
burner design. The goal ofusing mixing air in portland cement kilns is to improve combustion efficiency.
lmproved combustion efficiency reduces NO, emissions. Lime kilns can also have stratified flow, thus lime kilns
may also be able to achieve NO' reductions by using MAT.

Lime kilns are typically operated with a reducing atmosphere to enhance sulfur removal from the lime producL
Thus, in addition to breaking up the stratified flow that may exist in a lime kiln, the injection ofhigh velocity air
into the middle ofa kiln can create an oxidizing environment for the upper half of the kiln that may be effective
at reducing N0r emissions.6 An oxidizing environment would have a negative impact on the lime quality from
Kiln 2, as this kiln was originally designed to run in a reducing environment so it could manufacture lime
product for the steel industry.

While the theory behind MAT suggests that the technology is effective at reducing NO, emissions, the technolory
is so highly dependent on kiln-specific burners and operating conditions that it is impossible to assign a level of
effectiyeness for this technolory to a specific kiln without testing and optimizing the technolory on the specific
kiln. LNA has no information to suggest that NO, reductions can be achieved on the Nelson kilns based on the
use of MAT. MAT has not been determined to be BART for any lime kiln. Further, MAT has not been determined
to be BACT in any permit for a lime kiln issued in the last ten years, as evidenced by a search of the EPA'S RBLC

database for lime kilns and a review ofrecently issued permits. Thus, LNA considers MAT to be technically
infeasible.

5. 2.3. Selective Non-Catalytic Reductlon (SNCR)

ln SNCR systems, a reagent (ammonia or urea) is injected into the flue gas in an appropriate temperature
window. The NOr and reagent react to form nitrogen and water. A typical SNCR system consists of reagent
storage, reagent-iniection equipment, and associated control instrumentation. SNCR is a technically feasible
option for reducinB N0r emissions from the Nelson kilns.

5.2.4. Selectlve Catalytlc Reductlon (SCR)

SCR refers to the process in which N0* is reduced by a reagent (ammonia or urea) over a heterogeneous catalyst
in the presence of oxygen to form nitrogen and water. The process is termed selective because the ammonia or
urea preferentially reacts with NO, rather than oxygen, although the oxygen enhances the reaction and is a

necessary component ofthe process. A typicalSCR system consists ofa reactor, a catalyst, an ammonia or urea
storage and iniection system, and associated control instrumentation. A common problem encountered with
SCR systems in process industries, such as lime, is "poisoning" of the catalyst by trace metals or clogging/coating
of the catalyst by dusL Once poisoned or covered, the catalyst can no longer perform its function and the SCR

system is compromised. Given the operating temperature range for Kiln 1 and Kiln 2 at the Nelson Plant, the
SCR catalyst would need to be located prior to the kiln baghouses. In this heavily dust laden environment,
poisoning or covering ofthe catalyst is almost certain to occur in a short time period. While SCRs are common in
some industries, there are no SCR systems currently operating on lime kilns. Thus, LNA considers SCR to be
technically infeasible.

5.3. RANK OF TECHNICALLY FEASIBLE NOx CONTROL OPTIONS BY EFFECTIVENESS

The third step in the BART analysis is to rank the technically feasible options according to effectiveness. Table
5-3 summarizes the effectiveness of the technically feasible controls for NO,, which in this case only includes
SNCR

6Cadence Technical Bulletin: http://www.cadencerecycling.com/Resources/TechnicalBulledn9620Lime%20Kilnpdf
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Kiln

Baseline
Emlsslon Rate
0b/ton lime)

Baseline
Emlsslon

Rate
(lb/day)

Baseline
Emlssion

Rate
(tpv)

Control
Efficiency

(o/o)

Controlled
Emlssion

Rate
(lb/ton lime)

Controlled
Emission

Rate
(lb/davl

Controlled
Emlsslon

Rate
(tDy)

SNCR
Kiln 1 7.55 6,571 981 50o/o 3.286 491

Kiln 2 5.21 6,490 985 50o/o 2.67 3.245 493

Table 5-3. Effectiveness ofFeasible NOx Control Technologies

As shown in Table 5-3, the effectiveness ofSNCR for NO, reduction is estimated to be 50%. LNAhasnot
conducted any detailed design work for an SNCR system for the Nelson Plant kilns, but LNA anticipates that a

5096 reduction is achievable based on LNA's experience with operatinB a urea-injection system at another LNA

lime plant

5.4. EVALUATION OF IMPACTS FOR FEASIBLE NOx CONTROLS

Step four ofthe BART analysis is the impact analysis. The BART determination guidelines list four factors to be
considered in the impact analysis:

Cost ofcompliance
Ener80/ impacts
Non-air quality impacts; and
The remaining useful life of the source

5.4.1 . Cost of Compllance

Table 5-4 provides a summary of t}re estimated cost for SNCR. The costs shown in Table 5-4 are based on LNA's
experience with a urea iniection system at another LNA lime planL

Lhoist North America I Nelson Plant BART Anatysis
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Table 5-4. Estimated Cost for SNCR

5.4.2. Energy lmpacts

As shown in Table 5-4, SNCR systems require electricity to operate the blowers and pumps, The generation of
the electricity needed to operate an SNCR system will most likely involve fuel combustion. The combustion of
fuel will generate emissions. Overall, while the generation of the required electricity will result in emissions, the
emissions should be low compared to the reduction in NO, that would be gained by operating an SNCR system.

5.4.3. Non-Air Quallty lmpacts

The operation of SNCR systems on Kiln 1 and Kiln 2 would require that either urea or ammonia be stored on
site. The storage of the chemicals does not result in a direct non-air quality impacL However, the potential for
the urea or ammonia that would be stored to leak or otherwise be released fTom the storage vessels means there
is the potential for both air and non-air quality related impacts. The storage of these chemicals is regulated by

(lspilrl ( osts Kiln I Kiln 2 Notes

Total Capital InvestrEnt (TCl)
'150.(xx)

$.150.0u)

Based on LNA's experbnce $ ith thc purchase

and instalhlbn ofa urea injectixl s].,slem at

ano{her LNA Phnl

Capial Recorery Facror (CR[')l 0.09 0.()()

Annual (bs ts

Direcl AnnualCosts

Urea l'sa8e (tons per Far) 195 39?

Based on LNA'S experience with urea hictbn
at arDther LNA Phnt ( I b urea rcduces 1.24 ts
NOx)

$n26 s826
Based on LNA's erprie rrce u ith uea injectixr
at another LNA Phnt

Urea c6t ($ rr yea.) $326.5 t0 $127.95

Ope.ating hbor (S per )ear) $37.500 $37,5fi)
Based oo LNA'S expe.ience u ith urea hjecrirl
at arDther LNA Phr(

Power usage (kW) tl t. t5
Based on LNA's cxperiencc $'ilh rfca hictirt
at another LNA Phnt

Power wage (kW per year) t6i20 t6550
Based on LNA'S expcrience with urca injectbn

at another LNA Phnl
Por+cr cost ($ per kilowatt) $0.u, $0.06 Based oo powcr cosls at tlE Nebon l'ac ilv
Po\rer co6( ($ Er \,car) $97!) s993

$55.{)fi) $55.UX)
Baxd on LNA's eryerbnce *ih urca hictim
at arbtlEr LNA Phnt

Total Dircct Annual Costs $,1| 9.989 $121.4&3

Indirect Annual Costs (lC)

Capitalrecorcn' tJ1477 $12.111 CRF* TCI
Tolal lndtccl Annual Cosls ll2.{77 s-l].{77
Tot{l,tnnurl(:osts Sl64,ft6 $161.%5
Basclilc linissbn Ratc 9{t I ()85

ConrolUlltlncy sffh 509;

Torls Rcdlccd {90 .l9i
Contml('ost in Dollr]! IrcrTon Rcducad S9JJ s9.12

-E
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other EPA programs, and the risk associated with the storage do not signincantly impact the BART
determination.

5.4.4. Remaining Useful Life

The remaining useful life of the kilns does not impact the annualized costs of SNCR because the useful life is

anticipated to be at least as long as the capital cost recovery period, which is 20 years.

5.5. EVALUATION OF VISIBILITY IMPACT OF FEASIBLE NOx CONTROLS

A final impact analysis was conducted to assess the visibility improvement associated with SNCR. Section 4 of
this report documents the existing yisibility impairment attributable to the kilns. ln order to assess the visibility
improvement associated with SNCR, the NO* emission rates associated with SNCR were modeled using
CALPUFF. The controlled N0' emission rates for Kiln I and Kiln 2 associated with SNCR are summarized in
Table 5-3. The controlled NO' (ai.ly emission rates were used in the modelinS. The emission rates for the other
pollutants were the same as in the baseline modeling.

The visibility improvement associated with SNCR is summarized in Table 5-5. The greatest improvement in
visibility impairment is predicted to occur in the Grand Canyon NP. Specifically, the application of SNCR is

predicted to result in an improvement of 0.455 Adv from the baseline 98s percentile impairment in the Grand
CanyonNPof 1.586Adv,which is an improvement of 29010. This level of improvement in visibility impairment
translates to cost ofiust over $2 million per Adv of improvement (based on a total annual cost for Kiln 1 and Kiln
2 ot $926,437 as shown in Table 5-4 above).

Lhoist North America I Netson Plant BART Anatysis
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5.6. PROPOSED BART CONTROL AND EMISSION LEVELS

Based on the five step analysis outlined by EPA, SNCR has been identified as the sole technically feasible add-on
control technology. Cost, enerry and environmental impacts were assessed for this technolory and the visibility
improvements were evaluated against existing conditions. Overall, LNA believes that the cost of SNCR per ton of
N0, reduced is reasonable. Further, LNA believes that the level of improvement to visibility impairment, while
not as tangible a variable as cost, is also reasonable. Neither non-air quality nor enerry impacts associated with
SNCR are considered significant and thus do not present a basis for eliminating SNCR in favor of retaining the
existing emission rates as BART. Therefore, LNA proposes that SNCR is BART for NOr for Kiln 1 and Kiln 2, LNA
proposes to comply with a BART emission limit for Kiln 1 of 3.80 lb/ton lime on a 3o-day rolling basis, as

demonstrated through the use ofa CEMS, and LNA proposes to comply with a BART emission limit for Kiln 2 of
2.61 lb/ton lime on a 30-day rolling basis, as demonstrated through the use ofa CEMS. The proposed BART

emission levels reflect a 50% reduction in the baseline NO, emission levels.

LNA requests that the BART determination allow use of SNCR with urea or ammonia or other reactants or add-
on technologies that will achieve the BART emission rate, subject to compliance with preconstruction review
requirements. This provides LNA the opportunity to use the most cost effective mix ofSNCR reagents to achieve
the BART limiL

Lhoist North America I Netson Plant BART Aralysis
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6. SO2 BART EVALUATTON

Sulfur dioxide is generated during fuel combustion in a lime kiln, as the sulfur in the fuel is oxidized in the
combustion air. Sulfur in the limestone can also contribute to a kiln's SO2 emissions.

The baseline SOz emission factors for Kilns I and 2 that were determined from the results ofthe 2013 CEMS

testing, as detailed in Section 4 ofthis report, are shown in Table 5-1.

Table 6-1. Baseline SO2 Emission Factors

Unit
S()2 Emission Factor

(lb/ton lime)
Kiln 1 12.15
Kiln 2 t2.69

6.1. IDENTIFICATION OF AVAILABLE RETROFIT SOz CONTROL TECHNOLOGIES

Step 1 ofthe BART determination is the identification ofall available retrofit S02 control technologies. The
available retrofit S02 control technologies are summarized in Table 6-2.

Table 6-2. Available SOz Control Technologies

SOz Control Technologies
Semi-Dry Scrubbing

Wet Scrubbing
Dry Sorbent Injection

Lower Sulfur Fuel

6.2. ELIMINATE TECHNICALLY INFEASIBLE SOz CONTROL TECHNOLOGIES

Step 2 ofthe BART determination is to eliminate technically infeasible SOz control technologies that were

identified in Step 1.

6.2.1. Semi-Dry Scrubbing

A semi-dry scrubbing system consists ofa scrubber tower followed bya particulate matter control device. Flue
gas enters the scrubber tower and is sprayed with an atomized hydrated lime slurry. The lime absorbs the SOz

in the exha ust and turns the SOz into solid calcium/sulfu r compou nds. The particulate matter control device
removes the solids from the exhaust stream.

Water is required to make the hydrated lime slurry needed for semi-dry scrubbing. As the Nelson Plant is in an
area with limited water supply, LNA contacted a supplier ofSO2 scrubbing systems to understand the water
requirements associated with a semi-dry system capable ofachieving a 90olo reduction in SO2 emissions on the
Nelson kilns. The supplier estimated that Kiln 1 and Kiln 2 would require 50 gallons per minute (gpm) and 67
gpm oFwater, respectively, for a total of 117 gpm.

The Nelson Plant currently operates tlvo groundwater wells at over 800 feet deep. The Primary Well that
supplies the drinking and fire protection water for the plant yields approximately 46 gpm. The Canyon Well that

Lhoist North America I Netson Plant BART Anatysis
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supplies water for the quarry, crushing and screening plant, and hydrator yields approximately 60 gpm. ln total,
the available water supply to the plant is 106 gpm. According to a 1998 hydrologic repoc the water demand of
the Nelson Plant is approximately 80 gpm. This demand has not increased significantly since 1998 and thus
likely represents a good estimate of the current water demand at the facility. When the current water demand
of 80 gpm is accounted for, only 26 gpm of water would be available for a scrubbing rystem. Based on the water
demands that LNA has been provided for a semi-dry scrubbing (117 gpm), LNA has concluded tlat there is not
currently sufficient water available for this type ofsystem. Additionally, the 1998 hydrologic report referenced
above indicates that the prospects for developing additional even low-yield wells on tlre Nelson properq are
poor.

Due to the fact that the water necessary for a semi-dry scrubbing system at the Nelson Plant is currently
unavailable and ability to reasonably access additional water is not probable, this technolory will not be
considered further in the BART control review for SO2.

6.2.2. Wet Scrubbing

In a typical wet scrubber, the flue gas flows upward through a reactor vessel that has an alkaline reagent flowing
down from the top. The scrubber mixes the flue gas and alkaline reagent using a series ofspray nozzles to
distribute the reagent across the scrubber vessel. The calcium (typically) in the reagent reacts with the SOz in
the flue gas to form calcium sulfite and/or calcium sulfate that is removed with the scmbber sludge and is
disposed. Most wet scrubber systems use forced oxidation to assure that only calcium sulfate sludge is
produced.

LNA does not have specific information on the water requirements for wet scrubbers for the kilns but such
scrubbers certainly require more water than semi-dry scrubbing systems. Since there is not enough water
available for semi-dry scrubbing systems for the kilns, there is also not enough water available for wet
scrubbing. Due to the fact that sufRcient water is not available for a wet scrubbing system, wet scrubbing
technology will not be considered further.

6.2.3. Dry Sorbent lnjection
Dry sorbent iniection (DSl) involves iniecting dry sorbent directly into the flue gas or exhaust stream. The
sorbent reacts with S0z in the exhaust to form solid particles that are then removed by a particulate matter
control device downstream of the sorbent injection. The effectiveness of DSI is dependent on the qrye or
sorbenL amount ofsorbent used, the temperature of the exhaust gas at the time ofcontact with the sorbent, and
the residence time of the sorbent in the exhausL LNA believes DSI is technically feasible for the Nelson kilns.

6.2.4, Lower Sulfur Fuel Blend

The use ofa fuel blend that is lower in sulfur than the fuel blend currently used is a possible method for reducing
SO2 emissions from lime kilns. S02 emissions would generally be expected to drop in proportion to the
reduction in the fuel sulfur level.

Lhoist North America I Netson Ptant BART Anatysis
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LNA currently uses a blend of27olo coaland 73016 petroleum coke, on a mass basis, as the fuel forthe kilns. Since
coke has about 4 to 5 times more sulfur than coal, it is possible to decrease the sulfur in t}te fuel blend by
increasing the coal portion. However, an increase in coal in the fuel blend will also increase the ash content of
the fuel blend. Ash in the fuel can cause disruptive operational issues in the form ofbuildup ofash rings in the
kilns. A fuel blend with an ash content ofabout 6.5010 or less must be used in order to avoid these operational
challenges. Naturalgas is not currently available at the Nelson Plant,so itwill not be considered in this analysis.



6.3. RANK OF TECHNICALLY FEASIBLE SOZ CONTROL OPTIONS BY EFFECTIVENESS

The third step in the BART analysis is to rank the te€hnically feasible options according to effectiveness. The
effectiveness of the technically feasible controls for SOz, which in this case includes DSI and a Iower sulfur fuel
blend, are summarized in Table 6-3. Additional discussion on the effectiveness of both DSI and a lower sulfur
fuel blend is provided below.

Table 6-3. Effectiveness of Feasible Soz Control Technologies

6.3.1. Effectiveness of Lower Sulfur Fuel Blend

As stated in Section 6.2.4 ofthis report, the ash content ofthe fuel burned in the kilns cannot exceed 6.50lo

without posing operational challenges due to the buildup ofash rings in the kiln. On average, the ash content of
coal is about 5 to 6 times higher than the ash content of coke. For this report, LNA conducted an analysis to
determine the maximum amount ofcoal that can be included in the fuel blend as a replacement for coke without
exceeding approximately 6.5% ash for the blend. LNA then determined the reduction in sulfur associated with
burning a fuel blend with approximately 6.50/6 ash.

In order to determine the ash content of the coal to be used in estimating the maximum amount of coal that can

be included in a coal/coke blend without exceeding 6.5% ash, LNA conducted a statistical analysis on the
monthly average ash contents of the coal. Taking the average ofthe 2007to 2012 monthly averages plusone
standard deviation, the ash content of the coal is 11.35%. Conducting the same statistical analysis on the ash

content of the coke results in an ash content for coke of 1.62010. Based on theseash contents, the maximum
amount ofcoal that can be burned (by weight) without exceeding an ash content for the fuel blend of6.59o is

7 The ash values were estimated by taking an average of the average monthly ash and sulfur levels from2OOT to 2072.
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SO2 Control
Technolory Kiln

Baseline
Emission

Rate
(lb/ton
lime)

Baseline
Emisslon

Rate
(lb/day)

Basellne
Emlsslon

Rate
ttpv)

Control
Efliciency

(o/ol

Controlled
Emission

Rate
(lb/ton
lime)

Controlled
Emlsslon

Rate
(lb/dav)

Controlled
Emlsslon

Rate
(tpv)

Dry Sorbent
lnjection

Kiln 1 12.15 10,526 7,57 t 4lVo 7.29 6,316 943

Kiln 2 72.69 15,808 2,400 4Oo/o 7,67 t440

Lower
Sulfur Fuel

Blend

Kiln 1 72.t5 7,57 L 23.3Vo 8,073 1,205

Kiln 2 72.69 15,808 2,400 23.3o/o 9.73 12,125 1,841

From 2007 to 2012, the ash content of the coal averaged 9.72% and the ash content of the coke averaged
0.98%. 7 while the average ash content ofthe coal from 2007 to 20L2 was less than 1096, it is common for LNA
to receive back to back coal shipments over several weeks with an ash content well above 1096. For example,
the highest monthly average ash content of the coal from 2007 to 2012 was 75.73o/o (May 2009) with 26 months
having averages over 1096. Thus, in order to characterize future fuel blends, average ash values for the coal of
greater then 1096 must be considered.

9,485

70,526 9.32



5096.8 Therefore, assuming a drop in fuel sulfur is directly proportional to a reduction in SOz emissions, an
increase in coal usage up to 50yo ofthe total fuel mass is estimated to result in a 23.3026 reduction in SOz.e

6.3.2. Effectlveness of DSI

It is challenging to estimate the effectiveness of DSI for the Nelson lime kilns. There are a number ofvariables
that impact the effectiveness of DSI, several of which are site specific. These variables include, but are not
limited to, the following:

. Temperature ofexhaust stream where sorbent is injected

. Moisture content of the exhaust stream

. Competing acid gases, which include COz, HCl, Sor

. Characteristics ofsorbent used (e.9., particle surface area)

. Amount ofsorbent used

. Sorbent iniection location

. Residence time for sorbent/Soz interaction
o COz and CO levels in the kiln system

Overall, the variables that impact the effectiveness of D5l make it difficult to estimate the level ofeffectiveness
that can be expected for DSI for the Nelson kilns. Nevertheless, for purposes of this BART analysis, LNA has
estimated the control effectiveness of DSI to be 40%. This control effectiveness is based on a combination of the
following:

. Limited testing that LNA conducted on the Nelson lime kilns in lune 2013 using both standard hydrated
lime manufactured at the plant as well as Sorbacal@ SPS

o Vendor data for a DSI system using sodium bicarbonate (SBC).
. LNA testing ofSorbacal(D SP on a cement kiln in North America (effective reduction 7096 -LNA

anticipates similar results would haye occurred with use ofSorbacal@ SPS)
. Data from Tables 5 and 6 ofthe October 2012 UNC/ICF BART Five FactorAnalysis for the Nelson Lime

Plant (DSI with SBC = 75%)

LNA TestinS at Nelson Plant
LNA conducted some extremely limited trial runs of DSI on both of the Nelson lime kilns in lune of 2013 to
evaluate the impact of DSI on the S0z emission rates, as described in Appendix B of this reporl The trials runs
tested the use ofboth standard hydrated lime manufactured at the Nelson Plant as well as Sorbacal@ SPS

brought in from the LNA SL Genevieve Plant in Missouri. The trial runs suggested that Sorbacal@ SPS is more
effective than the standard hydrated lime and that the effectiveness ofSorbacal@ SPS appears to be dependent
on the amount of sorbent used, iniection location and residence time of the sorbent in the ductwork Certainly
kiln process variables may also influence the effectiveness of DSI but the testing period was too short to identib/
thesevariables.overall,thetestdatasuggestthata40%SOzreductionislikelyachievablebasedontheuseof
Sorbacal@ SPS at a 9:1 mass ratio ofsorbent to SO2 reduction.

8 A blend of 500/o coal ! 'ith 11.350/6 ash and 500/0 coke with 1.62016 ash has an ash content of6.5% (500/6 *11.350/6r +
500kt 7.62ok = 6.sok)
e For baseline, a blend of 27016 coal with 1.15% sulfur and 73% coke with 5.640/6 sulfur has a sulfur content of4.43yo.
For the future, a blend of 50% coal with 1.15% sulfur and 50% coke with 5.640/6 sulfur has a sulfur content of3.4096.
The difference in sulfur is 1.1302t. which is a 23.3ort reduction from baseline.

Lhoist North America I Nelson Ptant BART Analysis
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Vendor Data for DSI Systems

LNA obtained two quotes for the equipment associated with a DSI system. One quote was from Dustex

Corporation and the other from Noltech Systems. The quote from Noltech was based on the use ofSorbacal@
SP, but the quote did not speciry a usage rate or a level of SO2 reduction. The quote from Dustex was based on
the use ofSBC. The Dustex quote contained limited information on the expected levelofS02 reduction, and it
contained no information on the usage rate ofSBC. More specifically, in the introductory paragraph ofthe
Dustex quote, where the DSI system is described in general terms, Dustex includes the statemenl"A typicol SBC

system can remove up to 60% 50y''. Based on this statement, LNA followed up with Dustex to ask for additional
information related to the 60% reduction. In a series of emails Dustex: (1) claimed a 50% removal is achievable
but did not provide any experience with lime plants to support this claim; and (2) stated they assume 5 lbs of
SBC per pound ofS02 in order to get up to 60% removal efficiency.

While Dustex has provided the above information, based on the fact that Dustex has never installed a DSI system
on a lime kiln, LNA considers these usage and removaldata as broad estimates only,

LNA Testing of Sorbacal@ SPS on a Cement Kiln in North America

lniection trials within the cement industry in Europe have led to the commercial use ofSorbacal@ SP/SPS for
the reduction ofSO2. Based on the success in Europe, in 2 01 1 LNA conducted DSI testing on a fou r stage
preheater/precalciner kiln at a North American cement plant using Sorbacal@ SP. The study showed that
injection ofSorbacal@ SP at the ID fan, where the temperature is approximately 720 "F, resulted in a reduction
in SO2 ofapproximately 70o/o. LNA would expect similar results with Sorbacal@ SPS and believes the Sorbacal@
products (SP/SPS) are similar in performance with SBC.

2012 UNC/lCF BART Five Factor Anal),sis

Tables 5 and 6 of the 2012 UNC/ICF BART Five Factor Analysis indicate that DSI usinB SBC can achieve SOz

reduction of 75%. The report provides no basis for this control value, but based on several comments in tle
report, it suggests that the value is reflective of what UNC/lCF believes may be achievable for a cement kiln
using SBC. LNA has shown that a value of 70yo reduction using Sorbacal@ SP in a cement kiln is achievable. In
addition, LNA considers SBC and Sorbacal@ SP/SPS to be similar SO2 sorbents that are capable ofapproximately
70016 reduction in the cement industry.

While it may be possible to achieve 700lo reduction in SOz in the cement industry based on the use ofa DSI

system, this level ofefficiency has never been demonstrated in practice on a lime kiln and has certainly not been
demonstrated on the Nelson lime kilns. One primary difference between the cement kiln that LNA tested and
the Nelson lime kilns is the temperature of the exhaust gas. The exhaust gas from the preheater/precalciner
cement kiln at the location of the lD fan where the Sorbacal@ SP was injected was approximately 720 'F. The
exhaust gas where the Sorbacal@ SPS was injected during the Nelson kiln testing was between 350 and 450 "F
(depending on the kiln). Significantly, given the lower temperature of the exhaust gas of Nelson kilns compared
to the temperature ofthe exhaust gas ofthe tested cement kiln, and the well established relationship of
temperature and DSI S02 removal, the same degree ofeffectiveness ofthe SOz removal for the Nelson kilns
compared to that ofa cement kiln would and should not be expected.

The UNC/ICF report states that SBC is similar to hydrated lime in S02 reduction and that LNA may choose to use

the hydrated lime that they manufacture at the Nelson Plant in place of SBC, as it is capable of similar levels of
SO2 control. The report goes on to say that DSI usinB SBC provides a reasonable surrogate for estimating the
control ofDSI using standard hydrated lime. LNA disagrees. SBC is considered by the DSI industry to be a high
performance sorbent and has a much higher surface area than the standard hydrated lime manufactured at the

Lhoist North America I Nelson Ptant EART Anaty5is
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Nelson PlanL Thus, SBC would be expected to perform better than the standard hydrated lime manufactured at
the Nelson Plant in the same way that Sorbacal@ SPS was found durin8 the fune 2013 testin8 at the Nelson Plant
to perform significantly better than the hydrated lime manufactured at the Nelson PlanL

Conclusions Regarding DSI Sorbent Control Efficiencies

Based on an evaluation ofallthe above factors, LNA believes that Sorbacalo SPS will perform welland by
extension, so too would SBC when used for S02 reduction for the Nelson lime kilns. Based on the limited CEMS

testing at the Nelson Plant in fune 2013 using Sortacal' SPS, the SOz reduction effectiveness is approximately
4096 . It is assumed that because SBC and Sorbacal' SPS react with 502 based on similar chemical principles,
LNA expects SBC would have a similar SOz control efficiency of 40%. This contrasts to the 70016 control efTiciency
documented with cement kilns, which is attributed to significantly higher temperatures of the cement kiln
exhaust Bas, and therefore higher efficiencies. Consequently, LNAhas used40% for estimatinS the control
efficiency of both SBC and Sorbacal' SPS.

