
 

DRAFT 
February 22, 2021 

Reasonable Progress Assessment for Domtar Paper 
Company, LLC – Plymouth, NC 

 
 
Disclaimer 
As a part of the Regional Haze State Implementation Plan (SIP) process, the North Carolina 
Division of Air Quality (NCDAQ) has requested Domtar Paper Company (Domtar) to complete 
a Reasonable Progress Assessment/Four-Factor Analysis for further controlling sulfur dioxide 
(SO2) emissions for improving visibility in the Swanquarter Wilderness Area.  The NCDAQ has 
received external requests for the Reasonable Progress Assessment/Four-Factor Analysis for this  
facility.  It is important to note that the NCDAQ staff is still reviewing this analysis that Domtar  
submitted to the NCDAQ.   Furthermore, the NCDAQ will request that the U.S. Environmental 
Protection Agency (USEPA) and Federal Land Managers (FLMs) review this analysis before the 
Regional Haze SIP is released for public comment later this Spring.  The following analysis from 
Domtar is draft and will be revised to address any comments from NCDAQ staff as well as 
comments received from the USEPA and FLMs prior to the public comment period. 

 

 
  



Correspondence Record 

Date From To Description 

May 4, 2020 NC DAQ Domtar Request to review 2028 SO2 emissions and PSAT 
modeling, evaluate sources for four-factor analysis 

May 12, 2020 Domtar NC 
DAQ Revised emissions estimates 

May 22, 2020 NC DAQ Domtar 
Request four-factor analysis on three units using 
updated emissions and revised PSAT modeling 
results 

July 17, 2020 Domtar NC 
DAQ 

Four-factor analysis of requested units for SO2 
control 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 
 

May 4, 2020 
 
 
Everick Spence 
Mill Manager 
Domtar Paper Company, LLC 
PO Box 747 
NC Highway 149 North 
Plymouth, NC 27962 
 
Subject:  Regional Haze Reasonable Progress Assessment for Second Planning Period 
 
Dear Mr. Spence: 
 
The North Carolina Division of Air Quality (DAQ) is preparing the North Carolina Regional Haze State 
Implementation Plan (SIP) for the second planning period (2018 – 2028).  The DAQ has worked with the 
Visibility Improvement State and Tribal Association of the Southeast (VISTAS), of which North Carolina 
is a member, to identify emission source sectors and facilities that significantly impact visibility 
impairment in Class I Federal areas within and outside of North Carolina consistent with the regional haze 
statutory and regulatory requirements and United States Environmental Protection Agency (EPA) 
guidance.  Based on analyses conducted by North Carolina and VISTAS, sulfur dioxide (SO2) emissions 
from Domtar Paper Company (Domtar) in Plymouth, North Carolina have been shown to contribute ≥1% 
to visibility impairment at the Swanquarter National Wildlife Refuge.  
 
I am requesting that Domtar review the projected 2028 SO2 emissions upon which the DAQ’s 
contribution assessment is based, and either confirm or revise the 2028 emissions for the DAQ to review 
and determine if it will be necessary for Domtar to complete a four-factor analysis of its major SO2 
sources.  We request that you complete this review and report your conclusions with documentation of 
any revised emissions to the DAQ by May 15, 2020.  The DAQ will review your submittal and notify you 
by May 22, 2020, if it is necessary for Domtar to complete a four-factor analysis of its major SO2 sources.   
 
Part I of this letter provides background on the regional haze program requirements.  Part II explains the 
process that VISTAS followed to identify facilities such as Domtar for additional analyses.  Part II also 
includes a summary of SO2 emissions for your facility for your review.  Part III explains how to proceed 
with a four-factor analysis of the major SO2 sources at Domtar, if needed.   
 
Please submit all items requested in this letter to the DAQ Planning Section Chief, Randy Strait 
(randy.strait@ncdenr.gov), within the dates specified.  Should you have any questions regarding this 
request, please feel free to contact me at (919) 707-8447 or Randy Strait at (919) 707-8721.   
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Part I.  Overview of the Regional Haze Program 
 
In Section 169A of the 1977 Amendments to the Clean Air Act (CAA), Congress set forth a program for 
protecting visibility in Federal Class I areas which calls for the "prevention of any future, and the 
remedying of any existing, impairment of visibility in mandatory Class I Federal areas which impairment 
results from manmade air pollution."  In the 1990 Amendments to the CAA, Congress added section 
169B and called on the United States Environmental Protection Agency (EPA) to issue regional haze 
rules.  The Regional Haze Rule (RHR) that EPA promulgated on July 1, 1999 (64 FR 35713) revised the 
existing visibility rule to integrate provisions addressing regional haze impairment and establish a 
comprehensive visibility protection program for each Class I Federal area that provides for reasonable 
progress towards achieving natural visibility conditions by 2064.   
 
The regional haze rules are codified at 40 Code of Federal Regulations (CFR) 51.300.  Paragraph 40 CFR 
51.308(f) (Regional Haze Program Requirements) requires each state to “address regional haze in each 
mandatory Class I Federal area located within the State and in each mandatory Class I Federal area 
located outside the State that may be affected by emissions from within the State.”  The State of North 
Carolina submitted its regional haze plan for the first planning period (2008 – 2018) to EPA on December 
17, 2007.0F

1  The North Carolina Division of Air Quality (DAQ) is now preparing the States regional haze 
plan for the second planning period (2018 – 2028).   
 
The EPA finalized revisions to the RHR in January 2017 (82 FR 3078) to strengthen, streamline, and 
clarify certain aspects of the agency’s regional haze program.  Paragraph 40 CFR 51.308(f) of the RHR 
requires that states must submit a regional haze plan for the second planning period by July 31, 2021.  As 
part of the plan revision, the State of North Carolina must establish a reasonable progress goal (expressed 
in deciviews) that provides for reasonable progress towards achieving natural visibility conditions by 
2064 in the Swanquarter National Wildlife Refuge.  The goal “must provide for an improvement in 
visibility for the most impaired days over the period of the implementation plan and ensure no 
degradation in visibility for the clearest days over the same period.” 
 
The State of North Carolina must also submit a long-term strategy that addresses regional haze visibility 
impairment for Swanquarter National Wildlife Refuge.  The long-term strategy must include enforceable 
emissions limitations, compliance schedules, and other measures as necessary to achieve the reasonable 
progress goal established for the Swanquarter National Wildlife Refuge.   
 
In establishing reasonable progress goals, the State must consider the four factors specified in section 
169A of the CAA and in paragraph 51.308(f)(2)(i) of the RHR:  (1) the cost of compliance, (2) the time 
necessary for compliance, (3) the energy and non-air quality environmental impacts of compliance, and 
(4) the remaining useful life of any potentially affected sources. 
 
On August 20, 2019, EPA issued “Guidance on Regional Haze State Implementation Plans for the Second 
Implementation Period.”1F

2  Among other things, this document provides guidance to states on the selection 
of sources for analysis, characterization of factors for emission control measures, and decisions on what 
control measures are necessary to make reasonable progress. 
 

 
1 North Carolina’s Round 1 SIP submittals and EPA approval of those submittals is provided on the DAQ’s website 
at:  https://deq.nc.gov/about/divisions/air-quality/air-quality-planning/state-implementation-plans/regional-haze-
state-sip. 
2 The guidance document is available on EPA’s website at:  https://www.epa.gov/sites/production/files/2019-
08/documents/8-20-2019_-_regional_haze_guidance_final_guidance.pdf. 

https://deq.nc.gov/about/divisions/air-quality/air-quality-planning/state-implementation-plans/regional-haze-state-sip
https://deq.nc.gov/about/divisions/air-quality/air-quality-planning/state-implementation-plans/regional-haze-state-sip
https://www.epa.gov/sites/production/files/2019-08/documents/8-20-2019_-_regional_haze_guidance_final_guidance.pdf
https://www.epa.gov/sites/production/files/2019-08/documents/8-20-2019_-_regional_haze_guidance_final_guidance.pdf
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Part II.  Reasonable Progress Assessment 
 
The DAQ has recently completed the reasonable progress assessment for its second Regional Haze SIP.  
The following explains the DAQ’s process for conducting its reasonable progress assessment for the 
current planning period from 2018 through 2028.  
 
Step l:  Determine pollutants of concern. 
 
Using 2013 through 2017 Interagency Monitoring of Protected Visual Environments (IMPROVE) 
monitoring data for Class I Federal areas in the VISTAS states, VISTAS evaluated the species 
contribution on the 20% most impaired visibility days and concluded that sulfate accounted for greater 
than 70% of the visibility impairing pollution associated with anthropogenic emission sources.  The 
VISTAS states concluded that controlling sulfur dioxide (SO2) emissions was the appropriate step in 
addressing the reasonable progress assessment for 2028.   
 
Step 2:  Determine which source sectors should be evaluated for reasonable progress.   
 
For the 10 VISTAS states, point source SO2 emissions in 2028 are projected to represent over 80% of the 
total SO2 emissions inventory for all sectors.  Therefore, the VISTAS states concluded that the focus 
should be on electricity generating unit (EGU) and non-EGU point sources of SO2 emissions.  
 
Step 3:  Determine which facilities would be evaluated based on impact.   
 
VISTAS initially utilized an Area of Influence (AoI) analysis to help identify the areas and sources most 
likely contributing to poor visibility in Class I Federal areas.  This AoI analysis involved running a 
backward trajectory model to determine the origin of the air parcels affecting visibility in each Class I 
Federal area.  This information was then spatially combined with emissions data to determine the 
pollutants, sectors, and individual sources that were most likely contributing to the visibility impairment 
at each Class I Federal area.  North Carolina first used this information to determine that the pollutant and 
sector with the largest impact on visibility impairment was SO2 from point sources.   
 
North Carolina then used the results of the AoI analysis for each Class I Federal area to identify sources 
to select for Particulate Matter Source Apportionment Technology (PSAT) modeling.  Point source 
facilities with an AoI contribution of ≥3% for sulfate and nitrate combined were selected for PSAT 
modeling (Domtar’s contribution to Swanquarter was 3.3%).  PSAT modeling uses “reactive tracers” to 
apportion particulate matter among different sources, source categories, and regions.  PSAT was 
implemented with the Comprehensive Air Quality Model with extensions (CAMx) photochemical-grid 
model to determine visibility impairment due to individual facilities.  Use of PSAT modeling is a superior 
approach to the AoI analyses for determining individual facility contributions to visibility impairment in 
Class I Federal areas.  North Carolina identified facilities with an impact on one or more Class I Federal 
areas with ≥1% of the total visibility impairment associated with SO2 on the 20% most impaired days for 
each Class I Federal area.  These sources are being considered for additional reasonable progress 
analyses. 
 
Based on analyses conducted by North Carolina and VISTAS, SO2 emissions from Domtar Paper 
Company in Plymouth, North Carolina have been shown to contribute 1% to visibility impairment at the 
Swanquarter National Wildlife Refuge.   
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Step 4:  Evaluate 2028 emissions. 
 
