‘LUOEUBJ;‘JQ::RE‘QIIOOD FIRED 1112 WOOD 334|MMBTU/H Particulate matter, filterable < 10 p (FPM10) A WET ELECTROSTATIC PRECIPITATORS. 58.99|LB/H BACT-PSD
334 MILLION BTUIHR WOOD FIRED ) SOURCES VENT TO A COMMON STACK WITH THE CONTROLS
SC-0114 GP ALLENDALE LP 11/25/2008 ACT FURNACE #2 1112 WOOD 334|MMBTU/H Particulate matter, filterable < 10 p (FPM10) A ADDED ON THAT STACK. 58.99|LB/H BACT-PSD
SC-0115 GP CLARENDON LP 02/10/2009 ACT 334 MILLION BTUMR WOOD FIRED 1112 woop 334|MMBTUH Particulate matter, filterable < 10 i (FPM10) A WET ELECTROSTATIC PRECIPITATORS 58.99(LB/H BACT-PSD
SC-0115 GP CLARENDON LP 02/10/2009 ACT 334 MILLION BTUMR WOOD FIRED 1112 woop 334|MMBTUH Particulate matter, flterable < 10 i (FPM10) A WET ELECTROSTATIC PRECIPITATORS 58.99(LB/H BACT-PSD
VT-0037 BEAVER WOOD ENERGY FAIR HAVEN 02/10/2012 ACT Main Boiler 1112 wood 482|MMBTU/H Particulate matter, filterable < 10 p (FPM10) A Multi-cyclones and ESP 0.012|LB/MMBTU BACT-PSD
WA-0327 SKAGIT COUNTY LUMBER MILL 01/25/2006 ACT ‘WOOD-FIRED COGENERATION UNIT 1112 BARK & WASTE WOOD 430 mmBtu/H Particulate matter, filterable < 10 p (FPM10) A ELECTROSTATIC PRECIPITATOR 0.02(LB/MMBTU BACT-PSD
w0329 | PARRINGTON ERERGY COCENERATION | 02111/2005 acT WOOD WASTE-FIRED BOILER 1112 WOOD WASTE 403|MMBTUH Particulate matter, filterable < 10 1 (FPM10) A DRY ESP 0.02|LBMMBTU | BACT-PSD
w0335 | SIMPSONTACOMAKRAFT COMPANY. | g5/5019007 acT | UTIHTY ADD LARGE NDLSTRALSIZED | 1115 WOOD WASTE 595|MMBTU/H Particulate matter, filterable < 10 i (FPM10) A EXISTING ELECTROSTATIC PRECIPITATOR 0.02|LBMMBTU | BACT-PSD
1. MULTICLONES WITH 80 14" DIAMETER TUBES. 2. TWO
'WA-0336 GRAYS HARBOR PAPER LP 11/17/2006 ACT UTILITY-AND LARGE INDUSTRIAL SIZED 1112 WOOD WASTE 379|MMBTU/H Particulate matter, filterable < 10 p (FPM10) A PARALLEL IMPRINGEMENT WET SCRUBBER WITH 6 TOP AND 6 52.5|LB/H BACT-PSD

BOILERS

BOTTOM SHOWERS
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FACILITY

CONTROL
PERMIT ISSUANCE PROCCESS THROUGHPUT EMISSION | EMISSION | CASE-BY-
RBLCID FACILITY NAME PROCESS NAME TYPE PRIMARY FUEL THROUGHPUT UNITS POLLUTANT ME;:ED CONTROL METHOD DESCRIPTION LIMIT LIMIT UNITS | cASE BASIS
GA-0141 WARREN COU’;;EE:SYMASS ENERGY 12/17/2010 ACT Boiler, Biomass Wood 11.12 Biomass wood 100{MwW Particulate matter, filterable < 2.5 u (FPM2.5) A Fabric filter baghouse and dust sorbent injection system. 0.018|LB/MMBTU BACT-PSD
NH-0018 BERLIN BIOPOWER 07/26/2010 ACT EUO01 BOILER #1 1112 WOOD 1013|MMBTU/H Particulate matter, filterable < 2.5 u (FPM2.5) A BAGHOUSE 0.01|LB/MMBTU BACT-PSD
SPRINGS GLOBAL US, INC. - GRACE UTILITY- AND LARGE INDUSTRIAL-SIZE "
SC-0117 COMPLEX 11/06/2010 ACT BOILERS/FURNACES. 1112 WOOD BIOMASS 260|MMBTU/H Particulate matter, filterable < 2.5 p (FPM2.5) A MULTICLONE (80%); ESP (92%) 0.043(LB/MMBTU BACT-PSD
CA-1203 | SIERRA PACIFIC INDUSTRIES-LOYALTON|  08/30/2010 ACT RILEY SPREADER STOKER BOILER 11.12 WOOoD 335.7|MMBTUH Particulate matter, total (TPM) A MULTICLONES AND ELECTROSTATIC PRECIPITATOR (ESP) 20(% OPACITY | BACT-PSD
CT-0156 MONTVILLE POWER LLC 04/06/2010 ACT 42 MW Biomass utility boiler 11.12 Clean wood 600|MMBTU/H Particulate matter, total (TPM) A Dry ESP 0.026|LB/MMBTU BACT-PSD
ME-0037 VERSO BUCKSPORT LLC 11/29/2010 ACT Biomass Boiler 8 11.12 Biomass 814|MMBTU/H Particulate matter, total (TPM) A existing multiclone and ESP 0.03[LB/MMBTU BACT-PSD
334 MILLION BTU/HR WOOD FIRED
SC-0114 GP ALLENDALE LP 11/25/2008 ACT FURNACE #1 1112 WOOD 334|MMBTU/H Particulate matter, total (TPM) A WET ELECTROSTATIC PRECIPITATORS 58.99|LB/H BACT-PSD
SC-0114 GP ALLENDALE LP 11/25/2008 ACT s34 MILUOgUB;’\Lf//:lCPE\QIZOOD FIRED 1112 WOOD 334|MMBTU/H Particulate matter, total (TPM) A WET ELECTROSTATIC PRECIPITATORS 58.99|LB/H BACT-PSD
SC-0115 GP CLARENDON LP 02/10/2009 ACT 334 MILUO’:UBJSL@?QIQOOD FIRED 1112 WOOD 334|MMBTU/H Particulate matter, total (TPM) A WET ELECTROSTATIC PRECIPITATORS 58.99(LB/H BACT-PSD
SC-0115 GP CLARENDON LP 02/10/2009 ACT 334 MILUOﬁUE;:(EFé \QQOOD FIRED 11.12 WOOD 334|MMBTU/H Particulate matter, total (TPM) A WET ELECTROSTATIC PRECIPITATORS 58.99(LB/H BACT-PSD
TX-0555 LUFKIN GENERATING PLANT 10/26/2009 ACT Wood-fired Boiler 11.12 wood 693|MMBtu/H Particulate matter, total (TPM) A cipitator 0.025|LB/MMBTU BACT-PSD
VT-0037 BEAVER WOOD ENERGY FAIR HAVEN 02/10/2012 ACT Main Boiler 11.12 wood 482|MMBTU/H Particulate matter, total (TPM) A Multi-cyclones and ESP 0.019|LB/MMBTU BACT-PSD
GA-0132 | YELLOW PINE ENERGY COMPANY, LLC 12/03/2008 ACT BUBBLING FLUIDIZED BOILER 1112 BIOMASS Particulate matter, total < 10 p (TPM10) B 0.018|LB/MMBTU BACT-PSD
MN-0078 SAPPI CLOQUET LLC 10/28/2009 ACT BOILER 1112 WOOD Particulate matter, total < 2.5 pi (TPM2.5) A EXISTING MULTICLONE/ESP COMBINATION 13.5[LB/H BACT-PSD
MN-0078 SAPPI CLOQUET LLC 10/28/2009 ACT. BOILER 11.12 WOOD Particulate matter, total < 2.5 i (TPM2.5) A EXISTING MULTICLONE/ESP COMBINATION BACT-PSD
AL-0223 STEVENSON MILL 07/14/2006 ACT NO. 2 WOOD-FIRED BOILER 1112 BIOMASS Sulfur Dioxide (SO2) N BACT-PSD
GA-0132 | YELLOW PINE ENERGY COMPANY, LLC 12/03/2008 ACT BUBBLING FLUIDIZED BOILER 11.12 BIOMASS Sulfur Dioxide (SO2) B 0.014(LB/MMBTU BACT-PSD
LA-0249 RED RIVER MILL 05/09/2011 ACT NO. 2 HOGGED FUEL BOILER 111 HOGGED FUEL/BARK 992.43|MMBTU/H ulfur Dioxide (SO2) P USE OF LOW SULFUR FUELS 60[LB/H BACT-PSD
ME-0037 VERSO BUCKSPORT LLC 11/29/2010 ACT Biomass Boiler 8 111 Biomass 814[MMBTU/H ulfur Dioxide (SO2) P 0.7% sulfur when firing oil 0.8[LB/MMBTU BACT-PSD
ND-0022 NORTHERN SUN 05/01/2006 ACT WOOD/HULL FIRED BOILER 111 BIOMASS ulfur Dioxide (SO2) N 0.47[LB/MMBTU BACT-PSD
NH-0018 BERLIN BIOPOWER 07/26/2010 ACT EUO1 BOILER #1 111 WOOD 1013[MMBTU/H ulfur Dioxide (SO2) B WOOD FUEL SORBENT INJECTION (AS NEEDED) 0.012|LB/MMBTU BACT-PSD
OH-0307 | SOUTH POINT BIOMASS GENERATION 04/04/2006 ACT WOOD FIRED BOILERS (7) 1112 WOOD 318|MMBTU/H Sulfur Dioxide (SO2) A SPRAY DRYER ADS?:;EE?EE 23;TSE%DIUM BICARBONATE 22.13|LBH BACT-PSD
334 MILLION BTU/HR WOOD FIRED S02 EMISSIONS CONTROLLED THROUGH GOOD OPERATING
SC-0114 GP ALLENDALE LP 11/25/2008 ACT FURNACE #1 1112 WOOD 334|MMBTUH Sulfur Dioxide (SO2) P PRACTICES, 28.14(LB/H BACT-PSD
334 MILLION BTU/HR WOOD FIRED S02 EMISSIONS CONTROLLED THROUGH GOOD OPERATING
SC-0114 GP ALLENDALE LP 11/25/2008 ACT FURNACE #2 11.12 WOOoD 334|MMBTU/H Sulfur Dioxide (SO2) P PRACTICES. 28.14(LB/H BACT-PSD
334 MILLION BTU/HR WOOD FIRED SO2 EMISSIONS CONTROLLED THROUGH GOOD OPERATING
SC-0115 GP CLARENDON LP 02/10/2009 ACT FURNACE #2 1112 WOOD 334|MMBTU/H Sulfur Dioxide (SO2) P PRACTICES. 28.14|LBH BACT-PSD
SC-0115 GP CLARENDON LP 02/10/2009 ACT 334 MILLION BTU/HR WOOD FIRED 1112 WOOD 334|MMBTU/H Sulfur Dioxide (SO2) P SO2 EMISSIONS CONTROLLED THROUGH GOOD OPERATING 28.14|LBH BACT-PSD
FURANCE #1 PRACTICES.
LINDALE RENEWABLE ENERGY 01/08/2010 AC Wood fired boiler biomass 73[TH Sulfur Dioxide (SO2) 0.025|LB/MMBTU ACT-PSD
LUFKIN GENERATING PLANT 10/26/2009 AC’ Wood-fired Boiler wood 693[MMBtu/H Sulfur Dioxide (SO2) 0.025|LB/MMBTU ACT-PSD
BEAVER WOOD ENERGY FAIR HAVEN 02/10/2012 AC Main Boiler wood 482[MMBTU/H Sulfur Dioxide (SO2) P Use of low sulfur fuel (wood) 0.02[LB/MMBTU ACT-PSD
WA-0327 SKAGIT COUNTY LUMBER MILL 01/25/2006 AC’ WOOD-FIRED COGENERATION UNIT BARK & WASTE WOOD 430[mmBtu/H Sulfur Dioxide (SO2) 0.025|LB/MMB ACT-PSD
CT-0156 MONTVILLE POWER LLC 04/06/2010 AC 42 MW Biomass utility boiler Clean wood 600|MMBTU/H Sulfur Oxides (SOx) Low sulfur fuels 0.025|LB/MMBTU JACT-PSD
GA-0141 WARREN COUNTY BIOMASS ENERGY 12/17/2010 ACT Boiler, Biomass Wood 1112 Biomass wood 100(MW Sulfur Oxides (SOx) A Dust sorbent injection system 0.01(LB/MMBTU BACT-PSD