6.4. EVALUATION OF IMPACTS FOR FEASIBLE SOz CONTROLS

Step four of the BART analysis is the impact analysis. The BART determination guidelines list four factors to be
considered in the impact analysis:

Cost of compliance
Enerry impacts
Non-air quality impacts; and
The remaining use[ul life of the source

6.4.1. Cost of Compllance

A summary ofthe estimated annual cost effectiveness for DSI and switching to a lowersulfur fuel blend is
provided in Table 6-4. lndividual summaries of the cost effectiveness of a DSI system using SorbacaltD SPS, the
cost effectiveness ofa DSI system using SBC, and the cost effectiveness of using a reduced sulfur fuel blend are
provided in Tables 6-5,6-6, and 6-7, respectively.

Lhoist North America I Nelron Ptant BART Analysis
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Kiln I

Kiln 2

Table 6-4. Summary ofthe Estimated Cost Effectiveness for SOz Controls

Tcchnology

Be!.lin.
Efiission

Rte
Control

UIici6n()
CortrollGd

frriision Rlt SOt Rctuced
C.dtrl

InEstmcnl
Atrnurl Dircct

C6 ts

Annurl
In.Ircct

Co6 t!

(tpy) (tpy) (lp) ) (s) (!Yo (9Yr) (!Y.) (lton)

1.571 {0 9Jl 628 L491.559 3. t34.14? 348.1,18 3.,182.495 5.5J1

DSlrvith Sorbacal. SP 1.571 l0 911 62ti 2,491,559 t.m1.455 34r.1,18 1.349,803 5.131

Fucl Sr1 itch ing ( 5flr'sPo
C'oke/Coal Blcnd) 1.57 t 1,205 NA NA NN 422.213 1.152

T.(hnology

Besclin.
Emiss ion

Rrtc
Control

Eflici.ncy
Controll.d

Fnission R te SO, R€duced

C.dtll
hirstmcnt

Arnurl Dircct
Co!t!

Annurl
Lrdircct
Cosb

Tot.lArnu.l
Co!t Cost f,rLctilrncsi

(tpy) (rpy) (rpy) (tyr) (!Yo (9yr) (!ton)

l)Sl whh SRC 2..ltx) {o l..l,l0 (x{) 2.491,559 4.T15.119 1.18..]J8 5.07'1.097 5.286

I)Sl with Sorbacal. Sl' 14U) 4(r 1.440 96() 2497.559 4.523.056 4.87t.401 4.87 t.,1O1 5.075

Fucl S\r itch ing (50r5elo
Cokc/CoalBlend) Lllt{) 2-.1 t.8.t0 5d) NA NA NA 6 t7.859 t. t0l
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Table 6-7. Estimated Cost Effectiveness for Lower Sulfur Fuel Blend

[-ue I Data Kiln I Kiln 2 Notes
Baselirc and Future CoalHealhg Vabe 26..1 16.4 MMBtu/ton lleathg valE b6sed on aleragc fiom 2007 to 2012
Basclhe and Futuc Cokc Heathg VaIr 29.8 29.8 M I\'l II r ry'ton llcating \,oir bosed on average from 2007 to 2012

llaselhe C(xrlCost l 3 $,/tur
Fulure CoalC(xt 9 9 9ton Coalcosts cxDected (o rbe aDDroxirnalely 5olo

Baselhe Coke Cosl 9{ 9.1 9ton
Iruurc Co*c Co6l 9{ 9{ f,/ton Cokc priccs not cxpcctcd to rbc
Baselhc Coal Sull'ur Contcnt t. l5 Lt5 Sutru, contcnt bascd on avcrsgc frorn 2007 lo 2012 phs I sld dcv
Baselire Cokc Sull'ur Content 5.6{ 5.64 Sulfu content bascd on avcrsgc from 2007 to 2012 phls I sld dcv
|uture Coal Sulful Content l. t5 r. 15 o..o Suffur contcnt based on avcragc from 200? to 2012 phx I std dcv
F'ulure Cokc Sul|.r Contcnt 5.64 5.6.t Sutrur contcnt boscd on ovcragc from 2007 to 2012 Dhs I std dcv
Bosclhe CoalUse r t .65 t t?,050 lons Basclirc coaluscd bascd on srcraEc from 2fr)7 to 2012
Baselire Cokc tlsc I t.501 {6.099 lons Basclir colic uscd bascd on avcragc l'rom 2007 to 2012

Basclhe Fuel Cos( (73o/o Cdiel2Th Coal) $4r82.061 $6"266f95 !rr
llaselhe Fucl Sull'ur Content (73% Cokc/2Tlo Coal) .t.{l 1..13 o,;

t,imc Production Data Kiln I Kiln 2

Ileat iput rcqutcd for line {.8 {.8 MN{llru,ton

AnntlalLine Productbn 258.508 378296 lp|

Lhlc prod$tir boscd on tllc cakndar 1,ear wih th€ higrrcst

hbloricalFodwtixt ratc (2010 prodtrtbn for Kih I and 2012

productbn for Kih 2)
'[o{3lAnnual llcat lnput Requted r.2,10.838 t.8 t5.821 MMBtr/w
Fu.l Switching Costs ($/yr) Units

ll.at vahie ol'5(P4 colic/soolo coal blend 2ti. I 18.I MMBtU/ton

Total fuel nEss requied fo( 50/o c*e/5Ulo c@l blend r.1.207 61.691 ln\
Arnount of coal requted (5trlo) 2.t01 32.346 l'ons
Antount of coLc rcquircd (509/0) 22.103 32,346 1'ons

Annu,al cml for 5Po Coke/sPo CoalhLnd $4.70r.276 $6.884.15.1 !t"r
Cost abovc hasclilc for 5flo Coke/5096 Cmlbhrrl 9t22211 $6 t 7.859 !!r
SO2 Rcduction Anrlysis Kiln 2 Llnits

Sutrur coote of 50 /. Coke/50/. Coal blerd l.{) l.,lO o,/o

Sutfur redwtirn from su'itching to 5Plo Colie/5Plo Co6l 23.3

Ilasclhe Emission Ratc t.571 2,4U) tnv

I ons Rcdrrccd 366 560 tp!
Control Cost in Doll.rs p.r Ton R.duccd $1.152 $r.lol 9ton
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Kiln I Kiln 2
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6.4.2. Energy lmpacts

DSI systems require electricity for operation. The generation of the electricity needed to operate a DSI system
will most likely involve fuel combustion. The combustion of fuel will generate emissions. There will also be
emissions associated with the transport, handling and storage of sorbent. Overall, while the use of DSI will
cause emissions hom select activities, the emissions should be low compared to the reduction in SO2 that would
be gained by operatinB a DSI system,

Using a lower sulfur fuel blend means LNA will obtain more ofthe energy for lime production from coal and less
of the enerry from coke. Since the heating value of coke is slightly higher than the heating value of coal, it is
likely that LNA will burn more total massoffuel as a result of substituting some coal for coke. Whileburninga
lower sulfur fuel blend will likely result in a reduction in SO2 emissions, the impact ofburning a lower sulfur fuel
blend on otler pollutants such as NOx and CO is unknown.

6.4.3. Non-Air Quality lmpacts

The operation ofDSI systems on Kiln 1 and Kiln 2 would require sorbent to be stored on site. The storage of
sorbent is generally not associated with any non-air quality impacts.

There are no non-air quality impacts from using a lower sulfur fuel blend that would impact the BART
determination.

6.4.4. Remalning Useful Life
The remaining useful life of the kilns does not impact the annualized costs of DSI because the useful life is
anticipated to be at least as long as the capital cost recovery period, which is 20 years. There are no capital costs
associated with using a lower sulfur fuel blend, thus the remaining useful life of the kilns is not a factor in the
evaluation of this technolory.

6.5. EVALUATION OF VISIBILITY IMPACT OF FEASIBLE SOZ CONTROLS

A final impact analysis was conducted to assess the visibility improvement associated with DSI and switching to
a lower sulfur fuel blend. Section 4 ofthis report documents the existing visibility impairment attributable to
the kilns. In order to assess the visibility improvement associated with DSI and fuel switchin& the S0z emission
rates associated with these technologies were modeled using CALPUFF. The controlled SO2 emission rates for
Kiln 1 and Kiln 2 associated with DSI and using a lower sulfur fuel blend are summarized in Table 6-3 above.

DSI Using Sorbacal@ SPS = $50,748,191 /Adv (From Table 6-5: Kl annual cost = $3,349,803, K2 annual
cost = $4,871,404, K1 annual cost + K2 annual cost = $8,221,207)
DSI UsingSBC= $53,146,528/Adv (From Table 5-6: K1 annual cost = $3,482,495,K2 annual cost =
$5,074,097, Kl annual cost + K2 annual cost = $8,556,591)

Lhoist North America I Netson Ptant BART Analysis
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The visibility improvement associated with DSI is shown in Table 6-8. Additional details on the visibility
improvement analysis are included in the spreadsheet submitted $,ith this reporL As shown in Table 6-8, the
greatest improvement in visibility impairment is predicted to occur in the Crand Canyon N P. Specifically, DSI is
predicted to result in a maximum improvement of 0.162 Adv from the baseline 98rI percentile impairment of
1.586 Adv, which is an improvement of 10y0. This level ofimprovement in visibility impairment translates to
the following coss per deciview:



The visibility improvement associated with the use ofa lower sulfur fuel blend is summarized in Table 5-56-9.
The greatest improvement in visibility impairment is predicted to occur in the Grand Canyon NP. Specifically,
the use of a lower sulfur fuel blend is predicted to result in an improvement of 0.106 Adv from the baseline 98s
percentile impairment of 1.586 Adv, which is an improvemenl of 7oh. This level of improvement in visibility
impairment translates to cost of $9,812,000 million per Adv of improvement (based on a total annual cost for
Kif n l and Kiln 2 of$1,040,072, where Kiln | = $422,273 and Kiln 2 = $617,859, as shown in Table 6-7 above).

Lhoist North America I Net5on Ptant BART Anatysis
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6.6. PROPOSED BART CONTROL AND EMISSION LEVELS

As discussed previously, there is considerable uncertainty on the S0z reduction that can be expected for the

Nelson lime kilns based on switching to a lower sulfur fuel blend or using a DSI system. LNA has assumed a 40%

reduction attributable to DSI based on limited testing conducted in June 2013 at the Nelson PlanL The cost for a

DSI system using Sorbacal@ SPS is between $5,000/ton and $5,300/ton (See Table 5-5) and approximately
$51 million/Adv. The cost for a DSI system using SBC is between $5,300/ton and $5,500/ton (See Table 6-

5) and approximately $53 million /Adv. LNA estimated a 23.30lo reduction attributable to fuel switching The

cost for tuel switching is approximately $1,100/ton (see Table 6-7) and approximately $10 million/Adv.

LNA believes that the cost of DSI is excessive, both on a dollar per ton basis and on a dollar per deciview

improvement basis. Typically, when the cost ofa more efficient technology is deemed excessive, the next most

efficient technolory that is not cost prohibitive would be selected as BART. This would suggest su/itching to a

lower sulfur fuel blend would constitute BART for SOr for the Nelson lime kilns. LNA has determined that BART

is a 23.396 reduction in S0z that will be achieved through the use of a lower sulfur fuel blend. Thus, LNA

proposes that BART for SOz for Kiln 1 is 9.32 lb/ton of lime, applicable on a 30 day rolling average as

demonstrated through the use of a CEMS. LNA also proposes that BART for SOz for Kiln 2 is 9.73 lb/ton of lime,

applicable on a 30 day rolling average as demonstrated through the use ofa cEMs.

Because of the uncertainties about whether fuel switching alone will be suflicient, LNA requests that it be given

flexibility to use that combination of fuel switching and add on controls that achieves the proposed BART limits
for Kilns 1 and 2, consistent with any applicable preconstruction permit requirements. This determination
provides LNA some flexibility to ad.iust its operations to ensure that the BART limit is achieved.

Lhoist North America I Netson Ptant BART Anatysis
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7. PM BART EVALUATION

Particulate matter is generated from fuel combustion and other processes that occur in a lime hln.

The baseline PM emission factors tllat were determined from stack testing reflecting Rlterable PM for Kilns 1

and 2 are shown in Table 5-1.

Table 7-1. Baseline PM Emission Factors

Unit
PM Emission Factor

(lb/ton lime)
Kiln 1 0.063
Kiln 2 0.082

A comparison of Table 7-1 above with Table 5-1 and Table 6-1 of this report shows that the baseline PM

emissions for the kilns are much lower than the baseline emissions of SO2 and N0, for the kilns. The low PM

emissions correspond to low visibility impacts attributable to PM when compared to the impacts attributable to
S0z (as sulfates) and NO*, (as nitrates), as shown in Table 4-7 ofthis report

Both kilns currently have existing baghouses for particulate matter control. A baghouse is the most emcient
device forcontrolling particulate matter from this type ofsource. Since there are no particulate control devices
that are more effective than the existing baghouses, LNA proposes that the existing baghouses constitute BART
for the kilns. Furthex LNA proposes to comply with a BART emission limit for both kilns that is equal to the PM

limit for existing lime kilns that is included in the EPA's Maximum Achievable Control Technolory (MACT)

standard that applies to the kilns [0.12 lbs PM/ton ofstone feed).lo Since LNA is proposing to use the most
effective particulate control devices on the two kilns, there is no need to evaluate other impacts in establishing
these control technologies as BART.

r0 Should EPA revise the PM limit for existing sources in the MACT standard, LNA proposes to comply with the revised
limiL
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APPENDIX B: SUMMARY OF JUNE 2013 DSITESTING AT NELSON PLANT

The iniection ofstandard hydrated lime into the Kiln 2 ductwork between the preheater and baghouse
(temperatures of470'F to 480'F) over seven test periods ranging from 13 to 77 minutes covering a total of
4.5 hours, resulted in average control efficiencies of 096 to 4696 under average iniection rates of 500 lbs/hr
to 3,700 lbs/hr. Based on the relatively high iniection rate of lime required to achieve significant SOz

reductions, no further iniection tests using standard hydrated lime were performed.

Sorbacal@ SPS was then injected into the Kiln 2 ductwork at the same point as the standard hydrated lime
over five test periods covering 3.5 hours. The average control efficiencies measured over the five test
periods were generally in the mid-40y0 range with average iniection rates near 1,000lbs/hr. A mid 6007$

average control efficienry was achieved over a 2o-minute period but the average iniection rate exceeded
1,800 lbs/hr, One test period covering 35 minutes, during which the kiln gas stream carbon monoxide (CO)
levels were purposely increased, resulted in an average control efficienry of48% but the average
Sorbacal@ SPS iniection rate exceeded 2,000 lbs/hr.

Sorbacal@ SPS was then injected into Kiln 2 above the preheater where temperatures ranged between
550"F and 570oF. Over two test periods covering t hour, the highest average €ontrol efliciency was 300/o at
an iniection rate of nearly 1,500 Ibs/hr. Consequently, this iniection point was not evaluated further. The
injection location was then moved back to between the preheater and baghouse. This location produced
mixed results. The firsttestovera 27-minutetime period resulted inanaverage control efficiencyoflT%
at an injection rate ofover 1,000 lbs/hr. A follow up test over a l.s-hour time period resulted in a 640/o

control efficiency; however, the iniection rates could not be confirmed because of problems encountered
with the iniection feeders.

Kiln 1 was tested on the final day using Sorbacal@ SPS inieaed into the ductwork between the preheater
and baghouse, The first two test periods were conducted over 1.5 hours at low iniection rates (< 500
lbs/hr) which resulted in average control efficiencies of 1996 and 25Y0, respectively. The exact iniection
rates could not be confirmed due to computer problems. During the next testing period of 19 minutes, the
average control efficiency was 4370 at an average injection rate of over 1,100 lbs/hr,

Additional testing on Kiln #1 was conducted under stable combustion conditions with stack CO

concentrations in the range of 50 to 90 parts per million. Under these low CO conditions, average injection
rates of 1128, 1855,22+5 and 1794 lbs/hr were tested over durations of 37, 23, 16 and 30 minutes,
respectively. Over these testing periods, the average control efficiencies were 43, 51, 7 7,77 and 590/0,

respectively. Calculated on a 1-minute basis, the control efficiencies were highly variable, ranging from a
lowof 33% toa high of 840/0. These results demonstrate that higher control efficiencies require extremely
high injection rates.

Overall, results of the testing indicate that DSI using Sorbacal@ SPS results in control efficiencies that are
highly variable and dependent upon iniection rates, injection location temperatures, and resident time of
the sorbent in the gas stream. The results also indicate that kiln operations, especially whether the kiln is

Lhoist North America I Nelson Ptant BART Analysis

LNA conducted trial runs of DSI on both of the Nelson kilns in lune of 2013 to evaluate the impact of DSI on
the SO2 emission rates. The trial runs evaluated use of both standard hydrated lime manufactured at the
Nelson Plant as well as Sorbacal@ SPS brought in from LNA'S SL Genevieve Plant in Missouri. To determine
baseline conditions and injection control efficiencies durinB the testin& LNA operated continuous emission
monitoring systems (CEMS) on both kilns to measure SO2 emissions from the kiln stacks.



operating under high versus low CO conditions (i.e., oxygen deficient versus oxygen rich combustion
conditions) affect the SO2 emission rate and the resulting control efficiency ofthe sorbent. Unfortunately,
operation at low CO conditions on a consistent basis, which appears to produce higher control efficiencies
ofthe sorbent, is generally not possible, especially on Kiln 2 which was originally designed to produce lime
for the steel industry where a strongly reducing (e.g., high CO) environment is needed to achieve product
quality obiectives. Other variables also affect CO operating levels, such as fuel quality, stone quality, ball
mill levels, excess air conditions and the amount ofpre-heater blockage, to name a few. In light ofthese
limitations, 40% is likely the maximum consistently achievable value.

In conclusion, even though the testing was ofa very limited duration and the results were highly variable,
the test data suggest that a 40% reduction is likely achievable based on the use of Sorbacal@ SPS or
similarly performing sorbenL Due to normal variations in fuel sulfur input, kiln operating conditions and
sorbent iniection rates, a sorbent to SOz mass ratio of approximately 9:1 may be required to achieve SOz

controls in the range of 20 to 409o.
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Pilot Peak Plant Reasonable Progress 
Control Determination 
 

Evaluation of existing and potential new control measures at Graymont Western’s Pilot 

Peak Plant necessary to achieve reasonable progress for Nevada’s second Regional Haze 

SIP. 

 

Bureau of Air Quality Planning, Nevada Division of Environmental Protection  

June 2022 

 

  



1 Introduction 
This document serves as the official reasonable progress determination for the Pilot Peak Plant based on 

analyses submitted by the owner of the facility. The Long-Term Strategy of Nevada’s Regional Haze SIP 

revision for the second implementation period covering years 2018 through 2028 will rely on the 

reasonable progress findings of this document. 

This reasonable progress determination references data and analyses provided by Graymont Western 

(GW) in several documents that can be found in Appendix B.2. Table 1-1 below outlines the documents 

submitted by GW that supplement this determination document. In some cases, the Nevada Division of 

Environmental Protection (NDEP) adjusted information submitted by GW to ensure the analyses relied 

on to make reasonable progress determinations agree with Regional Haze Rule regulatory language, 

Regional Haze Rule Guidance for the second implementation period, and EPA’s Control Cost Manual. 

Throughout the document, it can be assumed that referenced data and information rely on the 

following documents submitted by GW, unless explicitly indicated that NDEP made adjustments. 

Table 1-1: GW Documents Relied upon for Reasonable Progress Determination 

Full Document Title Shortened Document Title 
(used in this document)  

Date Appendix 
Location 

Reasonable Progress Four-Factor 
Analysis 

GW Analysis October 2020 B.2.b 

RE: Graymont Pilot Peak Response to 
Federal Land Managers Comments 
on Four-Factor Analysis for Regional 
Haze 

Response Letter 1 November 13, 

2020 

B.2.c 

RE: Pilot Peak Response to NDEP 
Request for Additional Information 
Graymont Western US, Inc. 

Response Letter 2 April 16, 2021 B.2.d 

RE: Graymont Pilot Peak Response to 
the Initial Control Determination 
Letter 

Response Letter 3 October 15, 
2021 

B.2.e 

Class I Air Quality Operating Permit Permit  A.2 

 

2 Facility Characteristics 
As stated on page 3-1 of the GW Analysis: 

“The Graymont Western US, Inc. Pilot Peak Plant is located in Elko County, Nevada, approximately 10 

miles northwest of West Wendover. The nearest Class I area to the plant is the Jarbidge Wilderness 

Area. It is approximately 130 kilometers northwest of the Pilot Peak plant.  

The facility operates three horizontal rotary preheater lime kilns. The three kilns are nearly identical in 

design and operations, although the production rates for each kiln vary. Kilns 1, 2, and 3 are permitted 

for producing lime at a rate of 25, 33.3, and 50 tons per hour, respectively.  



All three kilns use coal as a primary fuel source. Typical annual fuel usage rates for the three kilns 

combined are approximately 130,000 tons per year of coal (at approximately 11,600 Btu/lb). Fuels 

typically used for kiln startup include diesel and propane. Natural gas is not available at the plant.” 

3 Emissions Profile 

3.1 Q/d Emissions Profile 
NDEP relied on the Q/d method for source selection by quantifying total facility-wide NOx, SO2, and PM10 

emissions, represented as “Q”, reported in the 2014 NEIv2. The Q value was then divided by the 

distance, in kilometers, between the facility and the nearest Class I area (CIA), represented as “d”. The 

nearest CIA to the Pilot Peak Plant is Jarbidge Wilderness Area at 131 kilometers away. NDEP elected to 

set a Q/d threshold of 5. As displayed in Table 3-1, using 2014 NEIv2 emissions, the Pilot Peak Plant 

yielded a Q/d value of 5.15, effectively screening the facility into a four-factor analysis requirement for 

the second round of Regional Haze in Nevada.  

Table 3-1: Original Pilot Peak Plant Q/d Derivation  

NOx 
Emissions 
(tpy) 

SO2 
Emissions 
(tpy) 

PM10 
Emissions 
(tpy) 

Total Q 
(NOx+SO2+
PM10) 

Distance from 
Nearest CIA 
(Jarbidge WA) 
[km] 

Q/d 

523 23 127 673 131 5.15 
 

These emissions were pulled from the 2014 NEIv2, based on NOx emission rates presented in Table 3-2, 

however, in Response Letter 2, Graymont indicated that the emissions reported in the 2014 NEIv2, 

particularly the NOx emissions, did not agree with what was submitted by Graymont for Pilot Peak’s 

2014 Annual Emission Inventory (AEI). Graymont’s AEI for Pilot Peak in 2014 resulted in a Total Q of 604 

tons per year (tpy), rather than 673, resulting in a Q/d of 4.61 (see Table 3-3). The change in resulting 

Total Q is primarily due to different NOx emission rates used to calculate total NOx emissions. Table 3-4 

shows Graymont’s calculated NOx emissions for 2014 to be compared to Table 3-2 that outlines NDEP’s 

calculation that was incorporated into the 2014 NEIv2.  

As seen in Table 3-2, NDEP calculated NOx emissions for the Pilot Peak Plant kilns in 2014 using a NOx 

emission rate in pound per hour, multiplied by the annual hours of operation for each kiln. This 

produced facility-wide NOx emissions at 523 tons per year, resulting in a Q/d of 5.15. Alternatively, as 

seen in Table 3-4, Graymont calculated NOx emissions for the Pilot Peak kilns in 2014 using a NOx 

emission rate in pounds of NOx per ton of lime produced, multiplied by the annual lime production rate 

for each kiln in tons per year. This produced facility-wide NOx emissions at 459 tons per year, resulting in 

a Q/d of 4.61. 

Table 3-2: NDEP-Calculated NOx Emissions for Pilot Peak in 2014 

Unit NOx Emission Rate 
(lb/hr) 

Hours of Operation 
(hr/yr) 

NOx Emissions (tpy) 

Kiln 1 47.5 7033 167 
Kiln 2 40.1 7033 141 



Kiln 3 60.2 7153 215 
Total NOx Emissions  523 

 

Table 3-3: Updated Pilot Peak Plant Q/d Derivation 

NOx 
Emissions 
(tpy) 

SO2 
Emissions 
(tpy) 

PM10 
Emissions 
(tpy) 

Total Q 
(NOx+SO2

+PM10) 

Distance from 
Nearest CIA 
(Jarbidge WA) 
[km] 

Q/d 

459 23 122 604 131 4.61 
 

Table 3-4: Graymont-Calculated 2014 NOx Emissions for Updated Q/d 

Unit NOx Emission Rate 
(lb NOx/ton lime) 

Lime Production Rate 
(tons/yr) 

NOx Emissions (tpy) 

Kiln 1 2.102 125,313 131.69 
Kiln 2 1.302 199,362 129.78 
Kiln 3 1.374 287,132 197.32 

Total NOx Emissions  459 
 

NDEP has reviewed the reporting requirements for NOx emissions in the Pilot Peak Plant’s air quality 

operating permit and confirms that the permitted procedure is to calculate NOx emissions for each kiln 

using NOx emission rates in pounds of NOx per ton of lime produced, and annual lime production rates in 

tons per year. Because of this, Graymont no longer places above the set Q/d threshold of 5 and, 

therefore, is formally screened out of a four-factor analysis requirement and is not considered further 

for potential new control measures.  

A comparison to other reporting years, and their resulting Q/d values, were conducted for years 2015 

through 2020. As shown in Table 3-5, the following four operating years (2015-2018) also yield Q/d 

values below 5, while 2019 and 2020 yield a Q/d value above 5.  

Table 3-5: Q/d Comparison Among Operating Years at Pilot Peak Plant 

 Facility Emissions (tpy) 
Pollutant 2014* 2015 2016 2017 2018 2019 2020 
NOx 459 406 451 395 418 562 700 
SO2 23 25 15 15 18 19 18 
PM10 122 66 75 70 68 77 80 
Total  604 497 541 480 504 658 798 
Q/d 4.61 3.79 4.13 3.66 3.85 5.02 6.09 

*Updated 2014 emissions submitted in Graymont’s AEI 



Although emissions reported in 2019 and 2020 yield Q/d values above 5, NDEP does not find that it is 

reasonable to screen the source back into a four-factor analysis requirement for consideration of 

potential new measures for the following reasons: 

1. Arbitrary Action – NDEP is reluctant to hold the Pilot Peak Plant to a different reporting year 

than other sources for source selection, as this can be seen as an arbitrary action. All other 

sources in the state of Nevada were considered for source selection using 2014 emissions, Pilot 

Peak would be the sole facility that was held to a different reporting year.  

2. Emission Inventories – the majority of WRAP states agreed to conduct source selection through 

the Q/d analysis using emissions from the NEI so emissions for all Western States could be easily 

accessed and reviewed by the Western Regional Air Partnership (WRAP) States and members. 

WRAP agreed to rely on the 2014 NEIv2 for source selection. This was done so that the 

Representative Baseline emission inventory (based on years 2014-2018) used in the SIP would 

agree with emissions used for source selection. At the time source selection was conducted, in 

August of 2019, 2017 and 2020 NEI were not yet available. Even if NDEP elected to rely on 2017 

NEI emissions for source selection when it was released, Graymont would have had a Q/d of 

3.66. The 2020 NEI is still not yet available.  

3. Overall Q/d - considering Q/d values for 2014 through 2020, five of the seven years, or clear 

majority, show a Q/d value below NDEP’s set threshold. The average Q/d across all seven years 

is 4.45, also falling below the threshold of 5.  

Graymont did not provide updated 2014 emissions, subsequently screening them out of the four-factor 

requirement, until after they had already provided source information for a four-factor analysis (GW 

Analysis). Graymont has volunteered to include all information submitted for a four-factor analysis to 

demonstrate their efforts in remaining compliant with the requirements of the Regional Haze Rule, but 

do not intend for the submitted information to be used to consider new potential control measures for 

the second implementation period of the Regional Haze Rule in Nevada.  