For the 2028 modeling analysis, the DAQ projected 2028 non-EGU point source emissions from EPA’s 
2016 modeling platform that includes emissions that North Carolina facilities submitted to the DAQ.  The 
DAQ projected 2028 SO2 emissions to be about 687 tons for Domtar by applying growth and control 
factors to 2016-year emissions.  For each SO2 emission unit at Domtar, Table 1 shows historical 
emissions for 2016-2018, projected 2028 emissions, and the growth and control factors applied to 2016 
emissions to estimate 2028 emissions.  Table 2 provides a cross-reference between Group and Permit IDs 
for the SO2 emission units in Table 1.  Please review the 2028 projected emissions and notify the DAQ if 
these estimates are reasonable or not.  If you provide revised 2028 estimates, please explain the 
methodology and assumptions for the revised estimates.  Please respond to this request by May 15, 2020.   
 
If you can document controls or process modifications that have been implemented since 2016 (or will be 
implemented before 2028) that significantly lower the DAQ’s 2028 emission estimates for your facility, 
the DAQ will use the PSAT modeling results for your facility to determine if the revised emissions will 
significantly lower the contribution to visibility impairment at Swanquarter.  Otherwise, the DAQ is 
requesting that you complete a four-factor analysis as outlined in Part III of this letter.   
 
Part III.  Evaluate the Four Factors 
 
To meet the requirements of Section 51.308(d)(1)(i)(A) of the RHR, the DAQ must consider each of the 
four statutory factors for emission sources at your facility that are estimated to significantly contribute to 
visibility impairment in a Class I Federal area.  The four factors include:  1) cost of compliance, 2) time 
necessary for compliance, 3) the energy and non-air quality environmental impacts of compliance, and 4) 
the remaining useful life of the emissions unit.  If after completing Part II it is determined that a four 
factor analysis is necessary, the DAQ requests that you conduct a four-factor analysis on each of the hog 
fuel boilers (Nos. 1 and 2) at Domtar’s Plymouth facility.  You should submit the requested four-factor 
analyses by no later than July 31, 2020.   
 
EPA’s August 20, 2019, regional haze guidance explains how the four statutory factors can be 
characterized.  To identify control measures with the highest level of control effectiveness that are both 
technically feasible and cost effective using the minimal amount of effort, the DAQ requests that the 
analyses be conducted using a “top-down” approach for each emission unit as follows: 
 

Step 1: Identify all control technologies; 

Step 2: Eliminate technically infeasible options; 

Step 3: Rank remaining control technologies by control effectiveness; 

 Step 4: Application of the four statutory factors (cost of compliance, time necessary for compliance, 
energy and non-air quality environmental impacts, remaining useful life of existing source) to 
control technologies identified in Step 3 and document the results; and 

Step 5: Select control technology and control effectiveness 
 
Implementation of the methodology specified in EPA’s August 20, 2019, guidance using a top-down 
approach is provided in the following summary. 
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Table 1.  Domtar – Plymouth (Facility ID 3711700069) 
Actual Sulfur Dioxide Emissions for 2016 – 2018 and Projected Emissions for 2028 

Unit ID Unit Description 

Annual SO2 Emissions (Tons) Control 
Factor 
(%)1 

Growth 
Factor2 2016 2017 2018 2028 

G-148 No. 2 Hog Fuel Boiler 526.28 555.74 635.15 505.23 4.0 1.00 
G-143 No. 1 Hog Fuel Boiler 174.83 200.10 223.12 167.84 4.0 1.00 

G-225 South smelt tank and salt 
cake mix tank 6.05 5.77 4.93 6.52  1.078 

G-158 No. 5 Recovery Boiler 6.51 0.89 6.72 6.51  1.00 

G-431 Lime Kiln No. 5 and 
crusher 0.78 0.77 0.66 0.84  1.078 

G-258 Backup diesel and 
natural gas engines 0.68 0.56 1.20 0.37  0.541 

G-408 Spill collection tank and 
white liquor surge tank 0.09 0.09 0.07 0.10  1.078 

GR44 

Material reuse handling 
of various by-product 
streams at the No. 3 
landfill location 

0.04 0.04 0.12 0.04  1.078 

 Total 715.26 763.96 871.97 687.45   
1 Control Factor:  4% reduction was applied to 2016 emissions to account for boiler tune-up required under 

Section 112 DDDDD Boiler Maximum Achievable Control Technology (MACT) rule effective for 
North Carolina sources on May 20, 2020. 

2 Growth Factors (GF) were applied to 2016 emissions to estimate 2028 emissions: 

GF = 1.078:  Average of the growth rates computed from projections of Paper industry employment 
and revenue for the southeast region (region that includes North Carolina); based on employment 
projections (available at 3-digit NAICS code level (322)) and revenue Projections (available at 4-digit 
NAICS code level (3221)). 

GF = 0.541:  Projected change in distillate fuel oil consumption in the Paper industry (NAICS 322) 
for the southeast region.  

GF = 1.00:  No growth assumption based on an analysis of 2010-2016 trend in wood/wood waste 
consumption (in million British thermal units) by Domtar (EIA plant ID 50189) as reported to EIA 
via Form-923. 
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Table 2.  Domtar – Plymouth (Facility ID 3711700069) 
Cross-reference between Group and Permit IDs for SO2 Emission Units in Table 1 

Unit ID Permit ID 
G-148 ES-65-25-0310 
G-143 ES-64-25-0290 
G-225 ES-10-08-0010, ES-14-05-0050, ES-14-05-0300 
G-158 ES-10-25-0110 
G-431 ES-14-60-3000, ES-14-60-3015 

G-258 

ES-14-60-3000a,ES-53-40-0130, ES-53-40-0140, ES-53-40-0145, ES-71-95-0500, ES-73-
05-4570, ES-73-05-4580, ES-14-60-3000a, ES-53-40-0130, ES-53-40-0140, ES-53-40-
0145, ES-71-95-0500, ES-73-05-4570, ES-73-05-4580, ES-14-60-3000a, ES-53-40-0130, 
ES-53-40-0140, ES-53-40-0145, ES-71-95-0500, ES-73-05-4570, ES-73-05-4580 

G-408 ES-08-65-1060, ES 08-70-0900 
GR44 IES-KLime 
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Summary of 4-Factor Analysis Methodology Specified in EPA’s August 20, 2019, Guidance Using a 
Top-Down Approach 

 
Determining which emission control measures to consider – You should first identify all technically 
feasible sulfur dioxide control measures for each source selected for four-factor analysis.  You should 
then rank them in order of highest to lowest control effectiveness.  The projected 2028 actual sulfur 
dioxide emissions from the source should be used as the baseline emission level for estimating control 
effectiveness of each control measure.  
 
Characterizing the cost of compliance (statutory factor 1) – You should estimate the cost of compliance 
starting with the control measure with the highest level of control effectiveness.  The cost of compliance 
should be in terms of cost/ton of sulfur dioxide reduced.  The cost used as the numerator in the cost/ton 
metric should be the annualized cost of implementing the control measure and should be determined 
using methods consistent with United States Environmental Protection Agency’s (EPA) Air Pollution 
Cost Control Manual.2F

3  Should you use a method that deviates from the Cost Control Manual, you should 
include that methodology, including all calculations and assumptions, and you should justify why the 
method used is more appropriate than methods specified in the Cost Control Manual.  The emission 
reduction used as the denominator for the cost/ton metric should be the annual tons of reduction from 
implementation of the control measure.  If your analysis indicates that the control measure should be 
included as part of North Carolina’s long-term strategy for the second implementation period, further 
analysis is not necessary.  If your analysis indicates that the control measure is not cost effective, you 
should estimate the cost of compliance for the control measure with the next highest level of control 
effectiveness.  This process should be repeated until you have identified a control measure that should be 
included in North Carolina’s long-term strategy or until all control measures have been analyzed. 
 
Characterizing the time necessary for compliance (statutory factor 2) – You should provide an estimate of 
the time needed to comply with the control measure(s) identified using statutory factor 1.  You should 
specify the source-specific factors used to estimate the time to install the control measure and provide a 
justification as to why the estimated time is reasonable. 
 
Characterizing energy and non-air environmental impacts (statutory factor 3) – The cost of the direct 
energy consumption of the control measure should be specified and included in the cost of compliance 
analysis.  If there are any non-air environmental impacts associated with a control measure, such as 
impacts on nearby water bodies, those impacts should be specified. 
 
Characterizing remaining useful life of the source (statutory factor 4) – The length of the remaining useful 
life of a source is the number of years prior to the shutdown date during which the new emission control 
would be operating.  If the remaining useful life of the source is less than the useful life of the control 
system being analyzed, then you should use the remaining useful life of the source in determining the 
annualized cost in the cost of compliance analysis.  Otherwise, you should use the useful life of the 
control measure in the cost of compliance analysis.  If the remaining useful life of a source is relied upon 
in in a four-factor analysis of a control measure instead of the useful life of the control system, and that 
control system becomes part of the state’s long-term strategy, the shutdown date for the source will need 
to be included in the Regional Haze SIP and be made federally enforceable. 

 
 

 
3 https://www.epa.gov/economic-and-cost-analysis-air-pollution-regulations/cost-reports-and-guidance-air-
pollution#cost manual. 
 

https://www.epa.gov/economic-and-cost-analysis-air-pollution-regulations/cost-reports-and-guidance-air-pollution%23cost%20manual
https://www.epa.gov/economic-and-cost-analysis-air-pollution-regulations/cost-reports-and-guidance-air-pollution%23cost%20manual


(y 
~ 

Domtar 

May 12, 2020 

Mr. Randy Strait 
Planning Section Chief 
NC Department of Environmental Quality 
Division of Air Quality 
1641 Mail Service Center 
Raleigh, NC 27699- I 64 I 

Domtar Paper 
Company. LLC 
Plymouth Mill 
P.O. Box 747 

Highway 149 North 
Plymouth, NC 27962 
Tel: (2S2) 793-8111 

Certified .Mai/ 
Re.turn Receipt Requested 

Re: Review of Projected 2028 Emissions for Regional Haze Analysis 
Domtar Paper Company, LLC Mill in Plymouth, NC 
Permit No. 04291T47/Facility ID 07/59/00069 

Dear Mr. Strait: 

On May 4, 2020, Domtar Paper Company, LLC - Plymouth Mill (Domtar or Mill) 
received a letter from the North Carolina Division of Air Quality (DAQ) requesting that 
Domtar review the projected 2028 Sulfur Dioxide (SOi) emissions upon which the 
DAQ's contribution assessment was based for the Regional Haze Second Planning 
Period. Domtar reviewed the projected 2028 SOi emissions presented in Table I of 
DAQ's request and is providing an update as described below and in Attachment I. 

On August 15. 2018, DAQ issued Pennit No. 04291T45 authorizing the Mill 
Optimization Project that is intended to improve efficiency and streamline operations. 
The project includes installation of a Thennal Oxidizer (TOx) as a backup control device 
for High Volwne, Low Concentration (HVLC) pulp mill gases as use of No. I Hog Fuel 
Boiler (HFB!) is phased out. The TOx started up in July of 2019 and the HFBI will be 
pennanently shut down prior to 2028. Table 1 has been updated to include SO2 emissions 
from combusting HVLC gases in the TOx and to remove future emissions from the 
HFB I. SO2 emissions as a result of firing HVLC gases in the TOx are calculated based 
on sampling of the HVLC header conducted in 2014, assuming 100% conversion of 
sulfur compounds to SO2. and actual pulp production data during use of the TOx. 