Note: Data is based on a RBLC review from January 1, 2005 through August 24, 20.
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Table A-6. Summary of Identified NOy Control Technology - Mid-sized Boilers, 100 to 250 MMBtu/hr

Number of Diesel-fired (RBLC ID 12.220)

Number of Gas-fired (RBLC ID 12.310)

Pollutant Control Technology Used Entries (1 Total) Entries (32 Total)
SCR B 4
Low NOX Burner - 12
Flue Gas Recirculation - 2
NOyx -
Staged Combustion - 1
None 1 9
Good Combustion Practice - 4

Note: Data is based on a RBLC review from January 1, 2005 through August 24, 2015.

Table A-7. Summary of Identified PM Control Technology - Mid-sized Boilers, 100 to 250 MMBtu/hr

Number of Diesel-fired (RBLC ID 12.220)

Number of Gas-fired (RBLC ID 12.310)

Pollutant Control Technology Used Entries (1 Total) Entries (25 Total)
None 1 6
PM Good Combustion Practice - 14
Use of Natural Gas - 5

Note: Data is based on a RBLC review from January 1, 2005 through August 24, 2015.

Table A-8. Summary of Identified SO, Control Technology - Mid-sized Boilers, 100 to 250 MMBtu/hr

Number of Diesel-fired (RBLC ID 12.220)

Number of Gas-fired (RBLC ID 12.310)

Pollutant Control Technology Used Entries (1 Total) Entries (8 Total)
Natural Gas - 3
SO
2 None 1 5

Note: Data is based on a RBLC review from January 1, 2005 through August 24, 2015.
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Table A-9. RBLC Control Technology Determinations for Mid-sized Diesel-fired Boilers, 100 to 250 MMBtu/hr (RBLC 12.220)

November 19, 2019

CONTROL

PERMIT PROCESS | PROCCESS THROUGHPUT CONTROL METHOD | EMISSION |  EMISSION LIMIT
RBLC ID FACILITY NAME FNEONCHN Lvons e PRIMARY FUEL | THROUGHPUT | THROLCH POLLUTANT ME(';ISCE)D plelg o o CASE-BY-CASE BASIS
OH-0336 | CAMPBELL SOUP COMPANY |_12/1412010 ACT | Boler 3) | 12.22 Number 2 fuel of 3046593]GALIVR Nitrogen Oxides (NOX) N 0.1[LBIMMBTU OTHER CASE.BY-CASE
OH-0336 | CAMPBELL SOUP COMPANY | 12/14/2010 ACT | Bolier (3) 12,22 Number 2 fuel oil 3246593|GALIYR Pamcu'ar (¢§;;e;6;oxa| <10 N 0.02|LB/MMBTU OTHER CASE-BY-CASE
OH-0336 | CAMPBELL SOUP COMPANY | _12/14/2010 ACT | Bolier 3) | __12.22 Number 2 fuel of 3246593|GALIYR Sulfur Dioxide (S02) N 035[TVR OTHER CASE-BY-CASE
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Table A-10. RBLC Control Technology Determinations for Mid-sized Gas-fired Boilers, 100 to 250 MMBtu/hr (RBLC 12.310)