Although no new measures were formally considered to achieve reasonable progress at the Pilot Peak 

kilns, NDEP still evaluated whether any existing measures at the facility were necessary to achieve 

reasonable progress, outlined in the following sections.  

4 PM10 Determination for Existing Measures 
The following statement found on page 7-1 of the GW Analysis describes the existing control measures 

implemented at the Pilot Peak Plant kilns to control PM10 emissions: 

“The use of a baghouse for control of PM10 from lime kilns is consistent with current BACT 

determinations. RBLC search results are provided in Appendix A, for reference. The average baseline 

emission factor for Kiln 3 of 0.057 lb/ton of lime is lower than even the lowest emission limit listed in the 

RBLC database. While the emission factors for kilns 1 and 2 are higher for 2013 and 2014 (at 0.272 and 

0.255 lb/ton, respectively), more recent PM10 stat test data following replacements of the Kilns 1 and 2 

baghouses indicate that emissions from those kilns are also lower than recent limits in the RBLC 

database. For consistency with NOx and SO2 evaluations, the emission rates and factors for 2013 and 

2014 are listed. Based on these calculated emission rates, Pilot Peak kilns operate with a comparable or 

better level of PM10 emissions controls than those recently permitted under the PSD BACT program.” 



4.1 Weight-of-Evidence Demonstration 
NDEP is relying on the following weight-of-evidence demonstration to conclude that the source’s 

existing measures to control PM10 emissions are not necessary to achieve reasonable progress during 

the second implementation period of the Regional Haze Rule in Nevada.  

4.1.1 Historical Emission Rates 
The following annual PM10 emission rates were reported by Graymont for all three kilns at the Pilot Peak 

Plant from 2015 through 2020, representing data from the most recent six operating years (see Table 4-

1). As stated above, baghouses were replaced on Kilns 1 and 2 shortly after 2014, so emissions data 

from 2013 and 2014 are excluded from the table. Aside from Kiln 1 in 2016, which shows an increase in 

PM10 emission rate, the reported PM10 emission rates at the Pilot Peak kilns show consistently low 

emission rates. The most recent four years, 2017-2020, and 2015, show a consistent PM10 emission rate 

for Kiln 1. NDEP considers the trend in PM10 emission rates in Table 4-1 as reasoning to assume that the 

source’s achievable emission rates will remain consistent and not increase in the future.  

Table 4-1: Historical PM10 Achievable Emission Rate Profile for Pilot Peak Kilns 

 Reported Annual PM10 Emission Rates (lbs/ton-lime production) 

2015 2016 2017 2018 2019 2020 2015-2020 Average 
Kiln 1 0.048 0.119 0.027 0.025 0.022 0.020 0.043 

Kiln 2 0.010 0.044 0.029 0.029 0.042 0.030 0.031 

Kiln 3 0.030 0.011 0.028 0.003 0.013 0.035 0.020 

 

4.1.2 Projected Emission Rates 
There are no federally enforceable on-the-way controls or changes to operations at the Pilot Peak Plant. 

Because of this, NDEP finds it reasonable to rely on emissions and emission rates calculated from the 

2015-2020 representative historical period to project future emissions and emission rates. As stated in 

Table 4-1, the representative historical period, and projection assumption, for PM10 emission rates at 

Kilns 1, 2, and 3, are 0.043, 0.031, and 0.020 pounds per ton of lime produced, respectively. NDEP 

concludes that the projected emission rates will remain consistent with historical emission rates.  

Table 4-2 outlines the facility-wide PM10 emissions reported from 2015 through 2020, along with the 

annual average among the evaluated years. NDEP is relying on the 2015-2020 average annual emissions 

to represent projected facility-wide emissions and concludes that the projected PM10 emissions of 73 

tons per year will remain consistent with historical PM10 emissions.  

Table 4-2: Historical Facility-Wide PM10 Emissions Profile for Pilot Peak Kilns 

Reported Annual Facility-Wide PM10 Emissions (tons per year) 

2015 2016 2017 2018 2019 2020 2015-2020 
Average 

66 75 70 68 77 80 73 

 



4.1.3 Enforceable Emission Limits 
NDEP is citing the following enforceable emissions limits listed in the facility’s current air quality 

operating permit (AP3274-13329.03) to control PM10 emissions that reflect the source’s existing 

measures as evidence that the source will continue to implement the use of baghouses at all three kilns.  

Table 4-3: Enforceable PM10 Emission Limits 

Unit ID Unit Name PM10 Emission Limit  

System 10 Kiln #1 Circuit  13.6 lb/hr 
59.6 tons per 12-month 

rolling period 

System 13 Kiln #2 Circuit 15.2 lb/hr 
66.6 tons per 12-month 

rolling period 

System 17 Kiln #3 Circuit 23.7 lb/hr 
103.8 tons per 12-

month rolling period 

 

5 SO2 Determination for Existing Measures 
The following statement found on page 5-2 of the GW Analysis describes the existing control measures 

implemented at the Pilot Peak Plant kilns to control SO2 emissions: 

“SO2 is inherently scrubbed within a lime kiln system due to the presence of large volumes of alkaline 

materials in the system, including limestone in the preheater that all kiln exhaust gases pass through. A 

typical kiln system scrubs approximately 90% of SO2 (originating from both fuel sulfur and raw material 

sulfur) that would otherwise leave the stack. This in-situ scrubbing mechanism is commonly determined 

as BACT for preheater rotary kilns being permitted today. Dry sorbent injection operates under a similar 

principle, using the injection of lime particulate into the process stream to initiate the same reaction. 

Dry sorbent injection is not considered an available control methodology, because the reaction is 

already taking place inherently as part of the lime kiln process.” 

5.1 Weight-of-Evidence Demonstration 
NDEP is relying on the following weight-of-evidence demonstration to conclude that the source’s 

existing measures to control SO2 emissions are not necessary to achieve reasonable progress during the 

second implementation period of the Regional Haze Rule in Nevada. 

5.1.1 Historical Emission Rates 
The following annual SO2 emission rates were reported by Graymont for all three kilns at the Pilot Peak 

Plant from 2015 through 2020, representing data from the most recent six operating years. The Pilot 

Peak Plant kilns utilize a continuous emission monitoring system (CEMS) in tracking and reporting SO2 

emissions from each kiln. Table 5-1 outlines the annual SO2 emissions reported for each kiln from 2015 

through 2020, including average emissions for each kiln over the same years to serve as a representative 

historical emission rate. NDEP considers the annual SO2 emission rates in tons per year recorded over 

the most recent six operating years as reasoning to assume that emission rates will remain consistent.  

Table 5-1: Historical SO2 Achievable Emission Rate Profile for Pilot Peak Kilns 

 Reported Annual SO2 Emission Rates (tons per year) 

2015 2016 2017 2018 2019 2020 2015-2020 Average 



Kiln 1 2.41 1.93 1.18 1.19 2.49 2.40 1.93 
Kiln 2 5.17 4.92 3.49 5.15 6.69 5.22 5.11 

Kiln 3 17.09 8.19 8.99 11.61 10.00 10.43 11.05 

Total 24.67 15.04 13.66 17.96 19.18 18.06 18.09 

  

5.1.2 Projected Emission Rates 
There are no federally enforceable on-the-way controls or changes to operations at the Pilot Peak Plant. 

Because of this, NDEP finds it reasonable to rely on emissions and emission rates calculated from the 

2015-2020 representative historical period to project future emissions and emission rates. As stated in 

Table 5-1, the representative historical period, and projection assumption, for SO2 emission rates at 

Kilns 1, 2, and 3, are 1.93, 5.11, and 11.05 tons per year, respectively. NDEP concludes that the projected 

emission rates will remain consistent with historical emission rates. 

5.1.3 Enforceable Emission Limits 
There are no enforceable emissions limits listed in the facility’s current air quality operating permit 

(AP3274-1329.03) that reflect the use of “inherent scrubbing” as an SO2 control measure. 

6 NOx Determination for Existing Measures 
All kilns operating at the Pilot Peak Plant control NOx emissions through the use of Low-NOx Burners. 

These burners were installed in 2014, however, have not been incorporated into the source’s air quality 

permit, along with associated NOx emission limits that reflect the control efficiency of the burners. NDEP 

is relying on the continued use of Low-NOx Burners on Kilns 1,  2, and 3 at the Pilot Peak Plant to achieve 

reasonable progress during the second implementation period of the Regional Haze Rule in Nevada.  

7 Reasonable Progress Requirements 
As stated above, NDEP does not find existing measures to control PM10 and SO2 emissions as necessary 

to achieve reasonable progress during the second implementation period of the Regional Haze Rule in 

Nevada. 

NDEP proposes the following the NOx emission limitations, and other associated requirements, to be 

incorporated into the facility’s air quality operating permit (AP3274-1329.03) as federally enforceable 

conditions.  

7.1 Emission Limit  
In setting new NOx emission limits at all three Pilot Peak kilns to reflect the use of existing Low-
NOx Burners, NDEP is proposing the following:  
 

The average of NOx emissions reported for each kiln from 2013 to 2020 were used to develop a 
new NOx emission limit to reflect the use of existing Low-NOx Burners. Three standard 
deviations (sigma) were applied to the average NOx emission limit for each kiln to establish a 
99.7% confidence level in compliance. Although high, 99.7% still allows for at least one day of 
noncompliance per year. To combat this, an additional 10% of the original NOx limit is also 
added. The below tables outline the emissions data reported in stack testing for the facility and 
the derivation of the new NOx limits. This method is commonly and widely accepted as a means 



of establishing permit limits and the NDEP believes it provides a reasonable degree of 
compliance assurance.   
 

NOx Emission Rates (lb/hr) from Stack Test Data  

Year  2013  2014  2015  2016  2017  2018  2019  2020  2021 

Kiln 1  43.50  47.50  40.00  57.60  44.90  44.61  43.00  74.18  85.41 

Kiln 2  60.40  40.10  51.50  35.56  34.99  37.21  57.70  90.16  65.79 

Kiln 3  58.30  60.20  44.40  67.12  74.05  89.53  102.4  108.1  94.62 

  
 

Derivation of New NOx Limits  

Kiln  Average Stack 
Test Rate  

2013-2021 
 

(lb/hr)  

Standard 
Deviation  

New NOx Emission 
Limit  

Ave + 3 St. Dev 
 

(lb/hr)  

Previous NOx 
Emission Limit  

 
 

(lb/hr)  

Emission Limit 
Reduction   

1  53.4  16.0  101.4 120  15.5 %  

2  52.6  18.3  107.4 160  32.9 %  

3  77.6  22.0  143.7 200  28.2 %  

  

7.2 Averaging Period  
For Kiln 1, the discharge of NOx to the atmosphere shall not exceed 101.4 pounds per hour over 
a 30-day rolling average.  
For Kiln 2, the discharge of NOx to the atmosphere shall not exceed 107.4 pounds per hour over 
a 30-day rolling average. 
For Kiln 3, the discharge of NOx to the atmosphere shall not exceed 143.7 pounds per hour over 
a 30-day rolling average.  
 

7.3 Compliance Deadline  
All three kilns must comply with these new NOx emission limits once CEMS is installed and 
operating no later than 270 days after permit issuance. 
 

7.4 Monitoring, Record Keeping, and Reporting Requirements  
The new emission limit and averaging period will be implemented and enforced through the 
source’s existing record keeping and reporting requirements outlined in the AQ operating 
permit. NOx emission rates for each kiln will be monitored using a Continuous Emission 
Monitoring System (CEMS). CEMS monitoring NOx emissions at each kiln must be installed and 
operating by the applicable compliance date (240 days).  
 

 
 

 



Appendix B.2.b - Graymont Western Four-Factor Analysis for Pilot Peak 
Plant 
 

  



 

   

REASONABLE PROGRESS FOUR-FACTOR 
ANALYSIS

GRAYMONT WESTERN US INC.> Pilot Peak, NV

 
Prepared By: 

 
Anna Henolson – Managing Consultant 

Jeremias Szust – Senior Consultant 
Sam Najmolhoda – Associate Consultant 

 
TRINITY	CONSULTANTS	

3301 C Street 
Suite 400 

Sacramento, CA 95816 
(916) 444-6666 

 
October 2020 

 
Project 190506.0068	

 

Environmental solutions delivered uncommonly well



 

Graymont Western US Inc. | Pilot Peak Plant Four Factor Analysis 
Trinity Consultants i 

TABLE OF CONTENTS 

1. EXECUTIVE SUMMARY 1-1 

2. INTRODUCTION AND BACKGROUND 2-1 

3. SOURCE DESCRIPTION 3-1 

4. EXISTING EMISSIONS 4-1 

5. SO2 FOUR FACTOR EVALUATION 5-1 
5.1.	STEP	1:	Identification	of	Available	Retrofit	SO2	Control	Technologies	................................................	5‐1 

5.1.1.	Inherent	Dry	Scrubbing	..........................................................................................................................................................	5‐2 
5.1.2.	Alternative	Low	Sulfur	Fuels	................................................................................................................................................	5‐2 
5.1.3.	Wet	Scrubbing	............................................................................................................................................................................	5‐2 
5.1.4.	Semi‐Wet/Dry	Scrubbing	......................................................................................................................................................	5‐2 

5.2.	STEP	2:	Eliminate	Technically	Infeasible	SO2	Control	Technologies	....................................................	5‐3 
5.2.1.	Inherent	Dry	Scrubbing	..........................................................................................................................................................	5‐3 
5.2.2.	Alternative	Low	Sulfur	Fuels	................................................................................................................................................	5‐3 
5.2.3.	Wet	Scrubbing	............................................................................................................................................................................	5‐3 
5.2.4.	Semi‐Wet/Dry	Scrubbing	......................................................................................................................................................	5‐3 

5.3.	STEP	3:	Rank	of	Technically	Feasible	SO2	Control	Options	by	Effectiveness	......................................	5‐4 
5.4.	STEP	4:	Evaluation	of	Impacts	for	Feasible	SO2	Controls	..........................................................................	5‐4 

5.4.1.	Cost	of	Compliance	...................................................................................................................................................................	5‐4 
5.4.1.1. Control Costs ......................................................................................................................................................................... 5-4 
5.4.1.2. Annual Tons Reduced ....................................................................................................................................................... 5-5 
5.4.1.3. Cost Effectiveness ............................................................................................................................................................... 5-5 

5.4.2.	Timing	for	Compliance	...........................................................................................................................................................	5‐5 
5.4.3.	Energy	Impacts	..........................................................................................................................................................................	5‐6 
5.4.4.	Non‐Air	Quality	Impacts	........................................................................................................................................................	5‐6 
5.4.5.	Remaining	Useful	Life	.............................................................................................................................................................	5‐6 

5.5.	SO2	Conclusion	........................................................................................................................................................	5‐6 

6. NOX FOUR FACTOR EVALUATION 6-1 
6.1.	STEP	1:	Identification	of	Available	Retrofit	NOX	Control	Technologies	...............................................	6‐1 

6.1.1.	Combustion	Controls	...............................................................................................................................................................	6‐2 
6.1.1.1. Reduce Peak Flame Zone Temperature .................................................................................................................... 6-2 
6.1.1.2. Low NOX Burners ................................................................................................................................................................ 6-2 
6.1.1.3. Preheater Kiln Design/ Proper Combustion Practices ...................................................................................... 6-2 

6.1.2.	Post	Combustion	Controls	.....................................................................................................................................................	6‐2 
6.1.2.1. Selective Catalytic Reduction ........................................................................................................................................ 6-2 
6.1.2.2. Selective Non-Catalytic Reduction .............................................................................................................................. 6-3 

6.2.	STEP	2:	Eliminate	Technically	Infeasible	NOX	Control	Technologies	...................................................	6‐4 
6.2.1.	Combustion	Controls	...............................................................................................................................................................	6‐4 

6.2.1.1. Reduce Peak Flame Zone Temperature .................................................................................................................... 6-4 
6.2.1.2. Low NOX Burners ................................................................................................................................................................ 6-4 
6.2.1.3. Preheater Kiln Design/Proper Combustion Practices ....................................................................................... 6-4 

6.2.2.	Post	Combustion	Controls	.....................................................................................................................................................	6‐5 
6.2.2.1. Selective Catalytic Reduction ........................................................................................................................................ 6-5 
6.2.2.2. Selective Non-Catalytic Reduction .............................................................................................................................. 6-6 



 

Graymont Western US Inc. | Pilot Peak Plant Four Factor Analysis 
Trinity Consultants ii 

6.3.	STEP	3:	Rank	of	Technically	Feasible	NOx	Control	Options	by	Effectiveness	....................................	6‐9 
6.4.	STEP	4:	Evaluation	of	Impacts	for	Feasible	NOX	Controls	......................................................................	6‐10 

6.4.1.	Cost	of	Compliance	................................................................................................................................................................	6‐10 
6.4.2.	Timing	for	Compliance	........................................................................................................................................................	6‐11 
6.4.3.	Energy	Impacts	and	Non‐Air	Quality	Impacts...........................................................................................................	6‐11 
6.4.4.	Remaining	Useful	Life	..........................................................................................................................................................	6‐11 

6.5.	NOX	Conclusion	....................................................................................................................................................	6‐11 

7. PM10 FOUR FACTOR EVALUATION 7-1 
7.1.	PM10	Emissions	from	Lime	Kilns	.......................................................................................................................	7‐1 
7.2.	Additional	Sources	of	PM10	Emissions	............................................................................................................	7‐1 
7.3.	PM10	Conclusion	.....................................................................................................................................................	7‐1 

8. CONCLUSION 8-2 

APPENDIX A : RBLC SEARCH RESULTS A-1 

APPENDIX B : SO2 CONTROL COST CALCULATIONS B-1 

APPENDIX C : NOX CONTROL COST CALCULATIONS C-1 

APPENDIX D : MISCELLANEOUS PM10 EMISSION SOURCES AND CONTROLS D-1 

 
   



 

Graymont Western US Inc. | Pilot Peak Plant Four Factor Analysis 
Trinity Consultants iii 

LIST OF FIGURES 

Figure 6-1. Preheater – Cross Section 6-6 

Figure 6-2. Preheater Stone Chamber Temperature Variation with Time and Location 6-7 

 



 

Graymont Western US Inc. | Pilot Peak Plant Four Factor Analysis 
Trinity Consultants 1-2 

LIST OF TABLES 

Table 4-1. Annual Baseline Emission Rates 4-1 

Table 5-1. Available SO2 Control Technologies for Pilot Peak Kilns 1, 2, and 3 5-1 

Table 5-2. Ranking of SO2 Control Technologies by Effectiveness 5-4 

Table 5-3. Semi-Wet/Dry Scrubber Cost of Compliance Based on Emissions Reduction 5-5 

Table 6-1. Available NOX Control Technologies for Pilot Peak Kilns 1, 2, and 3 6-1 

Table 6-2. Ranking of NOX Control Technologies by Effectiveness 6-10 

Table 6-3. SNCR Cost Calculation Summary 6-11 

Table D-1. Summary of PM10 Emission Sources and Controls D-1 

 

 



 

Graymont Western US Inc. | Pilot Peak Plant Four Factor Analysis 
Trinity Consultants 1-1 

1. EXECUTIVE SUMMARY 

This report documents the results of a four-factor control analysis for the Graymont Western US Inc. (Graymont) 
Pilot Peak lime plant, which is located near West Wendover, Nevada. This report is provided in response to the 
Nevada Department of Environmental Protection (NDEP) request letter dated August 12, 2019. 

Graymont was not identified as an eligible facility for the best available retrofit technology (BART) program 
during the first round of regional haze as it was built after August 7, 1977. NV DEP has identified the Pilot Peak 
plant as an eligible source for the regional haze program reasonable progress analysis based on a screening 
process that takes into account both the quantity of emissions from the facility and the proximity to the Class I 
areas protected by the regional haze program.  

The U.S. EPA’s guidelines in 40 CFR Part 51.308 are used to evaluate control options for the lime kilns. In 
establishing a reasonable progress goal for any mandatory Class I Federal area within the State, the State must 
consider the costs of compliance, the time necessary for compliance, the energy and non-air quality 
environmental impacts of compliance, and the remaining useful life of any potentially affected sources, and 
include a demonstration showing how these four factors are taken into consideration in selecting the goal (40 
CFR 51. 308(d)(1)(i)(A)). 

The purpose of this report is to provide information to NDEP regarding potential SO2, NOX, and PM10 emission 
reduction options for the Graymont Pilot Peak lime kilns. Based on the Regional Haze Rule, associated EPA 
guidance, and NDEP’s request, Graymont understands that NDEP will only move forward with requiring 
emission reductions from the Graymont Pilot Peak kilns if the emission reductions can be demonstrated to be 
needed to show reasonable progress and provide the most cost effective controls among all options available to 
DEQ. In other words, control options are only relevant for the Regional Haze Rule if they result in a reduction in 
the existing visibility impairment in a Class I area needed to meet reasonable progress goals.   

The report identifies the following potential control technologies for the Graymont lime kilns: 

Pollutant	
Emission	
Reduction	
Measure	

Technically	
Feasible?	

Cost	
Effective?	

Appropriate	
for	

Emissions	
Reduction?	

Notes	

SO2 

Inherent Dry 
Scrubbing Yes Yes Yes Already inherent to the system 

Alternative 
Low Sulfur 

Fuels 
No No No 

Unproven in the lime industry, and 
natural gas is not currently 
available to the Pilot Peak plant. 

Wet 
Scrubbing 

No No No 
Wet scrubbers require substantial 
water use that exceeds the water 
rights for the Pilot Peak plant. 

Semi-
Wet/Dry 

Scrubbing 
Yes No No 

Very cost ineffective, and results in 
a very limited impact on SO2 
emissions in the region. 

NOX 

Reduce Peak 
Flame Zone 

Temperature 
No N/A No  

Low NOx 
Burners 
(LNB) 

Yes Yes Yes Already installed and operating. 
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Pollutant	
Emission	
Reduction	
Measure	

Technically	
Feasible?	

Cost	
Effective?	

Appropriate	
for	

Emissions	
Reduction?	

Notes	

Proper Kiln 
Operation Yes Yes Yes 

Proper kiln operation is technically 
feasible and currently employed at 
this facility. 

Preheater 
Kiln Design 

Yes Yes Yes The kilns currently feature a 
preheater. 

Selective 
Catalytic 

Reduction 
(SCR) 

No N/A No 

SCR is largely unproven on lime 
kilns, as there is no documented 
instance of this technology in the 
industry. 

Selective Non-
Catalytic 

Reduction 
(SNCR) 

No No No 

There is only one RBLC entry for a 
lime kiln installing SNCR, and the 
details of its installation remain 
private. Even if feasible, SNCR is 
also not cost effective for Pilot 
Peak. 

PM10 Baghouse Yes Yes Yes Already installed and operating. 

	
It is also worth noting that these three lime kilns were all permitted under EPA’s PSD program and were 
determined to meet BACT at the time those permits were issued and the sources constructed.	Furthermore, the 
NOX, SO2, and PM10 controls that the Pilot Peak kilns currently utilize are consistent with recent BACT 
determinations for new rotary preheater lime kilns.1 Graymont expects that control programs under the current 
regional haze efforts will not go beyond BACT.  

This report outlines Graymont’s evaluation of possible options for reducing the emissions of NOX, SO2, and PM10 
at its Pilot Peak facility near West Wendover, Nevada. There are currently no technically feasible and cost 
effective reduction options available beyond current best practices for the Graymont facility. Therefore, the 
baseline emissions provided in this analysis are expected to be the same as those of the “control scenario” for 
the Graymont Pilot Peak facility.

 

 

 
 
1 Ibid. 
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2. INTRODUCTION AND BACKGROUND 

In the 1977 amendments to the Clean Air Act (CAA), Congress set a national goal to restore national parks and 
wilderness areas to natural conditions by preventing any future, and remedying any existing, man-made 
visibility impairment. On July 1, 1999, the U.S. EPA published the final Regional Haze Rule (RHR). The objective 
of the RHR is to restore visibility to natural conditions in 156 specific areas across with United States, known as 
Class I areas. The Clean Air Act defines Class I areas as certain national parks (over 6000 acres), wilderness 
areas (over 5000 acres), national memorial parks (over 5000 acres), and international parks that were in 
existence on August 7, 1977. 

The RHR requires States to set goals that provide for reasonable progress towards achieving natural visibility 
conditions for each Class I area in their state. In establishing a reasonable progress goal for a Class I area, the 
state must (40 CFR 51.308(d)(i)):  

(A) consider	the	costs	of	compliance,	the	time	necessary	for	compliance,	the	energy	and	non‐air	quality	
environmental	impacts	of	compliance,	and	the	remaining	useful	life	of	any	potentially	affected	sources,	
and	include	a	demonstration	showing	how	these	factors	were	taken	into	consideration	in	selecting	the	
goal.	

(B) Analyze	and	determine	the	rate	of	progress	needed	to	attain	natural	visibility	conditions	by	the	year	
2064.	To	calculate	this	rate	of	progress,	the	State	must	compare	baseline	visibility	conditions	to	natural	
visibility	conditions	in	the	mandatory	Federal	Class	I	area	and	determine	the	uniform	rate	of	visibility	
improvement	(measured	in	deciviews)	that	would	need	to	be	maintained	during	each	implementation	
period	in	order	to	attain	natural	visibility	conditions	by	2064.	In	establishing	the	reasonable	progress	
goal,	the	State	must	consider	the	uniform	rate	of	improvement	in	visibility	and	the	emission	reduction.	

With the second planning period under way for regional haze efforts, there are a few key distinctions from the 
processes that took place during the first planning period. Most notably, the second planning period analysis will 
distinguish between “natural” and “anthropogenic” sources. Using a Photochemical Grid Model (PGM), the EPA 
will establish what are, in essence, background concentrations both episodic and routine in nature to compare 
manmade source contributions against. 

On April 12, 2019, NDEP sent a letter to Graymont requesting that they assist in “developing information for the 
reasonable progress analysis” for Graymont’s Pilot Peak plant.2 Graymont understands that the information 
provided in a four-factor review of control options will be used by EPA in their evaluation of reasonable 
progress goals for Nevada. The purpose of this report is to provide information to NDEP regarding potential SO2 
and NOX emission reduction options for the Graymont Pilot Peak lime kilns. Based on the Regional Haze Rule, 
associated EPA guidance, and DEQ’s request, Graymont understands that NDEP will only move forward with 
requiring emission reductions from the Graymont Pilot Peak lime kilns if the emission reductions can be 
demonstrated to be needed to show reasonable progress and provide the most cost effective controls among all 
options available to NDEP. In other words, control options are only relevant for the Regional Haze Rule if they 
result in a reduction in the existing visibility impairment in a Class I area needed to meet reasonable progress 
goals. 

 
 
2 Letter from NDEP to Graymont dated April 12, 2019. 
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The information presented in this report considers the following four factors for the emission reductions: 

Factor 1. Costs of compliance 
Factor 2. Time necessary for compliance 
Factor 3. Energy and non-air quality environmental impacts of compliance 
Factor 4. Remaining useful life of the kilns 

 
Factors 1 and 3 of the four factors that are listed above are considered by conducting a step-wise review of 
emission reduction options in a top-down fashion similar to the top-down approach that is included in the EPA 
RHR guidelines3 for conducting a review of Best Available Retrofit Technology (BART) for a unit4. These steps 
are as follows: 

Step 1. Identify all available retrofit control technologies 
Step 2. Eliminate technically infeasible control technologies 
Step 3. Evaluate the control effectiveness of remaining control technologies 
Step 4. Evaluate impacts and document the results 

 
Factor 4 is also addressed in the step-wise review of the emission reduction options, primarily in the context of 
the costing of emission reduction options and whether any capitalization of expenses would be impacted by 
limited equipment life. Once the step-wise review of control options was completed, a review of the timing of the 
emission reductions is provided to satisfy Factor 2 of the four factors.  