The bulk of the SO2 emissions from No. 2 Hog Fuel Boiler (HFB2) are from combustion 
of pulp mill non-condensable gas (NCG) because the main fuel fired in HFB2 is biomass. 
In December 2019, Domtar conducted emissions testing for multiple pulp mill NCG 
firing scenarios in HFB2 to obtain updated emissions factors representing the current 



configuration of the Mill. Domtar performed follow-up testing in March 2020 and May 
2020 to gather additional data. For reporting year 2019, Domtar is updating the S02 
emissions calculation methodology when firing NCG's in HFB2 to more accurately 
calculate emissions. 

Domtar is providing an update to the 2028 SO2 emissions projection using 20 I 9 as a 
more representative base year (in place of 2016) to reflect the Optimization Project and 
the recent HFB2 SO2 test data. The attachment includes an update to Table I provided by 
DAQ. Table 2 of the attachment includes the basis of the 2028 emissions estimates for 
the hog fuel boilers and thermal oxidizer. The growth factors provided by DAQ were 
applied to 2019 emissions in order to project 2028 emissions, excluding use of the 4% 
control factor for boiler tune-ups because the tune-up has already been performed. 

Should the DAQ have any questions concerning Domtar's update to the 2028 SOi 
emissions projection, please contact Don Wynne by phone at (252} 793-8984 or by email 
at Don.Wynne@domtar.com or Claire Corta by phone at (919) 578-4195 or by email at 
cco.rta@all4inc.com. 

Sincerely, 

~R.:JI~~ 
Diane R. Hardison 
EH&S Manager 

Everick W. ence 
Mill Manager 

cc: Don Wynne • Domtar 
Claire Corta - ALL4 
Betsy Huddleston - NC DAQ· WaRO 

Attachment 1 - Update to 2028 Emissions Projection 
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Attachment 1 
Update to 2028 Emissions Projedion 



Table l. Domtar· Plymoutb (Facility ID 3711700069) 
Actual Sulfur Dioxide Emissioos for1016·2019 and Frojtcttd E.missioas for2028 

Annual so, Emi11iem (Tons) c .... 1ro1 
F1t10r 

Unit ID Ullit Descrlntlon 2Glfi 2817 2018 2019' 2828 1%11 

G,.148 No. 2 Ho• Fuel Boiler 526.28 55S.74 63S.lS 877.87 1009.57 0.0 
G,.143 No. I Ho• Fuel Boiler 174.83 200.10 223.12 58.22 0.00 0.0 
mx Thermal Oxidizer NIA NIA NIA SS.81 85.96 

Smelt Oi300lving Tanks and 
G-225 salt cake mix tank 6.05 S.11 4.93 5.08 5.47 

G,.ISS No. S Recovery Boiler 6.51 6.89' 6.72 S.91 5.91 
G,.431 Lime Kiln No.Sand Crusher 0.78 0.77 0.66 o.ss 0.63 

Backup diesel and 
G-258 natural gas engines 0.68 0.56 1.20 1.22 0.66 

Spill collection tank and 
"'-408 white liquor surge tank 0.09 0.09 0.07 0.07 0.08 

Material reuse handling 
of various by-product streams 

"'R44 
at the No. 3 landfill location 

0.04 0.04 0.12 0.12 0.13 
Total Emi11ions: 715.26 763.117 871,!)7 1834,11'7 1108,41 

.. l) Control Fa,:tor: Removoo 4% e-0n1rol fa«or sin<e 2028emissions were updated 10 be based on 2019 aruss,om. 
The 4% reduction was originally applied to 2016 <missions to account for boiler tlll\t•Up required under Section 112 ODDDD Boiler 
Maximum Achi""able Control Technology (MACT) rule effective for North Carolina sources on May 20, 2020. 
2) Growth Factors (GF) w«e applied to 2019 ,missions to estimote 2028 emissions as detoiled below and in Table 2: 

GF • 1.078: A veragc of ohe growth rtl(es compuoed from projection of Psper ind\1$11)' crnplo)'JT!Ult 
Md revenue for the sou1hc.asl: region (region that U\Cludes. North Cn.rolino.): based on employmc:n1 projcic:tion.s 
(available lll 3-digil NAICS <Ode level {l22)) and revenue Proje«ions (av&il,ble •t 4-<ligit NAICS e-0d< level 
(3221)). 
GF « 0.$41: P,ojc<ted chonge in di>till8'e fuel oil 0011surnp<ion in the l'epcr indust,y (NAlCS 322) for th< 
southeast ,egion. 
OF• 1.00: No growth assumption based on an analysisof2010-2016 t,end io wood/wood waste conwmption 
(in million Brioish thermal unilS} by Domtar (EIA plan I ID 50189) as repon,d to EIA via Form-923. 

3)Correcteda typo for 2017 •mi>sions from the No. 5 Recovery Boile, G,oupG-158 from 0.89 to 6.89. 
4) Draft 2019 Emis$iOn$ to b, sobmittcd to NC DAQ with !ht reponin$ year 2019 oiremissions invontocy due lune 30, 2020. 

Grewtll 
Faetor' 

1.0' 
o.o, 
1.0' 

1.078 

1.00 
1.078 

0.541 

1.078 

1.078 



Ttbk: 2. J)QNU.t' • Pl)'«no111• (Facilry m 3111100069) 
Z(r.2::8: Sulrur Dlo'lidt Eraistslioas from N'o. 1 aod l Hag Fud Boiffl ind HVL<: ntemal ()Jjdh:cr' 

Val& II) Unit • - -...:; ... Seed•rio T•nu11h .... t' Th,...""•a1Unllo 
-14S No. 2 H- Fllel Boiler I L VHCJSOG + Fud S8.384 ODTUB!>M 
-148 Wo. 2 H....,, Fuel Boik::f 2 L VHC/SOO + FUH 4WLS Offiint) 6,1)1 OD'l"UBJ>~•• 
-)48 N'o. 2 ff,.. fuel 0oiltt 3 HVLC-tFuel ◄ IS.166 oorusp/ ... c 
•148 No. 2 H= Fllel Boiler • H- Fud aod NflW"l.l Gas ,....,o NCG'I 431.519 MMB1u/•r 
·10 N'o. I HM' Fuel Boiic.- 7 Shut Down 0 OD'I\IBl'l•r 

Ox Thmna.l O:cidilX:J' s Nt1..wl 0~ n..io NOO'I IS MMSCF,.,,. 

Ox ThcmuJ O;,cidi.z.er 6 HVl..C end N&lunl C<> 34,723 ODTUBP/vr 
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ROY COOPER 
Governor 

MICHAEL S. REGAN 
Secretary 

MICHAEL ABRACZINSKAS 
Director 

Everick Spence 
Mill Manager 
Domtar Paper Company, LLC 
PO Box 747 
NC Highway 149 North 
Plymouth, NC 27962 

NORTH CAROLINA 
Environmental Quality 

May22,2020 

Subject: Regional Haze Reasonable Progress Assessment for Second Planning Period 

Dear Mr. Spence: 

Thank you for your letter dated May 12, 2020, responding to my May 4, 2020 letter. I appreciate you 
reviewing the North Carolina Division of Air Quality's (DAQ) projected 2028 sulfur dioxide (SO2) 

emissions for the Domtar Paper Company (Domtar) in Plymouth, North Carolina and providing revised 
2028 emissions for the nine SO2 emission units at the facility. As noted in your letter, Domtar developed 
SO2 emissions for 2019 based on the Mill's Optimization Project that is intended to improve efficiency 
and streamline operations as authorized under Permit No. 04291 T45 issued by the DAQ on August 15 , 
2018. Domtar then projected 20 19 emissions to 2028 using the growth factors applied by DAQ in 
developing the initial 2028 SO2 emission estimates that you reviewed. Relative to the DA Q's original 
2028 emissions projections, the revised emissions provided in your letter increased SO2 emissions by 
61.2% (420.96 tons) with the majority of the emissions associated with the No. 2 Hog Fuel Boiler and 
Thermal Oxidizer. 

The DAQ used the revised 2028 SO2 emissions you provided and recalculated Domtar's contribution to 
visibility impairment for the 20% most impaired days at Swan quarter National Wildlife Refuge using the 
PSAT modeling approach referenced in my May 4, 2020 letter. The revised PSAT results indicate that 
Domtar' s contribution would increase from 1. 00% to 1.61 % in 2028. 

In establishing reasonable progress goals, the North Carolina must consider the four factors specified in 
section 169A of the Clean Air Act and in paragraph 51.308(f)(2)(i) of the regional haze rule: (1) the cost 
of compliance, (2) the time necessary for compliance, (3) the energy and non-air quality environmental 
impacts of compliance, and ( 4) the remaining useful life of any potentially affected sources. To fulfill 
this requirement, North Carolina is requesting that facilities that have 2': 1.00% sulfate contribution to 
visibility impairment at a Class I Federal area to complete a four-factor analysis. For this reason, I am 
requesting that you conduct a four-factor analysis on the SO2 emission sources at Domtar's Plymouth 
facility as outlined in Part III of my May 4, 2020 letter. 