November 19, 2019

CONTROL
PERMIT PROCCESS THROUGHPUT EMISSION [ EMISSION LIMIT CASE-BY-
RBLC ID FACILITY NAME |SSUANCE DATE PROCESS NAME TYPE THROUGHPUT UNITS POLLUTANT MEQ;(;D CONTROL METHOD DESCRIPTION LIMIT UNITS CASE BASIS
AK-0071 [ INTERNATIONAL STATION POWER PLANT | 12/20/2010 ACT Duct Burners (4) 12.31 140|MMBTU/H Nitrogen Oxides (NOx) A Selective Catalytic Reduction 5|PPMDV BACT-PSD
Duct Burners EU IDs 9 through 12 shall be equipped
with Selective Catalytic Reduction (SCR). SCR is a
post-combustion gas treatment technique for
reduction of nitric oxide (NO) and nitrogen dioxide
. ) (NO2) in the turbine exhaust stream to molecular
AK-0073 [ INTERNATIONAL STATION POWER PLANT 12/20/2010 ACT Fuel Combustion 12.31 140|MMBTU/H Nitrogen Oxides (NOx) A nitrogen, water, and oxygen. This process is 5|PPM BACT-PSD
accomplished by using ammonia (NH3) as a
reducing agent, and is injected into the flue gas
upstream of the catalyst bed. By lowering the
activation energy of the NOx decomposition removal
efficiency of 80 to 90 percent are achievable.
Auxiliary heater EU 15 shall be equipped with Low
NOx Burner/Flue Gas Recirculation (LNB/FGR)
designs. LNBs utilize staged combustion to minimize
thermal NOx formation by providing a fuel-rich
reducing atmosphere in which molecular nitrogen is
preferentially formed rather than NOx. FGR involves
AK-0073 [ INTERNATIONAL STATION POWER PLANT 12/20/2010 ACT Fuel Combustion 12.31 12.5|MMBTU/H Nitrogen Oxides (NOx) A recycling a portion of the combustion gasses from 32|LB/MMSCF BACT-PSD
the stack to the boiler windbox. The low oxygen
combustion products, when mixed with combustion
air, lower the overall excess oxygen concentration
and act as a heat sink to lower the peak flame
temperature with results in limiting thermal NOx
formation.
CA-1146 CELITE 06/11/2007 ACT | HEATER-OTHER PROCESS 12.31 35[35 MMBTU/H Nitrogen Oxides (NOx) A LOW-NOX BURNER 20[PPMVD @ 3% 02 BACT-PSD
CA-1147 CELITE 06/11/2007 ACT | HEATER-OTHER PROCESS 12.31 48(48 MMBTU/H Nitrogen Oxides (NOx) A LOW-NOX BURNER 20[PPMVD @ 3% 02 BACT-PSD
CA-114 CELITE 06/11/2007 AC HEATER-OTHER PROCESS 0[50 MMBTU/H itrogen Oxides (NOx) A LOW-NOX BURNER 73|PPMVD @ 3% 02 ACT-PSD
CA-120¢ STOCKTON COGEN COMPANY 09/16/2011 AC AUXILIARY BOILER 178|MMBTU/H itrogen Oxides (NOx) N 7|PPMVD ACT-PSD
CA-121 PALMDALE HYBRID POWER PROJECT 10/18/2011 AC AUXILIARY BOILER 110|MMBTU/H itrogen Oxides (NOx) N 9|PPMVD ACT-PSD
I1A-0105 IOWA FERTILIZER COMPANY 10/26/2012 AC Startup Heater 110.12|MMBTU/H itrogen Oxides (NOx) P good combustion practices 0.119(LB/MMBTU ACT-PSD
1D-0017 POWER COUN.I;;(E':‘[T)ZQNCED ENERGY 02/10/2009 ACT [MBTU/H PACKAGE BOILER, § 12.31 250(MMBTU/H Nitrogen Oxides (NOx) B LOW-NOX BURNER AND FGR 0.02|LB/MMBTU BACT-PSD
LA-0229 SHINTECH PLAQUEMINE PLANT 2 07/10/2008 ACT PT113 - TWO UTIL. BOILERS (} 12.31 250(MMBTU/H Nitrogen Oxides (NOx) B LOW NOX BURNERS (LNB) IN COMBINATION 0.01|LB/MMBTU BACT-PSD
WITH SELECTIVE CATALYTIC REDUCTION (SCR)
LA-0244 LAKE CHARLES CHEMICAL COMPLEX - LAB 11/29/2010 ACT EQTO0029 - Hot Oil Heater H-60] 12.31 170|MMBTU/H Nitrogen Oxides (NOXx) P 19.69(LB/H BACT-PSD
UNIT low nox burners
MI-0389 | KARN WEADOCK GENERATING COMPLEX | 12/29/2009 ACT AUXILARY BOILER 12.31 220(MMBTU/H Nitrogen Oxides (NOx) P LOW NOX BURNER 0.018(LB/MMBTU BACT-PSD
MN-0062 HEARTLAND CORN PRODUCTS 12/22/2005 ACT BOILER 12.31 198|MMBTU/H Nitrogen Oxides (NOx) N 0.04|LB/MMBTU BACT-PSD
LOW-NOX BURNERS, GOOD COMBUSTION
NC-0101 FORSYTH ENERGY PLANT 09/29/2005 ACT AUXILLIARY BOILER 12.31 110.2|MMBTU/H Nitrogen Oxides (NOx) P CONTROL AND CLEAN BURNING, LOW-SULFUR 15.13|LB/H BACT-PSD
FUEL (NATURAL GAS).
NV-0043 LASCO BATHWARE 10/25/2006 ACT | BURNING FOR THERMOSET]| 12.31 6.3|MMBTU/H Nitrogen Oxides (NOx) N N/A 0.96|LB/H BACT-PSD
NV-0049 | HARRAH'S OPERATING COMPANY, INC. 08/20/2009 ACT BOILER - UNIT PA15 12.31 21|MMBTU/H Nitrogen Oxides (NOx) P LOW NOX BURNER 0.0366|LB/MMBTU BACT-PSD
OH-0310 AMERICAN MUNICIPAL POWER 10/08/2009 ACT AUXILIARY BOILER 12.31 150|MMBTU/H Nitrogen Oxides (NOx) N 21(LB/H BACT-PSD
GENERATING STATION
OR-0046 TURNER ENERGY CENTER, LLC 01/06/2005 ACT AUXILIARY BOILER 12.31 417904|MMBTU/YR Nitrogen Oxides (NOx) A SELECTIVE CATALYTIC REDUCTION 0.011(LB/MMBTU BACT-PSD
TX-0499 SANDY CREEK ENERGY STATION 07/24/2006 ACT AUXILLARY BOILER 12.31 175|MMBTU/H Nitrogen Oxides (NOx) N 1.8[LB/H BACT-PSD
IA-0105 IOWA FERTILIZER COMPANY 10/26/2012 ACT Startup Heater 12.31 110.12|MMBTU/H Nitrous Oxide (N20O) P good combustion practices 0.0006|LB/MMBTU BACT-PSD
MN-0076 | BLANDIN PAPER/RAPIDS ENERGY CENTER | 09/18/2008 ACT BOILER 12.31 280|MMBTU/H Nitrogen Oxides (NOx) FLUE GAS RECIR;S;QESS WITH LOW-NOX 0.035(LB/MMBTU O‘;ei:izze-
BOILERS - UNITS CC026,
NV-0050 MGM MIRAGE 11/30/2009 ACT | CC027 AND CC028 AT CITY 12.31 44|MMBTU/H Nitrogen Oxides (NOx) LOW NOX BURNER AND GOOD COMBUSTION 0.0109(LB/MMBTU Other Case-
CENTER PRACTICES by-Case
OTHER
OH-0336 CAMPBELL SOUP COMPANY 12/14/2010 ACT Boilers (3) 12.31 0 Nitrogen Oxides (NOx) 0.04(LB/MMBTU CASE-BY-
CASE
" Other Case-
PA-0267 CRAFTMASTER MFG INC 07/29/2008 ACT RTO 2 12.31 12300({CF/H Nitrogen Oxides (NOx) 85|PPMVD by-Case
PA-0267 CRAFTMASTER MFG INC 07/29/2008 ACT RTO 1 12.31 10.7|MMBTU/H Nitrogen Oxides (NOx) IT IS A CONTROL DEVISE 85|PPMDV O‘l?e—rc(;:ze-
1D-0017 POWER COUN'IS(E,A;ET)\égNCED ENERGY 02/10/2009 ACT [MBTU/H PACKAGE BOILER, § 12.31 250(MMBTU/H Particulate Matter (PM) P GOOD COMBUSTION PRACTICES 0.0052|LB/MMBTU BACT-PSD
TX-0499 SANDY CREEK ENERGY STATION 07/24/2006 ACT AUXILLARY BOILER 12.31 175|MMBTU/H Particulate Matter (PM) N 0.88|LB/H BACT-PSD
1D-0017 POWER COUN'IS(E,A;ET)\égNCED ENERGY 02/10/2009 ACT [MBTU/H PACKAGE BOILER, § 12.31 250(MMBTU/H Particulate matter, filterable < 10 p (FPM10) P GOOD COMBUSTION PRACTICES 0.0052|LB/MMBTU BACT-PSD
LOW-NOX BURNERS, GOOD COMBUSTION