A review of the four factors for SO2 and NOx can be found in Sections 5 and 6 of this report, respectively. Section 
4 of this report includes information on the Graymont Pilot Peak kilns’ existing/baseline emissions. 

 

 
 
3 The BART provisions were published as amendments to the EPA’s RHR in 40 CFR Part 51, Section 308 on July 5, 2005. 

4References to BART and BART requirements in this Analysis should not be construed as an indication that BART is 
applicable to the Graymont Pilot Peak facility.  
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3. SOURCE DESCRIPTION 

The Graymont Western US, Inc. Pilot Peak Plant is located in Elko County, Nevada, approximately 10 miles 
northwest of West Wendover. The nearest Class I area to the plant is the Jarbidge Wilderness Area. It is 
approximately 130 kilometers northwest of the Pilot Peak plant. 

The facility operates three horizontal rotary preheater lime kilns. The three kilns are nearly identical in design 
and operations, although the production rates for each kiln vary. Kilns 1, 2, and 3 are permitted for producing 
lime at a rate of 25, 33.3, and 50 tons per hour, respectively. 

All three kilns use coal as a primary fuel source. Typical annual fuel usage rates for the three kilns combined are 
approximately 130,000 tons per year of coal (at approximately 11,600 Btu/lb). Fuels typically used for kiln 
startup include diesel and propane. Natural gas is not available at the plant. 

Further details of the fuel throughputs and emission rates are provided in Section 4. 
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4. EXISTING EMISSIONS 

This section summarizes emission rates that are used as baseline rates in the four factor analyses presented in 
Sections 5, 6, and 7 of this report. 

Baseline annual emissions for NOX, SO2, and PM10 are calculated based on stack test data combined with annual 
production and consistent with annual emission inventory reports. For the purposes of this analysis, the average 
annual emissions from 2013 and 2014 are used as the baseline for evaluation because the annual production 
rates were highest in 2013 and 2014 compared to other recent years and are expected to be consistent with 
anticipated production rates in future years. The baseline annual emission rates are summarized in Table 4-1.  

Table	4‐1.	Annual	Baseline	Emission	Rates	

Pollutant	
Annual	Emissions	a (tons/year)

Kiln	1	 Kiln	2 Kiln	3 Total	Kiln	Emissions
NOX 135.30 173.07 206.88 515.25 

SO2 0.51 0.35 3.52 4.38 

PM10 17.43 25.23 8.45 51.11 
a Baseline emissions are the average of 2013 and 2014 emissions, as submitted in the annual emission inventories. Annual 

emission inventory rates from the lime kilns are based on stack tests conducted annually on a lb/ton basis and annual production 
of lime.
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5. SO2 FOUR FACTOR EVALUATION 

The four-factor analysis is satisfied by conducting a step-wise review of emission reduction options in a top-
down fashion. The steps are as follows: 

Step 1. Identify all available retrofit control technologies 
Step 2. Eliminate technically infeasible control technologies 
Step 3. Evaluate the control effectiveness of remaining control technologies 
Step 4. Evaluate impacts and document the results 

 
Cost (Factor 1) and energy / non-air quality impacts (Factor 3) are key factors determined in Step 4 of the step-
wise review. However, timing for compliance (Factor 2) and remaining useful life (Factor 4) are also discussed 
in Step 4 to fully address all four factors as part of the discussion of impacts. Factor 4 is primarily addressed in in 
the context of the costing of emission reduction options and whether any capitalization of expenses would be 
impacted by a limited equipment life.  

The baseline SO2 emission rates that are used in the SO2 four-factor analysis are summarized in Table 4-1.  The 
basis of the emission rates is provided in Section 4 of this report. The kilns currently have inherent process 
limestone/lime scrubbing as SO2 controls which are determined to be BACT at the time of their PSD permit 
issuance dates and which is also commonly determined as BACT for preheater rotary kilns being permitted 
today.5 

5.1. STEP 1: IDENTIFICATION OF AVAILABLE RETROFIT SO2 CONTROL 
TECHNOLOGIES 

Sulfur dioxide, SO2, is generated during fuel combustion in a lime kiln, as the sulfur in the fuel is oxidized by 
oxygen in the combustion air. Sulfur in the limestone raw material can also contribute to a kiln’s SO2 emissions, 
though the proportion of sulfur contained in the raw material is much less than that of the fuel. 

Step 1 of the top-down control review is to identify available retrofit control options for SO2. The available SO2 

retrofit control technologies for the Pilot Peak kilns are summarized in Table 5-1. The retrofit controls include 
both add-on controls that eliminate SO2 after it is formed and switching to lower sulfur fuels which reduces the 
formation of SO2. 

Table	5‐1.	Available	SO2	Control	Technologies	for	Pilot	Peak	Kilns	1,	2,	and	3	

SO2	Control	Technologies	

Inherent Dry Scrubbing 
Alternative Low Sulfur Fuels 

Wet Scrubbing 
Semi-Wet/Dry Scrubbing 

 
 
5 See Mississippi Lime permit (IL) from December 2010. 
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5.1.1. Inherent Dry Scrubbing 

SO2 is inherently scrubbed within a lime kiln system due to the presence of large volumes of alkaline 
materials in the system, including limestone in the preheater that all kiln exhaust gases pass through. A 
typical kiln system scrubs approximately 90% of SO2 (originating from both fuel sulfur and raw material 
sulfur) that would otherwise leave the stack. This in-situ scrubbing mechanism is commonly determined as 
BACT for preheater rotary kilns being permitted today.6 Dry sorbent injection operates under a similar 
principle, using the injection of lime particulate into the process stream to initiate the same reaction. Dry 
sorbent injection is not considered an available control methodology, because the reaction is already taking 
place inherently as part of the lime kiln process.  

5.1.2. Alternative Low Sulfur Fuels 

Fuels that can be considered for use in the lime kilns must have sufficient heat content, be dependable and 
readily available locally in significant quantities so as to not disrupt continuous production. Also, they must 
not adversely affect product quality. 
 
Currently, the Graymont Pilot Peak kilns use coal as the primary fuel source during normal operations. 
Alternative lower-sulfur fuels that can be considered include natural gas and diesel. 
 
In the case of natural gas, there is currently no natural gas supplied to the facility. The nearest natural gas 
pipeline is approximately 45-50 miles north of the plant, and there are no plans to run a pipeline towards 
the area of the plant. Therefore, natural gas is not considered an available alternative control method at this 
time.  

In the case of diesel, there are no examples of kilns that fire 100% diesel fuel for lime production. Therefore, 
the use of diesel fuel is not a commercially established emission reduction method and is not considered an 
available, feasible option at this time. Only the all-coal scenario will be considered going forward. 

5.1.3. Wet Scrubbing 

A wet scrubber is a tail pipe technology that may be installed downstream of the kilns. In a typical wet 
scrubber, the flue gas flows upward through a reactor vessel that has an alkaline reagent flowing down from 
the top. The scrubber mixes the flue gas and alkaline reagent using a series of spray nozzles to distribute the 
reagent across the scrubber vessel. The calcium (or other alkaline reagent) in the reagent reacts with the 
SO2 in the flue gas to form calcium sulfite and/or calcium sulfate that is removed with the scrubber sludge 
and is disposed. Most wet scrubber systems used forced oxidation to assure that only calcium sulfate sludge 
is produced. 

5.1.4. Semi-Wet/Dry Scrubbing 

Semi-wet/dry scrubbing uses a scrubber tower installed prior to the baghouse. Atomized hydrated lime 
slurry is sprayed into the exhaust flue gas. The lime absorbs the SO2 in the exhaust and turns it into a 
powdered calcium/sulfur compound. The particulate control device removes the solid reaction products 
from the gas stream. 

 
 
6 See BACT determinations at Chemical Lime, Ltd. in Comal, TX, Mississippi Lime Company in Randolph, IL, the Clifton Lime 

Plant in Bosque, TX, and Graymont’s facility in Bayfield, WI in the RBLC search in Appendix A. 
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5.2. STEP 2: ELIMINATE TECHNICALLY INFEASIBLE SO2 CONTROL TECHNOLOGIES 

Step 2 of the top-down control review is to eliminate technically infeasible SO2 control technologies that were 
identified in Step 1. 

5.2.1. Inherent Dry Scrubbing  

Inherent dry scrubbing occurs in the lime kiln systems and is particularly effective in rotary preheater type 
kilns. Baseline emissions in Section 4 account for this form of SO2 control. All alternative methods of SO2 

control in this analysis conservatively assume that the kilns maintain the current level of inherent dry 
scrubbing. 

5.2.2. Alternative Low Sulfur Fuels 

There are no alternative, low sulfur fuels that are technically feasible and available for the Pilot Peak kilns at 
this time. 

5.2.3. Wet Scrubbing 

A wet scrubbing system utilizes a ground alkaline agent, such as lime or limestone, in slurry to remove SO2 

from stack gas. The spent slurry is dewatered using settling basins and filtration equipment. Recovered 
water is typically reused to blend new slurry for the wet scrubber. A significant amount of makeup water is 
required to produce enough slurry to maintain the scrubber’s design removal efficiency. Water losses from 
the system occur from evaporation into the stack gas, evaporation from settling basins, and retained 
moisture in scrubber sludge. 
 
Graymont estimates that the slurry required for all three kilns will be use approximately 1,300 gallons per 
minute (gpm) of water.7 Approximately 50% of this water can be recovered from dewatering efforts. The 
remaining 650 gpm per kiln will need to be continuously added to the system. For all three kilns, this 
amounts to 308.9 million gallons per year. 
 
The Pilot Peak plant’s water rights entitle the plant to use up to approximately 138 million gallons per year 
in total under State of Nevada Division of Water Resources permits 42378, 59341, 63441, and 86853, or 
approximately 262 gpm. The water is primarily used for mining purposes, but even if all 137 million gallons 
were available to the plant to operate the wet scrubbers, the facility would need to acquire the rights to 
more than an additional 171 million gallons of water per year to operate three wet scrubbers and provide 
for possible other demands by the plant for water. All water rights in that area of Nevada have already been 
appropriated, so the facility does not have the water resources available to operate wet scrubbers at the 
facility. 
 
Wet scrubbing SO2 control technology is technically infeasible for this facility because the Pilot Peak plant 
does not have adequate water resources to operate wet scrubbers. Therefore, this technology is not 
considered further. 

5.2.4. Semi-Wet/Dry Scrubbing 

Semi-wet/dry scrubbing uses considerably less water than wet scrubbing; therefore, it is technically feasible 
and will be considered further. 

 
 
7 Based on Graymont’s wet scrubber on 500 ton per day lime kiln at Cricket Mountain, Utah facility. 
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5.3. STEP 3: RANK OF TECHNICALLY FEASIBLE SO2 CONTROL OPTIONS BY 
EFFECTIVENESS 

Step 3 of the top-down control review is to rank the technically feasible options to effectiveness. Table 5-2 
presents potential SO2 control technologies for the kilns and their associated control efficiencies. 

Table	5‐2.	Ranking	of	SO2	Control	Technologies	by	Effectiveness	

 
Pollutant 

	
Control	

Technology	

Potential	
Control	
Efficiency		

(%)	

SO2 
Semi-wet/dry Scrubbing 90.0 a 
Inherent Dry Scrubbing Base case b 

a Assumes 95% control equipment uptime. 
b Estimated inherent SO2 control efficiency is 90%. Additional reductions from alternative control 

methods are applied to the base case, conservatively assuming that reduction from inherent dry 
scrubbing is unaffected by the reduction options. 

5.4. STEP 4: EVALUATION OF IMPACTS FOR FEASIBLE SO2 CONTROLS 

Step 4 of the top-down control review is the impact analysis. The impact analysis considers the: 

 Cost of compliance  
 Energy impacts 
 Non-air quality impacts; and 
 The remaining useful life of the source 

5.4.1. Cost of Compliance  

For purposes of this four-factor analysis, the capital costs, operating costs, and cost effectiveness of semi-
wet/dry scrubbing have been estimated by scaling the capital and operating costs used in the first round of 
regional haze by the Chemical Engineering Plant Cost Index (CEPCI). 

5.4.1.1. Control Costs 

The capital and operating costs of the semi-wet/dry scrubber used in the cost effectiveness calculations 
are estimated based on vendor quotes obtained during the first planning period for similar sources, 
along with published calculations methods. The lime kilns at Graymont’s Pilot Peak facility are similar in 
configuration and operation to the Graymont kilns for which the vendor quote was developed. 
Additionally, the control technology is well-established.8 Therefore, Graymont does not expect any 
substantive changes in the engineering design and cost calculation of a retrofit for semi-wet/dry 
scrubbers relative to the vendor quote obtained during the first round of regional haze. The capital cost 
is annualized over a 20-year period and then added to the annual operating costs to obtain the total 
annualized cost. The details of the capital and operating cost estimates are provided in Appendix B of 
this report. The control cost for each option is summarized in Table 5-3. 

 
 
8 The most recently published EPA Control Technology Fact Sheet for semi-dry scrubbers was published in 2003, predating 

the first round of regional haze. https://www3.epa.gov/ttncatc1/cica/files/ffdg.pdf 
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5.4.1.2. Annual Tons Reduced 

The annual tons reduced that are used in the cost effectiveness calculations are determined by 
subtracting the estimated controlled annual emission rates from the baseline annual emission rates. The 
baseline annual emission rates are summarized in Table 4-1. For a semi-wet/dry scrubber, the 
controlled annual emission rate is based on the assumed maximum control efficiency noted in Table 5-2. 
Details are provided in Appendix B.  
 
An estimate of the amount of SO2 that may be reduced annually via a semi-wet/dry scrubber is 
summarized in Table 5-3. 

5.4.1.3. Cost Effectiveness 

The cost effectiveness is determined by dividing the annual control cost by the annual tons reduced. 
Table 5-3 summarizes the results. 

Table	5‐3.	Semi‐Wet/Dry	Scrubber	Cost	of	Compliance	Based	on	Emissions	Reduction	

Kiln Control	Cost	
($/yr) 

Baseline	
Emission	
Level	
(tons) 

SO2	
Reductiona

(%) 

Emission	
Reduction	
(tons) 

Cost	Effectiveness	b
($/ton	removed) 

Kiln 1 $1,887,867 0.51 90.0% 0.44 $4,329,474 

Kiln 2 $1,978,379 0.35 90.0% 0.30 $6,681,058 

Kiln 3 $2,222,455 3.52 90.0% 3.01 $739,168 

Total $6,088,701 4.37 90.0% 3.74 $1,628,489 

a Assumes a 95% Uptime for the Add-on Control Device. 
b Costs for semi-wet/dry scrubbers are cost prohibitive based on anticipated reductions from baseline emissions. If 
baseline emissions were replaced with worst-case stack test results for SO2 emissions from 2013-2018 and combined 
with the higher production rates from 2013 and 2014 (xx total tons per year vs 4.37 tons per year) the costs would 
remain prohibitive, resulting in cost-effectiveness values of $3,829,618, $288,688, and $464,663 $/ton of lime for Kilns 
1, 2, and 3, respectively. 

5.4.2. Timing for Compliance 

Graymont believes that reasonable progress compliant controls are already in place. However, if NDEP 
determines that retrofitting the Graymont Pilot Peak kilns to add semi-wet/dry scrubbing is necessary to 
achieve reasonable progress, it is anticipated that the addition of semi-wet/dry scrubbers can be 
implemented in approximately 3 years. In order to install semi-wet/dry scrubbers, kiln shutdown will be 
required. The estimation takes into account this shutdown period and includes an estimate of the time 
necessary for engineering, permitting, obtaining equipment from vendors, construction, and commissioning. 
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5.4.3. Energy Impacts 

The cost of energy required to operate the control devices has been included in the cost analyses found in 
Appendix B. To operate any of the add-on control devices, there would be decreased overall plant efficiency 
due to the operation of these add-on controls. At a minimum, this would require increased electrical usage 
by the plant with an associated increase in indirect (secondary) emissions from nearby power stations. 

5.4.4. Non-Air Quality Impacts 

Most of the alternative SO2 control options that have been considered in this analysis also have additional 
non-air quality impacts associated with them. A semi-wet/dry hydrated lime control system, for example, 
will require water to hydrate lime. There will also be additional material collected in the baghouses that will 
require disposal. 

In the Colorado Air Pollution Control Division (APCD) general analysis in the Regional Haze SIP Technical 
Analyses (April, 2010), the APCD concluded, with regards to SO2 controls, that wet scrubbing or wet flue gas 
desulfurization (FGD) has significant negative environmental impacts.9 In the arid West, including Nevada, 
water scarcity is a significant concern—this holds especially true when weighing the benefits of a wet vs. a 
semi-wet or dry control technology, as wet scrubbing requires a significant quantity of water. In addition, 
environmental concerns associated with sludge disposal and visible plumes resulted in the APCD’s 
determination that wet scrubbers did not qualify as BART. 

5.4.5. Remaining Useful Life 

The remaining useful life of the kilns does not impact the annualized cost of an add-on control technology 
(semi-wet/dry scrubbing control) because the useful life is anticipated to be at least as long as the capital 
cost recovery period, which is 20 years. Similarly, the remaining useful life of the kilns does not impact the 
annualized cost for the various fuel scenarios that are evaluated. 

5.5. SO2 Conclusion 

The lime production process inherently removes the majority of SO2 that is created from the process. This 
inherent control measure was BACT for these kilns when they were originally constructed and is still commonly 
BACT for rotary kilns recently permitted under the PSD program. 

In this analysis, no available reduction options for SO2 emissions are identified that are cost effective and 
technically feasible for the Pilot Peak facility

 
 
9 Colorado Air Pollution Control Division (APCD), “Colorado Visibility and Regional Haze State Implementation Plan for 12 

Mandatory Class I Federal Areas.” 7 January, 2011. Page 46. 
https://environmentalrecords.colorado.gov/HPRMWebDrawer/RecordView/1208384 
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6. NOX FOUR FACTOR EVALUATION 

The four-factor analysis is satisfied by conducting a step-wise review of emission reduction options in a top-
down fashion. The steps are as follows: 

Step 1. Identify all available retrofit control technologies 
Step 2. Eliminate technically infeasible control technologies 
Step 3. Evaluate the control effectiveness of remaining control technologies 
Step 4. Evaluate impacts and document the results 
 

Cost (Factor 1) and energy / non-air quality impacts (Factor 3) are key factors determined in Step 4 of the step-
wise review. However, timing for compliance (Factor 2) and remaining useful life (Factor 4) are also discussed 
in Step 4 to fully address all four factors as part of the discussion of impacts. Factor 4 is primarily addressed in in 
the context of the costing of emission reduction options and whether any capitalization of expenses would be 
impacted by a limited equipment life.  

The baseline NOX emission rates that are used in the NOX four-factor analysis are summarized in Table 4-1. The 
basis of the emission rates is provided in Section 4 of this report. The kilns currently utilize low-NOX burners 
(LNB), as described in Section 6.1.1.2, below. 

6.1. STEP 1: IDENTIFICATION OF AVAILABLE RETROFIT NOX CONTROL 
TECHNOLOGIES 

NOX is produced during fuel combustion when nitrogen contained in the fuel and combustion air is exposed to 
high temperatures. The origin of the nitrogen (i.e. fuel vs. combustion air) has led to the use of the terms 
“thermal” NOX and “fuel” NOX when describing NOX emissions from the combustion of fuel. Thermal NOX 
emissions are produced when elemental nitrogen in the combustion air is oxidized in a high temperature zone. 
Fuel NOX emissions are created during the rapid oxidation of nitrogen compounds contained in the fuel. 

Most of the NOX formed within a rotary lime kiln is classified as thermal NOX. Virtually all of the thermal NOX is 
formed in the region of the flame at the highest temperatures, approximately 3,000 to 3,600 degrees Fahrenheit. 
A small portion of NOX is formed from nitrogen in the fuel that is liberated and reacts with the oxygen in the 
combustion air. 

Step 1 of the top-down control review is to identify available retrofit control options for NOX. The available NOX 
retrofit control technologies for the Pilot Peak kilns are summarized in Table 6-1. 

Table	6‐1.	Available	NOX	Control	Technologies	for	Pilot	Peak	Kilns	1,	2,	and	3	

NOx	Control	Technologies	

Combustion Controls 

Reduce Peak Flame Zone Temperature 
Low NOx Burners (LNB) 
Proper Kiln Operation 
Preheater Kiln Design 

Post-Combustion Controls 
Selective Catalytic Reduction (SCR) 

Selective Non-Catalytic Reduction (SNCR) 

 



 

Graymont Western US Inc. | Pilot Peak Plant Four Factor Analysis 
Trinity Consultants 6-2 

NOX emissions controls, as listed in Table 6-1, can be categorized as combustion or post-combustion controls. 
Combustion controls reduce the peak flame temperature and excess air in the kiln burner, which minimizes NOX 
formation. Post-combustion controls such as selective catalytic reduction (SCR) or selective non-catalytic 
reduction (SNCR) convert NOX in the flue gas to molecular nitrogen and water.  

6.1.1. Combustion Controls 

6.1.1.1. Reduce Peak Flame Zone Temperature 

These are methods of reducing the temperature of combustion products in order to inhibit the formation of 
thermal NOX. They include (1) using fuel rich mixtures to limit the amount of oxygen available; (2) using fuel 
lean mixtures to limit amount of energy input; (3) injecting cooled, oxygen depleted flue gas into the 
combustion air; and (4) injecting water or steam. 

6.1.1.2. Low NOX Burners 

LNBs reduce the amount of NOX initially formed in the flame. The principle of all LNBs is the same: stepwise 
or staged combustion and localized exhaust gas recirculation (i.e., at the flame). LNBs are designed to reduce 
flame turbulence, delay fuel/air mixing, and establish fuel-rich zones for initial combustion. The longer, less 
intense flames reduce thermal NOx formation by lowering flame temperatures. Control of air turbulence and 
speed is often controlled via mixing air fans. Some of the burner designs produce a low pressure zone at the 
burner center by injecting fuel at high velocities along the burner edges. Such a low pressure zone tends to 
recirculate hot combustion gas which is retrieved through an internal reverse flow zone around the 
extension of the burner centerline. The recirculated combustion gas is deficient in oxygen, thus producing 
the effect of flue gas recirculation. Reducing the oxygen content of the primary air creates a fuel-rich 
combustion zone that then generates a reducing atmosphere for combustion. Due to fuel-rich conditions and 
lack of available oxygen, formation of thermal NOX and fuel NOX are minimized10. 

6.1.1.3. Preheater Kiln Design/ Proper Combustion Practices 

The use of staged combustion and preheating alone can lead to effective reduction of NOX emissions. By 
allowing for initial combustion in a fuel-rich, oxygen-depleted zone, necessary temperatures can be achieved 
without concern for the oxidation of nitrogen. This initial combustion is then followed by a secondary 
combustion zone that burns at a lower temperature, allowing for the addition of additional combustion air 
without significant formation of NOX.11 

6.1.2. Post Combustion Controls 

6.1.2.1. Selective Catalytic Reduction 

Selective catalytic reduction (SCR) is an exhaust gas treatment process in which ammonia (NH3) is injected 
into the exhaust gas upstream of a catalyst bed. On the catalyst surface, NH3 and nitric oxide (NO) or 
nitrogen dioxide (NO2) react to form diatomic nitrogen and water. The overall chemical reactions can be 
expressed as follows:  

 

 
 
10 USEPA, Office of Air Quality Planning and Standards.  Alternative Control Technologies Document – NOx Emissions from 

Cement Manufacturing.  EPA-453/R-94-004, Page 5-5 to 5-8. 

11 Ibid, Page 58. 
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4NO + 4NH3+O2→4N2 + 6H2O 

2NO2+4NH3+O2→3N2+6H2O 

When operated within the optimum temperature range of 480°F to 800°F, the reaction can result in removal 
efficiencies between 70 and 90 percent.12 The rate of NOX removal increases with temperature up to a 
maximum removal rate at a temperature between 700°F and 750°F. As the temperature increases above the 
optimum temperature, the NOX removal efficiency begins to decrease. As of this report, there are no known 
instances of SCRs installed on lime kilns. 

6.1.2.2. Selective Non-Catalytic Reduction 

In SNCR systems, a reagent is injected into the flue gas within an appropriate temperature window. The NOX 
and reagent (ammonia or urea) react to form nitrogen and water. A typical SNCR system consists of reagent 
storage, multi-level reagent-injection equipment, and associated control instrumentation. The SNCR reagent 
storage and handling systems are similar to those for SCR systems. However, both ammonia and urea SNCR 
processes require three to four times as much reagent as SCR systems to achieve similar NOX reductions. 

 
Like SCR, SNCR uses ammonia or a solution of urea to reduce NOX through a similar chemical reaction. 

 
2NO+4NH3+2O2→3N2+6H2O 

SNCR residence time can vary between 0.001 seconds and 10 seconds.13 However, increasing the residence 
time available for mass transfer and chemical reactions at the proper temperature generally increases the 
NOX removal. There is a slight gain in performance for residence times greater than 0.5 seconds. The EPA 
Control Cost Manual indicates that SNCR requires a higher temperature range than SCR of between 
approximately 1,550°F and 1,950°F,14 due to the lack of a catalyst to lower the activation energies of the 
reactions; however, the control efficiencies achieved by SNCR vary across that range of temperatures. That 
said, the effectiveness of SNCR on lime kilns is largely unproven. Lime kilns present unique technical 
challenges not experienced by cement kilns. While mid-kiln injection is often the most effective method of 
implementing SNCR on cement kilns, injection at that location is not feasible for a lime kiln. Lime kilns 
experience lower NOX concentrations at a given point in the kiln, have shorter residence times, and face 
issues in the stability of temperature profiles when compared to cement kilns. At higher temperatures, NOX 
reduction is less effective.15 In addition, a greater residence time is required when operating at lower 
temperatures. 

 
In cement kilns SNCR can be applied as a tailpipe technology or in a certain combustion zone of kilns to 
facilitate SNCR in a non-tailpipe mode (mid-kiln SNCR). However, there are important differences between 
and lime kiln and cement kiln that cause technical barriers to mid-kiln firing. The lime industry has a 
severely limited track record in determining the feasibility or control level that could be attained if mid-kiln 

 
 
12 Air Pollution Control Cost Manual, Section 4, Chapter 2, Selective Catalytic Reduction, NOx Controls, EPA/452/B-02-001, 

Page 2-9 and 2-10. 

13 Air Pollution Control Cost Manual, Section 4, Chapter 1, Selective Non-Catalytic Reduction, NOx Controls, EPA/452/B-02-
001, Page 1-8 

14Ibid, Page 1-6  

15 USEPA, Office of Air Quality Planning and Standards.  Alternative Control Technologies Document – NOX Emissions from 
Cement Manufacturing.  EPA-453/R-94-004, Section 5.2.2, Page 5-21. 
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SNCR were attempted on the Pilot Peak kilns. The aforementioned technical barriers to SNCR 
implementation have limited the technology’s use in the industry, with temperature, residence time, and 
lower NOX concentrations distinguishing lime production from the cement production process. The 
RACT/BACT/LAER Clearinghouse (RBLC) database includes only one instance of a lime kiln that was 
permitted with SNCR as control for NOX emissions.16 The permit documents indicate that after conducting a 
trial with the SNCR, a lower limit would be established that takes into account the control of NOX emissions 
achieved by the SNCR (unless it is demonstrated to not provide effective control or result in unacceptable 
consequences). Updated permit files have not included a reduced permit limit, and there is no publicly 
available evidence of the trial results. Based on the record, the SNCR installation and reduction for this RBLC 
search result has not been demonstrated. Additionally, for the only other instances of known SNCR 
installations on different lime kilns (which do not appear in RBLC results), very limited information is 
available on the details of the kilns necessary for Graymont to evaluate whether the application of SNCR in 
that instance could be implemented at Pilot Peak. Even though SNCR has not been demonstrated as a 
successful control option for NOX emissions from lime kilns, indicating the technology may not meet the 
criteria to be considered available, Graymont conservatively considers SNCR available and will evaluate the 
technical feasibility further.  