Please submit the requested four-factor analyses to the DAQ Planning Section Chief, Randy Strait 
(randy.strait@ncdenr.gov) by no later than July 31, 2020. Should you have any questions regarding this 
request, please feel free to contact me at (919) 707-8447 or Randy Strait at (919) 707-8721. 

~~~~~ 
North Carolina Department of Environmental Quality I Division of Air Quality 

217 West Jones Street I 1641 Mail Service Center I Raleigh, North Carolina 27699-1641 

919.707.8400 



Mr. Spence 
May 22, 2020 
Page 2 of 2 

MAA/rps 

cc: Robert Bright, NCDAQ 
Betsy Huddleston, NCDAQ 
Tammy Manning, NCDAQ 
Randy Strait, NCDAQ 
Central Files 

Sincerely, 

Michael A. Abraczinskas, Director 
Division of Air Quality, NCDEQ 
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Domtar 

July 17, 2020 

Mr. Randy Strait 
Planning Section Chief 
NC Department of Environmental Quality 
Division of Air Quality 
1641 Mail Service Center 
Raleigh, NC 27699-1641 

Re: Regional Haze Rule Four-Factor Analysis 
Domtar Paper Company, LLC Mill in Plymouth, NC 
Permit No. 04291T47/Facility ID 07/59/00069 

Dear Mr. Strait: 

Domtar Paper 
Company, LLC 
Plymouth Mill 
P.O. Box 747 

Highway 149 North 
Plymouth, NC 27962 
Tel: (252) 793-8111 

On May 4, 2020, Domtar Paper Company, LLC - Plymouth Mill (Domtar or Mill) 
received a letter from the North Carolina Division of Air Quality (DAQ) requesting that 
Domtar review the projected 2028 Sulfur Dioxide (SO2) emissions upon which the 
DAQ's contribution assessment was based for the Regional Haze Second Planning 
Period. Domtar reviewed the projected 2028 SO2 emissions and provided DAQ with an 
updated 2028 emissions projection on May 12, 2020 using 2019 as a more representative 
base year (in place of 2016) to reflect the Optimization Project and the recent No. 2 Hog 
Fuel Boiler SO2 test data. 

On May 22, 2020, Domtar received a letter from the DAQ requesting that the Mill 
conduct a four-factor analysis for the SO2 emission sources outlined in Part III of the 
May 4, 2020 letter (Nos. I and 2 Hog Fuel Boilers). Please find enclosed the requested 
Regional Haze Rule Four-Factor Analysis. Based on the enclosed analysis, no additional 
SO2 emissions controls were determined to be cost effective for the Mill's hog fuel 
boilers. 



Page2 

Should the DAQ have any questions on Domtar•s Four-Factor Analysis. please contact 
Don Wynne by phone at (252) 793-8984 or by email at Don.Wynne@domtar.com or 
Claire Corta by phone at (919) 578-4195 or by email at ccorta@all4inc.com. 

Sincerely, 

Diane R. Hardison 
EH&S Manager 

[Xi~)t--
Everick W. Spence 
Mill Manager 

cc: Don Wynne - Domtar 
Claire Carta - ALL4 
Betsy Huddleston - NC DAQ- WaRO 

Enclosure 
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1. INTRODUCTION 

Domtar Pupcr Company 
Four-Factor Anal) sis 

The North Carolina Department of Environmental Quality (DEQ) Division of Air Quality (DAQ) 

is in the process of developing a State Implementation Plan (SIP) revision for the second planning 

period under the 1999 Regional Haze Rule (RHR) at 40 CFR Part 51, Subpart P. The RHR focuses 

on improving visibility in federal Class I areas by reducing emissions of visibility impairing 

pollutants. DAQ is required to update the SIP by July 2021 to address further controls that could 

be applied to reduce emissions of visibility impairing pollutants, such as sulfur dioxide (SO2), for 

the 2021-2028 period. DAQ has requested that several facilities within the State submit a Four

Factor Analysis (FF A) to examine the feasibility of additional SO2 emissions controls. This report 

provides the Domtar Paper Company' s (Domtar' s) FFA for SO2 emissions from the following units 

at the Plymouth, NC Mill, as requested in Part Ill of DAQ's May 4, 2020 letter: 

• No. I Hog Fuel Boiler 

• No. 2 Hog Fuel Boiler 

The U.S. EPA developed the RHR to meet the Clean Air Act (CAA) requirements for the 

protection of visibility in 156 scenic areas across the United States. The first stage of the RHR 

required that certain types of existing stationary sources of air pollutants evaluate Best Available 

Retrofit Technology (BART). Specifically, the BART provisions required states to conduct an 

evaluation of existing, older stationary sources that pre-dated the 1977 CAA Amendments and, 

therefore, were not originally subject to the New Source Performance Standards (NSPS) at 40 CFR 

Part 60. The purpose of the program was to identify older emission units that contributed to haze 

at Class I areas that could be retrofitted with emissions control technology to reduce emissions and 

improve visibility in these areas. The BART requirement applied to emission units that fit all three 

of the following criteria: 

l. The units came into existence between August 7, 1962 and August 7, 1977; 

2. The units are located at facilities in one of26 NSPS categories; and 
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Domtar Pnpcr Compnn:v 
r-our-Factor Anal) sis 

3. The units have a total potential-to-emit (PTE) of at least 250 tpy ofNOx, S02, and PM10 

from all BART-era emission units at the same facility. 

MACT standards that limit visibility-impairing pollutants were determined to meet the 

requirements for BART unless there were new cost-effective control technologies available. Per 

Section IV of 40 CFR Part 51, Appendix Y, Guidelines for BART Determinations under the 

Regional Haze Rules: " Unless there are new technologies subsequent to the MACT standards 

which would lead to cost-effective increases in the level of control, [state agencies] may rely on 

the MACT standards for purposes of BART." Sources demonstrating compliance with MACT 

and BART are already well controlled. If sources are already well-control led and not significantly 

contributing to visibility impacts at nearby Class I areas, further control should not be required to 

reduce emissions for the second planning period of the RHR. 

In accordance with the August 2019 Guidance on Regional Haze State Implementation Plans for 

the Section Implementation Period, "there is no specified outcome or amount of emission 

reduction or visibility improvement that is directed as the reasonable amount of progress for any 

Class I area." 1 The guidance states that it may be reasonable for a state not to select an effectively 

controlled source for further measures and provides several examples on pages 23-25, such as 

sources subject to recently reviewed or promulgated federal standards, sources that combust only 

natural gas, and sources that are already well-controlled. This report focuses on two of the most 

significant sources of S02 emissions at the Domtar Plymouth pulp and paper mill, as per DA Q's 

request, and does not evaluate other well-controlled sources . Appendix A presents the control cost 

calculations and Appendix B presents supporting information. 

1 EPA-457/8-19-003, August 2019, "Guidance on Regional Haze State Implementation Plans for the Second 
Implementation Period." 

1-2 



1.1 FOUR-FACTOR ANALYSIS 

Domtar Pupcr Company 
r-our-Factor Analysis 

Pursuant to 40 CFR 5 I .308(f)(2)(i), DAQ has requested that the mill address the following four 

factors to determine if additional S02 emissions control measures are necessary to make reasonable 

progress toward natural visibility conditions at Class I areas: 

• The cost of compliance 

• Energy and non-air quality impacts of compliance 

• The time necessary for compliance 

• Remaining useful life of existing affected sources 

Domtar has addressed these factors for additional control options that could be applied to the hog 

fuel boilers at the mill using available site-specific data, capital costs of controls from U.S. EPA 

publications or previous analyses (either company-specific or for similar sources), and operating 

cost estimates using methodologies in the U.S. EPA Office of Air Quality Planning and Standards 

(OAQPS) Control Cost Manual and U.S. EPA fact sheets. The mill has not performed site-specific 

engineering analyses for this study but has used readily available information to determine if 

additional emissions controls may be feasible and cost effective. The emissions reduction 

expected for each control technology evaluated was based on a typical expected control efficiency 

and projected 2028 actual emissions. Evaluating cost effectiveness based on actual emissions 

provides a better representation of the true cost of each technology to the mill than an evaluation 

based on allowable emissions. ln addition, actual emissions are more representative of the 2021-

2028 planning period than potential emissions. 

An interest rate of 4.75% and the typical values for equipment life shown in the OAQPS Cost 

Manual examples were used to calculate the capital recovery factor. A 4.75% interest rate 

represents the prime rate just prior to the COVID-19 pandemic and is representative because the 

prime rate has varied over the past two years from the current low of 3.25% to a high of 5.5% in 

December 2018. Labor, chemical, and utility costs are based on mill-specific values for 2020. 



1.2 SUMMARY OF SOURCES EVALUATED 

Domtar P.ipcr Company 
Four-Factor Anal> ::.is 

Table 1-1 provides basic information regarding the sources that were evaluated in detail. The 

boilers evaluated in this report are already subject to regulation under several programs aimed at 

reducing emissions of conventional and hazardous air pollutants (HAPs) and are already well 

controlled. Industrial boilers are subject to National Emission Standards for Hazardous Air 

Pollutants (NESHAP), which require the use of Maximum Achievable Control Technology 

(MACT). While the MACT standards are intended to minimize HAP emissions, they also directly 

reduce acid gas emissions and promote good combustion practices. NSPS Subpart D contains 

emission limits for SO2. The fuels fired by the hog fuel boilers are low-sulfur fuels (natural gas, 

No. 2 fuel oil, and biomass). The majority of the historical SO2 emissions from these boilers result 

from combustion of pulp mill gases that contain sulfur compounds. These gases a.re combusted to 

meet the HAP emissions control requirements of 40 CFR 63, Subpart S. The alkaline nature of 

the bark fly ash provides some SO2 capture. 

Table 1-1 
Summary of Emissions Sources Evaluated 

2019 Projected 
Emissions Size, Year Pennltted Control Major Actual SOz 2028 

Unit MMBtulhr Installed Fuels Technology Regulatory Emissions Actual S02 
Description Programs 

(tons) Emissions 
(tons) 

1,021 (any 
combination Lignin, natural PM: 

No. I Hog 
of fuels) gas, biomass, Electroscrubbers NSPS Subpart D 

Fuel Boiler' 
835 (hog 1977 No. 2 fuel oil, S02: Low-sulfur MACT 58.22 0 
fuel with used oil, fuels and inherent Subpart DDDDD 
any other sludge bark scrubbing 

fuels) 
Lignin, natural PM: Electrostatic 

No. 2 Hog gas, biomass, precipitator (ESP) NSPS Subpart D 

Fuel Boiler2 889 1982 No. 2 fuel oil , S02: Low-sulfur MACT 877.87 1,009.57 
used oil, fuels and inherent Subpart DDDDD 
slud2e bark scrubbin2 

1 The No. I Hog Fuel boi ler is permitted to combust high-volume, low-concentration (HVLC) pulp mill gases but is no longer 
able to combust HVLC. This boiler will be pennanently shutdown during the 2021 -2028 planning period. 

1 The No. 2 Hog Fuel boiler can a lso com bust HVLC and low-volume, high-concentration (L VHC) pulp mil I gases and stripper 
off-gases (SOG). 

14 



1.3 SUMMARY OF RECENT EMISSIONS REDUCTIONS 

Domtur Pnpcr Company 
rour-ractor Anal) sis 

Since 20 I 0, the mill has made emissions reductions for a variety of reasons. The mill is subject to 

the provisions of 40 CFR Part 63, Subpart DDDDD, NESHAP for Industrial Commercial, and 

Institutional Boilers and Process Heaters (NESHAP DDDDD or Boiler MACT). Boilers subject 