NC-0101 FORSYTH ENERGY PLANT 09/29/2005 ACT AUXILLIARY BOILER 12.31 110.2|MMBTU/H Particulate matter, filterable < 10 p (FPM10) N CONTROL AND CLEAN BURNING, LOW-SULFUR 0.82|LB/H BACT-PSD
FUEL (NATURAL GAS).
NV-0043 LASCO BATHWARE 10/25/2006 ACT | BURNING FOR THERMOSET]| 12.31 6.3|MMBTU/H Particulate matter, filterable < 10 i (FPM10) N N/A 0.03|LB/H BACT-PSD
.\ OPERATING IN ACCORDANCE WITH THE
NV-0049 | HARRAH'S OPERATING COMPANY, INC. 08/20/2009 ACT BOILER - UNIT PA15 12.31 21{MMBTU/H Particulate matter, filterable < 10 p (FPM10) MANUFACTURER'S SPECIFICATION 0.0076(LB/MMBTU BACT-PSD
OH-0310 AMEgéiz%x#sgg’&TrngER 10/08/2009 ACT AUXILIARY BOILER 12.31 150|MMBTU/H Particulate matter, filterable < 10 p (FPM10) N 1.14(LBH BACT-PSD
OR-0046 TURNER ENERGY CENTER, LLC 01/06/2005 ACT AUXILIARY BOILER 12.31 417904|MMBTU/YR Particulate matter, filterable < 10 p (FPM10) N USE OF NATURAL GAS 0| BACT-PSD
AK-0071 | INTERNATIONAL STATION POWER PLANT | 12/20/2010 ACT Duct Burners (4) 12.31 140|MMBTU/H Particulate matter, total (TPM) P Good Combustion Practices 7.6|LB/IMMSCF BACT-PSD
CA-1212 PALMDALE HYBRID POWER PROJECT 10/18/2011 ACT AUXILIARY BOILER 12.31 110|MMBTU/H Particulate matter, total (TPM) P USE PUC QUALITY NATURAL GAS 0.8[LB/H BACT-PSD
IA-0105 IOWA FERTILIZER COMPANY 10/26/2012 ACT Startup Heater 12.31 110.12|MMBTU/H Particulate matter, total (TPM) P good combustion practices 0.0024|LB/MMBTU BACT-PSD
AK-0071 | INTERNATIONAL STATION POWER PLANT | 12/20/2010 ACT Duct Burners (4) 12.31 140|MMBTU/H Particulate matter, total < 10 u (TPM10) P Good Combustion Practices 7.6[LBIMMSCF BACT-PSD
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CONTROL
PERMIT PROCCESS THROUGHPUT EMISSION [ EMISSION LIMIT CASE-BY-
RBLC ID FACILITY NAME |SSUANCE DATE PROCESS NAME TYPE THROUGHPUT UNITS POLLUTANT MEQ;(;D CONTROL METHOD DESCRIPTION LIMIT UNITS CASE BASIS
Combustion Turbines EU IDs 9-12 use good
. combustion practices involve increasing the
AK-0073 [ INTERNATIONAL STATION POWER PLANT 12/20/2010 ACT Fuel Combustion 12.31 140|MMBTU/H Particulate matter, total < 10 p (TPM10) P residence time and excess oxygen to ensure 7.6|LB/MMBTU BACT-PSD
complete combustion which in turn minimize
particulates without an add-on control technology.
Combustion Turbines EU ID# 15 uses good
combustion practices involve increasing the
AK-0073 | INTERNATIONAL STATION POWER PLANT | 12/20/2010 ACT Fuel Combustion 12.31 12.5|MMBTU/H Particulate matter, total < 10 p (TPM10) P residence time and excess oxygen to ensure 7.6|LB/MMBTU BACT-PSD
complete combustion which in turn minimize
particulates without an add-on control technology.
CA-1212 PALMDALE HYBRID POWER PROJECT 10/18/2011 ACT AUXILIARY BOILER 12.31 110|MMBTU/H Particulate matter, total < 10 p (TPM10) P USE PUC QUALITY NATURAL GAS 0.8|LB/H BACT-PSD
1A-0105 IOWA FERTILIZER COMPANY. 10/26/2012 ACT Startup Heater 12.31 110.12|MMBTU/H Particulate matter, total < 10 p (TPM10) P good combustion practices 0.0024(LB/MMBTU BACT-PSD
. GOOD COMBUSTION PRACTICES AND CLEAN
LA-0229 SHINTECH PLAQUEMINE PLANT 2 07/10/2008 ACT QT113 - TWO UTIL. BOILERS ( 12.31 250|MMBTU/H Particulate matter, total < 10 u (TPM10) P BURNING FUELS 0.005(LB/MMBTU BACT-PSD
LAKE CHARLES CHEMICAL COMPLEX - LAB
LA-0244 UNIT 11/29/2010 ACT EQT0029 - Hot Oil Heater H-60] 12.31 170|MMBTU/H Particulate matter, total < 10 p (TPM10) N No additional control 1.71{LBH BACT-PSD
MA-0037 CENTRAL HEAE:‘SPZ?NT: AMHERST 10/29/2008 ACT BOILERS 12.31 162|MMBTU/H Particulate matter, total < 10 p (TPM10) N 0.02|LB/MMBTU BACT-PSD
AK-0071 | INTERNATIONAL STATION POWER PLANT 12/20/2010 ACT Duct Burners (4) 12.31 140|MMBTU/H Particulate matter, total < 2.5 p (TPM2.5) P Good Cc Practices 7.6|LB/IMMSCF BACT-PSD
CA-1212 PALMDALE HYBRID POWER PROJECT 10/18/2011 ACT AUXILIARY BOILER 12.31 110|MMBTU/H Particulate matter, total < 2.5 p (TPM2.5) P USE PUC QUALITY NATURAL GAS 0.8|LB/H BACT-PSD
1A-0105 IOWA FERTILIZER COMPANY. 10/26/2012 ACT Startup Heater 12.31 110.12|MMBTU/H Particulate matter, total < 2.5 p (TPM2.5) P good combustion practices 0.0024(LB/MMBTU BACT-PSD
BOILERS - UNITS CC026
. . LIMITING THE FUEL TO NATURAL GAS ONLY
NV-0050 MGM MIRAGE 11/30/2009 ACT | CC027 ANCDEﬁingB AT CITY 12.31 44|MMBTU/H Particulate matter, filterable < 10 p (FPM10) AND GOOD COMBUSTION PRACTICES 0.0075(LB/MMBTU LAER
OTHER
OH-0336 CAMPBELL SOUP COMPANY 12/14/2010 ACT Boilers (3) 12.31 0 Particulate matter, total < 10 p (TPM10) 0.01(LB/MMBTU CASE-BY-
CASE
AL-0230 THYSSENKRUPESZEEtCAND STAINLESS 08/17/2007 ACT JEALING FURNACE (LA43) (M{ 12.31 196.4|MMBTU/H Sulfur Dioxide (SO2) N 0.0006(LB/MMBTU BACT-PSD
AMERICAN MUNICIPAL POWER o
OH-0310 GENERATING STATION 10/08/2009 ACT AUXILIARY BOILER 12.31 150|MMBTU/H Sulfur Dioxide (SO2) N 0.09|LB/H BACT-PSD
TX-0499 SANDY CREEK ENERGY STATION 07/24/2006 ACT AUXILLARY BOILER 12.31 175|MMBTU/H Sulfur Dioxide (SO2) N 0.11|LBH BACT-PSD
LOW-NOX BURNERS, GOOD COMBUSTION
NC-0101 FORSYTH ENERGY PLANT 09/29/2005 ACT AUXILLIARY BOILER 12.31 110.2|MMBTU/H Sulfur Oxides (SOx) P CONTROL AND CLEAN BURNING, LOW-SULFUR 0.61|LB/H BACT-PSD
FUEL (NATURAL GAS).
NV-0050 MGM MIRAGE 11/30/2009 ACT S CC026, CC027 AND CC028 A 12.31 44|MMBTU/H Sulfur Oxides (SOx) P LIMITING THE FUEL TO NATURAL GAS ONLY 0.0007(LB/MMBTU BACT-PSD
PA-0255 ELLWOOD QUALITY STEELS COMPANY 08/01/2007 ACT ELECTRIC ARC FURNACE 12.31 30[MCF/H Sulfur Oxides (SOx) N 0.45|LB/H BACT-PSD
MN-0076 [ BLANDIN PAPER/RAPIDS ENERGY CENTER | 09/18/2008 ACT BOILER 12.31 280(MMBTU/H Sulfur Dioxide (SO2) NATURAL GAS ONLY 0 O?ei:(;:ze-
OTHER
OH-0336 CAMPBELL SOUP COMPANY 12/14/2010 ACT Boilers (3) 12.31 0 Sulfur Dioxide (SO2) 0.0006(LB/MMBTU CASE-BY-
CASE
Note: Data is based on a RBLC review from January 1, 2005 through August 24, 2015.
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Table A-11. Summary of Identified NOy Control Technology - Small Diesel-fired Boiler (RBLC 13.220)