6.2. STEP 2: ELIMINATE TECHNICALLY INFEASIBLE NOX CONTROL TECHNOLOGIES 

Step 2 of the top-down control review is to eliminate technically infeasible NOX control technologies that were 
identified in Step 1.  

6.2.1. Combustion Controls 

6.2.1.1. Reduce Peak Flame Zone Temperature 

In a lime kiln, product quality is co-dependent on temperature and atmospheric conditions within the 
system. Although low temperatures inhibit NOX formation, they also inhibit the calcination of limestone. For 
this reason, methods to reduce the peak flame zone temperature in a lime kiln burner are technically 
infeasible. 

6.2.1.2. Low NOX Burners 

The facility currently operates low-NOX burners in the lime kilns. Coal is delivered to the burners using a 
direct fired system. However, to limit NOX, only enough primary air is used to sweep coal out of the mill. This 
is similar to using an indirect fired system, which also limits primary air to the burners while delivering 
fuels. 
 
Baseline emissions are based on the operation of these low NOX burners. All alternative methods of NOX 
control in this analysis will assume that the kilns continue to operate these burners. 

6.2.1.3. Preheater Kiln Design/Proper Combustion Practices 

Proper combustion practices and preheater kiln design are considered technically feasible for Graymont and 
will be considered further. 

 
 
16 RBLC Search results are provided in 7.Appendix A, see the entry for the Mississippi Lime Company. 
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6.2.2. Post Combustion Controls 

6.2.2.1. Selective Catalytic Reduction 

Efficient operation of the SCR process requires fairly constant exhaust temperatures (usually ± 200°F).17 
Fluctuation in exhaust gas temperatures reduces removal efficiency. If the temperature is too low, ammonia 
slip occurs. Ammonia slip is caused by low reaction rates and results in both higher NOX emissions and 
appreciable ammonia emissions. If the temperature is too high, oxidation of the NH3 to NO can occur. Also, at 
higher removal efficiencies (beyond 80 percent), an excess of NH3 is necessary, thereby resulting in some 
ammonia slip. Other emissions possibly affected by SCR include increased PM emissions (as ammonia salts 
result from the reduction of NOX and are emitted in a detached plume) and increased SO3 emissions (from 
oxidation of SO2 on the catalyst). 
 
To reduce fouling the catalyst bed with the PM in the exhaust stream, an SCR unit can be located 
downstream of the particulate matter control device (PMCD). However, due to the low exhaust gas 
temperature exiting the PMCD (approximately 350°F), a heat exchanger system would be required to reheat 
the exhaust stream to the desired reaction temperature range of between 480°F to 800°F. The source of heat 
for the heat exchanger would be the combustion of fuel18, with combustion products that would enter the 
process gas stream and generate additional NOX. Therefore, in addition to storage and handling equipment 
for the ammonia, the required equipment for the SCR system will include a catalytic reactor, heat exchanger 
and potentially additional NOX control equipment for the emissions associated with the heat exchanger fuel 
combustion. 
 
High dust and semi-dust SCR technologies are still highly experimental. A high dust SCR would be installed 
prior to the dust collectors, where the kiln exhaust temperature is closer to the optimal operating range for 
an SCR. It requires a larger volume of catalyst than a tail pipe unit, and a mechanism for periodic cleaning of 
catalyst. A high dust SCR also uses more energy than a tail pipe system due to catalyst cleaning and pressure 
losses. 
 
A semi-dust system is similar to a high dust system. However, the SCR is placed downstream of an ESP or 
cyclone. 
 
The main concern with high dust or semi-dust SCR is the potential for dust buildup on the catalyst, which 
can be influenced by site specific raw material characteristics present in the facility’s quarry, such as trace 
contaminants that may produce a stickier particulate than is experienced at sites where the technology is 
being demonstrated. This buildup could reduce the effectiveness of the SCR technology, and make cleaning 
of the catalyst difficult, resulting in kiln downtime and significant costs.19 
 
No lime kiln in the United States is using any of these SCR technologies. For the technical issues noted above, 
tail pipe, high dust and semi-dust SCR’s are considered technically infeasible at this time. 

 
 
17 Ibid, Page 2-11  

18 The fuel would likely be propane or diesel.  There is no natural gas at the facility, and coal would require an additional 
dust collector.   

19 Preamble to NSPS subpart F, 75 FR 54970. 
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6.2.2.2. Selective Non-Catalytic Reduction 

At temperatures above 2,100°F, NOX generation starts to occur as shown in the reaction below: 
 

4NH 5O → 4NO 6H O 

This reaction causes ammonia to oxidize and form NO instead of removing NO. When temperatures exceed 
2200°F, NO formation dominates. This would likely be the case if ammonia were directly injected into the 
kiln tube. At temperatures below the required range, appreciable quantities of un-reacted ammonia will be 
released to the atmosphere via ammonia slip.  
 
Based on the temperature profile, there are three locations in a rotary preheater lime kiln system where the 
ammonia /urea injection could theoretically occur: the stone/preheater chamber, the transfer chute, or after 
the PMCD. A fourth location that will be considered in this analysis is the kiln tube. In order for SNCR to be 
technically feasible, at least one of these locations must meet the following criteria: placement of injector to 
ensure adequate mixing of the ammonia or urea with the combustion gases, residence time of the ammonia 
with the combustion gases, and temperature profile for ammonia injection.  
 
Figure 6-1 provides a schematic of a preheater/kiln system including typical process temperatures in the 
system.  

Figure	6‐1.	Preheater	–	Cross	Section	
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*Figure represents a typical lime kiln preheater, and is not specific to the kilns at the Graymont Pilot 
Peak facility  

SNCR	Ammonia/Urea	Injection	Location	‐	Stone	Chamber/Preheater	
The required temperature range for the reaction may occur within the preheater. However, the location of 
the temperature zone varies with time and location as explained below.  

In each Graymont Pilot Peak preheater, mechanical rams operate in sequence, transferring limestone, one 
ram at a time, from the stone chambers into the transfer chute. When a ram is in the “in” position, very little 
exhaust gas flows through the stone and out the duct. When the ram pulls out, the cold stone drops down 
and fills the stone heating chamber. The angle of repose of the stone and the configuration of the duct and 
chamber are such that stone does not continue to fall into the transfer chute. Hot gases, at approximately 
1,950°F, then pass through the stone chamber filled with cold stone. The first gas to pass through the 
chamber exits the chimney at approximately 400°F. As the cold stone heats up, the exit gas temperature 
increases and reaches a high of approximately 600°F. The ram then strokes and pushes the heated stone into 
the transfer chute and starts the cycle again. The temperature profile in the stone chamber varies as shown 
in Figure 6-2. 

Figure	6‐2.	Preheater	Stone	Chamber	Temperature	Variation	with	Time	and	Location	

*Figure represents a typical lime kiln preheater, and is not specific to the kilns at the Graymont Pilot Peak facility  

Besides the fact that the optimal temperature zone varies in location, the fact that the stone chamber is filled 
with stone makes using nozzles for injecting the ammonia/urea infeasible. For example, if a nozzle 
protruded from the wall of the stone chamber, the moving packed bed of rock would either knock it off or 
wear it off in a very short time. If the nozzle were inset into the wall of the chamber, the moving packed bed 
of stone would block the spray, and the ammonia or the urea mixture would simply coat a few of the stones, 
rather than mixing evenly throughout the gas stream. Similarly, if the nozzle were positioned at the roof of 
the preheater, the ammonia or urea would not be distributed throughout the gas stream. The preheater is 
approximately 75 percent full of stone, so ammonia or urea sprayed from the top of the preheater would 
have minimal residence time for distribution through the combustion gases before it would be blocked from 
distribution by the stone. Regardless of the choice of location for the nozzle, the ammonia or urea would not 
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be effectively distributed through the large surface area of the preheater. These problems make application 
of SNCR in the stone chamber technically infeasible20.  

SNCR	Ammonia/Urea	Injection	Location	–	Transfer	Chute	
As shown in Figure 6-1, the temperature in the transfer chute is approximately 1,950°F for typical kilns. 
These temperatures are in the upper bound for the NOX reduction reaction. Temperatures this high 
reportedly resulted in approximately 30 percent NOX reduction in clean (non dust-laden) exhaust streams.  
Lime kilns do not have clean exhaust streams at this location. Rather, the back end of the transfer chute is an 
extremely dusty environment, and therefore the exhaust stream is dust-laden. The one SNCR installation in 
the lime industry has achieved control efficiencies of around 50% with the injection nozzles installed in the 
bottom of the preheater, at the preheater cone21. While this technology is certainly promising, this one 
example of SNCR installation on a rotary lime kiln does not necessarily transfer to other lime kilns. 
Effectiveness of SNCR is highly site-dependent, with a variety of factors having the potential to heavily 
influence the quantities of NOX controlled.  Given the significant range (35-58%) of control efficiencies found 
for cement kilns, a control efficiency considerably lower than the average for cement of 40% is expected 
given ideal temperature scenarios (many kilns in the cement industry that utilize SNCR do so in the 
combustion zone in the calciner, where temperatures are lower than in the kiln). Lime kilns experience 
significant technical barriers to successful SNCR implementation not shared by the cement industry. When 
compared to the cement process, lower NOX concentrations, shorter residence times, and temperatures 
more frequently outside the optimal range for SNCR application yield lower control efficiencies for lime 
kilns. Therefore, a control efficiency of no more than 20% is anticipated for the Pilot Peak kilns. 

Locating an ammonia or urea injector nozzle in the chute to ensure mixing of the ammonia with the 
combustion gases would pose similar problems as the problems with the stone chamber location. Stones 
pour into the chute from the stone chamber, and in order to stabilize a nozzle for injection, the nozzle would 
need to be positioned out of the direct path of the flow of the stones. Further, the stone pieces that pour into 
the transfer chute from the chamber take up a large portion of the volume in the chute. Adequate mixing of 
the ammonia or urea with the combustion gases would be inhibited by the rock. The ammonia or urea would 
most likely end up on the stones, rather than mixing evenly throughout the gas stream.  

The low percent NOX reduction combined with the uncertainty of the nozzle placement and mixing 
requirement eliminate the transfer chute as a technically feasible option for Pilot Peak Kilns 1, 2, and 3. 

SNCR	Ammonia/Urea	Injection	Location	‐	Inside	Rotary	Kiln	
Ammonia/urea could be injected through a door or port in the kiln shell. Similar to the transfer chute, stone 
is traveling down the rotary kiln. Consequently, the nozzle would need to be positioned out of the direct 
path of the flow of the stones. Theoretically, the temperature inside a rotary lime kiln, which is above 
2,200 F, would promote the formation of NO from injected ammonia.  

Graymont is aware that there have been trials at competing lime facilities with mid-kiln ammonia injection 
and transfer chute ammonia/urea injection for NOX reduction. However, the technology costs and technical 

 
 
20 Report Concerning BACT for SO2 and NOx for Proposed Lime Kiln,” prepared for Air Pollution Control Division, Clark 

County Health District, Las Vegas, Nevada, April 1995. 

21 EPA Control Cost Manual, SNCR Cost chapter. 7th Edition, 2016. Page 1-7. 
https://www3.epa.gov/ttn/ecas/docs/SNCRCostManualchapter7thEdition2016.pdf 
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details have not become publicly available, so Graymont cannot evaluate if the technology can be 
successfully applied specifically to the kilns at the Pilot Peak facility.  

Since a mid-kiln ammonia injection and transfer chute ammonia/urea injection systems would require 
extended trials to determine if the technology can effectively control NOX on the Graymont lime kilns, 
Graymont must conclude that this type of SNCR is not “available” with respect to the Pilot Peak plant 
because it is not commercially available. Since it is not commercially available, no vendor performance 
guarantees can be made to its success. Therefore, this technology cannot be considered technically feasible. 

The technology is not commercially available, as defined in 40 CFR Subpart 51, Appendix Y which states 
that: 

Two	key	concepts	are	important	in	determining	whether	a	technology	could	be	applied:	“availability”	and	
“applicability.”	As	explained	in	more	detail	below,	a	technology	is	considered	“available”	if	the	source	owner	
may	obtain	it	through	commercial	channels,	or	it	is	otherwise	available	within	the	common	sense	meaning	
of	the	term.	An	available	technology	is	“applicable”	if	it	can	reasonably	be	installed	and	operated	on	the	
source	type	under	consideration.	A	technology	that	is	available	and	applicable	is	technically	feasible.	

Availability in this context is further explained using the following process commonly used for bringing a 
control technology concept to reality as a commercial product: 

The	typical	stages	for	bringing	a	control	technology	concept	to	reality	as	a	commercial	product	are:	

 Concept	stage;	
 Research	and	patenting;	
 Bench	scale	or	laboratory	testing;	
 Pilot	scale	testing;	
 Licensing	and	commercial	demonstration;	and	
 Commercial	sales.	

A	control	technique	is	considered	available,	within	the	context	presented	above,	if	it	has	reached	the	stage	
of	licensing	and	commercial	availability.	Similarly,	we	do	not	expect	a	source	owner	to	conduct	extended	
trials	to	learn	how	to	apply	a	technology	on	a	totally	new	and	dissimilar	source	type.	Consequently,	you	
would	not	consider	technologies	in	the	pilot	scale	testing	stages	of	development	as	“available”	for	purposes	
of	BART	review.	

Commercial	availability	by	itself,	however,	is	not	necessarily	a	sufficient	basis	for	concluding	a	technology	
to	be	applicable	and	therefore	technically	feasible.	Technical	feasibility,	as	determined	in	Step	2,	also	means	
a	control	option	may	reasonably	be	deployed	on	or	“applicable”	to	the	source	type	under	consideration.	

Though the technology is not considered technically feasible for Graymont’s Pilot Peak facility for the 
reasons outlined above, cost calculations for the implementation of SNCR are included for completeness 
assuming a 20% control efficiency for NOX . 

6.3. STEP 3: RANK OF TECHNICALLY FEASIBLE NOX CONTROL OPTIONS BY 
EFFECTIVENESS 

Step 3 of the top-down control review is to rank the technically feasible options to effectiveness. Table 6-2 
presents potential NOx control technologies for the kilns and their associated control efficiencies.	
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Table	6‐2.	Ranking	of	NOX	Control	Technologies	by	Effectiveness	

Pollutant Control	
Technology	

Potential	
Control	Efficiency		

(%)	

NOx 
SNCR 

Low NOx Burner 
20* 

Base case 
* 20% control efficiency is used for cost evaluation based on evaluation 
of feasibility of SNCR at another Graymont facility. 

6.4. STEP 4: EVALUATION OF IMPACTS FOR FEASIBLE NOX CONTROLS 

Step 4 of the top-down control review is the impact analysis. The impact analysis considers the: 

 Cost of compliance 
 Energy impacts 
 Non-air quality impacts; and 
 The remaining useful life of the source 

6.4.1. Cost of Compliance 

In order to assess the cost of compliance for the installation of SNCR, the EPA Control Cost Manual is used. 
Capital costs for the installation of the SNCR assumed a 20-year life span for depreciation, as well as the 
current bank prime rate of 4.75% for interest calculations, per NDEP and EPA guidance. The total capital 
investment includes the capital cost for the SNCR itself, the cost of the air pre-heater required (per the EPA 
Control Cost Manual, the air pre-heater will require modifications for coal-fired units when SO2 control is 
necessary. This value is conservatively assumed for all coal-fired units evaluated for SNCR installation22), 
and the balance of the plant. Annual costs include both direct costs such as maintenance, reagent, electricity, 
water, fuel, and waste disposal cost and indirect costs for administrative charges and the annuitized capital 
costs as a capital recovery value. A retrofit factor of 1.5 is used to account for the technical barriers 
described in section 6.2.2.1, including the existence of only one RBLC reference for an SNCR retrofit on a 
lime kiln, the difficulty of identifying an injection point that allows for ammonia to enter the gas stream 
within an optimal temperature window, the low residence times of lime kilns relative to cement kilns, and 
the relatively low inlet NOX concentrations that limit the effectiveness of the control technology. The total 
costs and cost effectiveness of control are summarized in Table 6-3, below. 

 
 
22 EPA Control Cost Manual, SNCR Cost chapter. 7th Edition, 2016. Page 1-44. 

https://www3.epa.gov/ttn/ecas/docs/SNCRCostManualchapter7thEdition2016.pdf 
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Table	6‐3.	SNCR	Cost	Calculation	Summary	

Kiln	
Total	Capital	
Investment	

Baseline	NOX	
Emissions	
(tpy)	

Total	Annual	
Cost	

NOX	Emissions	
Removed	(tpy)	

Cost	
Effectiveness	

($/ton	
removed)	

1 $5,607,978 135 $539,413 24 $22,048 

2 $6,173,878 173 $597,980 31 $19,108 

3 $7,396,811 207 $719,345 37 $19,229 

Total	
Project	 $19,178,666	 515 $1,856,738	 93	 $19,929	

 

6.4.2. Timing for Compliance 

Graymont believes that reasonable progress compliant controls are already in place. However, if NDEP 
determines that retrofitting the Graymont Pilot Peak kilns to add SNCR is necessary to achieve reasonable 
progress, it is anticipated that the addition of SNCR can be implemented in approximately 2.5 to 3 years. The 
estimation includes the time necessary for engineering, permitting, obtaining equipment from vendors, 
construction, and commissioning. 

6.4.3. Energy Impacts and Non-Air Quality Impacts  

As previously stated, the cost of energy and water required for successful operation of the SNCR are 
included in the calculations, which can be found in detail in Appendix C. The installation is expected to 
decrease the efficiency of the overall facility, particularly as significant energy and water use is needed 
beyond current plan operation requirements. 

6.4.4. Remaining Useful Life 

Graymont has assumed this control equipment will last for the entirety of the 20-year amortization period, 
which is reflected in the cost calculations. 

6.5. NOX CONCLUSION 

The facility currently uses low NOX burners in its three kilns to minimize NOX emissions. The use of low NOX 
burners is a commonly applied technology in current BACT determinations for new rotary preheater lime kilns 
today. The application of SCR has never been attempted on a lime kiln. SNCR has only one RBLC entry 
documenting implementation on a lime kiln. The use of these controls does not represent a cost effective control 
technology given the limited expected improvements to NOX emission rates, high uncertainty of successful 
implementation, high capital investment, and high cost per ton NOX removed.  
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7. PM10 FOUR FACTOR EVALUATION 

7.1. PM10 EMISSIONS FROM LIME KILNS 

PM10 emissions from the lime kilns typically represent the largest ducted sources of PM10 at a given lime 
manufacturing plant. PM10 emissions generated in the kilns are controlled by baghouses. 

The use of a baghouse for control of PM10 from lime kilns is consistent with current BACT determinations. RBLC 
search results are provided in Appendix A, for reference. The average baseline emission factor for Kiln 3 of 0.057 
lb/ton of lime is lower than even the lowest emission limit listed in the RBLC database. While the emission 
factors for kilns 1 and 2 are higher for 2013 and 2014 (at 0.272 and 0.255 lb/ton, respectively), more recent 
PM10 stack test data following replacements of the Kilns 1 and 2 baghouses indicate that emissions from those 
kilns are also lower than recent limits in the RBLC database.23 For consistency with NOX and SO2 evaluations, the 
emission rates and factors for 2013 and 2014 are listed. Based on these calculated emission rates, Pilot Peak 
kilns operate with a comparable or better level of PM10 emissions controls than those recently permitted under 
the PSD BACT program. No additional control technologies for PM10 control on lime kilns were identified in the 
RBLC database; therefore, no additional PM10 controls will be evaluated for the purposes of this analysis. 

7.2. ADDITIONAL SOURCES OF PM10 EMISSIONS 

In addition to the PM10 emissions from the lime kilns, the Pilot Peak facility also generates PM10 emissions from 
various raw material storage and transfer locations at the plant, including several conveyors for limestone, coal, 
and lime product. Emissions from conveyors and transfers are controlled using either a baghouse or enclosed 
transfer. Where baghouses and enclosures are not possible, wet suppression or good operating practices are 
used for the control of PM10 emissions. A table summarizing the additional sources of PM10 emissions and the 
associated emission control methods is provided in Appendix D. These emission controls are consistent with 
recent BACT determinations.  

Additionally, given the nature of fugitive emissions, the PM10 emissions generated outside of baghouses/stacks 
are not expected to travel far from the facility, and are thus anticipated to have a minimal impact on visibility 
impairment on the nearest Class I area (Jarbidge Wilderness Area at a distance of 130 kilometers). 

No additional controls were identified in the RBLC database; therefore, no additional controls from these 
various additional sources will be evaluated in this analysis. 

7.3. PM10 CONCLUSION 

Graymont concludes that no additional PM10 emissions controls are necessary for the Pilot Peak facility for 
Nevada’s reasonable progress for regional haze. Current emissions reduction methods for both the lime kilns 
and the material handling emissions at the facility were considered BACT when the facility obtained its permit 
and remain consistent with recent BACT decisions. 

 
 
23 The baghouse Kiln 1 was replaced in 2016 and the baghouse in Kiln 2 was replaced in 2017. 2018 stack test results 

demonstrate a PM10 emission factor for Kilns 1 and 2 of 0.025 and 0.029 lb/ton of lime, respectively. 
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8. CONCLUSION 

This report outlines Graymont’s evaluation of possible options for reducing the emissions of NOX, SO2, and PM10 
at its Pilot Peak facility near West Wendover, Nevada. There are currently no technically feasible and cost 
effective reduction options available for the Graymont facility beyond current best practices. Therefore, the 
emissions for the 2028 on-the-books/on-the-way modeling baseline are expected to be the same as those used 
in the “control scenario” for the Graymont Pilot Peak facility.
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APPENDIX A : RBLC SEARCH RESULTS



Table	A‐1.	RBLC	Search	Results

RBLC	ID FACILITY	NAME
CORPORATE	OR	
COMPANY	NAME

FACILITY	
STATE

PERMIT	
ISSUANCE	
DATE

PROCESS	NAME PRIMARY	FUEL THROUGHPUT
THROUGHPUT	

UNIT
POLLUTANT CONTROL	METHOD	DESCRIPTION

EMISSION	
LIMIT	1

EMISSION	
LIMIT	1	
UNIT

EMISSION	
LIMIT	1	
AVERAGE	
TIME	

CONDITION

EMISSION	
LIMIT	2

EMISSION	
LIMIT	2	
UNIT

EMISSION	
LIMIT	2	

AVGERAGE	
TIME	

CONDITION

IL-0117
MISSISSIPPI LIME 

COMPANY
MISSISSIPPI LIME 

COMPANY
IL 9/29/2015 Two Rotary Kilns Coal; petroleum coke 50

tons lime/hour, 
each

Nitrogen Oxides 
(NOx)

Low excess air to minimize formation 
of NOx and selective non-catalytic 

reduction (SNCR) technology.
3.5

LBS/TON 
LIME 

PRODUCE

30-DAY 
ROLLING 
AVERAGE

2.61
LBS/TON 

LIME 
PRODUCE

12-MONTH 
ROLLING 
AVERAGE

TX-0726
ROTARY LIME KILN AND 

ASSOCIATED EQUIPMENT
CHEMICAL LIME, LTD TX 2/22/2010 Rotary Kiln 2

natural gas, coal, and 
petroleum coke

504 tons per day
Nitrogen Oxides 

(NOx)
5

LB/TON OF 
LIME PROD

0

TX-0726
ROTARY LIME KILN AND 

ASSOCIATED EQUIPMENT
CHEMICAL LIME, LTD TX 2/22/2010 Rotary Kiln 3

natural gas, coal, and 
petroleum coke

850 tons per day
Nitrogen Oxides 

(NOx)
2.6

LB/TON OF 
LIME PROD

0

WI-0250 GRAYMONT (WI) LLC GRAYMONT (WI) LLC WI 2/6/2009
P50 (S50).  PREHEATER 

EQUIPPED, ROTARY LIME 
KILN

COAL 54 T/H STONE
Nitrogen Oxides 

(NOx)
GOOD COMBUSTION CONTROL, 

OPTIMIZATION
1.83 LB/T

24 HOUR 
AVG.

0.7 LB/MMBTU
MONTHLY 

AVG.

IL-0117
MISSISSIPPI LIME 

COMPANY
MISSISSIPPI LIME 

COMPANY
IL 9/29/2015 Two Rotary Kilns Coal; petroleum coke 50

tons lime/hour, 
each

Particulate 
matter, filterable 

(FPM)
Baghouse 0.14 LB/TON

3-HOUR 
AVERAGE

0

WI-0250 GRAYMONT (WI) LLC GRAYMONT (WI) LLC WI 2/6/2009
P50 (S50).  PREHEATER 

EQUIPPED, ROTARY LIME 
KILN

COAL 54 T/H STONE
Particulate 

matter, fugitive
FABRIC FILTER BAGHOUSE 0.46 LB/T

HIGH 
ORGANIC 
CARBON 
STONE

0.15 LB/T

LOW 
ORGANIC 
CARBON 
STONE

IL-0117
MISSISSIPPI LIME 

COMPANY
MISSISSIPPI LIME 

COMPANY
IL 9/29/2015 Two Rotary Kilns Coal; petroleum coke 50

tons lime/hour, 
each

Particulate 
matter, total < 10 

Âµ (TPM10)
Baghouse 0.18 LBS/TON

3-HOUR 
AVERAGE

0

TX-0726
ROTARY LIME KILN AND 

ASSOCIATED EQUIPMENT
CHEMICAL LIME, LTD TX 2/22/2010 Rotary Kiln 2

natural gas, coal, and 
petroleum coke

504 tons per day
Particulate 

matter, total < 10 
Âµ (TPM10)

The use of fabric filter to achieve a 
0.01 gr/dscf filterable and 

condensable PM10.
0 0

TX-0726
ROTARY LIME KILN AND 

ASSOCIATED EQUIPMENT
CHEMICAL LIME, LTD TX 2/22/2010 Rotary Kiln 3

natural gas, coal, and 
petroleum coke

850 tons per day
Particulate 

matter, total < 10 
Âµ (TPM10)

The use of fabric filter to achieve a 
0.01 gr/dscf filterable and 

condensable PM10.
0 0

IL-0117
MISSISSIPPI LIME 

COMPANY
MISSISSIPPI LIME 

COMPANY
IL 9/29/2015 Two Rotary Kilns Coal; petroleum coke 50

tons lime/hour, 
each

Particulate 
matter, total < 2.5 

Âµ (TPM2.5)
Baghouse 0.105 LBS/TON

3-HOUR 
AVERAGE

0

IL-0117
MISSISSIPPI LIME 

COMPANY
MISSISSIPPI LIME 

COMPANY
IL 9/29/2015 Two Rotary Kilns Coal; petroleum coke 50

tons lime/hour, 
each

Sulfur Dioxide 
(SO2)

Natural absorptive capacity of lime 
kiln dust.