to NESHAP DDDDD were required to undergo a one-time energy assessment and are required to 

conduct tune-ups at a frequency specified by the rule. Compliance with these standards required 

changes to operating practices, including the use of clean fuels for startup. In addition, the 

Plymouth Mill improved the PM control device on No. 2 Hog Fuel Boiler and is reducing 

utilization of No. 1 Hog Fuel Boiler and its associated emissions by transitioning to firing primarily 

natural gas, with No. 2 fuel oil as backup, and discontinuing combustion of HVLC in this boiler. 

1.4 DOCUMENT ORGANIZATION 

The document is organized as follows: 

• Section I -Introduction: provides the purpose of the document and what emission units 
are included in the FFA. 

• Section 2- Four-Factor Analysis for Boilers: provides the FF A for the boilers evaluated. 

• Section 3 - Summary of Findings: presents a summary of the FF A. 

• Appendix A - Control Cost Analyses 

• Appendix B - Supporting Information 
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2. FOUR-FACTOR ANALYSIS FOR BOILERS 

Domtar Paper Company 
Four-Factor Anni) sis 

This section of the report presents the results of the FF A for S02 emissions from the two industrial 

boilers at the mill. To evaluate the cost of compliance portion of the FFA, Domtar performed the 

following steps: 

• identify available control technologies, 

• eliminate technically infeasible options, and 

• evaluate cost effectiveness of remaining controls. 

The time necessary for compliance, energy and non-air environmental impacts, and remaining 

useful life were also evaluated. 

2.1 AVAILABLE CONTROL TECHNOLOGIES 

Available control options are those air pollution control technologies or techniques (including 

lower-emitting processes and practices) that have the potential for practical application to the 

emissions unit and pollutant under evaluation, with a focus on technologies that have been 

demonstrated to achieve the highest levels of control for the pollutant in question, regardless of 

the source type on which the demonstration has occurred. The scope of potentially applicable 

control options for industrial boilers was determined based on a review of the RBLC database2 

and knowledge of typical controls used on boilers in the pulp and paper industry. RBLC entries 

that are not representative of the type of emissions unit, or fuel being fired, were excluded from 

further consideration. Table 2-1 summarizes the potentially feasible control technologies for 

industrial boilers. 

2 RACTIBACT/LAER Clearinghouse (RBLC) hllps /fwww epa.gov/catc/ractbactlaer-cleannghouse-rblc-basic-informauon 
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Table 2-1 
Control Technology Summary 

Domtar Paper Company 
Four-Factor Anal~ sis 

Pollutant Controls on Industrial Boilers 

Low-sulfur fuels 
S02 Wet scrubber 

Dry sorbent injection (DSI) 

Technically feasible control technologies for industrial boilers were evaluated, taking into account 

current air pollution controls, fuels fired, and RBLC Database information. Fuel switching from 

biomass to I 00% natural gas was not evaluated because the purpose of this analysis is not to change 

the operation or design of the source or to evaluate alternative energy projects. The August 20, 

2019 regional haze implementation guidance indicates that states may determine it is unreasonable 

to consider fuel use changes because they would be too fundamental to the operation and design 

of a source. EPA BACT guidance states that it is not reasonable to change the design of a source, 

such as by requiring conversion of a coal boiler to a gas turbine. 3 It is not reasonable as part of 

this analysis to convert an existing biomass boiler at a forest products mill to a natural gas-fired 

boiler because biomass boilers at forest products mills fire the biomass residuals from the mill 

processes as a readily available and relatively inexpensive source of fuel. In addition, the alkaline 

nature of bark fly ash serves to provide some S02 emissions capture. 

2.1.1 Available S02 Control Technologies 

Natural gas, No. 2 fuel oil, and biomass are considered low-sulfur fuels and are fired by the boilers 

included in this report. Natural gas and biomass combustion result in negligible S02 emissions. 

However, as mentioned above, the majority of the historical emissions from the hog fuel boilers 

(and the future actual S02 emissions from No. 2 Hog Fuel Boiler) are from combustion of HVLC, 

LVHC, and SOG that contain sulfur compounds that oxidize to S02. LVHC gases are treated by 

a white liquor scrubber for reduction of sulfur compounds prior to combustion in the No. 2 Hog 

3 https://.,nrn.epa.gov/sites/production/files/2015-07/docum,mts/igccbact.pdf 
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Domtar Paper Company 
Four-Fnc1or Anal) sis 

Fuel boiler, resulting in lower S02 emissions. The potentially feasible add-on control technologies 

for reducing emissions of S02 from industrial boilers are discussed in detail in this section. 

Wet Scrubbers 

In a wet scrubber, a liquid is used to remove pollutants from an exhaust stream. The removal of 

pollutants in the gaseous stream is done by absorption. Wet scrubbing involves a mass transfer 

operation in which one or more soluble components of an acid gas are dissolved in a liquid that 

has low volatility under process conditions. For S02 control, the absorption process is chemical

based and uses an alkali solution (i.e., sodium hydroxide, sodium carbonate, sodium bicarbonate, 

calcium hydroxide, etc.) as a sorbent or reagent in combination with water. Removal efficiencies 

are affected by the chemistry of the absorbing solution as it reacts with the pollutant and the amount 

of gas to liquid contact and residence time. Wet scrubbers may take the form of a variety of 

different configurations, including packed columns, plate or tray columns, spray chambers, and 

venturi scrubbers. 

Dry Sorbent Injection (DSI) 

OSI accomplishes removal of acid gases by injecting a dry reagent (i.e., lime or trona) into the flue 

gas stream and prior to PM air pollution control equipment. A flue gas reaction takes place 

between the reagent and the acid gases, producing neutral salts that must be removed by the PM 

air pollution control equipment located downstream. The process is totally "dry," meaning it 

produces a dry disposal product and introduces the reagent as a dry powder. The benefits of this 

type of system include the elimination of liquid handling equipment requiring routine maintenance 

such as pumps, agitators, and atomizers. The drawbacks to using this type of system are the costs 

associated with the installation of a dry PM control device to collect the dry by-product, as well as 

ongoing operating costs to procure the sorbent material and dispose of additional dry waste. Dry 

sorbents can also prove challenging to maintain a very low moisture content and keep flowing. 

OSI systems are typically used to control S02, hydrochloric acid and other acid gases on coal-fired 

boilers. 



Domtar Pupcr Company 
Four-f'.1ctor Anal~sis 

2.2 EL/MINA TION OF TECHNICALLY INFEASIBLE OPTIONS 

An available control technique may be eliminated from further consideration if it is not technically 

feasible for the specific source under review. A demonstration of technical infeasibility must be 

documented and show, based on physical, chemical, or engineering principles, that technical 

reasons would preclude the successful use of the control option on the emissions unit under review. 

U.S. EPA generally considers a technology to be technically feasible if it has been demonstrated 

and operated successfully on the same or similar type of emissions unit under review or is available 

and applicable to the emissions unit type under review. If a technology has been operated on the 

same or similar type of emissions unit, it is presumed to be technically feasible. However, an 

available technology cannot be eliminated as infeasible simply because it has not been used on the 

same type of unit that is under review. If the technology has not been operated successfully on the 

type of unit under review, its lack of "availability" and ''applicability" to the particular unit type 

under review must be documented in order for the technology to be eliminated as technically 

infeasible. 

The No. I Hog Fuel Boiler currently burns only natural gas and hog fuel, with low-sulfur No. 2 

fuel oil as backup and is reducing hog fuel use. HVLC gases are no longer combusted and S02 

emissions from No. I Hog Fuel Boiler are now very low. Additionally, the Mill plans to shut 

down No. I Hog Fuel Boiler during the 2021-2028 planning period. Therefore, there are no 

additional S02 controls beyond the current practice of combustion of low-sulfur fuels that are 

necessary to evaluate for this boiler. 

Installing a wet scrubber following the No. 2 Hog Fuel Boiler ESP is considered technically 

feasible and was evaluated. Installing OSI in the form of trona injection prior to the No. 2 Hog 

Fuel Boiler ESP is also considered technically feasible and was evaluated. 

2.3 COST OF TECHNICALLY FEASIBLE CONTROL TECHNOLOGIES 

Cost analyses were developed where add-on controls were considered technically feasible. 

Budgetary estimates of capital and operating costs were determined and used to estimate the 
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annualized costs for each control technology considering existing equipment design and exhaust 

characteristics. A capital cost for each control measure evaluated was based on company-specific 

data, source-specific vendor cost estimates, or EPA cost spreadsheets. The cost effectiveness for 

each technically feasible control technology was calculated using the annualized capital and 

operating costs and the amount of pollutant expected to be removed based on the procedures 

presented in the latest version of the U.S. EPA OAQPS Control Cost Manual. Projected actual 

emissions and a typical expected control efficiency were used as the basis for emissions reductions. 

Capital, operating, and total annual cost estimates for each feasible pollution control technique are 

presented in Appendix A. These are screening level cost estimates and are not based on detailed 

site-specific engineering studies. 

Although DAQ has not indicated what additional controls they would consider cost effective, 

similar analyses performed by U.S. EPA and others were reviewed to get a general idea of the 

level above which additional controls on industrial boilers are not cost effective. For example, as 

part of the 20 I 6 CS APR update rule \ U.S. EPA performed an analysis to characterize whether 

there were non-electric generating unit (EGU) source groups with a substantial amount of available 

cost-effective NOx reductions achievable by the 2017 ozone season. They evaluated control costs 

for non-EG U point sources with NOx emissions greater than 25 tpy in 2017.5 U.S. EPA did not 

further examine control options above $3,400 per ton. This is consistent with the range U.S. EPA 

analyzed for EGUs in the proposed and final CSAPR rules and is also consistent with what the 

U.S. EPA has identified in previous transport rules as cost-effective, including the NOx SIP 

call. Notably, $3,400 per ton represents the $2,000 per ton value (in 1990 dollars) used in the NOx 

SIP call, adjusted to the 2011 dollars used throughout the CSAPR update proposal. Adjustments 

of costs were made using the Chemical Engineering Plant Cost Index (CEPCI) annual values for 

~ 81 Fed. Reg. 74504 
l Technical Support Document for the Cross-State Air Pollution Rule for the 2008 Ozone NAAQS, Docket ID EPA

HQ-OAR-2015-0500, Assessment of Non-EGU NOx Emission Controls, Cost of Controls, and Time for 