Pollutant Control Technology Used Number of RBLC Entries (15 Total)
LNB/FGR 5
NOx Good Combustion Practice 2
None 6

Note: Data is based on a RBLC review from January 1, 2005 through August 24, 2015.

Table A-12. Summary of Identified PM Control Technology - Small Diesel-fired Boiler (RBLC 13.220)

Pollutant Control Technology Used Number of RBLC Entries (8 Total)
None 3
PM; 5 Good Combustion Practice 4
Scrubber 1

Note: Data is based on a RBLC review from January 1, 2005 through August 24, 2015.

Table A-13. Summary of Identified SO, Control Technology - Small Diesel-fired Boiler (RBLC 13.220)

Pollutant Control Technology Used Number of RBLC Entries (2 Total)
ULSD 5
SO, None 1
Good Combustion Practice 1

Note: Data is based on a RBLC review from January 1, 2005 through August 24, 2015.
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Table A-14. RBLC Control Technology Determinations for Small Diesel-fired Boiler, < 100 MMBtu/hr (RBLC 13.220,

November 19, 2019

T0O 0.03% BY WEIGHT.

CONTRO
PERMIT
RBLC ID FACILITY NAME ISSUANCE PROCESS NAME PROCCESS|  priMaRY FUEL | THROUGHPUT | THROUGHPUT POLLUTANT L CONTROL METHOD DESCRIPTION EMISSION | c\yssion LimiT UNITS CASE B CESE Other Applicable Requirements
TYPE UNITS METHOD LIMIT BASIS
DATE CODE
N 726/2008 ACTDILERS/HEATERS - DIESEL OIL-FIR|__ 13.22 DIESEL OIL Nitrogen Oxides (NOX) P LOW-NOX BURNER 0.14]LB/MMBTU BACT-PSD SIP, OPERATING PERMIT
NV-0050 MGM MIRAGE 11/30/2009_ACT|ENERATORS - UNITS CCO09 THRU{ _ 13.22 DIESEL OIL 3622[HP. Nitrogen Oxides (NOX) P TURBOCHARGER AAND AFTER-COOLER 0.01[LB/HP-H Other Case-by-Case SIP, OPERATING PERMIT
NY-0095 | CAITHNES BELLPORT ENERGY CENTER |05/10/2006 ACT| AUXILIARY BOILER 13.22 DISTILLATE OIL 28|MMBTU/MH Nitrogen Oxides (NOX) A Low NO;EBSSQSEAST?OF,\‘LUE GAS 0.1{LB/MMBTU BACT-PSD OPERATING PERMIT
VA-0299 | UNITED STATES GYPSUM COMPANY | 06/19/2006 ACT| _ BOILER, MIXER HOT WATER 13.22 2.6[MMBTU/H Nitrogen Oxides (NOX) N 0.3[LB/H BACT-PSD OPERATING PERMIT
- NOX PORT OR EQUIVALENT LOW NOX BURNER
VA-0307 HERCULES INC 10/05/2007 ACT| CHEMICAL PREP 13.22 DISTILLATE OIL 90|MMBTU Nitrogen Oxides (NOX) B AND GOOD GOMBUSTION PRAGTICES 0.143|LB/MMBTU BACT-PSD NSPS , OPERATING PERMIT
VA-0307 HERCULES INC 10/05/2007 ACT!| CHEMICAL PREP 13.22 DISTILLATE OIL 90|MMBTU Nitrogen Oxides (NOX) B LOWNOX BURNEPRRQE%SSSOD COMBUSTION 0.143|LB/MMBTU BACT-PSD NSPS , OPERATING PERMIT
OH-0309 | TOLEDO SUPPLIER PARK- PAINT SHOP [05/03/2007 ACT|  BOILER (2), NO. 2 FUEL OIL 13.22 FUEL OIL #2 20.4[MMBTUH Nitrogen Oxides (NOx) P Low NOXRBESQESE:T';ASNFLUE GAS 15(LB/H LAER
FOUR (4) DIESEL FIRED (BACK-UP
MD-0037|  MEDIMMUNE FREDERICK CAMPUS  [01/28/2008 ACT| FUEL) BOILERS EACH RATED AT 13.22 DIESEL g“f)‘ 2FUEL 29.4[MMBTUH Nitrogen Oxides (NOx) N 58/PPM OTHEZ:;SE'BV'
29.4 MILLION BTU PER HOUR.
OH-0309 | TOLEDO SUPPLIER PARK- PAINT SHOP_|05/03/2007 ACT| __ BOILER (2), NO. 2 FUEL OIL 13.22 FUEL OIL #2 20.4|MMBTU/H Particulate Matter (PM) N BACT-PSD NSPS , MACT , SIP
NY-0095 | CAITHNES BELLPORT ENERGY CENTER | 05/10/2006 ACT!| AUXILIARY BOILER 13.22 DISTILLATE OIL 28[MMBTU/H Particulate matter. filterable < 10 pi (FPM10) P LOW SULFUR FUEL (0.04%). BACT-PSD OPERATING PERMIT
OH-0309 | TOLEDO SUPPLIER PARK- PAINT SHOP | 05/03/2007 ACT| __ BOILER (2). NO. 2 FUEL OIL 1322 FUEL OIL #2 20.4|MMBTU/H Particulate matter, filterable < 10 i (FPM10) N BACT-PSD SIP, NSPS , MACT
WET OR DRY SCRUBBER AND GOOD
VA-0307 HERCULES INC 10/05/2007 ACT CHEMICAL PREP 1322 DISTILLATE OIL 90|MMBTU Particulate matter, filterable < 10 i (FPM10) B COMBUSTION PRACTICES BACT-PSD NSPS , OPERATING PERMIT
VA-0307 HERCULES INC 10/05/2007_ACT| CHEMICAL PREP 1322 DISTILLATE OIL 90[MMBTU Particulate matter, filterable < 10 yi (FPM10) P GOOD COMBUSTION PRACTICES BACT-PSD NSPS , OPERATING PERMIT
NV-0047 NELLIS AIR FORCE BASE 02/26/2008 ACT)| BO'LERS/HEA;EREE' DIESELOIL- 1 135, DIESEL OIL Particulate mater, filterable < 10 i (FPM10) P GOOD COMBUSTION PRACTICE 0.019|LB/MMBTU Other Case-by-Case
AK-0081 | POINT THOMSON PRODUCTION FACILITY|06/12/2013 ACT Combustion 13.22 uLsD of Particulate matter, total < 2.5 1 (TPM2.5) P Good combustion and operation practices 0.25[LB/GAL OTHER CASE-BY-
FUEL SULFUR CONTENG OF DISTILLATE FUEL
OF 0.05 WEIGHT WHICH IS REDUCED TO 15 PPM
GA-0132| YELLOW PINE ENERGY COMPANY, LLC |12/03/2008 ACT]| AUXILIARY BOILER 1322 LOW SULFUR of Sulfur Dioxide (SO2) P BY 2010: LIMITED OPERATION AND GOOD. 250|MMBTU/H BACT-PSD MACT , OPERATING PERMIT
COMBUSTION CONTROLS.
NV-0047 NELLIS AIR FORCE BASE 02/26/2008 ACTPILERS/HEATERS - DIESEL OIL-FIRf ~ 13.22 DIESEL OIL Sulfur Dioxide (SO2) P LIMITING SULT%J'; gg:;s’ué"};f DIESEL OlL 0.0094|LB/MMBTU BACT-PSD SIP, OPERATING PERMIT
NY-0095 | CAITHNES BELLPORT ENERGY CENTER | 05/10/2006 ACT!| AUXILIARY BOILER 1322 DISTILLATE OIL 28[MMBTU/H Sulfur Dioxide (S02) P LOW SULFUR FUEL (0.04%) 0.041|LB/MMBTU BACT-PSD NSPS , OPERATING PERMIT
OH-0309 | TOLEDO SUPPLIER PARK- PAINT SHOP | 05/03/2007 ACT| __ BOILER (2). NO. 2 FUEL OIL 1322 FUEL OIL #2 20.4|MMBTU/H Sulfur Dioxide (S02) N 10.4[LB/H BACT-PSD NSPS , SIP
VA-0307 HERCULES INC 10/05/2007 ACT| CHEMICAL PREP 1322 DISTILLATE OIL 90|MMBTU Sulfur Dioxide (SO2) B WET OR DRY SCRUBBER AND GOOD 9.1{LB/H BACT-PSD NSPS , OPERATING PERMIT
. COMBUSTION PRACTICES - .
VA-0307 HERCULES INC 10/05/2007 ACT! CHEMICAL PREP 13.22 DISTILLATE OIL 90|MMBTU Sulfur Dioxide (SO2) P 5% S FUEL AQISA%(?EE;:OMBUST‘ON 45.4[LB/H BACT-PSD NSPS , OPERATING PERMIT
NV-0050 MGM MIRAGE 11/30/2009 ACT|ENERATORS - UNITS CC009 THRU{  13.22 DIESEL OIL 3622|HP Sulfur Oxides (SOx) P LIMITING SULFUR CONTENT IN THE DIESEL OIL 0.0002|LB/HP-H BACT-PSD SIP, OPERATING PERMIT

Note: Data Is based on a RBLC review from January 1, 2005 through August 24, 2015
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Table A-15. Summary of Identified NOy Control Technology - Large Diesel Engines > 500 hp (RBLC 17.110)

Pollutant

Control Technology Used

Number of RBLC Entries (66 Total)

NOy

Good Combustion Practice

16

None

=
w

Limited Operation

NSPS Subpart Illl Standards

Turbocharger & Aftercooler

Ignition Timing Retard

Non Road Engine Standards (Tiers | - 1V)

Fuel Injection Timing Retard

SCR

Reduce NOX 90%

EPA Cert.

S G [N GRS B ENE BN

Note: Data is based on a RBLC review from January 1, 2005 through August 24, 2015.

Table A-16. Summary of Identified PM, 5 Control Technology - Large Diesel Engines > 500 hp (RBLC 17.110)

Pollutant Control Technology Used Number of RBLC Entries (86 Total)
Good Combustion Practice 29
None 35
NSPS Subpart Il 8
PM Limited Operation 5
Non Road Engine Standards (Tiers | - V) 5
Low Ash Diesel 3
Positive Crankcase Ventilation 1

Note: Data is based on a RBLC review from January 1, 2005 through August 24, 2015.