0.5
LBS/TON 

LIME

30-DAY 
ROLLING 
AVERAGE

0

TX-0726
ROTARY LIME KILN AND 

ASSOCIATED EQUIPMENT
CHEMICAL LIME, LTD TX 2/22/2010 Rotary Kiln 2

natural gas, coal, and 
petroleum coke

504 tons per day
Sulfur Dioxide 

(SO2)

Limiting the fuel sulfur input, in 
addition to the dry scrubbing inherent 

in these systems.
0 0

TX-0726
ROTARY LIME KILN AND 

ASSOCIATED EQUIPMENT
CHEMICAL LIME, LTD TX 2/22/2010 Rotary Kiln 3

natural gas, coal, and 
petroleum coke

850 tons per day
Sulfur Dioxide 

(SO2)

Limiting the fuel sulfur input, in 
addition to the dry scrubbing inherent 

in these systems.
0 0

TX-0820 CLIFTON LIME PLANT
LHOIST NORTH AMERICA 

OF TEXAS, LTD.
TX 4/28/2017 lime kiln coal 219000 t/yr

Sulfur Dioxide 
(SO2)

fuel sulfur limits 12.8 LB/TON LIME 0

WI-0250 GRAYMONT (WI) LLC GRAYMONT (WI) LLC WI 2/6/2009
P50 (S50).  PREHEATER 

EQUIPPED, ROTARY LIME 
KILN

COAL 54 T/H STONE
Sulfur Dioxide 

(SO2)

FUEL SULFUR LIMIT, INHERENT 
PROCESS COLLECTION OF SULFUR 

OXIDES.
0.62 LB/T

24 HOUR 
AVERAGE

2 PERCENT S
FUEL SULFUR 

LIMIT



Table	A‐2.	RBLC	Search	Results	‐	Miscellaneous	Sources

RBLC	ID FACILITY	NAME
CORPORATE	OR	
COMPANY	NAME

FACILITY	
STATE

PERMIT	
ISSUANCE	
DATE

PROCESS	NAME PRIMARY	FUEL THROUGHPUT
THROUGHPUT	

UNIT
POLLUTANT CONTROL	METHOD	DESCRIPTION

EMISSION	
LIMIT	1

EMISSION	
LIMIT	1	
UNIT

EMISSION	
LIMIT	1	
AVERAGE	
TIME	

CONDITION

EMISSION	
LIMIT	2

EMISSION	
LIMIT	2	
UNIT

EMISSION	
LIMIT	2	

AVGERAGE	
TIME	

CONDITION

KY-0100
J.K. SMITH 

GENERATING STATION

EAST KENTUCKY 
POWER COOPERATIVE, 

INC
KY 4/9/2010 COAL STOCKPILE 3000 T/H

Particulate 
Matter (PM)

WET SUPPRESSION, DUST 
SUPPRESSENT LOWERING WELL 

AND COMPACTION.
10 OPACITY 3 MINUTE 0

WI-0252
SPECIALTY MINERALS 

INC. - SUPERIOR
SPECIALTY MINERALS 

INC. (SMI)
WI 7/22/2011 P10 - LIME SILO 0

Particulate 
Matter (PM)

PNEUMATIC CONVEYING, TOTAL 
ENCLOSURE AND BIN VENT 

FABRIC FILTER.
0.13 LB/H 0.005 GR/DSCF

WI-0252
SPECIALTY MINERALS 

INC. - SUPERIOR
SPECIALTY MINERALS 

INC. (SMI)
WI 7/22/2011

F01 - FUGITIVE DUST 
EMISSIONS

0
Particulate 

Matter (PM)

PAVING ROADWAYS AND 
PARKING, MAINTENANCE OF 

PAVED AREAS AND TOTAL 
ENCLOSURES FOR RAW 
MATERIAL TRANSFERS.

0 0

AL-0313 MONTEVALLO PLANT
LHOIST NORTH 

AMERICA OF 
ALABAMA, LLC

AL 5/4/2016
PRODUCT HANDLING 

SYSTEM
N/A 55000 LB/H OF LIME

Particulate 
matter, 

filterable < 10 
Âµ (FPM10)

FABRIC FILTER BAGHOUSE 0.002 GR/DSCF 0

IN-0185 MAG PELLET LLC MAG PELLET LLC IN 4/24/2014
LIMESTONE AND 

DOLOMITE GRINDING 
MILL BIN AREA

495.00 T/H 0

Particulate 
matter, 

filterable < 10 
Âµ (FPM10)

BAGHOUSE 0.002 GR/DSCF 0.26 LB/H

IN-0185 MAG PELLET LLC MAG PELLET LLC IN 4/24/2014
MIXING AREA 

MATERIAL HANDLING 
SYSTEM

780.00 T/H 0

Particulate 
matter, 

filterable < 10 
Âµ (FPM10)

BAGHOUSE 0.002 GR/DSCF 0.77 LB/H

IN-0185 MAG PELLET LLC MAG PELLET LLC IN 4/24/2014
MACHINE DISCHARGE 

SYSTEM
1155 T/H 0

Particulate 
matter, 

filterable < 10 
Âµ (FPM10)

BAGHOUSE 0.002 GR/DSCF 1.01 LB/H

IN-0185 MAG PELLET LLC MAG PELLET LLC IN 4/24/2014
RECYCLED DUST 
STORAGE AREA

25.0 T/H 0

Particulate 
matter, 

filterable < 10 
Âµ (FPM10)

0 0

IN-0185 MAG PELLET LLC MAG PELLET LLC IN 4/24/2014
LIMESTONE 

UNLOADING & 
STORAGE AREA

495 T/H

Particulate 
matter, 

filterable < 10 
Âµ (FPM10)

0.07 LB/H 0.15 T/YR

IN-0185 MAG PELLET LLC MAG PELLET LLC IN 4/24/2014

LIMESTONE/DOLOMIT
E HOPPER, BELT 

FEEDER & GRIZZLY 
FEEDER/SCREENER

495 T/H

Particulate 
matter, 

filterable < 10 
Âµ (FPM10)

0.22 LB/H 0.47 T/YR

KY-0100
J.K. SMITH 

GENERATING STATION

EAST KENTUCKY 
POWER COOPERATIVE, 

INC
KY 4/9/2010 ASH HANDLING 0

Particulate 
matter, 

filterable < 10 
Âµ (FPM10)

FABRIC FILTER 0.005 GR/DSCF 0

KY-0100
J.K. SMITH 

GENERATING STATION

EAST KENTUCKY 
POWER COOPERATIVE, 

INC
KY 4/9/2010

COAL CRUSHING AND 
SILO STORAGE

0

Particulate 
matter, 

filterable < 10 
Âµ (FPM10)

FABRIC FILTER 0.005 GR/DSCF 0

KY-0100
J.K. SMITH 

GENERATING STATION

EAST KENTUCKY 
POWER COOPERATIVE, 

INC
KY 4/9/2010 LIME SILO STORAGES 0

Particulate 
matter, 

filterable < 10 
Âµ (FPM10)

FABRIC FILTERS 0.005 GR/DSCF 0

KY-0100
J.K. SMITH 

GENERATING STATION

EAST KENTUCKY 
POWER COOPERATIVE, 

INC
KY 4/9/2010 COALING TOWERS 0

Particulate 
matter, 

filterable < 10 
Âµ (FPM10)

0.0005% DRIFT ELIMINATORS 0 0

KY-0100
J.K. SMITH 

GENERATING STATION

EAST KENTUCKY 
POWER COOPERATIVE, 

INC
KY 4/9/2010

LIMESTONE STORAGE 
SILOS

40 T/H

Particulate 
matter, 

filterable < 10 
Âµ (FPM10)

FABRIC FILTER 0.005 GR/DSCF 24 HR 0.51
LB/H 

(EACH)
24 HR

*TX-0869
LIME 

MANUFACTURING 
PLANT

LHOIST NORTH 
AMERICA OF TEXAS, 

LTD.
TX 11/6/2019

Material Handling 
(Conveyors and 

Feeders)
0

Particulate 
matter, 

filterable < 10 
Âµ (FPM10)

BAGHOUSE 0.005 GR/DSCF 0

*TX-0869
LIME 

MANUFACTURING 
PLANT

LHOIST NORTH 
AMERICA OF TEXAS, 

LTD.
TX 11/6/2019 Product Loadout 240900 TON/YR

Particulate 
matter, 

filterable < 10 
Âµ (FPM10)

BAGHOUSE 0.005 GR/DSCF 0

AL-0313 MONTEVALLO PLANT
LHOIST NORTH 

AMERICA OF 
ALABAMA, LLC

AL 5/4/2016
PRODUCT HANDLING 

SYSTEM
N/A 55000 LB/H OF LIME

Particulate 
matter, 

filterable < 2.5 
Âµ (FPM2.5)

FABRIC FILTER BAGHOUSE 0.002 GR/DSCF 0

IN-0185 MAG PELLET LLC MAG PELLET LLC IN 4/24/2014
LIMESTONE AND 

DOLOMITE GRINDING 
MILL BIN AREA

495.00 T/H 0

Particulate 
matter, 

filterable < 2.5 
Âµ (FPM2.5)

BAGHOUSE 0.002 GR/DSCF 0.26 LB/H

IN-0185 MAG PELLET LLC MAG PELLET LLC IN 4/24/2014
MIXING AREA 

MATERIAL HANDLING 
SYSTEM

780.00 T/H 0

Particulate 
matter, 

filterable < 2.5 
Âµ (FPM2.5)

BAGHOUSE 0.002 GR/DSCF 0.77 LB/H

IN-0185 MAG PELLET LLC MAG PELLET LLC IN 4/24/2014
MACHINE DISCHARGE 

SYSTEM
1155 T/H 0

Particulate 
matter, 

filterable < 2.5 
Âµ (FPM2.5)

BAGHOUSE 0.002 GR/DSCF 1.01 LB/H



RBLC	ID FACILITY	NAME
CORPORATE	OR	
COMPANY	NAME

FACILITY	
STATE

PERMIT	
ISSUANCE	
DATE

PROCESS	NAME PRIMARY	FUEL THROUGHPUT
THROUGHPUT	

UNIT
POLLUTANT CONTROL	METHOD	DESCRIPTION

EMISSION	
LIMIT	1

EMISSION	
LIMIT	1	
UNIT

EMISSION	
LIMIT	1	
AVERAGE	
TIME	

CONDITION

EMISSION	
LIMIT	2

EMISSION	
LIMIT	2	
UNIT

EMISSION	
LIMIT	2	

AVGERAGE	
TIME	

CONDITION

IN-0185 MAG PELLET LLC MAG PELLET LLC IN 4/24/2014
RECYCLED DUST 
STORAGE AREA

25.0 T/H 0

Particulate 
matter, 

filterable < 2.5 
Âµ (FPM2.5)

BAGHOUSE 0.002 GR/DSCF 0.16 LB/H

IN-0185 MAG PELLET LLC MAG PELLET LLC IN 4/24/2014
LIMESTONE 

UNLOADING & 
STORAGE AREA

495 T/H

Particulate 
matter, 

filterable < 2.5 
Âµ (FPM2.5)

0.01 LB/H 0.015 T/YR

IN-0185 MAG PELLET LLC MAG PELLET LLC IN 4/24/2014

LIMESTONE/DOLOMIT
E HOPPER, BELT 

FEEDER & GRIZZLY 
FEEDER/SCREENER

495 T/H

Particulate 
matter, 

filterable < 2.5 
Âµ (FPM2.5)

0.02 LB/H 0.05 T/YR

KY-0100
J.K. SMITH 

GENERATING STATION

EAST KENTUCKY 
POWER COOPERATIVE, 

INC
KY 4/9/2010 ASH HANDLING 0

Particulate 
matter, 

filterable < 2.5 
Âµ (FPM2.5)

FABRIC FILTER 0.005 G/DSCF 24 BLOCK 0

KY-0100
J.K. SMITH 

GENERATING STATION

EAST KENTUCKY 
POWER COOPERATIVE, 

INC
KY 4/9/2010 COALING TOWERS 0

Particulate 
matter, 

filterable < 2.5 
Âµ (FPM2.5)

BACT FOR
PM/PM10/PM2.5 IS 0.0005% 

DRIFT ELIMINATORS
0 0

*TX-0869
LIME 

MANUFACTURING 
PLANT

LHOIST NORTH 
AMERICA OF TEXAS, 

LTD.
TX 11/6/2019

Material Handling 
(Conveyors and 

Feeders)
0

Particulate 
matter, 

filterable < 2.5 
Âµ (FPM2.5)

BAGHOUSE 0.005 GR/DSCF 0

*TX-0869
LIME 

MANUFACTURING 
PLANT

LHOIST NORTH 
AMERICA OF TEXAS, 

LTD.
TX 11/6/2019 Product Loadout 240900 TON/YR

Particulate 
matter, 

filterable < 2.5 
Âµ (FPM2.5)

BAGHOUSE 0.005 GR/DSCF 0

WI-0252
SPECIALTY MINERALS 

INC. - SUPERIOR
SPECIALTY MINERALS 

INC. (SMI)
WI 7/22/2011 P10 - LIME SILO 0

Particulate 
matter, 

filterable < 2.5 
Âµ (FPM2.5)

PNEUMATIC CONVEYING, TOTAL 
ENCLOSURE, BIN VENT FABRIC 

FILTER
0.026 LB/H 0.001 GR/ACF

AL-0313 MONTEVALLO PLANT
LHOIST NORTH 

AMERICA OF 
ALABAMA, LLC

AL 5/4/2016
LIMESTONE FEED 

SYSTEM
N/A 110000 LB/H

Particulate 
matter, 

filterable (FPM)
WET LIMESTONE 7 % OPACITY 6 MIN AVG 0.014 GR/DSCF

IL-0117
MISSISSIPPI LIME 

COMPANY
MISSISSIPPI LIME 

COMPANY
IL 9/29/2015 Lime Barge Loadout 0

Particulate 
matter, 

filterable (FPM)

Telescoping loading spout with 
suction or aspiration at discharge 

end and a filter system.
0.004 GR/SCF 0

IL-0117
MISSISSIPPI LIME 

COMPANY
MISSISSIPPI LIME 

COMPANY
IL 9/29/2015 Truck and Rail Loadout 0

Particulate 
matter, 

filterable (FPM)

Partial enclosure; fabric filters to 
treat displaced air during loadout; 
and loadout practices to minimize 

spillage.

0.004 GR/SCF 0

IL-0117
MISSISSIPPI LIME 

COMPANY
MISSISSIPPI LIME 

COMPANY
IL 9/29/2015

Limestone Handling 
Operations (Stack 

Emissions)
0

Particulate 
matter, 

filterable (FPM)
0.014 GR/DSCF 0

IL-0117
MISSISSIPPI LIME 

COMPANY
MISSISSIPPI LIME 

COMPANY
IL 9/29/2015

Limestone Handling 
Operations (Fugitive 

Emissions)
0

Particulate 
matter, 

filterable (FPM)
0 0

IN-0139

DUKE ENERGY 
INDIANA, INC. - 
EDWARDSPORT 

GENERAT**

DUKE ENERGY 
INDIANA, INC. - 
EDWARDSPORT 

GENERAT*

IN 3/1/2010
COAL HANDLING AND 

TRANSFERRING
12000 T/H OF COAL

Particulate 
matter, 

filterable (FPM)

BAGHOUSE/BIN VENT 
COLLECTOR

INSERTABLE DUST COLLECTOR
0.003 GR/DSCF 3 HRS 0

IN-0139

DUKE ENERGY 
INDIANA, INC. - 
EDWARDSPORT 

GENERAT**

DUKE ENERGY 
INDIANA, INC. - 
EDWARDSPORT 

GENERAT*

IN 3/1/2010
LIME AND SODA ASH 
HANDLING (4 SILOS)

46 T/H EACH
Particulate 

matter, 
filterable (FPM)

BIN VENTDUST COLLECTOR 0.019 LB/H * 3 HOURS 0.003 GR/DSCF 3 HOURS

IN-0167 MAGNETATION LLC MAGNETATION LLC IN 4/16/2013
LIMESTONE 

UNLOADING (TRUCK)
495 T/H

Particulate 
matter, 

filterable (FPM)

DEVELOPMENT, MAINTENANCE, 
AND IMPLEMENTATAION OF A 
SITE-SPECIFIC FUGITIVE DUST 

CONTROL PLAN

0.0011 LB/H 3 HOURS 0.0022 T/YR

IN-0167 MAGNETATION LLC MAGNETATION LLC IN 4/16/2013

LIMESTONE 
CONVEYOR & 

ENCLOSED STORAGE 
(PILE)

495 T/H
Particulate 

matter, 
filterable (FPM)

DEVELOPMENT, MAINTENANCE, 
AND IMPLEMENTATION OF A 

SITE-SPECIFIC
FUGITIVE DUST CONTROL PLAN 

AND ENCLOSURE

0.05 LB/H 3 HOURS 0.1 T/YR

IN-0167 MAGNETATION LLC MAGNETATION LLC IN 4/16/2013
FURNACE DISCHARGE 

SYSTEM
1155 T/H

Particulate 
matter, 

filterable (FPM)
BAGHOUSE CE017 0.002 GR/DSCF 3 HOURS 0.73 LB/H 3 HOURS

IN-0167 MAGNETATION LLC MAGNETATION LLC IN 4/16/2013
WBE LIME STORAGE 

AREA
7 T/H

Particulate 
matter, 

filterable (FPM)
BIN VENT CE020 0.002 GR/DSCF 3 HOURS 0.02 LB/H 3 HOURS

IN-0167 MAGNETATION LLC MAGNETATION LLC IN 4/16/2013
WBE RESIDUAL 

PRODUCT LOADING 
AREA

7 T/H
Particulate 

matter, 
filterable (FPM)

BIN VENT CE020 0.002 GR/DSCF 3 HOURS 0.02 LB/H 3 HOURS
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IN-0167 MAGNETATION LLC MAGNETATION LLC IN 4/16/2013
RECYCLED DUST 
STORAGE AREA

7 T/H
Particulate 

matter, 
filterable (FPM)

BAGHOUSE CE024 0.002 GR/DSCF 3 HOURS 0.16 LB/H 3 HOURS

IN-0167 MAGNETATION LLC MAGNETATION LLC IN 4/16/2013

LIMESTONE/DOLOMIT
E HOPPER, BELT 

FEEDER, GRIZZLY 
FEEDER/SCREENER

495 T/H
Particulate 

matter, 
filterable (FPM)

THROUGH THE DEVELOPMENT, 
MAINTENANCE, AND 

IMPLEMENTATION OF A SITE-
SPECIFIC FUGITIVE DUST 

CONTROL PLAN

0.9 LB/H 3 HOURS 1.92 T/YR

IN-0167 MAGNETATION LLC MAGNETATION LLC IN 4/16/2013
LIMESTONE/DOLOMIT
E GRINDING MILL BIN 

AREA
495 T/H

Particulate 
matter, 

filterable (FPM)
BAGHOUSE CE023 0.002 GR/DSCF 3 HOURS 0.22 LB/H 3 HOURS

IN-0167 MAGNETATION LLC MAGNETATION LLC IN 4/16/2013
MIXING AREA 

MATERIAL HANDLING 
SYSTEM

780 T/H
Particulate 

matter, 
filterable (FPM)

BAGHOUSE CE011 0.002 GR/DSCF 3 HOURS 0.34 LB/H 3 HOURS

IN-0185 MAG PELLET LLC MAG PELLET LLC IN 4/24/2014
LIMESTONE AND 

DOLOMITE GRINDING 
MILL BIN AREA

495.00 T/H 0
Particulate 

matter, 
filterable (FPM)

BAGHOUSE 0.002 GR/DSCF 0.26 LB/H

IN-0185 MAG PELLET LLC MAG PELLET LLC IN 4/24/2014
MIXING AREA 

MATERIAL HANDLING 
SYSTEM

780.00 T/H 0
Particulate 

matter, 
filterable (FPM)

BAGNOUSE 0.002 GR/DSCF 0.77 LB/H

IN-0185 MAG PELLET LLC MAG PELLET LLC IN 4/24/2014
MACHINE DISCHARGE 

SYSTEM
1155 T/H 0

Particulate 
matter, 

filterable (FPM)
BAGHOUSE 0.002 GR/DSCF 1.01 LB/H

IN-0185 MAG PELLET LLC MAG PELLET LLC IN 4/24/2014
DUST RECYCLE SURGE 

HOPPER & BLOW TANK 
AREA

28.0 T/H 0
Particulate 

matter, 
filterable (FPM)

BAGHOUSE 0.002 GR/DSCF 0.05 LB/H

IN-0185 MAG PELLET LLC MAG PELLET LLC IN 4/24/2014
LIMESTONE 

UNLOADING & 
STORAGE AREA

495 T/H
Particulate 

matter, 
filterable (FPM)

0.2 LB/H 0.41 T/YR

IN-0185 MAG PELLET LLC MAG PELLET LLC IN 4/24/2014

LIMESTONE/DOLOMIT
E HOPPER, BELT 

FEEDER & GRIZZLY 
FEEDER/SCREENER

495 T/H
Particulate 

matter, 
filterable (FPM)

0.9 LB/H 1.92 T/YR

LA-0239
NUCOR STEEL 

LOUISIANA

CONSOLIDATED 
ENVIRONMENTAL 
MANAGEMENT INC

LA 5/24/2010
DOC-102 - Dock 2 

Loading/Unloading 
Gantry Crane

0
Particulate 

matter, 
filterable (FPM)

BACT is selected to be enclosed 
conveyors as the most stringent 

control option for material 
handling conveyors.  Water sprays 

and partial enclosures are 
additional control methods which 

will be employed at specific 
transfer and drop points.  BACT 

for the various loading and 
unloading operations and similar 
sources is selected as collection 

and control by fabric filters.

0.44 LB/H 1.93 T/YR

LA-0239
NUCOR STEEL 

LOUISIANA

CONSOLIDATED 
ENVIRONMENTAL 
MANAGEMENT INC

LA 5/24/2010
DST-101-Blast Furnace 
1 Topgas Dust Catcher

0
Particulate 

matter, 
filterable (FPM)

BACT is selected to be enclosed 
conveyors as the most stringent 

control option for material 
handling conveyors.  Water sprays 

and partial enclosures are 
additional control methods which 

will be employed at specific 
transfer and drop points.

0.01 LB/H 0.04 T/YR

LA-0239
NUCOR STEEL 

LOUISIANA

CONSOLIDATED 
ENVIRONMENTAL 
MANAGEMENT INC

LA 5/24/2010
PIL-101 - Coal Storage 

Piles
5512 T/h

Particulate 
matter, 

filterable (FPM)

BACT is selected to be 
implementation of wet 

suppression of dust generating 
sources by water sprays at each 

storage pile site

1.48 LB/H 3.99 T/YR

*TX-0869
LIME 

MANUFACTURING 
PLANT

LHOIST NORTH 
AMERICA OF TEXAS, 

LTD.
TX 11/6/2019

Material Handling 
(Conveyors and 

Feeders)
0

Particulate 
matter, 

filterable (FPM)
BAGHOUSE 0.005 GR/DSCF 0

*TX-0869
LIME 

MANUFACTURING 
PLANT

LHOIST NORTH 
AMERICA OF TEXAS, 

LTD.
TX 11/6/2019 Product Loadout 240900 TON/YR

Particulate 
matter, 

filterable (FPM)
BAGHOUSE 0.005 GR/DSCF 0

AL-0313 MONTEVALLO PLANT
LHOIST NORTH 

AMERICA OF 
ALABAMA, LLC

AL 5/4/2016
LIMESTONE FEED 

SYSTEM
N/A 110000 LB/H

Particulate 
matter, fugitive

WET LIMESTONE 7 % OPACITY 6 MIN AVG 0

KY-0100
J.K. SMITH 

GENERATING STATION

EAST KENTUCKY 
POWER COOPERATIVE, 

INC
KY 4/9/2010

LIMESTONE 
UNLOADING

44 T/H
Particulate 

matter, fugitive
WET SUPPRESSION OR DUST 

SUPPRESSANT
0 0

KY-0100
J.K. SMITH 

GENERATING STATION

EAST KENTUCKY 
POWER COOPERATIVE, 

INC
KY 4/9/2010 HAUL ROADS 0

Particulate 
matter, fugitive

PAVED ROADWAYS, CLEANING 
OR PROMPT REMOVAL OF 

MATERIAL, AND THE 
APPLICATION OF WET 

SUPPRESSION AS APPLICABLE

0 0
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AK-0084 DONLIN GOLD PROJECT DONLIN GOLD LLC. AK 6/30/2017
Fugitive Dust from 

Unpaved Roads
5024900 VMT/yr

Particulate 
matter, total < 

10 Âµ (TPM10)

Water and Chemical Suppressant 
Spray

3500 TPY YEARLY 0

AK-0084 DONLIN GOLD PROJECT DONLIN GOLD LLC. AK 6/30/2017
Material Loading and 

Unloading
155123914 tpy

Particulate 
matter, total < 

10 Âµ (TPM10)

Best Practical Methods and 
Fugitive Dust Control Plan (to 

include water spray)
530

TPY 
(COMBINED

)
YEARLY 0

AK-0084 DONLIN GOLD PROJECT DONLIN GOLD LLC. AK 6/30/2017 Drilling and Blasting 620 blasts/yr
Particulate 

matter, total < 
10 Âµ (TPM10)

Best Practical Methods 273
TPY 

(COMBINED
)

YEARLY 0

AK-0084 DONLIN GOLD PROJECT DONLIN GOLD LLC. AK 6/30/2017
Fugitive Dust from 

Wind Erosion
0

Particulate 
matter, total < 

10 Âµ (TPM10)

Best Practical Methods / Fugitive 
Dust Control Plan (includes water 

suppression)
32 TPY YEARLY 0

IN-0167 MAGNETATION LLC MAGNETATION LLC IN 4/16/2013
LIMESTONE 

UNLOADING (TRUCK)
495 T/H

Particulate 
matter, total < 

10 Âµ (TPM10)

DEVELOPMENT, 
IMPLEMENTATION, AND 

MAINTENANCE OF SIRE-SPECIFIC 
FUGITIVE DUST CONTROL PLAN

0.0011 LB/H 3 HOURS 0.0022 T/YR

IN-0167 MAGNETATION LLC MAGNETATION LLC IN 4/16/2013

LIMESTONE 
CONVEYOR & 

ENCLOSED STORAGE 
(PILE)

495 T/H
Particulate 

matter, total < 
10 Âµ (TPM10)

DEVELOPMENT, MAINTENANCE, 
AND IMPLEMENTATION OF A 

SITE-SPECIFIC
FUGITIVE DUST CONTROL PLAN 

AND ENCLOSURE

0.02 LB/H 3 HOURS 0.04 T/YR

IN-0167 MAGNETATION LLC MAGNETATION LLC IN 4/16/2013
FURNACE DISCHARGE 

SYSTEM
1155 T/H

Particulate 
matter, total < 

10 Âµ (TPM10)
BAGHOUSE CE017 0.002 GR/DSCF 3 HOURS 0.73 LB/H 3 HOURS

IN-0167 MAGNETATION LLC MAGNETATION LLC IN 4/16/2013
WBE LIME STORAGE 

AREA
7 T/H

Particulate 
matter, total < 

10 Âµ (TPM10)
BIN VENT CE020 0.002 GR/DSCF 3 HOURS 0.02 LB/H 3 HOURS

IN-0167 MAGNETATION LLC MAGNETATION LLC IN 4/16/2013
WBE RESIDUAL 

PRODUCT LOADING 
AREA

7 T/H
Particulate 

matter, total < 
10 Âµ (TPM10)

BIN VENT CE020 0.002 GR/DSCF 3 HOURS 0.02 LB/H 3 HOURS

IN-0167 MAGNETATION LLC MAGNETATION LLC IN 4/16/2013
RECYCLED DUST 
STORAGE AREA

7 T/H
Particulate 

matter, total < 
10 Âµ (TPM10)

BAGHOUSE CE024 0.002 GR/DSCF 3 HOURS 0.16 LB/H 3 HOURS

IN-0167 MAGNETATION LLC MAGNETATION LLC IN 4/16/2013

LIMESTONE/DOLOMIT
E HOPPER, BELT 

FEEDER, GRIZZLY 
FEEDER/SCREENER

495 T/H
Particulate 

matter, total < 
10 Âµ (TPM10)