Compliance, U.S. EPA, November 20 I 5. 
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1990 and 2011.) Note that industrial boilers were among the source categories that the very 

conservative U.S. EPA cost analysis determined were above $3,400/ton. In addition, the Western 

Regional Air Partnership (WRAP) Annex to the Grand Canyon Visibility Transport Report (June 

1999) indicated that control costs greater than $3,000/ton were high.6 The costs presented in this 

report were developed using conservative assumptions and are above these thresholds. 

2.3.1 Site-Specific Factors Limiting Implementation 

Currently known, site-specific factors that would limit the feasibility and increase the cost of 

installing additional controls include space constraints. A detailed engineering study for each of 

the controls evaluated in this report would be necessary before any additional controls were 

determined to be feasible or cost effective. 

2.3.2 S02 Economic Impacts - Wet Scrubber 

The wet scrubber capital cost is based on a cost estimate provided by LDX Solutions on June 15, 

2020 and the fan upgrade cost is from H. Clay Moore & Associates Inc. The cost estimate was 

based on design conditions obtained from 2020 air emissions testing on No. 2 Hog Fuel Boiler and 

discussions with the Mill. Operating costs were estimated using the factors in the OAQPS Cost 

Manual, Section 5, Chapter I, operating data provided by LDX Solutions, and site-specific labor, 

chemical. and utility costs. 

U.S. EPA indicates that a retrofit factor is appropriate when estimating the cost to install a control 

system on an existing facility, in order to address the unexpected magnitude of anticipated cost 

elements; the costs of unexpected delays; the cost of re-engineering and re-fabrication; and the 

cost of correcting design errors. A retrofit factor can be used to reflect additional difficulty 

associated with installing auxiliary equipment, special care in placing equipment, additional 

insulation and painting of piping and ductwork, additional site preparation, extra engineering or 

6 https:/tw,\ w. wrapai r .org//forums/mtf/doc u ments/group reports/Tee hSupplS02Tech .htm 
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supervision during installation, and unanticipated delays that cause lost production costs. The 

manual states that at the study cost level, a retrofit factor of as much as 50 % is justified, and even 

at the detailed cost level, a retrofit factor is often added. A retrofit factor of 1.3 was applied to the 

total capital cost as the vendor cost estimate was conducted remotely, an engineering study has not 

been performed, and production will be lost due to an extended Mill outage that is required for 

scrubber installation. 

Table 2-2 
Wet Scrubber Cost Summary 

Cost 
Emissions Unit Description Capital Cost ($) Annual Cost {$/yr) Effectiveness of 

Controls 
($/Ton S02) 

No. 2 Hog Fuel Boiler $13,341,296 $4,106,120 $4,281 

Installing a wet scrubber is not considered cost effective because the estimated capital cost is more 

than $13 million and the cost effectiveness value is over $4,000/ton of SO2 removed. 

2.3.3 S02 Economic Impacts - DSI 

The capital cost for a system to inject milled trona prior to the ESP on the No. 2 Hog Fuel Boiler 

was estimated using an April 2017 Sargent and Lundy report prepared under a U.S. EPA contract. 7 

Site-specific labor, chemical, and utility costs were used to estimate the annual cost of operating 

the system. The Sargent and Lundy report indicates that 50% SO2 control can be achieved when 

injecting trona prior to an ESP without increasing PM emissions. Table 2-3 summarizes the 

estimated capital cost, annual cost, and cost effectiveness of implementing this control technology 

for the No. 2 Hog Fuel Boiler, based on operating data and the projected 2028 actual S02 

emissions. 

7 
Sargent & Lundy LLC. 2017. Dry Sorbent Injection for SOil HCI Control Cost Development il,/ethodology, Project 
13527-00 I, Eastern Research Group, Inc. Chicago, IL. 
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Trona Injection System Cost Summary 

Cost 

Emissions Unit Description Capital Cost ($) Annual Cost ($/yr) Effectiveness of 
Controls 

{$/Ton S02) 
No. 2 Hog Fuel Boiler $13,813,979 $11,647,397 $23,074 

Installing trona injection is not considered cost effective because the estimated capital cost is more 

than $13 million and the cost effectiveness value is over $20,000/ton of SO2 removed. 

2.3.4 Energy and Non-Air Related Impacts 

This section describes the energy and non-air environmental impacts associated with each add-on 

control option evaluated. 

Additional electricity and water would be needed to run a wet scrubber and additional fan power 

would be required overcome the additional pressure drop through the wet scrubber. Other 

environmental and energy impacts associated with operating a wet scrubber include generation 

and disposal of wastewater. Additional electricity would be needed to operate a DSl system and 

it would create additional solid waste. 

2.4 TIME NECESSARY FOR COMPLIANCE 

U.S. EPA allows three years plus an optional extra year for compliance with MACT standards that 

require facilities to install controls after the effective date of the final standard. Although our f FA 

shows there are no additional controls that would be feasible, if controls are ultimately required to 

meet RHR requirements, the Mill would need at least three years to implement them after final 

EPA approval of the RHR SIP. The Mill would need time to obtain corporate approvals for capital 

funding and would have to undergo substantial re-engineering (e.g., due to space constraints) to 

accommodate new controls. Design, procurement, installation, and shakedown of these projects 

would easily consume three years. The Mill would need to engage engineering consultants, 
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equipment vendors, construction contractors, financial institutions, and other critical suppliers. 

The Mill would also need to execute air permit modifications, which are often time-consuming 

and have an indeterminate timeline and endpoint. Lead time would be needed to procure pollution 

control equipment even after it is designed and a contract is finalized, and installation of controls 

must be aligned with mill outage schedules that are difficult to move due to the interrelationships 

within corporate mill systems, the availability of contractors, and the like. The Mill would need 

to continue to operate as much as possible while retrofitting to meet any new requirements. 

Extensive outages for retrofitting must be carefully planned. Only when all the critical 

prerequisites for the retrofit have been lined up (e.g., the engineering is complete and the control 

equipment is staged for immediate installation), can an owner afford to shut down a facility's 

equipment to install new controls. This takes planning and coordination both within the company, 

with the contractors, and with customers. The process to undertake a retrofitting project is 

complex. 

2.5 REMAINING USEFUL LIFE OF EXISTING SOURCES 

The No. I Hog Fuel boiler will be permanently retired during the 2021-2028 planning period. The 

No. 2 Hog Fuel Boiler has a remaining useful life of twenty years or more. 

2. 6 CONCLUSION 

Based on the FF A presented above, no additional S02 emissions controls were determined to be 

cost effective for the Mill's hog fuel boilers. 



3. SUMMARY OF FINDINGS 

Domtar Paper Company 
Four-Factor Anal) sis 

The emission sources at the Domtar Plymouth Mill evaluated in this report are already subject to 

various stringent emission limits. However, in response to a request from DAQ, Domtar evaluated 

whether additional emissions controls for S02 are feasible for the hog fuel boilers. 

As part of the Ff A, the following information was reviewed: site-specific emissions and control 

information, industry- and site-specific cost data, publicly-available cost data, previous similar 

control evaluations, the U.S. EPA RBLC database, and U.S. EPA's OAQPS Control Cost Manual. 

The best information available in the time allotted to perform the analyses was used. 

Our review of the best available information indicates that additional emissions controls for S02 

are not feasible. Any determination that additional controls are feasible would need to be justified 

based on a more detailed evaluation that fully considers site-specific factors. r n addition, it is 

important to note the following points: 

• The boilers included in the FF A are subject to Boiler MACT emission limits and work 

practices that became effective in 2020. The required tune ups serve to ensure good 

combustion practices (indirectly limiting emissions of all pollutants) and the boilers only 

start up on clean fuel. 

• U.S. EPA will continue the required process to evaluate acid gas control technology 

improvements for the industrial boiler source category with its upcoming periodic 

technology review for NESHAP Subpart DDDDD sources. 

• U.S . EPA determined in its CSAPR rulemaking that additional controls on non-EGU 

combustion units are not cost effective. 
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T•bleA-1 

Domtar Plymouth • No. 2 Hog Fuel Boller 

Caplt■I and Annual Coats Assoc:l■ted with Wet Scnibbing 

CAPITAL COSTS1" ANNUALIZED COSTS 

COSTITEM COST FACTOR COST($) COST ITEM COST FACTOR RATE COSTl$1 

Direct Costs Direct Annual Cosls 

Purch.sed Efl.Ularnenl !;;osts Oe!!,lliTl!I. ubor 
(a) A Equipmenl Cos1s • we1 scrubbe< $3,187,000 (b) Opera1or" 0.5 hours/shift $65.00 per h0t.r•1 $35,588 
(a) lnstrumenlaijon $0 (b) Supervisor 15% of opera1or labor S5,338 
(b) Sales Tax 0.03 A $95,610 Ma/nt.nance 
(b) Freight 0.05 A $159,350 (b) Mainlenance labor" 0.5 hOurslshift $65.00 per hour•• $35,588 

B Total Purchased Equipment Cost $3,441,960 (b) Maintenance materials 100% of mainlenance labor $35,588 

Ulilltiesf<! 
0/recl Installation Costs Electncity 845 kW $0.052 per kWh(dJ $383.212 

(b) Foundations and Supports 012 B $413,035 Chemicals 1,209 lb/hr NaOH $0.16 per lb NaOH1~ $1 ,694,892 
(b) Handling and erection 0.40 B S1 376,784 Fresh water usage 217 gpm S0.28 per 1000 gallon"' $32.062 
(b) Electrical 0.01 B $34,420 Wastewater disposal 66,S gpm S0.55 per 1000 gall0n1<> $19.238 
(b) Piping 0.30 B $1,032,588 Total Direcl Annual Costs $2,241,505 
(b) Insulation for ductwo(k 0.01 B $34,420 

(b) Painting 0.01 B $34,420 

Dlrecl lnstallalion Cost S2,925,U6 Indirect Annual Costs 
(a) Installed Cost for New Fan S:1,000,000 (b) Ovemead 60~ Labor and Material Costs $67.260 

Total Direct Costs $9,367,626 (b) General and administrative 2~ olTCI $266,826 
(b) Property tues 1'11, olTCi S133.413 

Indirect Costs (bl Insurance , ,., ofTCI $133.413 
(a) Engineefing so (bJ Capital recovery 0.095 xTCI $1,263.703 
(b) Cons1tUCIJOl'I Managemenl o 10 B $344,196 LHe or the conlrol : 15 1111ars at 4,75,., in1erest 

(b) Cof11nlctor fees 0.10 B $344, 196 

(b) Start-._., 0.01 B $34.420 Tot•/ Ind/reel Annual Costs $1,864,615 
(b) Performance tesl 0.01 B S34.420 

(b) 
Re-cerlification of monitors In new 

0.01 B $34,420 
locations 

(b) C~ngencies 0.03 B $103.259 Total Annual Costs U,106,120 
Tot1tl Ind/reel Costs S,94,910 

(h) Rel/Oflt Factor 0.3 $3,078,761 Cost Elr9cd-. {Jlton) 

SO, Com-ol Efficiency": 9511, 
Tolal Capital lnveslment (TCI) $13,341,296 SO, EmlsslonsCII: 1.009.6 tpy Total Anrull COS1slConlrolec SO, Emissions: 

Controlled so. Eminioos: 959.1 tons of ~ remowc1 anruallv 

wi Wei a.crwbbt, equtpm.nt quote f,on, LOX Solutlion, (inclUOH scn.1bDer. s.lack instrumtntalion. and eng1nNlingJ. ln5taHed ran cost lrOm H. Clay Moore & A.5$0Q1ln (eslimatltd between $2,5 and$$ mlllon ror "ew l~n. installed). 2020. 