Table A-17. Summary of Identified SO, Control Technology - Large Diesel Engines > 500 hp (RBLC 17.110)

Pollutant

Control Technology Used

Number of RBLC Entries (35 Total)

so,

Limit Sulfur in Fuel

13

Good Combustion Practice

Ultra Low Sulfur Diesel

Limited Operation

NSPS Subpart Illl Standards

None

[¢SA BN (621 {421 [&)]

Note: Data is based on a RBLC review from January 1, 2005 through August 24, 2015.
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Table A-18. RBLC Control Technology Determinations for Large Diesel-fired Engines Greater than 500 hp (RBLC 17.110)

November 19, 2019

CONTROL EMISSION
RBLC ID FACILITY NAME RERKIISSUARCE PROCESS NAME GROCCESS PRIMARY FUEL THROUGHPUT UAIRCTIER AT POLLUTANT METHOD CONTROL METHOD DESCRIPTION EMSSION LIMIT GEEEHEE
DATE UNITS LIMIT BASIS
CODE UNITS
USE OF LOW SULFUR NO.2 FUEL OIL COMBINED
OK-0118 HUGO GENERATING STA 02/09/2007 ACT EMERGENCY DIESEL INTERNAL 17.11 Nitrogen Dioxide (NO2) P WITH GOOD COMBUSTION PRACTICES AND LIMITED 0 BACT-PSD
COMBUSTION ENGINES
ANNUAL OPERATION
AK-0064 DUTCH HARBOR POWER PLANT| 01/31/2007 ACT I.C. 17.11 FUEL OIL 5000({KW Nitrogen Oxides (NOx) A REDUCE NOX BY 90% 1.36|G/KW-H BACT-PSD
AZ-0046 ARIZONA CLEAN FUELS YUMA 04/14/2005 ACT FIRE WATER PUMPS NOS 1 AND 2 17.11 NO. 2 DIESEL FUEL 5.46|MMBTU/H Nitrogen Oxides (NOXx) N 4|G/KW-H BACT-PSD
AZ-0046 ARIZONA CLEAN FUELS YUMA 04/14/2005 ACT EMERGENCY GENERATOR 17.11 NO. 2 DIESEL FUEL 10.9|MMBTU/H Nitrogen Oxides (NOx) N 6.4(G/KW-H BACT-PSD
CA-1213 MOUE‘BANIgXI’\E&NLPLgWER 04/21/2006 ACT EMERGENCY POWER IC ENGINE 17.11 DIESEL 2155(BHP Nitrogen Oxides (NOx) N 0 BACT-PSD
JOHN DEERE PRODUCT " .
IA-0076 ENGINEERING CENTER 03/23/2005 ACT TEST CELL 17.11 DIESEL 24.5|GAL/H Nitrogen Oxides (NOx) P GOOD COMBUSTION PRACTICES. 1.52|LB/MMBTU BACT-PSD
NO SPECIFIC CONTROL TECHNOLOGY IS SPECIFED.
ADM CORN PROCESSING - ENGINE IS REQUIRED TO MEET LIMITS ESTABLISHED
1A-0088 CEDAR RAPIDS 06/29/2007 ACT FIRE PUMP 17.11 DIESEL #2 540(HP Nitrogen Oxides (NOXx) N AS BACT (TIER 3 NONROAD). THIS COULD REQUIRE 2.8|G/B-HP-H BACT-PSD
ANY NUMBER OF CONTROL TECHNOLOGIES AND
OPERATIONAL REQ. TO MEET THE BACT STANDARD.
NO SPECIFIC CONTROL TECHNOLOGY IS SPECIFED.
ADM CORN PROCESSING - ENGINE IS REQUIRED TO MEET LIMITS ESTABLISHED
1A-0088 CEDAR RAPIDS 06/29/2007 ACT EMERGENCY GENERATOR 17.11 DIESEL 1500 (KW Nitrogen Oxides (NOx) N AS BACT (TIER 2 NONROAD). THIS COULD REQUIRE 4.5|G/B-HP-H BACT-PSD
ANY NUMBER OF CONTROL TECHNOLOGIES AND
OPERATIONAL REQ. TO MEET THE BACT STANDARD.
EMERGENCY DIESEL GENERATORS HAVE NOT BEEN
KS-0028 NEARMAgTiilEOE; POWER 10/18/2005 ACT EMERG(EBEEEIE/I\_?(():RK START 17.11 NO. 2 FUEL OIL 24.1|MMBTU/H Nitrogen Oxides (NOx) N REQUIRED TO INSTALL ADDITIONAL NOX CONTROLS 84.8|LB/H BACT-PSD
BECAUSE OF INTERMITTENT OPERATION.
EMERGENCY GENERATORS (DOCK " USE OF DIESEL WITH A SULFUR CONTENT OF 15
LA-0211 GARYVILLE REFINERY 12/27/2006 ACT & TANK FARM) (21-08 & 22-08) 17.11 DIESEL Nitrogen Oxides (NOx) N PPMV OR LESS 0.031|LB/HP-H BACT-PSD
CREOLE TRAIL LNG IMPORT GOOD COMBUSTION PRACTICES AND GOOD ENGINE
LA-0219 08/15/2007 ACT  |FIREWATER PUMP DIESEL ENGINE 17.11 DIESEL 660|HP Nitrogen Oxides (NOx) P DESIGN INCORPORATING FUEL INJECTION TIMING 10.07|LB/H BACT-PSD
TERMINAL
RETARDATION (ITR)
CREOLE TRAIL LNG IMPORT GOOD COMBUSTION PRACTICES AND GOOD ENGINE
LA-0219 08/15/2007 ACT FIREWATER PUMP DIESEL ENGINE 17.11 DIESEL 525|HP Nitrogen Oxides (NOx) P DESIGN INCORPORATING FUEL INJECTION TIMING 6.74|LB/H BACT-PSD
TERMINAL
RETARDATION (ITR)
GOOD COMBUSTION PRACTICES AND GOOD ENGINE
LA-0219 CREOLE TRAIL LNG IMPORT 08/15/2007 ACT DIESEL EMERGENCY GENERATOR 17.11 DIESEL 2168(HP EACH Nitrogen Oxides (NOx) P DESIGN INCORPORATING FUEL INJECTION TIMING 37.95|LB/H BACT-PSD
TERMINAL NOS.1&2
RETARDATION (ITR)
MN-0071 FAIRBAULT ENERGY PARK 06/05/2007 ACT EMERGENCY GENERATOR 17.11 NO. 2 1750/KW Nitrogen Oxides (NOx) N 0.024|LB/HP-H BACT-PSD
CHEVRON PRODUCTS
MS-0086 COMPANY, PASCAGOULA 05/08/2007 ACT TEMPORARY, PORTABLE CRUDE | 17.11 DIESEL Nitrogen Oxides (NOXx) A SELECTIVE CATALYTIC REDUCTION (SCR) 1.3|LBH BACT-PSD
REFINERY GENERATOR
NV-0045 SLOAN QUARRY 1211112006 AcT | WARGEINTERNAL COMBUSTION | 474, DIESEL OIL 12|GAUH Nitrogen Oxides (NOX) N NA 0.058|LBIT BACT-PSD
BP CHERRY POINT THE ENGINE MUST BE NEW AND MUST SATISFY THE
WA-0328 01/11/2005 ACT EMERGENCY GENERATOR 17.11 DIESEL FUEL 1.5|MwW Nitrogen Oxides (NOx) P FEDERAL ENGINE STANDARDS OF 40 CFR 89 FOR 0 BACT-PSD
COGENERATION PROJECT
YEAR OF PURCHASE.
DARRINGTON ENERGY " . ENGINE MUST BE NEW AND SATISFY FEDERAL
WA-0329 COGENERATION POWER PLANT 02/11/2005 ACT STANDBY GENERATOR 17.11 DIESEL FUEL 1jMw Nitrogen Oxides (NOx) P STANDARDS @ 40 CFR 89 0 BACT-PSD
ENDICOTT PRODUCTION
AK-0066 FACILITY, LIBERTY EU ID 58, CAMP ENGINE 3 17.11 DISTILLATE 1041(HP Nitrogen Oxides (NOx) N GOOD COMBUSTION PRACTICES 4.7|GIHP-H BACT-PSD
DEVELOPMENT PROJECT
INTERNATIONAL STATION Caterpillar 3215C Black Start " .
AK-0071 POWER PLANT 03/31/2010 ACT Generator (1) 17.11 uLsD 1500(KW-e Nitrogen Oxides (NOx) A Turbocharger and Aftercooler 6.4|G/KW-H BACT-PSD
Black Start diesel fired engine EU 13 shall be equipped
with turbo charging and after cooling. The turbo charger
AK-0073 INTERNATIONAL STATION | 941412010 ACT Fuel Combustion 17.11 Diesel 1500[kw-e Nitrogen Oxides (NOX) A reduces NOX emissions by boosting the pressure and 6.4{GIKW-H BACT-PSD
POWER PLANT temperature of the air entering the engine allowing more
fuel to be added to increase power output. This translates
into higher combustion efficiency and reduced emissions.
AL-0251 HILLABEE ENERGY CENTER 07/09/2008 ACT EMERGENCY GENERATOR 17.11 DIESEL 600|EKW Nitrogen Oxides (NOx) N GOOD COMBUSTION PRACTICES 0 BACT-PSD
catrgr | VICTORVILEZ BYBRIDPOWER|  o/1312007 AcT EMERGENCY ENGINE 17.11 DIESEL 2000(KW Nitrogen Oxides (NOx) N OPERATIONAL RESTRICTION OF 50 HRIYR 6|GIKW-H BACT-PSD
SHADY HILLS GENERATING " . PURCHASE MODEL IS AT LEAST AS STRINGENT AS
FL-0310 STATION 05/13/2008 ACT 2.5 MW EMERGENCY GENERATOR 17.11 ULTRA LOW S OIL 2.5|MwW Nitrogen Oxides (NOx) P THE BACT VALUES, UNDER EPA CERTIFICATION. 6.9(G/HP-H BACT-PSD
~ SWEET SORGHUM-TO-ETHANOL | Emergency Generators, Two 2682 HP . . % g
FL-0322 ADVANCED BIOREFINERY 03/19/2010 ACT EA 17.11 uLsb 0 Nitrogen Oxides (NOx) N 6.4(G/KW-H BACT-PSD
1A-0095 TATE @;bIYELREKI:NAZGmiDlENTS 07/01/2008 EST EMERGENCY GENERATOR 17.11 DIESEL 700(KW Nitrogen Oxides (NOx) N 6.2(G/KW-H BACT-PSD
1A-0095 TATE &LYLE POCREDIENTS | 0710112008 EST FIRE PUMP ENGINE 17.11 DIESEL 575|HP Nitrogen Oxides (NOx) N 3.9|G/KW-H BACT-PSD
POWER COUNTY ADVANCED 2 MW EMERGENCY GENERATOR, GOOD COMBUSTION PRACTICES. EPA CERTIFIED
ID-0017 ENERGY CENTER 04/29/2008 ACT SRC25 17.11 ASTM #1, 2, DIESEL 2000 (KW Nitrogen Oxides (NOXx) N PER NSPS Il [ BACT-PSD
POWER COUNTY ADVANCED 500 KW EMERGENCY GENERATOR, " . GOOD COMBUSTION PRACTICES. EPA
ID-0017 ENERGY CENTER 04/29/2008 ACT FIRE PUMP. SRC26 17.11 ASTM #1, 2, DIESEL 500({KW Nitrogen Oxides (NOx) N CERTIFICATION PER NSPS I, 0 BACT-PSD
LANGLEY GULCH POWER " . TIER 2 ENGINE-BASED, GOOD COMBUSTION
ID-0018 PLANT 06/07/2009 ACT EMERGENCY GENERATOR ENGINE 17.11 DIESEL 750(KW Nitrogen Oxides (NOx) P PRACTICES (GCP) 6.4(G/KW-H BACT-PSD
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CONTROL EMISSION