DEVELOPMENT, 
IMPLEMENTATION, AND 

MAINTENANCE OF A SITE-
SPECIFIC FUGITIVE DUST 

CONTROL PLAN

0.33 LB/H 3 HOURS 0.7 T/YR

IN-0167 MAGNETATION LLC MAGNETATION LLC IN 4/16/2013
LIMESTONE/DOLOMIT
E GRINDING MILL BIN 

AREA
495 T/H

Particulate 
matter, total < 

10 Âµ (TPM10)
BAGHOUSE CE023 0.002 GR/DSCF 3 HOURS 0.22 LB/H 3 HOURS

IN-0167 MAGNETATION LLC MAGNETATION LLC IN 4/16/2013
MIXING AREA 

MATERIAL HANDLING 
SYSTEM

780 T/H
Particulate 

matter, total < 
10 Âµ (TPM10)

BAGHOUSE CE011 0.002 GR/DSCF 3 HOURS 0.34 LB/H 3 HOURS

*TX-0869
LIME 

MANUFACTURING 
PLANT

LHOIST NORTH 
AMERICA OF TEXAS, 

LTD.
TX 11/6/2019 Lime Belt Crusher 0

Particulate 
matter, total < 

10 Âµ (TPM10)
BAGHOUSE 0.009 GR/DSCF 0

AK-0084 DONLIN GOLD PROJECT DONLIN GOLD LLC. AK 6/30/2017
Fugitive Dust from 

Unpaved Roads
5024900 VMT/yr

Particulate 
matter, total < 

2.5 Âµ 
(TPM2 5)

Water and Chemical Suppressant 
Spray

3500 TPY YEARLY 0

AK-0084 DONLIN GOLD PROJECT DONLIN GOLD LLC. AK 6/30/2017
Material Loading and 

Unloading
155123914 tpy

Particulate 
matter, total < 

2.5 Âµ 
(TPM2 5)

Best Practical Methods/Fugitive 
Dust Control Plan (includes water 

spray)
530

TPY 
(COMBINED

)
YEARLY 0

AK-0084 DONLIN GOLD PROJECT DONLIN GOLD LLC. AK 6/30/2017 Drilling and Blasting 620 blasts/yr

Particulate 
matter, total < 

2.5 Âµ 
(TPM2 5)

Best Practical Methods 273
TPY 

(COMBINED
)

YEARLY 0

AK-0084 DONLIN GOLD PROJECT DONLIN GOLD LLC. AK 6/30/2017
Fugitive Dust from 

Wind Erosion
0

Particulate 
matter, total < 

2.5 Âµ 
(TPM2 5)

Best Practical Methods / Fugitive 
Dust Control Plan (includes water 

suppression)
32 TPY YEARLY 0

IN-0167 MAGNETATION LLC MAGNETATION LLC IN 4/16/2013
LIMESTONE 

UNLOADING (TRUCK)
495 T/H

Particulate 
matter, total < 

2.5 Âµ 
(TPM2.5)

DEVELOPMENT, MAINTENANCE, 
AND IMPLEMENTATION OF A 

SITE-SPECIFIC FUGITIVE DUST 
CONTROL PLAN

0.0011 LB/H 3 HOURS 0.0022 T/YR

IN-0167 MAGNETATION LLC MAGNETATION LLC IN 4/16/2013

LIMESTONE 
CONVEYOR & 

ENCLOSED STORAGE 
(PILE)

495 T/H

Particulate 
matter, total < 

2.5 Âµ 
(TPM2.5)

DEVELOPMENT, MAINTENANCE, 
AND IMPLEMENTATION OF A 

SITE-SPECIFIC
FUGITIVE DUST CONTROL PLAN 

AND ENCLOSURE

0.02 LB/H 3 HOURS 0.04 T/YR

IN-0167 MAGNETATION LLC MAGNETATION LLC IN 4/16/2013
FURNACE DISCHARGE 

SYSTEM
1155 T/H

Particulate 
matter, total < 

2.5 Âµ 
(TPM2 5)

BAGHOUSE CE017 0.002 GR/DSCF 3 HOURS 0.73 LB/H 3 HOURS

IN-0167 MAGNETATION LLC MAGNETATION LLC IN 4/16/2013
WBE LIME STORAGE 

AREA
7 T/H

Particulate 
matter, total < 

2.5 Âµ 
(TPM2 5)

BIN VENT CE020 0.002 GR/DSCF 3 HOURS 0.02 LB/H 3 HOURS
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IN-0167 MAGNETATION LLC MAGNETATION LLC IN 4/16/2013
WBE RESIDUAL 

PRODUCT LOADING 
AREA

7 T/H

Particulate 
matter, total < 

2.5 Âµ 
(TPM2 5)

BIN VENT CE020 0.002 GR/DSCF 3 HOURS 0.02 LB/H 3 HOURS

IN-0167 MAGNETATION LLC MAGNETATION LLC IN 4/16/2013
RECYCLED DUST 
STORAGE AREA

7 T/H

Particulate 
matter, total < 

2.5 Âµ 
(TPM2 5)

BAGHOUSE CE024 0.002 GR/DSCF 3 HOURS 0.16 LB/H 3 HOURS

IN-0167 MAGNETATION LLC MAGNETATION LLC IN 4/16/2013

LIMESTONE/DOLOMIT
E HOPPER, BELT 

FEEDER, GRIZZLY 
FEEDER/SCREENER

495 T/H

Particulate 
matter, total < 

2.5 Âµ 
(TPM2.5)

DEVELOPMENT, 
IMPLEMENTATION, AND 

MAINTENANCE OF A SITE-
SPECIFIC FUGITIVE DUST 

CONTROL PLAN

0.33 LB/H 3 HOURS 0.7 T/YR

IN-0167 MAGNETATION LLC MAGNETATION LLC IN 4/16/2013
LIMESTONE/DOLOMIT
E GRINDING MILL BIN 

AREA
495 T/H

Particulate 
matter, total < 

2.5 Âµ 
(TPM2 5)

BAGHOUSE CE023 0.002 GR/DSCF 3 HOURS 0.22 LB/H 3 HOURS

IN-0167 MAGNETATION LLC MAGNETATION LLC IN 4/16/2013
MIXING AREA 

MATERIAL HANDLING 
SYSTEM

780 T/H

Particulate 
matter, total < 

2.5 Âµ 
(TPM2 5)

BAGHOUSE CE011 0.002 GR/DSCF 3 HOURS 0.34 LB/H 3 HOURS

*TX-0869
LIME 

MANUFACTURING 
PLANT

LHOIST NORTH 
AMERICA OF TEXAS, 

LTD.
TX 11/6/2019 Lime Belt Crusher 0

Particulate 
matter, total < 

2.5 Âµ 
(TPM2 5)

BAGHOUSE 0.009 GR/DSCF 0

AK-0084 DONLIN GOLD PROJECT DONLIN GOLD LLC. AK 6/30/2017
Fugitive Dust from 

Unpaved Roads
5024900 VMT/yr

Particulate 
matter, total 

(TPM)

Water and Chemical Suppressant 
Spray

3500 TPY YEARLY 0

AK-0084 DONLIN GOLD PROJECT DONLIN GOLD LLC. AK 6/30/2017
Material Loading and 

Unloading
155123914 tpy

Particulate 
matter, total 

(TPM)

Best Practical Methods/Fugitive 
Dust Control Plan (includes water 

spray)
530

TPY 
(COMBINED

)
YEARLY 0

AK-0084 DONLIN GOLD PROJECT DONLIN GOLD LLC. AK 6/30/2017 Drilling and Blasting 620 blasts/yr
Particulate 

matter, total 
(TPM)

Best Practical Methods 273
TPY 

(COMBINED
)

YEARLY 0

AK-0084 DONLIN GOLD PROJECT DONLIN GOLD LLC. AK 6/30/2017
Fugitive Dust from 

Wind Erosion
0

Particulate 
matter, total 

(TPM)

Best Practical Methods / Fugitive 
Dust Control Plan (includes 

applying water)
32 TPY YEARLY 0

*TX-0869
LIME 

MANUFACTURING 
PLANT

LHOIST NORTH 
AMERICA OF TEXAS, 

LTD.
TX 11/6/2019 Lime Belt Crusher 0

Particulate 
matter, total 

(TPM)
BAGHOUSE 0.009 GR/DSCF 0
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APPENDIX B : SO2 CONTROL COST CALCULATIONS



Table	B‐1.	Summary	of	Semi‐Dry	Scrubber	Costs

Kiln Annual	Cost Tons	SO2	In Tons	SO2	Reduced
Cost	Effectiveness	
($/ton	reduced)

1 $1,887,867 0.51 0.44 $4,329,474
2 $1,978,379 0.35 0.30 $6,681,058
3 $2,222,455 3.52 3.01 $739,168

Total $6,088,701 4.37 3.74 $1,628,489



Table	B‐2.	Semi‐Dry	Scrubber	Cost	Calculations	for	Kiln	1
Direct	Costs Notes

Purchased Equipment Costs

Scrubber Unit $5,310,474

($5,775,000 from Turbosonic system Quote 
2010 for 69,000 acfm @ 300 oF, scaled 
according to 0.6 power rule)

Instrumentation (10% of EC) incl
Sales Tax (3% of EC) incl
Freight (5% of EC) incl

Subtotal, Purchased Equipment Cost  (PEC) $5,310,474 B

Direct Installation Costs
Foundation (6% of PEC) Incl
Supports (6% of PEC) Incl
Handling and Erection (40% of PEC) Incl
Electrical (1% of PEC) Incl
Piping (30% of PEC) Incl
Insulation for Ductwork (1% of PEC) Incl
Painting (1% of PEC) Incl

Turnkey Installation $1,931,081

Site Preparation N/A No data
Buildings N/A No data

Total	Direct	Cost $7,241,555

Indirect	Costs

Engineering (10% of PEC) $531,047
CONTROL COST MANUAL - EPA/452/B-02-
001 (CCM), Section 5.1, Chapter 1, Table 1.3

Construction and Field Expense (10% of PEC) $531,047 CCM, Section 5.1, Chapter 1, Table 1.3
Contractor Fees (10% of PEC) $531,047 CCM, Section 5.1, Chapter 1, Table 1.3
Start-up (1% of PEC) $53,105 CCM, Section 5.1, Chapter 1, Table 1.3
Performance Test (1% of PEC) $53,105 CCM, Section 5.1, Chapter 1, Table 1.3
Contingencies (3% of PEC) $159,314 CCM, Section 5.1, Chapter 1, Table 1.3

Total	Indirect	Cost $1,858,666

Total	Capital	Investment	(TCI)	(2010	$) $9,100,221

Direct	Annual	Costs
Hours per Year (330 days per year, 24 hours per day) 8,040

Operating Labor
Man-hrs 3,840 Based on Turbosonic system
Rate $50 Based on Turbosonic system

Subtotal, Operating Labor $192,000

Maintenance
Maintenance $200,000 Based on Turbosonic system

Subtotal, Maintenance $200,000

Utilities
Electricity

Demand (kW) 40.84
Based on Turbosonic system - 377,600 kw-
hr

Cost ($/kW-hr) $0.0535
Based on Turbosonic system - assumed 
$0.07/kW-hr

Subtotal, Electricity $17,556

Hydrated Lime

Amount Required (ton/yr) 3

Based on Turbosonic system (scaled from 
modeled max SO2 content of 760 lb/hr to 
1.49 lb/hr)

Cost ($/ton) $110.00
Based on Turbosonic system (profit lost to 
Graymont)

Subtotal, Lime $341

Process Water

Amount Required (gal/yr) 43

Based on Turbosonic system (to hydrate 
lime).  (Scaled from modeled max SO2 
content of 760 lb/hr to 1.49 lb/hr).

Cost ($/ton) $0.24 Based on Turbosonic system
Subtotal, Lime $11

Subtotal, Utilities $17,907

Total	Direct	Annual	Costs	(2010	$) $409,907

Indirect	Annual	Costs
Overhead (60% of sum of operating, supervisor, maintenance labor & materials) $235,411
Administrative (2% TCI) $182,004 0.02 TCI, CCM, Sec 5.1, Ch 1, Table 1.4
Property Tax (1% TCI) $91,002 0.01 TCI, CCM, Sec 5.1, Ch 1, Table 1.4
Insurance (1% TCI) $91,002 0.01 TCI, CCM, Sec 5.1, Ch 1, Table 1.4
Capital Recovery (20 year life, 4.75 percent interest) $714,827 CCM, Sec 1, Ch 2, Eqn 2.8a

Total	Indirect	Annual	Cost	(2010	$) $1,314,246

Total	Annualized	Cost	(2018	$) $1,887,867

2011 Estimate scaled by CEPCI, from 2010 $ 
(year of the quote) to 2018 $ (most recently 
published year for index).

Pollutant	Emission	Rate	Prior	to	Scrubber	(tons	SO2/yr) 0.51

Pollutant	Removed	(tons	SO2/yr)	90%	removal	per	vendor 0.4 Assumes 95% control equipment uptime
Cost	Per	Ton	of	Pollutant	Removed $4,329,473



Table	B‐3.	Semi‐Dry	Scrubber	Cost	Calculations	for	Kiln	2
Direct	Costs Notes

Purchased Equipment Costs

Scrubber Unit $5,825,073

($5,775,000 from Turbosonic system Quote 
2010 for 69,000 acfm @ 300 oF, scaled 
according to 0.6 power rule)

Instrumentation (10% of EC) incl
Sales Tax (3% of EC) incl
Freight (5% of EC) incl

Subtotal, Purchased Equipment Cost  (PEC) $5,825,073 B

Direct Installation Costs
Foundation (6% of PEC) Incl
Supports (6% of PEC) Incl
Handling and Erection (40% of PEC) Incl
Electrical (1% of PEC) Incl
Piping (30% of PEC) Incl
Insulation for Ductwork (1% of PEC) Incl
Painting (1% of PEC) Incl

Turnkey Installation $1,931,081

Site Preparation N/A No data
Buildings N/A No data

Total	Direct	Cost $7,756,154

Indirect	Costs

Engineering (10% of PEC) $582,507
CONTROL COST MANUAL - EPA/452/B-02-
001 (CCM), Section 5.1, Chapter 1, Table 1.3

Construction and Field Expense (10% of PEC) $582,507 CCM, Section 5.1, Chapter 1, Table 1.3
Contractor Fees (10% of PEC) $582,507 CCM, Section 5.1, Chapter 1, Table 1.3
Start-up (1% of PEC) $58,251 CCM, Section 5.1, Chapter 1, Table 1.3
Performance Test (1% of PEC) $58,251 CCM, Section 5.1, Chapter 1, Table 1.3
Contingencies (3% of PEC) $174,752 CCM, Section 5.1, Chapter 1, Table 1.3

Total	Indirect	Cost $2,038,775

Total	Capital	Investment	(TCI)	(2010	$) $9,794,930

Direct	Annual	Costs
Hours per Year (330 days per year, 24 hours per day) 8,040

Operating Labor
Man-hrs 3,840 Based on Turbosonic system
Rate $50 Based on Turbosonic system

Subtotal, Operating Labor $192,000

Maintenance
Maintenance $200,000 Based on Turbosonic system

Subtotal, Maintenance $200,000

Utilities
Electricity

Demand (kW) 40.84
Based on Turbosonic system - 377,600 kw-
hr

Cost ($/kW-hr) $0.0535
Based on Turbosonic system - assumed 
$0.07/kW-hr

Subtotal, Electricity $17,556

Hydrated Lime

Amount Required (ton/yr) 5

Based on Turbosonic system (scaled from 
modeled max SO2 content of 760 lb/hr to 
2.30 lb/hr)

Cost ($/ton) $110.00
Based on Turbosonic system (profit lost to 
Graymont)

Subtotal, Lime $526

Process Water

Amount Required (gal/yr) 67

Based on Turbosonic system (to hydrate 
lime).  (Scaled from modeled max SO2 
content of 760 lb/hr to 2.30 lb/hr).

Cost ($/ton) $0.24 Based on Turbosonic system
Subtotal, Lime $16

Subtotal, Utilities $18,098

Total	Direct	Annual	Costs	(2010	$) $410,098

Indirect	Annual	Costs
Overhead (60% of sum of operating, supervisor, maintenance labor & materials) $235,525
Administrative (2% TCI) $195,899 0.02 TCI, CCM, Sec 5.1, Ch 1, Table 1.4
Property Tax (1% TCI) $97,949 0.01 TCI, CCM, Sec 5.1, Ch 1, Table 1.4
Insurance (1% TCI) $97,949 0.01 TCI, CCM, Sec 5.1, Ch 1, Table 1.4
Capital Recovery (20 year life, 4.75 percent interest) $769,396 CCM, Sec 1, Ch 2, Eqn 2.8a

Total	Indirect	Annual	Cost	(2010	$) $1,396,719

Total	Annualized	Cost	(2018	$) $1,978,379

2011 Estimate scaled by CEPCI, from 2010 $ 
(year of the quote) to 2018 $ (most recently 
published year for index).

Pollutant	Emission	Rate	Prior	to	Scrubber	(tons	SO2/yr) 0.35

Pollutant	Removed	(tons	SO2/yr)	90%	removal	per	vendor 0.3 Assumes 95% control equipment uptime
Cost	Per	Ton	of	Pollutant	Removed $6,681,060



Table	B‐4.	Semi‐Dry	Scrubber	Cost	Calculations	for	Kiln	3
Direct	Costs Notes

Purchased Equipment Costs

Scrubber Unit $7,215,103

($5,775,000 from Turbosonic system Quote 
2010 for 69,000 acfm @ 300 oF, scaled 
according to 0.6 power rule)

Instrumentation (10% of EC) incl
Sales Tax (3% of EC) incl
Freight (5% of EC) incl

Subtotal, Purchased Equipment Cost  (PEC) $7,215,103

Direct Installation Costs
Foundation (6% of PEC) Incl
Supports (6% of PEC) Incl
Handling and Erection (40% of PEC) Incl
Electrical (1% of PEC) Incl
Piping (30% of PEC) Incl
Insulation for Ductwork (1% of PEC) Incl
Painting (1% of PEC) Incl

Turnkey Installation $1,931,081

Site Preparation N/A No data
Buildings N/A No data

Total	Direct	Cost $9,146,184

Indirect	Costs

Engineering (10% of PEC) $721,510
CONTROL COST MANUAL - EPA/452/B-02-
001 (CCM), Section 5.1, Chapter 1, Table 1.3

Construction and Field Expense (10% of PEC) $721,510 CCM, Section 5.1, Chapter 1, Table 1.3
Contractor Fees (10% of PEC) $721,510 CCM, Section 5.1, Chapter 1, Table 1.3
Start-up (1% of PEC) $72,151 CCM, Section 5.1, Chapter 1, Table 1.3
Performance Test (1% of PEC) $72,151 CCM, Section 5.1, Chapter 1, Table 1.3
Contingencies (3% of PEC) $216,453 CCM, Section 5.1, Chapter 1, Table 1.3

Total	Indirect	Cost $2,525,286

Total	Capital	Investment	(TCI)	(2010	$) $11,671,470

Direct	Annual	Costs
Hours per Year (330 days per year, 24 hours per day) 8,040

Operating Labor
Man-hrs 3,840 Based on Turbosonic system
Rate $50 Based on Turbosonic system

Subtotal, Operating Labor $192,000

Maintenance
Maintenance $200,000 Based on Turbosonic system

Subtotal, Maintenance $200,000

Utilities
Electricity

Demand (kW) 40.84
Based on Turbosonic system - 377,600 kw-
hr

Cost ($/kW-hr) $0.0535
Based on Turbosonic system - assumed 
$0.07/kW-hr

Subtotal, Electricity $17,556

Hydrated Lime

Amount Required (ton/yr) 7

Based on Turbosonic system (scaled from 
modeled max SO2 content of 760 lb/hr to 
3.48 lb/hr)

Cost ($/ton) $110.00
Based on Turbosonic system (profit lost to 
Graymont)

Subtotal, Lime $796

Process Water

Amount Required (gal/yr) 102

Based on Turbosonic system (to hydrate 
lime).  (Scaled from modeled max SO2 
content of 760 lb/hr to 3.48 lb/hr).

Cost ($/ton) $0.24 Based on Turbosonic system
Subtotal, Lime $25

Subtotal, Utilities $18,376

Total	Direct	Annual	Costs	(2010	$) $410,376

Indirect	Annual	Costs
Overhead (60% of sum of operating, supervisor, maintenance labor & materials) $235,692
Administrative (2% TCI) $233,429 0.02 TCI, CCM, Sec 5.1, Ch 1, Table 1.4
Property Tax (1% TCI) $116,715 0.01 TCI, CCM, Sec 5.1, Ch 1, Table 1.4
Insurance (1% TCI) $116,715 0.01 TCI, CCM, Sec 5.1, Ch 1, Table 1.4
Capital Recovery (20 year life, 4.75 percent interest) $916,799 CCM, Sec 1, Ch 2, Eqn 2.8a

Total	Indirect	Annual	Cost	(2010	$) $1,619,351

Total	Annualized	Cost	(2018	$) $2,222,455

2011 Estimate scaled by CEPCI, from 2010 $ 
(year of the quote) to 2018 $ (most recently 
published year for index).

Pollutant	Emission	Rate	Prior	to	Scrubber	(tons	SO2/yr) 3.5

Pollutant	Removed	(tons	SO2/yr)	90%	removal	per	vendor 3.0 Assumes 95% control equipment uptime
Cost	Per	Ton	of	Pollutant	Removed $739,168

Total	Annualized	Cost	for	both	Kilns $4,444,911
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APPENDIX C : NOX CONTROL COST CALCULATIONS



Table	C‐1.	Summary	of	SNCR	Costs

Kiln
Total	Capital	
Investment

Annual	Cost Tons	NOX	In Tons	NOX	Reduced
Cost	Effectiveness	
($/ton	reduced)

1 $5,607,978 $539,413 135.30 24 $22,048.17
2 $6,173,878 $597,980 173.07 31 $19,107.94
3 $7,396,811 $719,345 206.88 37 $19,229.49

Total $19,178,666 $1,856,738 515.25 93 $19,928.82



Is the combustion unit a utility or industrial boiler? What type of fuel does the unit burn?

Is the SNCR for a new boiler or retrofit of an existing boiler?

1.5

Complete all of the highlighted data fields:

Provide the following information for coal‐fired boilers:

What is the maximum heat input rate (QB)? 155.3 MMBtu/hour Type of coal burned:

 

What is the higher heating value (HHV) of the fuel? 11,596 Btu/lb 1.84

What is the estimated actual annual fuel consumption? 49,224,000 lbs/Year

  9.23

Is the boiler a fluid‐bed boiler? 

Enter the net plant heat input rate (NPHR) 10 MMBtu/MW

 

Fraction in 

Coal Blend %S %Ash HHV (Btu/lb)

Fuel Cost 

($/MMBtu)

If the NPHR is not known, use the default NPHR value:   Fuel Type Default NPHR 0 1.84 9.23 11,841 2.4

Coal 10 MMBtu/MW 0 0.41 5.84 8,826 1.89

Fuel Oil 11 MMBtu/MW 0 0.82 13.6 6,626 1.74

Natural Gas 8.2 MMBtu/MW

Data Inputs

Enter the following data for your combustion unit:

Bituminous
Sub‐Bituminous

Lignite

Please click the calculate button to calculate weighted 

values based on the data in the table above.  

Please enter a retrofit factor equal to or greater than  0.84 based on the level of 
difficulty.  Enter 1 for projects of average retrofit difficulty. * NOTE: You must document why a retrofit factor of 1.5 is appropriate 

for the proposed project.

Ash content (%Ash):

 

Enter the sulfur content (%S) =

or                                                                                   

Select the appropriate SO2 emission rate:

percent by weight

*The ash content of 9.23% is a default value. See below for data source. Enter actual value, if known.

*The sulfur content of 1.84% is a default value. See below for data source. Enter actual value, if 

known.

percent by weight

For units burning coal blends:

Note: The table below is pre‐populated with default values for HHV, %S, %Ash and cost. Please 

enter the actual  values for these parameters in the table below. If the actual value for any 

parameter is not known, you may use the default values provided.   



Number of days the SNCR operates (t SNCR) 330 days 5520

Inlet NOx Emissions (NOxin) to SNCR 0.47 lb/MMBtu

Oulet NOx Emissions (NOxout) from SNCR 0.38 lb/MMBtu

Estimated Normalized Stoichiometric Ratio (NSR) 0.70

Concentration of reagent as stored (Cstored) 29 Percent

Density of reagent as stored (ρstored) 56 lb/ft3

Concentration of reagent injected (C inj) 10 percent Densities of typical SNCR reagents: 

Number of days reagent is stored (tstorage) 14 days 71 lbs/ft3

Estimated equipment life 20 Years 56 lbs/ft3

Select the reagent used

Desired dollar‐year 2018

CEPCI for 2018 603.1 Enter the CEPCI value for 2018 541.7 2016 CEPCI CEPCI = Chemical Engineering Plant Cost Index

Annual Interest Rate (i) 4.75 Percent

Fuel (Costfuel) 3.36 $/MMBtu 

Reagent (Costreag) 0.33 $/gallon for a 29 percent solution of ammonia 

Water (Costwater) 0.0010 $/gallon 

Electricity (Costelect) 0.0609 $/kWh 

Ash Disposal (for coal‐fired boilers only) (Costash) 48.80 $/ton*

0.015

Maintenance Cost Factor (MCF) = 0.015  

Administrative Charges Factor (ACF) = 0.03  

Note:  The use of CEPCI in this spreadsheet is not an endorsement of the index, but is there merely to allow for availability of a well‐known cost index to spreadsheet users. Use of other well‐known cost indexes (e.g., M&S) 

is acceptable.

Enter the following design parameters for the proposed SNCR:

Enter the cost data for the proposed SNCR:

Maintenance and Administrative Charges Cost Factors:

50% urea solution

 

* The values marked are default values. See the table below for the default values used 

and their references. Enter actual values, if known.

Plant Elevation   Feet above sea level

29.4% aqueous NH3

 



Data Element Default Value
Reagent Cost ($/gallon) $0.293/gallon of 

29% Ammonia

Water Cost ($/gallon) 0.00417

Electricity Cost ($/kWh) 0.0676

Fuel Cost ($/MMBtu) 2.40

Ash Disposal Cost ($/ton) 48.8

Percent sulfur content for Coal (% weight) 1.84

Percent ash content for Coal (% weight) 9.23

Higher Heating Value (HHV) (Btu/lb) 11,841

Interest Rate (%) 5.5 Default bank prime rate Bank prime loan as of 12/5/19

Data Sources for Default Values Used in Calculations: 

 https://prd‐wret.s3‐us‐west‐

2.amazonaws.com/assets/palladium/production/atoms/files/mcs‐

2019‐nitro.pdf

If you used your own site‐specific values, please enter the  value 
used and the reference  source . . . 

 

 Heat content of coal for "Other industrial" in Nevada, 2018. 

https://www.eia.gov/coal/data/browser/#/topic/22?agg=0,1&geo=00

000000002&sec=vs&freq=A&start=2002&end=2018&ctype=map&ltyp

e=pin&rtype=s&pin=&rse=0&maptype=0

Sources for Default Value
U.S. Geological Survey, Minerals Commodity Summaries, January 2017 

(https://minerals.usgs.gov/minerals/pubs/commodity/nitrogen/mcs‐2017‐nitro.pdf

Average water rates for industrial facilities in 2013 compiled by Black & Veatch. (see 

2012/2013 "50 Largest Cities Water/Wastewater Rate Survey." Available at 

http://www.saws.org/who_we_are/community/RAC/docs/2014/50‐largest‐cities‐

brochure‐water‐wastewater‐rate‐survey.pdf.