._..Casi inlormalion KlinMiltd tined on the U.S. EPA OAQPS Conllol C05t Manual, Section S, Chapter 1, Oecembttr 1995. Added ■ lina item Jo, ~t of re-citrtifying the re-localed HOx CEMS and COMS. equar 10 ltle pedormanc. IHt line. 
1c1 Based on 9,760 ope,Ht'IQ hou~ 

flU MiU •PKifie rain. 

u.n1 

••1 Ulility cos1 rep,uents Iha etec1ricaJ consuq,tion (ICfubbet at ◄72 kW ,,om LOX Solutions ■nd the ineren• flN the H Clay Moor■ & As,oaa1es Ian or 500 hpor 373 kW). chemical use, water co.,surnption. •nd wastewater disposal l)f a LOX Solulions wet scrubber 
1ystffl'I. 

" 195 percent 1edudion wn quoted t,y LOX 

-.i Projected 2028 emillioons. 

,,., U.S. EPA iN;llic:ates lhllt a ,-1rofit lactCN'i■ •ppropnate when eslimating Iha cosl lolm.lall• conllol s~tem on an •••s~ing lacility 1n ordtf to ~l'HS U'le u11t11~ttec:I magnitude of antiapaled cost elements. A t tlrcr11 factor or 1.lwas appied to 1he tolel capital cosl as the 
vendor cost eslim111 was conducted remolely. an enginNring sludy has not been performtcl ... and production 'MIi bt lost due to an ertended ~U outage thal •s required for serubber iMlallation. 



Table A-2 
Domtar Plymouth • No. 2 Hog Fuel Boller 

Capital and Annual Costs Associated with Milled Trona DSI System Prior to the ESP 

Variable Desil!llation 

UmtS1zc A 

Retrofit Factor B 
Gross Heat Rate C 

SO! Rate (uncontrolled I D 

rrvpe of Coal E 
Particulate Camure F 
Sorbent G 

Removal Target H 

Heat lnout J 

NSR K 

Sorbenl Feed Rate M 
Es111na1ed HCI Removal V 
Sorbenl Waste Rate N 

Fly Ash Waste Rate p 

Aux Power 0 
Sorbent Cost R 
Waste D1scosal Cosl s 
AILX PO\\er Cost T 
Oceratine Labor Rate u 
On.eraune Hours 

S01 Control Effidency: 
2028 S01 Emissions: 

Controlled SO, Emissions: 

Capital Costs 
Dir«t Costs 

BM (Base Module) 

Indirect Cosls 
Engineering & Constructton 
Management Al 
Labor adjustment A2 
Contractor profit and fees A3 
Capital. engineering and construction 
ost subtotal CECC 

Owner costs including all "home 
office" costs Bl 
Total project cost w'out AFUOC TPC 
AFUDC (0 for <I year engmeering and 
construction cycle) 82 
Total Caoilal ln,·estmcnl TCI 

Units 

MW 

. 
BtulkWh 

lblMMBtu 

. 

. 

. 

.,. 
Btu/hr 

tonlhr 
o/. 

tM .'hr 

ton'hr 

¾ 
S."ton 
S' ton 
S/kWh 
$."hr 

hr\ r 

$ 

s 
s 
s 

s 

s 
s 

s 
$ 

50"/ 

1009.< 
504.l 

Value Cakulation 

78 889 MM Btu/hr, assumes 30¾ efficiency to convert to equivalent 
MW output 

I 
37,944 Assumes 30% efficiency 

O,S2 Fuel and pulp mill gases. projected 2028 emissions d1v1ded by 
I proiected 2028 fuel use 

NA 
ESP 
MtlledTrona 

50 Per the Sargent and Lundy document, 50% reduction can be achieved 
w11hou1 an increase in PM emissions. 

8.89E+08 889 MMBtu/hr 

1.43 Milled Trona w l ESP • tf(H<40, 0 0270•H. 0 ,353e~(O 0280•HIJ 

2 66 Trona ~ (1 20t t•I0·' -06)•K•A•C•D 
9289 Milled or Unm1lled Trena wr ESP = 60 86•WO 108 1 
2 14 Trona ~ (0 7387+0.0018S•H;KJ•M 

12 88 Ash in Bark - 0.05. Boiler Ash Removal • 0.2 ; HHV - 4600 
<A•CJ•Ash•( I-Boiler Ash Removal~'(2•HHVI 

0 68 Milled Trena M•20.'A 
170 Default value 1n report 
50 Default value for disposal wuh lly ash 
0.052 Mill soecilic electricil} cost 
65 Labor cost mcludi ng all benefits 
7989 Based on 21119 actual hours. 

s 10,963,475 M1lkd Trona 1flM>25, 8200oo•s•M, 8300000•B•(M··o 284H 

s 1,096,348 10"·• BM 
s 5-18,17-4 5°a BM 
s 548.17-1 5~o8M 

s 13,156. 170 BM~Al - A2•A3 

s 657,809 5°oCECC 
s 13,813.979 Bl+CECC 

0 0% of(CECC+ BII 

s 13,813,979 CECC+B1+82 



Table A-2 
Domtar Plymouth • No. 2 Hog Fuel Boller 

Capital and Annual Costs Associated with MIiied Trona DSI System Prior to the ESP 
Annualized Costs 
Fixed O&M Cost 
Add1t1onal operating labor costs FOMO $ s 270,400 (2 additional opera1or)*208o•u 
Add1t1onal maintenance malerial and 
labor costs FOMM s s !09,635 BM*0.011B 

Additional adminisua1ive labor costs FOMA s s 9,428 O.OJ*(FOMO+O 4°FOMM) 
!Total fiud O&M Costs FOM s s 389,462 FOMO+FOMM+FOMA 

Variable O&M Cosl 
Cost for Sorbent VOMR s s 3,618.598,9 M•R 

Cost for wasle disposal thal includes 
bo1h sorbent & ny ash was1e not 
removed prior 10 sorbent injecuon VOMW $ s 6,001 ,503.5 (N .-P)•S 
Additional aux1hary power required VOMP s s 179 10 Q*T* IO"ton SO: 
[Total Variable O&M Cost \'OM s s 9,620,281.5 VOMR• VOMW+VOMP 

lndirecl Annual Costs 
General and Administrative 2°~0 ofTCI s 276,280 
Propeny Tax , .. ofTCI s 138,140 
Insurance 1% ofTCI s 138,140 
Capnal Recovery 7.86°'o x TCI s 1.085,094 
!Total Indirect Annual Costs s 1,637,654 

Life of the Con1rol 20 years 4 75°·0 mleres1 

Total Annual Costs s 11 ,647,397 
Tolal Annual Costs/SO2 Emissions s 13,074 

'"Cost informalion based on the Apnl 2017 "Dr, Sorbent lnJecllon for SO:-'HCI Control Cost Development Methodology" stud) b\' Sargent & Lundy for a milled 
Trana syslem 
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LOX Solutions Cost Estimate for the S02 Scrubber 



L!>>t 
SOLUTIONS 

June 15, 2020 

Reference: P·W3063, Rev. 00 

Attention: Mr. Ken Hardison 

Subject: SOi Scrubber for Bo~~ 
Emission Control 

Dear Mr. Hardison: 

Lundberg '' Dustex'~ Geoenergy~ 
www.LDXsolutions.com 

Domtar 
1375 NC·l49 

Plymouth, NC 27962 

LDX Solutions is pleased to provide the following budgetary proposal for one (1) wet scrubber 
system for the SOi emissions from the upstre,lm No. 2 hog fuel boiler at Oomtar's Plymouth, 
North Carolina facility. 

The design cooditions have been provided via January, March, and May 2020 emission test 
reports. Please review the 'Design Base' section of our proposal and confirm the assumed values. 
As noted, we have not received confirmation of HCI loading concentrations and have assumed a 
reference value from similar applications. Accurate HCI loading information will affect the 
blowdown and scrubber consumption rates. 

The scrubber system has been designed to achieve a 95% collection efficiency of SOi emissions 
or down to 20 ppmv11, whichever iS less stringent, using us EPA Method 6/6C. The reduction in 
emissions will drastically reduce the blue haze that is currently emitted from the existmg dry ESP 
exhaust stack. 

The scope includes a short sectiOI\ of quench duct into the main scrubber vessel body and a top-
mounted exhaust stack. We have indudl'd all major components of the scrubber recycle system 
that will be required: tanks, PtJITl)S, and instrumentation. We have exduded structural steel, 
external piping, manual valves, and interconnecting ductwork from upstream equipment to the 
inlet of the quench duct. Additionally, the scrubber system is assumed use the available static in 
the upstream dry ESP ID fan. Pressure drop requirements are listed in our proposal but will need 
to be confirmed with the existing fan curves/fan supplier. 

Installation (mechaoical/demolitioo/electrical/civil aoo safety services) and freight have been 
excluded from our current supply. 
Plec1se let us know if you have any questions or comments. LDX Solutions appreciates the 
opportunity to present this proposal and look fOJWard to your favorable consideration. 

Sincerely, 

Pete Rose 
LOX Solutions 
East Coast Regional sales Manager 

Atlanta. CIIOfgla Bilbao, Spain sealtle, Washrng1on 



BUDGETARY PRICING ( + / • 150/o) 

LDX Solutions offers the following budgetary pricing per the detailed scope of work as described 
within: 

Description Price ( $ USO) 

Supply of scrubber equipment and ancillary recycle/flush systems ( excludes 
$3,187,000 freight). Includes system engineering. 

Construction supervision, on-site services, and training $125,000 

Estimated equipment freight $128,000 

Total $3,440,000 



DESIGN BASE 

The following information comprises the design conditions that were used to develop this 
proposal. 

DRY ESP EXHAUST STREAM CONDITIONS 

Row Rate 444,829 

285,000 

Temperature 375 

Moisture 18.5 

SC>i Loading ~ 225 

515 

PM Loading ~ 11.3 

0.0057 

HCI Loading 35.5 

28 

EXPECTED SPRAY TOWER OUTLET CONDITIONS 

Flow Rate 

Temperature 

Moisture 

SOi Loading 

358,789 

311,599 

150 

25.5 

11.2 

s 25.75 

Aa=M 

SCFM (wet) 

Of 

% volume 

ppmv" 

lb/hr 

lb/hr 

9r/dscf 

lb/hr* 

ppmVd* 

ACfM 

SCFM (wet) 

Of 

% volume (saturated) 

ppmvd 

lb/hr (95% removal efficiency) 

*Hd loading provided via June 12th email from Don Wynne, using worst case Ha loading (Jan-19 tl.0411 lb/MMBTU) and a boiler MCR 

of 889 MMBTU/hr. 



DESIGN BASE • CONTINUED 

SPRAY TOWER REQUIREMENTS 

Evaporation Rate 150.0 gpm 

Blowdown Rate 66.5 gpm (At 3% solids by weight, maximum expected) 

Make·up Rate (Evap. + Blowdown) 216.S gpm 

Water Recirculation Rate 10,880 9pm (Includes blowdown) 

Estimated Electrical Consumption 472 kW 

Compressed Air 80 psig 

Estimated NaOH Consumption 1.61 gal/min of 50% solution** 

Make-Up Water Guidellnes 

. Total Hardness < 10 mg/L 

. pH 7.0 

• Chlorides < 10 ppm-tH 

TSS& TOS < 200 mg/L 

• 'NaOH must be membrane grade with <75 ppm NaCl. Warning, diaphragm grade caustic cannot be used due to high concentration 

of NaCl. 
1 

' 'Warning, chloride concentrations in the make-up water exceeding 10 mg/L can cause severe corrosion. 
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Dry Sorbent Injection for S02/HCl Control Cost Development Methodology 

Final 
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Project 13527-001 

Eastern Research Group, Inc. 

Prepared by 
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LEGAL NOTICE 

This analysis ("Deliverable") was prepared by Sargent & L11ndy, LL C'. ("S&l"), expressly for the sole 

11se of Eastern Research Group. Inc. ("Client") in accordance with the agreement between S&L and Client. 

This Delfrerabfe was prepared using the degree of skill and care ordinarily exercised by engineers 

practicing under similar circumstances. Client acknowledges: (/) S&L prepared this Deliverable subject to 

the particular scope limitations. budgetmJ' and time constraints, and business objectives of the Client: (2) 

it?formation and data provided by others may not have been independently verified by S&I.; ,md (1) 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 hy third parties shall be at their sole risk 

This work was funded by the US Environmental Protection Agency (EPA) through Eastern Research 

Group. Inc. (ERG) as a contractor cmd reviewed by ERG and EPA personnel. 
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1PM Model - Updates to Cost and Performance for 
APC Technologies 

OSI Cost Methodology 

Purpose of Cost Algorithms for the 1PM Model 

Sargent:& Lundy"' 

Project No. 13527-001 
April 2017 

The primary purpose of the cost algorithms is to provide generic order-of-magnitude 
costs for various air quality control technologies that can be applied to the electric power 
generating industry on a system-wide basis, not on an individual unit basis. Cost 
algorithms developed for the 1PM model are based primarily on a statistical evaluation of 
cost data available from various industry publications as well as Sargent & Lundy's 
proprietary database and do not take into consideration site-specific cost issues. By 
necessity. the cost algorithms were designed to require minimal site-specific information 
and were based only on a limited number of inputs such as unit size, gross heat rate, 
baseline emissions, removal efficiency, fuel type, and a subjective retrofit factor. 

The outputs from these equations represent the "average" costs associated with the 
·'average" project scope for the subset of data utilized in preparing the equations. The 
1PM cost equations do not account for site-specific factors that can significantly affect 
costs, such as flue gas volume and temperature, and do not address regional labor 
productivity, local workforce characteristics, local unemployment and labor availability, 
project complexity, local climate, and working conditions. In addition, the indirect 