RBLC ID FACILITY NAME RERKIISSUARCE PROCESS NAME GROCCESS PRIMARY FUEL THROUGHPUT UAIRCTIER AT POLLUTANT METHOD CONTROL METHOD DESCRIPTION EMSSION LIMIT GEEEHEE
DATE TYPE UNITS LIMIT BASIS
CODE UNITS
LA-0204 PLAQUEMINE PVC PLANT 03/03/2008 ACT LARGE EMERGENCY ENGINES 17.11 DIESEL Nitrogen Oxides (NOXx) P Goob COMBUST;SELPBRSSL:EES AND GASEOUS 3.2(LB/MMBTU BACT-PSD
LA-0231 LAKE CHAF;:E(:SILG‘_?YSIFICATION 09/24/2008 ACT FIRE WATER DIESEL PUMPS (3) 17.11 DIESEL 575|HP EACH Nitrogen Oxides (NOx) P COMPLY WITH 40 CFR 60 SUBPART Ilil 6.02(LB/H BACT-PSD
LAKE CHARLES GASIFICATION EMERGENCY DIESEL POWER " .
LA-0231 FACILITY 09/24/2008 ACT GENERATOR ENGINES (2) 17.11 DIESEL 1341(HP EACH Nitrogen Oxides (NOx) P COMPLY WITH 40 CFR 60 SUBPART Ilil 17.09|LB/H BACT-PSD
NV-0047 NELLIS AIR FORCE BASE 09/26/2007 ACT LARGEE',Zgﬁ\‘RENSA(ig&“f_I%;ST'ON 17.11 DIESEL OIL Nitrogen Oxides (NOX) B TURBOCHARGER AND AFTERCOOLER 7.58|G/B-HP-H | BACT-PSD
HARRAH'S OPERATING LARGE INTERNAL COMBUSTION
NV-0049 COMPANY, INC. 03/18/2009 EST ENGINES (5600 HP) - UNIT HA13 17.11 DIESEL OIL 1232(HP Nitrogen Oxides (NOXx) P THE UNIT IS EQUIPPED WITH A TURBOCHARGER. 0.024|LB/HP-H BACT-PSD
GOOD COMBUSTION PRACTICES, GOOD ENGINE
" . DESIGN, IGNITION TIMING RETARD,
OH-0317 OHIO RIVER CLEAN FUELS, LLC 12/21/2007 ACT EMERGENCY GENERATOR 17.11 DIESEL FUEL OIL 2922(HP Nitrogen Oxides (NOx) P TURBOCHARGER, AND LOW-TEMPERATURE 26.47|LB/H BACT-PSD
AFTERCOOLER
OK-0128 MID AMERICAN STEEL ROLLING 03/26/2008 ACT Emergency Generator 17.11 No. 2 diesel 1200|HP Nitrogen Oxides (NOx) P 500 hours per year operations 15.6|LB/H BACT-PSD
0K-0129 CHOUTEAU POWER PLANT |  06/19/2008 ACT EMERGENC‘;;’%EFE)GENERATOR 17.11 LOW SULFUR 2200|HP Nitrogen Oxides (NOX) N 23.15|LB/H BACT-PSD
TUNE-UPS AND INSPECTIONS WILL BE PERFORMED
SC-0114 GP ALLENDALE LP 01/10/2008 ACT FIRE WATER DIESEL PUMP 17.11 DIESEL 525|HP Nitrogen Oxides (NOx) P AS OUTLINED IN THE GOOD MANAGEMENT 5.9(LB/H BACT-PSD
PRACTICE PLAN.
SC-0114 GP ALLENDALE LP 01/10/2008 ACT DIESEL EMERGENCY GENERATOR 17.11 DIESEL 1400(HP Nitrogen Oxides (NOx) N 11.41{LBH BACT-PSD
TUNE-UPS AND INSPECTIONS WILL BE PERFORMED
SC-0115 GP CLARENDON LP 02/25/2008 ACT FIRE WATER DIESEL PUMP 17.11 DIESEL 525|HP Nitrogen Oxides (NOXx) P AS OUTLINED IN THE GOOD MANAGEMENT 5.9(LB/H BACT-PSD
PRACTICE PLAN.
TUNE-UPS AND INSPECTIONS WILL BE PERFORMED
SC-0115 GP CLARENDON LP 02/25/2008 ACT DIESEL EMERGENCY GENERATOR 17.11 DIESEL 1400(HP Nitrogen Oxides (NOx) P AS OUTLINED IN THE GOOD MANAGEMENT 11.41{LBH BACT-PSD
PRACTICE PLAN.
AK-0072 | DUTCH HARBOR POWER PLANT |  07/14/2011 ACT EU 15 Caterpillar C-280-16 17.11 uLSD 4400(KW Nitrogen Oxides (NOX) P Engine has turbo Cha'goef’(gg‘;:gie'nc‘m‘er installed as part 9.8|G/KW-H BACT-PSD
AK-0076 POINT THOEES[“$$ODUCTION 08/20/2012 ACT Combustion of Diesel by ICEs 17.11 uLsD 1750 (kW Nitrogen Oxides (NOx) N 6.4(G/KW-H BACT-PSD
CA-1212 PALMDALPERHOSEE[F POWER 10/18/2011 ACT EMERGENCY IC ENGINE 17.11 DIESEL 2683(HP Nitrogen Oxides (NOx) N 6.4(G/KW-H BACT-PSD
Use of good combustion and maintenance practices,
. ANADARKO - PHEONIX . : . . " : Power Management System, and NOx Concentration 1 Y
FL-0327 PROSPECT 06/13/2011 ACT Main Propulsion Engines 17.11 Diesel 0 Nitrogen Oxides (NOx) P Maintenance System as deseribed in the OCS permit 12.7|G/IKW-H BACT-PSD
application.
ANADARKO - PHEONIX Limited use of 24 hours/week and recordkeeping of " TONS PER
FL-0327 PROSPECT 06/13/2011 ACT Emergency Engine 17.11 Diesel 0 Nitrogen Oxides (NOx) P operation. 9.4 PROJECT BACT-PSD
HIGHLANDS BIOREFINERY AND . " .
FL-0332 COGENERATION PLANT 09/23/2011 ACT 2000 KW Emergency Equipment 17.11 0 Nitrogen Oxides (NOx) P See Pollutant Notes. 6.4|G/KW-H BACT-PSD
HIGHLANDS BIOREFINERY AND . " " .
FL-0332 COGENERATION PLANT 09/23/2011 ACT 600 HP Emergency Equipment 17.11 Ultra-Low Sulfur Oil 0 Nitrogen Oxides (NOx) P See Pollutant Notes. 3|G/HP-H BACT-PSD
1A-0105 IOWA FERTILIZER COMPANY 10/26/2012 ACT Emergency Generator 17.11 diesel fuel 142|GALH Nitrogen Oxides (NOx) P good combustion practices 6|G/KW-H BACT-PSD
No add-on controls, but ignition timing retardation (ITR) is
MI-0394 WARREN TECHNICAL CENTER 02/29/2012 ACT Four (4) Emergency Generators 17.11 Diesel 2280 (KW Nitrogen Oxides (NOx) P good design. Engines are tuned for low-NOXx operation 6.93|G/KW-H BACT-PSD
versus low CO operation.
Nine (8) DRUPS Emergenc: No add-on controls, but ignition timing retardation (ITR) is
MI-0394 WARREN TECHNICAL CENTER 02/29/2012 ACT Generators gency 17.11 Diesel 3010(KW Nitrogen Oxides (NOx) P good design. Engines are tuned for low-NOXx operation 5.98|G/KW-H BACT-PSD
versus low CO operation.
Nine (8) DRUPS Emergenc: No add-on controls, but ignition timing retardation (ITR) is
MI-0395 WARREN TECHNICAL CENTER 07/13/2012 ACT Generators gency 17.11 Diesel 3010(KW Nitrogen Oxides (NOx) P good design. Engines are tuned for low-NOXx operation 5.98|G/KW-H BACT-PSD
versus low CO operation.
No add-on control, but ignition timing retardation (ITR) is
MI-0395 WARREN TECHNICAL CENTER 07/13/2012 ACT Four (4) Emergency Generators 17.11 Diesel 2500 (KW Nitrogen Oxides (NOx) P good design. Engines are tuned for low-NOXx operation 7.13|G/KW-H BACT-PSD
versus low CO operation.
EMERGENCY GENERATORS 1 ENGINES MUST BE CERTIFIED TO COMPLY WITH
SC-0113 PYRAMAX CERAMICS, LLC 02/08/2012 ACT THRU 8 17.11 DIESEL 757|HP Nitrogen Oxides (NOx) P NSPS, SUBPART Ilil. 4|GR/KW-H BACT-PSD
PA-0271 MERCK & CO. WESTPOINT 02/23/2007 ACT MOBILE EMERGENCY GENERATOR 17.11 DIESEL Nitrogen Oxides (NOx) N 6.8|G/B-HP-H OT:YE_EESAESE-
EMERGENCY GENERATORS - TURBOCHARGING, AFTER-COOLING, AND LEAN- Other Case-by-
NV-0050 MGM MIRAGE 11/30/2009 ACT UNITS LX024 AND LX025 AT LUXOR 17.11 DIESEL OIL 2206(HP Nitrogen Oxides (NOx) P BURN TECHNOLOGY 0.0131|LB/HP-H Case
MOXIE LIBERTY LLC/ASYLUM " . OTHER CASE-
PA-0278 POWER PL T 10/10/2012 ACT Emergency Generator 17.11 Diesel 0 Nitrogen Oxides (NOx) N 4.93|G/B-HP-H BY-CASE
DUAL FUEL ENGINES ON 100 % DISTILLATE FUEL
NJ-0073 TRIGEN 03/08/2008 ACT DISTILLATE FUEL OIL 17.11 1|MMGAL/YR Nitrogen Oxides (NOXx) N 12|G/B-HP-H RACT
AZ-0046 ARIZONA CLEAN FUELS YUMA 04/14/2005 ACT FIRE WATER PUMPS NOS 1 AND 2 17.11 NO. 2 DIESEL FUEL 5.46[ MMBTU/H Particulate Matter (PM) N 0.2|G/KW-H BACT-PSD
AZ-0046 ARIZONA CLEAN FUELS YUMA 04/14/2005 ACT EMERGENCY GENERATOR 17.11 NO. 2 DIESEL FUEL 10.9|MMBTU/H Particulate Matter (PM) N 0.02(G/KW-H BACT-PSD
NO SPECIFIC CONTROL TECHNOLOGY IS SPECIFED.
ADM CORN PROCESSING - ENGINE IS REQUIRED TO MEET LIMITS ESTABLISHED
1A-0088 CEDAR RAPIDS 06/29/2007 ACT FIRE PUMP 17.11 DIESEL #2 540(HP Particulate Matter (PM) N AS BACT (TIER 3 NONROAD). THIS COULD REQUIRE 0.15|G/B-HP-H BACT-PSD
ANY NUMBER OF CONTROL TECHNOLOGIES AND
OPERATIONAL REQ. TO MEET THE BACT STANDARD.
NO SPECIFIC CONTROL TECHNOLOGY IS SPECIFED.
ADM CORN PROCESSING - ENGINE IS REQUIRED TO MEET LIMITS ESTABLISHED
1A-0088 CEDAR RAPIDS 06/29/2007 ACT EMERGENCY GENERATOR 17.11 DIESEL 1500 (KW Particulate Matter (PM) N AS BACT (TIER 2 NONROAD). THIS COULD REQUIRE 0.15(G/B-HP-H BACT-PSD
ANY NUMBER OF CONTROL TECHNOLOGIES AND
OPERATIONAL REQ. TO MEET THE BACT STANDARD.
MN-0071 FAIRBAULT ENERGY PARK 06/05/2007 ACT EMERGENCY GENERATOR 17.11 NO. 2 1750|KW Particulate Matter (PM) N 0.0007[LB/HP-H BACT-PSD
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Frances Isgrige
University of Alaska Fairbanks

November 19, 2019
October 20, 2017
ADEC BACT Comments

iv. “...similar internal SCI SDA cost analysis and other vendor (FTEK SCR) quotes.”
v. “Internet research bulk price” for hydrated lime.

vi. “Internet research bulk price” for sodium bicarbonate.

vii. “Current Per KW price based on GVEA data.”

4. CFB Boiler: SNCR

a.

b.

Please provide the technical justification for the 10-20% emission reduction stated in
the email from Babcok and Wilcox for NOx SNCR.
Please provide documentation for the following citations in the BACT analysis:
i. Indirect capital costs “18% was used in similar SCR BACT analysis. Assume same
amount for SNCR.”
ii. “ammonia solution cost from similar BACT analysis - $0.75/gal and specific
gravity of 0.9.”
iii. “Current Per kW price based on GVEA data.”
The budgetary nature of the costs provided by FuelTech (+/- 30%) is reflected in the
nature of the cost effectiveness analysis methodology established in the EPA Cost
Manual - provide justification for including a 30% contingency factor.

5. CFB Boiler: SCR - Please revise the cost analysis submitted using the EPA updated coast manual
chapter pertaining to SCR*. Specific comments related to the SCR cost effectiveness analysis
include the following:

a.

C.

d.

The recently updated cost manual chapter covering SCR includes information regarding
SCR equipment life, and indicates the technology can be expected to last 30 years. Please
document why the actual expected equipment life of the control equipment is different
from this value.
The BACT analysis as submitted states that the normal exhaust temperature from the
CFB boiler is expected to be 1,550-1,650°F, which is outside of the SCR listed acceptable
temperature range. Please provide a technical explanation of why the boiler exhaust
temperature is so high. The analysis must also include consideration of high
temperature SCR.
Documentation must be provided for the following cited information:
i. “Cost of startup spares indicated as a percentage of equipment cost per similar
project.”
ii. Fab Site Vendor “days based on similar project”.
iii. Onsite Vendor “days based on similar project”.
iv. Indirect capital costs “18% was used in similar SCR BACT analysis for smaller
CTs.”
v. “ammonia solution cost from similar BACT analysis - $0.75/gal and specific
gravity of 0.9.”
vi. “Current Per kW price based on GVEA data.”
vii. “Replacement labor based on similar project.”
viii. “Labor cost based on similar project.”
The budgetary nature of the costs provided by FuelTech (+/- 30%) is reflected in the
nature of the cost effectiveness analysis methodology established in the EPA Cost
Manual - Please include why a 30% contingency factor is accurate.

4 https://www.epa.gov/economic-and-cost-analysis-air-pollution-regulations/cost-reports-and-guidance-air-

pollution
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University of Alaska Fairbanks - Serious PM-2.5 NA BACT Analysis
BACT Analysis Review Comments
Report dated January 2017 - SLR

Zach Hedgpeth, PE
EPA Region 10 - Seattle
November 2, 2017

1.

Equipment Life - Page 123 of the analysis! states “a standardized ten year return on investment
at seven percent interest rate is assumed”. This assumption for the equipment life is based
solely on the statement that “because of the harsh climate, equipment in interior Alaska
experiences more wear and tear than equipment in moderate climates”. The analysis includes
no further information to support the assumption of a ten year equipment life, nor the
underlying assertion regarding wear and tear. The analysis must use a reasonable estimate of
the actual life of the control equipment for each control technology, based on the best evidence
available. In order to use an equipment life that is shortened based on the harsh climate,
evidence must be provided to support the claim. This evidence could include information
regarding the actual age of currently operating control equipment, or design documents for
associated process equipment such as boilers.

CFB Boiler: Additional SO, Control Technologies - The BACT analysis mentions wet scrubbing
technologies, but does not clearly explain the basis for excluding these technologies (such as
limestone slurry forced oxidation) from consideration within the analysis. Since wet scrubbing
would be expected to represent the highest SO, removal efficiency, this technology must be fully
evaluated within the BACT analysis. Similarly, the analysis does not evaluate dry flue gas
desulfurization or dry scrubbing. This enhanced dry SO, control technology can achieve higher
removal efficiencies than dry sorbent injection, and must also be evaluated thoroughly within
the BACT analysis. The BACT analysis must include rigorous site-specific evaluation of the
technical feasibility and cost effectiveness of these technologies.

CFB Boiler: SDA and DSI

a. As part of their Oklahoma Best Available Retrofit Technology (BART) Federal
Implementation Plan (FIP) final rule for regional haze?, EPA Region 6 conducted
significant research into the actual expected lifetime of SO, control technologies,
including wet, semi-dry, and dry scr