capital costs included in the 1PM cost equations do not account for all project-related 
indirect costs, such as project contingency, that a facility would incur to install a retrofit 
control. 

Technology Description 

Dry sorbent injection (DSI) is a viable technology for moderate SO2/HCl reduction on 
coal-fired boilers. Demonstrations and utility testing have shown SO2/HCI removals 
greater than 80% for systems using sodium-based sorbents. The most commonly used 
sodium-based sorbent is Trona. However, if the goal is only HCI removal, the amount of 
sorbent injection will be significantly lower. In this case, Trona may still be the most 
commonly used reagent, but hydrated lime also has been employed in some situations. 
Because ofTrona's high reactivity with SO2, when this sorbent is used, significant SO2 
removal must occur before high levels of HCI removal can be achieved. Studies show, 
however, that hydrated lime is quite effective for HCI removal because the need for 
simultaneous SO2 removal is much reduced. In either case, actual testing must be carried 
out before the permanent DSI system for SO2 or HCI removal is designed. 

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 follows: 

(moles ofNa injected)¼ 
(moles ofS02 in flue gas) 

(theoretical moles of Na required) 
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APC Technologies 

DSI Cost Methodology 

Sargent; & Lundy••• 

Project No. 13527-00 I 
April 2017 

The required injection rate for alkali sorbents can vary depending on the required 
removal efficiency, NSR, and particulate capture device. The costs for an S02 mitigation 
system are primarily dependent on sorbent feed rate. This rate is a function of NSR and 
the required S02 removal (the latter is set by the utility and is not a function of unit size). 
Therefore, the required S02 removal is determined by the user-specified S02 emission 
limit, and the cost estimation is based on sorbent feed rate and not unit size. Because 
HCI concentrations are low compared with S02 concentrations, any unused reagent for 
S02 removal is assumed to be used for HCI removal, resulting in a very small change in 
the NSR used for S02 removal when HCI removal is the main goal. 

The sorbent solids can be collected in either an ESP or a baghouse. Baghouses generally 
achieve greater S02 removal efficiencies than ESPs because the presence of filter cake on 
the bags allows for a longer reaction time between the sorbent solids and the flue gas. 
Thus, for a given Trona removal efficiency, 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 at temperatures 
above 275°F to maximize the micropore structure. However, if the flue gas is too hot 
(greater than 800°F), the solids may sinter, reducing their surface area and thus lowering 
the S02 removal efficiency of the sorbent. 

Another way to increase surface area is to mechanically reduce the particle size by 
grinding the sorbent. Typically, Trona is delivered unmilled. The ore is ground such that 
the unmilled product has an average particle size of approximately 30 µm. Commercial 
testing has shown that the reactivity of the Trona can be increased when the sorbent is 
ground to produce particles smaller than 30 µm. In the cost estimation methodology, the 
Trona is assumed to be delivered in the unmilled state only. To mill the Trona, in-line 
mills are continuously used during the Trona injection process. Therefore, the delivered 
cost of Trona will not change; only the reactivity of the sorbent and amount used change 
when Trona is milled. 

Ultimately, the NSR required for a given removal is a function ofTrona particle size and 
particulate capture equipment. In the cost program, the user can choose either as
delivered Trona (approximately 30 µm average size) or in-line milled Trona 
(approximately 15 µm average size) for injection. The average Trona particle size and 
the type of particulate removal equipment both contribute to the predicted Trona feed 
rate. 
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For wet or dry FOO systems, sulfur removal is generally specified at the maximum 
achievable level. With those systems, costs are primarily a function of plant size and 
target sulfur removal rate. However, OSI systems are quite different. The major cost for 
the OSI system is the sorbent itself. The sorbent feed rate is a function of sulfur 
generation 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, which is 
calculated from user input variables. Cost data for several OSI systems were 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 
the following: 

• Removal efficiency, 
• Sorbent particle size, and 
• 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 OSI are limited by the particulate 
capture device employed. Trona, when captured in an ESP, typically removes 40 to 50% 
of SO.2 without an increase in particulate emissions, whereas hydrated lime may remove 
an even lower percentage of SO2. A baghouse used with sodium-based sorbents 
generally achieves a higher SO2 removal efficiency (70 to 90%) than that of an ESP. OSI 
technology, however, should not be applied to fuels with sulfur content greater than 2 lb 
SO2/MMBtu. 

Units with a baghouse and limited NOx control that target a high SO2 removal efficiency 
with sodium sorbents may experience a brown plume resulting from the conversion of 
NO to NO2. The formation of NO2 would then have to be addressed by adding an 
adsorbent, such as activated carbon, 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 OSI. Therefore, this algorithm does not incorporate any additional costs to 
control NO2. 
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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 between efficiency and technology, SO2 removal should be set at 50% with an 
ESP and 70% with a baghouse. The simplified sorbent NSR would then be calculated as 
follows: 

For an ESP at the target 50% removal -
Unmilled Trona NSR = 2.00 
Milled Trona NSR = I .40 

For a baghouse at the target 70% removal -
Unmilled Trona NSR = 1.90 
Milled Trona NSR = 1.50 

The algorithm identifies the maximum expected HCI removal based on SO2 removal. 
The HCl removal should be limited to achieve 0.002 lb HCI/MBtu to meet the Mercury 
Air Toxics (MATS) regulation. The hydrated lime algorithm should be used only for the 
HCI removal requirement. For hydrated lime injection systems, the SO2 removal should 
be limited to 20% to achieve maximum HCI removal. 

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 its 
utilization. For a minor increase in capital, milling can greatly reduce the variable 
operating expenses, thus it is recommended that only milled Trona be considered in the 
simplified algorithm. 

Outputs 

Total Project Costs (TPC) 

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

• All equipment. 
• Installation. 
• Buildings, 
• Foundations, 
• Electrical, and 
• Average retrofit difficulty. 

The base module cost is adjusted by the selection of in-line milling equipment. The base 
installed cost is then increased by the following: 
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• Engineering and construction management costs at I 0% of the BM cost; 
• Labor adjustment for 6 x IO-hour shift premium, per diem, etc., at 5% of the 

BM cost; and 
• 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 the following: 

• Owner's home office costs (owner's engineering, management, and 
procurement) are added at 5% of the CECC. 

• Allowance for Funds Used During Construction (AFUDC) is added at 0% of 
the CECC and owner's costs because 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 IO 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: 

• All of the FOM costs are tabulated on a per-kilowatt-year (kW-yr) basis. 
• In general, 2 additional operators are required for a DSI system. The FOMO 

is based on the number of additional operations staff required. 
• The fixed maintenance materials and labor is a direct function of the process 

capital cost (BM). 

• The administrative labor is a function of the FOMO and FOMM. 
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The following factors and assumptions underlie calculations of the VOM: 

• All of the VOM costs are tabulated on a per megawatt-hour (MWh) basis. 
• The additional power required includes increased fan power to account for the 

added DSI system and, as applicable, air blowers and transport-air drying 
equipment for the SO2 mitigation system. 

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

• The reagent usage is a function of NSR and the required SO2 removal. The 
estimated NSR is a function of the removal efficiency required. The basis for 
total reagent rate purity is 95% for hydrated lime and 98% for Trona. 

• The waste-generation rate, which is based on the reaction of Trona or 
hydrated lime with SO2, is a function of the sorbent feed rate. The waste
generation rate is also adjusted for excess sorbent fed. The reaction products 
in the waste for hydrated lime and Trona mainly contain CaSO-1 and Na1SO-1 
and unreacted dry sorbent such as Ca(OH)2 and Na2CO3, respectively. 

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

• If Trona is the selected sorbent, the fly ash captured with this sodium sorbent 
in the same particulate control device must be landfilled. Typical ash content 
for each fuel is 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. 

Page6 



1PM Model - Updates to Cost and Performance for 
APC Technologies 

DSI Cost Methodology 

Sargent~ Lundy•·• • 

Project No. 13527-00 I 
April 2017 

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 as follows: 

• Reagent cost in $/ton. 
• Waste disposal costs in $/ton that should vary with the type of waste being 

disposed. 

• Auxiliary power cost in $/kWh; no noticeable escalation has been observed 
for auxiliary power cost since 2012. 

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

The variables that contribute to the overall VOM are: 

VOMR = Variable O&M costs for reagent 

VOMW .., Variable O&M costs for waste disposal 

VOMP = Variable O&M costs for additional auxiliary power 

The total VOM is the sum ofVOMR, VOMW, and VOMP. The additional auxiliary 
power requirement is also reported as a percentage of the total gross power of the unit. 
Table I contains an example of the complete capital and O&M cost estimate worksheet 
for a DSI installation with milled Trona injection ahead of an ESP. Table 2 contains an 
example of the complete capital and O&M cost estimate worksheet for a OSI installation 
with milled Trana injection ahead of a baghouse. Table 3 contains an example of the 
complete capital and O&M cost estimate worksheet for a OSI installation with unmilled 
Trona injection ahead of an ESP. Table 4 contains an example of the complete capital 
and O&M cost estimate worksheet for a DSI installation with unmilled Trona ahead of a 
baghouse. Table 5 contains an example of the complete capital and O&M cost estimate 
worksheet for a DSI installation with hydrated lime injection ahead of an ESP. Table 6 
contains an example of the complete capital and O&M cost estimate worksheet for a DSI 
installation with hydrated I ime ahead of a baghouse. 
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Table 3. Example of a Complete Cost Estimate for an Un milled Trona OSI System with an 
ESP 
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Table 4. Example of a Complete Cost Estimate for an Unmilled Trona OSI System with a 
Baghouse 
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Table 5. Example of a Complete Cost Estimate for a Hydrated Lime DSI System with an 
ESP 
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Table 6. Example of a Complete Cost Estimate for a Hydrated Lime DSI System with a 
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