U.S. Energy Information Administration. Electric Power Monthly. Table 5.3. Published 

December 2017. Available at: 

https://www.eia.gov/electricity/monthly/epm_table_grapher.php?t=epmt_5_6_a.

U.S. Energy Information Administration. Electric Power Annual 2016.  Table 7.4.  

Published December 2017. Available at: 

https://www.eia.gov/electricity/annual/pdf/epa.pdf.

Waste Business Journal.  The Cost to Landfill MSW Continues to Rise Despite Soft 

Demand.  July 11, 2017.  Available at:  

http://www.wastebusinessjournal.com/news/wbj20170711A.htm.

Average sulfur content based on U.S. coal data for 2016 compiled by the U.S. Energy 

Information Administration (EIA) from data reported on EIA Form EIA‐923, Power Plant 

Operations Report. Available at http://www.eia.gov/electricity/data/eia923/.

Average ash content based on U.S. coal data for 2016 compiled by the U.S. Energy 

Information Administration (EIA) from data reported on EIA Form EIA‐923, Power Plant 

Operations Report. Available at http://www.eia.gov/electricity/data/eia923/.

2016 coal data compiled by the Office of Oil, Gas, and Coal Supply Statistics, U.S. 

Energy Information Administration (EIA) from data reported on EIA Form EIA‐923, 

Power Plant Operations Report. Available at 

http://www.eia.gov/electricity/data/eia923/.

 http://cms4.revize.com/revize/elkonv/Water_Rates.pdf

 

https://www.eia.gov/electricity/monthly/epm_table_grapher.php?t=

epmt_5_6_a

EIA data ‐ 2019 average price of coal for "other industrial" in Nevada. 

https://www.eia.gov/coal/data/browser/

 

 



Parameter Equation Calculated Value Units
Maximum Annual Heat Input Rate (QB) =  HHV x Max. Fuel Rate = 155 MMBtu/hour

Maximum Annual fuel consumption (mfuel) = (QB x 1.0E6 Btu/MMBtu x 8760)/HHV = 117,314,000 lbs/Year

Actual Annual fuel consumption (Mactual) = 49,224,000 lbs/Year

Heat Rate Factor (HRF) = NPHR/10 = 1.00

Total System Capacity Factor (CFtotal) = (Mactual/Mfuel) x (tSNCR/365) = 0.38 fraction

Total operating time for the SNCR (top) = CFtotal x 8760 = 3323 hours

NOx Removal Efficiency (EF) = (NOxin ‐ NOxout)/NOxin = 20 percent

NOx removed per hour = NOxin x EF x QB  = 14.72 lb/hour

Total NOx removed per year = (NOxin x EF x QB x top)/2000 = 24.47 tons/year

Coal Factor (CoalF) =
1 for bituminous; 1.05 for sub‐bituminous; 1.07 for 

lignite (weighted average is used for coal blends)
1.04

SO2 Emission rate =   (%S/100)x(64/32)*(1x106)/HHV = > 3 lbs/MMBtu

Elevation Factor (ELEVF)  =  14.7 psia/P = 1.22

Atmospheric pressure at 5520 feet above sea level 

(P) =
2116x[(59‐(0.00356xh)+459.7)/518.6]

5.256
 x 

(1/144)* =
12.0 psia

Retrofit Factor (RF) = Retrofit to existing boiler 1.50

SNCR Design Parameters

The following design parameters for the SNCR were calculated based on the values entered on the Data Inputs  tab. These values were used to prepare the costs shown on the Cost 
Estimate  tab.

Averaged the three options for 

approximation

 

 

* Equation is from the National Aeronautics and Space Administration (NASA), Earth Atmosphere Model. Available at 

https://spaceflightsystems.grc.nasa.gov/education/rocket/atmos.html. 



Reagent Data:
Type of reagent used Ammonia 17.03 g/mole

Density  = 56 lb/gallon

Parameter Equation Calculated Value
Reagent consumption rate (mreagent) =  (NOxin x QB x NSR x MWR)/(MWNOx x SR) = 19

(whre SR = 1 for NH3; 2 for Urea)

Reagent Usage Rate (msol) = mreagent/Csol = 65

(msol x 7.4805)/Reagent Density = 8.7

Estimated tank volume for reagent storage = (msol x 7.4805 x tstorage x 24 hours/day)/Reagent 

Density =
3,000

Capital Recovery Factor:

Parameter Equation Calculated Value

Capital Recovery Factor (CRF) =  i (1+ i)
n
/(1+ i)

n
 ‐ 1 = 0.0786

Where n = Equipment Life and i= Interest Rate

Parameter Equation Calculated Value Units
Electricity Usage:
Electricity Consumption (P) =  (0.47 x NOxin x NSR x QB)/NPHR = 2.4 kW/hour

Water Usage:
Water consumption (qw) =                                                (msol/Density of water) x ((Cstored/Cinj) ‐ 1) = 15 gallons/hour

Fuel Data:
Additional Fuel required to evaporate water in 

injected reagent (ΔFuel) =
Hv x mreagent x ((1/Cinj)‐1) = 0.15 MMBtu/hour

Ash Disposal:
Additional ash produced due to increased fuel 

consumption (Δash) =
(Δfuel x %Ash x 1x10

6)/HHV = 1.2 lb/hour
 

Units
lb/hour

lb/hour

gal/hour

gallons (storage needed to store a 14 day reagent supply 

rounded up to the nearest 100 gallons)

Molecular Weight of Reagent (MW) = 



Graymont Pilot Peak Kiln 1

For Fuel Oil and Natural Gas‐Fired Boilers:

Capital costs for the SNCR (SNCRcost) = $1,480,291 in 2018 dollars

Air Pre‐Heater Costs (APHcost)* =  $1,009,155 in 2018 dollars

Balance of Plant Costs (BOPcost) = $1,824,384 in 2018 dollars

Total Capital Investment (TCI) = $5,607,978 in 2018 dollars

SNCR Capital Costs (SNCRcost) =  $1,480,291 in 2018 dollars

Air Pre‐Heater Costs (APHcost) =  $1,009,155 in 2018 dollars

For Coal‐Fired Industrial Boilers:

Balance of Plant Costs (BOPcost) = $1,824,384 in 2018 dollars

* This factor applies because the boiler burns bituminous coal and emits equal to or greater than 0.3lb/MMBtu of sulfur dioxide. 

Air Pre‐Heater Costs (APHcost)*
For Coal‐Fired Utility Boilers:

 APHcost = 69,000 x (BMW x HRF x CoalF)
0.78 x AHF x RF

For Coal‐Fired Industrial Boilers:

 APHcost = 69,000 x (0.1 x QB x HRF x CoalF)
0.78 x AHF x RF

Balance of Plant Costs (BOPcost)
For Coal‐Fired Utility Boilers:

BOPcost = 320,000 x (BMW)
0.33 x (NOxRemoved/hr)0.12 x BTF x RF

For Fuel Oil and Natural Gas‐Fired Utility Boilers:

BOPcost = 213,000 x (BMW)
0.33 x (NOxRemoved/hr)0.12 x RF

Cost Estimate

SNCRcost = 147,000 x ((QB/NPHR)x HRF)
0.42 x ELEVF x RF

For Fuel Oil and Natural Gas‐Fired Industrial Boilers:

Total Capital Investment (TCI)

For Coal‐Fired Boilers:

TCI = 1.3 x (SNCRcost + APHcost + BOPcost)

TCI = 1.3 x (SNCRcost + BOPcost)

SNCRcost = 220,000 x (BMW x HRF)
0.42 x CoalF x BTF x ELEVF x RF

For Fuel Oil and Natural Gas‐Fired Utility Boilers:

SNCRcost = 147,000 x (BMW x HRF)
0.42 x ELEVF x RF

For Coal‐Fired Industrial Boilers:

SNCRcost = 220,000 x (0.1 x QB x HRF)
0.42 x CoalF x BTF x ELEVF x RF

SNCR Capital Costs (SNCRcost)
For Coal‐Fired Utility Boilers:

* This factor applies because the boiler burns bituminous coal and emits equal to or greater than 0.3lb/MMBtu of sulfur dioxide. 

BOPcost = 320,000 x (0.1 x QB)
0.33 x (NOxRemoved/hr)0.12 x BTF x RF

For Fuel Oil and Natural Gas‐Fired Industrial Boilers:

BOPcost = 213,000 x (QB/NPHR)
0.33 x (NOxRemoved/hr)0.12 x RF



Direct Annual Costs (DAC) = $96,102 in 2018 dollars
Indirect Annual Costs (IDAC) = $443,311 in 2018 dollars
Total annual costs (TAC) = DAC + IDAC $539,413 in 2018 dollars

Annual Maintenance Cost = 0.015 x TCI = $84,120 in 2018 dollars

Annual Reagent Cost = qsol x Costreag x top = $9,633 in 2018 dollars

Annual Electricity Cost = P x Costelect x top =  $487 in 2018 dollars

Annual Water Cost = qwater x Costwater x top = $50 in 2018 dollars

Additional Fuel Cost  = ΔFuel x Costfuel x top = $1,713 in 2018 dollars

Additional Ash Cost = ΔAsh x Costash x top x (1/2000) = $99 in 2018 dollars

Direct Annual Cost =  $96,102 in 2018 dollars

Administrative Charges (AC) =  0.03 x Annual Maintenance Cost = $2,524 in 2018 dollars
Capital Recovery Costs (CR)= CRF x TCI = $440,787 in 2018 dollars
Indirect Annual Cost (IDAC) = AC + CR = $443,311 in 2018 dollars

Total Annual Cost (TAC) = $539,413
NOx Removed = 24 tons/year
Cost Effectiveness =  $22,048.12 per ton of NOx removed in 2018 dollars

per year in 2018 dollars

Annual Costs

IDAC = Administrative Charges + Capital Recovery Costs

Cost Effectiveness

Cost Effectiveness = Total Annual Cost/ NOx Removed/year

Direct Annual Costs (DAC)
DAC = (Annual Maintenance Cost) + (Annual Reagent Cost) + (Annual Electricity Cost) + (Annual Water Cost) + (Annual Fuel Cost) + 

(Annual Ash Cost)

Indirect Annual Cost (IDAC)

Total Annual Cost (TAC)
TAC = Direct Annual Costs + Indirect Annual Costs



Is the combustion unit a utility or industrial boiler? What type of fuel does the unit burn?

Is the SNCR for a new boiler or retrofit of an existing boiler?

1.5

Complete all of the highlighted data fields:

Provide the following information for coal‐fired boilers:

What is the maximum heat input rate (QB)? 191.7 MMBtu/hour Type of coal burned:

 

What is the higher heating value (HHV) of the fuel? 11,596 Btu/lb 1.84

What is the estimated actual annual fuel consumption? 82,299,000 lbs/Year

  9.23

Is the boiler a fluid‐bed boiler? 

Enter the net plant heat input rate (NPHR) 10 MMBtu/MW

 

Fraction in 

Coal Blend %S %Ash HHV (Btu/lb)

Fuel Cost 

($/MMBtu)

If the NPHR is not known, use the default NPHR value:   Fuel Type Default NPHR 0 1.84 9.23 11,841 2.4

Coal 10 MMBtu/MW 0 0.41 5.84 8,826 1.89

Fuel Oil 11 MMBtu/MW 0 0.82 13.6 6,626 1.74

Natural Gas 8.2 MMBtu/MW

Enter the sulfur content (%S) =

or                                                                                   

Select the appropriate SO2 emission rate:

percent by weight

*The ash content of 9.23% is a default value. See below for data source. Enter actual value, if known.

*The sulfur content of 1.84% is a default value. See below for data source. Enter actual value, if 

known.

percent by weight

For units burning coal blends:

Note: The table below is pre‐populated with default values for HHV, %S, %Ash and cost. Please 

enter the actual  values for these parameters in the table below. If the actual value for any 

parameter is not known, you may use the default values provided.   

Data Inputs

Enter the following data for your combustion unit:

Bituminous
Sub‐Bituminous

Lignite

Please click the calculate button to calculate weighted 

values based on the data in the table above.  

Please enter a retrofit factor equal to or greater than  0.84 based on the level of 
difficulty.  Enter 1 for projects of average retrofit difficulty. * NOTE: You must document why a retrofit factor of 1.5 is appropriate 

for the proposed project.

Ash content (%Ash):

 



Number of days the SNCR operates (t SNCR) 330 days 5520

Inlet NOx Emissions (NOxin) to SNCR 0.36 lb/MMBtu

Oulet NOx Emissions (NOxout) from SNCR 0.29 lb/MMBtu

Estimated Normalized Stoichiometric Ratio (NSR) 0.79

Concentration of reagent as stored (Cstored) 29 Percent

Density of reagent as stored (ρstored) 56 lb/ft3

Concentration of reagent injected (C inj) 10 percent Densities of typical SNCR reagents: 

Number of days reagent is stored (tstorage) 14 days 71 lbs/ft3

Estimated equipment life 20 Years 56 lbs/ft3

Select the reagent used

Desired dollar‐year 2018

CEPCI for 2018 603.1 Enter the CEPCI value for 2018 541.7 2016 CEPCI CEPCI = Chemical Engineering Plant Cost Index

Annual Interest Rate (i) 4.75 Percent

Fuel (Costfuel) 3.36 $/MMBtu 

Reagent (Costreag) 0.33 $/gallon for a 29 percent solution of ammonia 

Water (Costwater) 0.0010 $/gallon 

Electricity (Costelect) 0.0609 $/kWh 

Ash Disposal (for coal‐fired boilers only) (Costash) 48.80 $/ton*

0.015

Maintenance Cost Factor (MCF) = 0.015  

Administrative Charges Factor (ACF) = 0.03  

* The values marked are default values. See the table below for the default values used 

and their references. Enter actual values, if known.

Plant Elevation   Feet above sea level

29.4% aqueous NH3

 

Enter the following design parameters for the proposed SNCR:

Enter the cost data for the proposed SNCR:

Maintenance and Administrative Charges Cost Factors:

50% urea solution

 

Note:  The use of CEPCI in this spreadsheet is not an endorsement of the index, but is there merely to allow for availability of a well‐known cost index to spreadsheet users. Use of other well‐known cost indexes (e.g., M&S) 

is acceptable.



Data Element Default Value
Reagent Cost ($/gallon) $0.293/gallon of 

29% Ammonia

Water Cost ($/gallon) 0.00417

Electricity Cost ($/kWh) 0.0676

Fuel Cost ($/MMBtu) 2.40

Ash Disposal Cost ($/ton) 48.8

Percent sulfur content for Coal (% weight) 1.84

Percent ash content for Coal (% weight) 9.23

Higher Heating Value (HHV) (Btu/lb) 11,841

Interest Rate (%) 5.5

 

 Heat content of coal for "Other industrial" in Nevada, 2018. 

https://www.eia.gov/coal/data/browser/#/topic/22?agg=0,1&geo=00

000000002&sec=vs&freq=A&start=2002&end=2018&ctype=map&ltyp

e=pin&rtype=s&pin=&rse=0&maptype=0

Sources for Default Value
U.S. Geological Survey, Minerals Commodity Summaries, January 2017 

(https://minerals.usgs.gov/minerals/pubs/commodity/nitrogen/mcs‐2017‐nitro.pdf

Average water rates for industrial facilities in 2013 compiled by Black & Veatch. (see 

2012/2013 "50 Largest Cities Water/Wastewater Rate Survey." Available at 

http://www.saws.org/who_we_are/community/RAC/docs/2014/50‐largest‐cities‐

brochure‐water‐wastewater‐rate‐survey.pdf.

U.S. Energy Information Administration. Electric Power Monthly. Table 5.3. Published 

December 2017. Available at: 

https://www.eia.gov/electricity/monthly/epm_table_grapher.php?t=epmt_5_6_a.

U.S. Energy Information Administration. Electric Power Annual 2016.  Table 7.4.  

Published December 2017. Available at: 

https://www.eia.gov/electricity/annual/pdf/epa.pdf.

Waste Business Journal.  The Cost to Landfill MSW Continues to Rise Despite Soft 

Demand.  July 11, 2017.  Available at:  

http://www.wastebusinessjournal.com/news/wbj20170711A.htm.

Average sulfur content based on U.S. coal data for 2016 compiled by the U.S. Energy 

Information Administration (EIA) from data reported on EIA Form EIA‐923, Power Plant 

Operations Report. Available at http://www.eia.gov/electricity/data/eia923/.

Average ash content based on U.S. coal data for 2016 compiled by the U.S. Energy 

Information Administration (EIA) from data reported on EIA Form EIA‐923, Power Plant 

Operations Report. Available at http://www.eia.gov/electricity/data/eia923/.

2016 coal data compiled by the Office of Oil, Gas, and Coal Supply Statistics, U.S. 

Energy Information Administration (EIA) from data reported on EIA Form EIA‐923, 

Power Plant Operations Report. Available at 

http://www.eia.gov/electricity/data/eia923/.

 http://cms4.revize.com/revize/elkonv/Water_Rates.pdf

 

https://www.eia.gov/electricity/monthly/epm_table_grapher.php?t=

epmt_5_6_a

EIA data ‐ 2019 average price of coal for "other industrial" in Nevada. 

https://www.eia.gov/coal/data/browser/

 

 

 https://prd‐wret.s3‐us‐west‐

2.amazonaws.com/assets/palladium/production/atoms/files/mcs‐

2019‐nitro.pdf

If you used your own site‐specific values, please enter the  value 
used and the reference  source . . . 

Default bank prime rate Bank prime loan as of 12/5/19

Data Sources for Default Values Used in Calculations: 



Parameter Equation Calculated Value Units
Maximum Annual Heat Input Rate (QB) =  HHV x Max. Fuel Rate = 192 MMBtu/hour

Maximum Annual fuel consumption (mfuel) = (QB x 1.0E6 Btu/MMBtu x 8760)/HHV = 144,833,000 lbs/Year

Actual Annual fuel consumption (Mactual) = 82,299,000 lbs/Year

Heat Rate Factor (HRF) = NPHR/10 = 1.00

Total System Capacity Factor (CFtotal) = (Mactual/Mfuel) x (tSNCR/365) = 0.51 fraction

Total operating time for the SNCR (top) = CFtotal x 8760 = 4500 hours

NOx Removal Efficiency (EF) = (NOxin ‐ NOxout)/NOxin = 20 percent

NOx removed per hour = NOxin x EF x QB  = 13.91 lb/hour

Total NOx removed per year = (NOxin x EF x QB x top)/2000 = 31.29 tons/year

Coal Factor (CoalF) =
1 for bituminous; 1.05 for sub‐bituminous; 1.07 for 

lignite (weighted average is used for coal blends)
1.04

SO2 Emission rate =   (%S/100)x(64/32)*(1x106)/HHV = > 3 lbs/MMBtu

Elevation Factor (ELEVF)  =  14.7 psia/P = 1.22

Atmospheric pressure at 5520 feet above sea level 

(P) =
2116x[(59‐(0.00356xh)+459.7)/518.6] 5.256 x 

(1/144)* =
12.0 psia

Retrofit Factor (RF) = Retrofit to existing boiler 1.50

SNCR Design Parameters

The following design parameters for the SNCR were calculated based on the values entered on the Data Inputs  tab. These values were used to prepare the costs shown on the Cost 
Estimate  tab.

Averaged the three options for 

approximation

 

 

* Equation is from the National Aeronautics and Space Administration (NASA), Earth Atmosphere Model. Available at 

https://spaceflightsystems.grc.nasa.gov/education/rocket/atmos.html. 



Reagent Data:
Type of reagent used Ammonia 17.03 g/mole

Density  = 56 lb/gallon

Parameter Equation Calculated Value
Reagent consumption rate (mreagent) =  (NOxin x QB x NSR x MWR)/(MWNOx x SR) = 20

(whre SR = 1 for NH3; 2 for Urea)

Reagent Usage Rate (msol) = mreagent/Csol = 70

(msol x 7.4805)/Reagent Density = 9.3

Estimated tank volume for reagent storage = (msol x 7.4805 x tstorage x 24 hours/day)/Reagent 

Density =
3,200

Capital Recovery Factor:

Parameter Equation Calculated Value

Capital Recovery Factor (CRF) =  i (1+ i)n/(1+ i)n ‐ 1 = 0.0786

Where n = Equipment Life and i= Interest Rate

Parameter Equation Calculated Value Units
Electricity Usage:
Electricity Consumption (P) =  (0.47 x NOxin x NSR x QB)/NPHR = 2.6 kW/hour

Water Usage:
Water consumption (qw) =                                               (msol/Density of water) x ((Cstored/Cinj) ‐ 1) = 16 gallons/hour

Fuel Data:
Additional Fuel required to evaporate water in 

injected reagent (ΔFuel) =
Hv x mreagent x ((1/Cinj)‐1) = 0.16 MMBtu/hour

Ash Disposal:
Additional ash produced due to increased fuel 

consumption (Δash) =
(Δfuel x %Ash x 1x106)/HHV = 1.3 lb/hour

 

Units
lb/hour

lb/hour

gal/hour

gallons (storage needed to store a 14 day reagent supply 

rounded up to the nearest 100 gallons)

Molecular Weight of Reagent (MW) = 



Graymont Pilot Peak Kiln 2

For Fuel Oil and Natural Gas‐Fired Boilers:

Capital costs for the SNCR (SNCRcost) = $1,617,277 in 2018 dollars

Air Pre‐Heater Costs (APHcost)* =  $1,189,437 in 2018 dollars

Balance of Plant Costs (BOPcost) = $1,942,423 in 2018 dollars

Total Capital Investment (TCI) = $6,173,878 in 2018 dollars

SNCR Capital Costs (SNCRcost) =  $1,617,277 in 2018 dollars

Air Pre‐Heater Costs (APHcost) =  $1,189,437 in 2018 dollars

For Coal‐Fired Industrial Boilers:

Balance of Plant Costs (BOPcost) = $1,942,423 in 2018 dollars

BOPcost = 320,000 x (0.1 x QB)
0.33 x (NOxRemoved/hr)0.12 x BTF x RF

For Fuel Oil and Natural Gas‐Fired Industrial Boilers:

BOPcost = 213,000 x (QB/NPHR)
0.33 x (NOxRemoved/hr)0.12 x RF

Cost Estimate

SNCRcost = 147,000 x ((QB/NPHR)x HRF)
0.42 x ELEVF x RF

For Fuel Oil and Natural Gas‐Fired Industrial Boilers:

Total Capital Investment (TCI)

For Coal‐Fired Boilers:

TCI = 1.3 x (SNCRcost + APHcost + BOPcost)

TCI = 1.3 x (SNCRcost + BOPcost)

SNCRcost = 220,000 x (BMW x HRF)
0.42 x CoalF x BTF x ELEVF x RF

For Fuel Oil and Natural Gas‐Fired Utility Boilers:

SNCRcost = 147,000 x (BMW x HRF)
0.42 x ELEVF x RF

For Coal‐Fired Industrial Boilers:

SNCRcost = 220,000 x (0.1 x QB x HRF)
0.42 x CoalF x BTF x ELEVF x RF

SNCR Capital Costs (SNCRcost)
For Coal‐Fired Utility Boilers:

* This factor applies because the boiler burns bituminous coal and emits equal to or greater than 0.3lb/MMBtu of sulfur dioxide. 

* This factor applies because the boiler burns bituminous coal and emits equal to or greater than 0.3lb/MMBtu of sulfur dioxide. 

Air Pre‐Heater Costs (APHcost)*
For Coal‐Fired Utility Boilers:

 APHcost = 69,000 x (BMW x HRF x CoalF)
0.78 x AHF x RF

For Coal‐Fired Industrial Boilers:

 APHcost = 69,000 x (0.1 x QB x HRF x CoalF)
0.78 x AHF x RF

Balance of Plant Costs (BOPcost)
For Coal‐Fired Utility Boilers:

BOPcost = 320,000 x (BMW)
0.33 x (NOxRemoved/hr)0.12 x BTF x RF

For Fuel Oil and Natural Gas‐Fired Utility Boilers:

BOPcost = 213,000 x (BMW)
0.33 x (NOxRemoved/hr)0.12 x RF



Direct Annual Costs (DAC) = $109,935 in 2018 dollars

Indirect Annual Costs (IDAC) = $488,045 in 2018 dollars

Total annual costs (TAC) = DAC + IDAC $597,980 in 2018 dollars

Annual Maintenance Cost = 0.015 x TCI = $92,608 in 2018 dollars

Annual Reagent Cost = qsol x Costreag x top = $13,929 in 2018 dollars

Annual Electricity Cost = P x Costelect x top =  $704 in 2018 dollars

Annual Water Cost = qwater x Costwater x top = $73 in 2018 dollars

Additional Fuel Cost  = ΔFuel x Costfuel x top = $2,477 in 2018 dollars

Additional Ash Cost = ΔAsh x Costash x top x (1/2000) = $143 in 2018 dollars

Direct Annual Cost =  $109,935 in 2018 dollars

Administrative Charges (AC) =  0.03 x Annual Maintenance Cost = $2,778 in 2018 dollars

Capital Recovery Costs (CR)= CRF x TCI = $485,267 in 2018 dollars

Indirect Annual Cost (IDAC) = AC + CR = $488,045 in 2018 dollars

Total Annual Cost (TAC) = $597,980

NOx Removed = 31 tons/year

Cost Effectiveness =  $19,108 per ton of NOx removed in 2018 dollars

Direct Annual Costs (DAC)
DAC = (Annual Maintenance Cost) + (Annual Reagent Cost) + (Annual Electricity Cost) + (Annual Water Cost) + (Annual Fuel Cost) + 

(Annual Ash Cost)

Indirect Annual Cost (IDAC)

Total Annual Cost (TAC)
TAC = Direct Annual Costs + Indirect Annual Costs

per year in 2018 dollars

Annual Costs

IDAC = Administrative Charges + Capital Recovery Costs

Cost Effectiveness

Cost Effectiveness = Total Annual Cost/ NOx Removed/year



Is the combustion unit a utility or industrial boiler? What type of fuel does the unit burn?

Is the SNCR for a new boiler or retrofit of an existing boiler?

1.5

Complete all of the highlighted data fields:

Provide the following information for coal‐fired boilers:

What is the maximum heat input rate (QB)? 276.5 MMBtu/hour Type of coal burned:

 

What is the higher heating value (HHV) of the fuel? 11,596 Btu/lb 1.84

What is the estimated actual annual fuel consumption? 127,038,000 lbs/Year

  9.23

Is the boiler a fluid‐bed boiler? 

Enter the net plant heat input rate (NPHR) 10 MMBtu/MW

 

Fraction in 

Coal Blend %S %Ash HHV (Btu/lb)

Fuel Cost 

($/MMBtu)

If the NPHR is not known, use the default NPHR value:   Fuel Type Default NPHR 0 1.84 9.23 11,841 2.4

Coal 10 MMBtu/MW 0 0.41 5.84 8,826 1.89

Fuel Oil 11 MMBtu/MW 0 0.82 13.6 6,626 1.74

Natural Gas 8.2 MMBtu/MW

Enter the sulfur content (%S) =

or                                                                                   

Select the appropriate SO2 emission rate:

percent by weight

*The ash content of 9.23% is a default value. See below for data source. Enter actual value, if known.

*The sulfur content of 1.84% is a default value. See below for data source. Enter actual value, if 

known.

percent by weight

For units burning coal blends:

Note: The table below is pre‐populated with default values for HHV, %S, %Ash and cost. Please 

enter the actual  values for these parameters in the table below. If the actual value for any 

parameter is not known, you may use the default values provided.   

Data Inputs

Enter the following data for your combustion unit:

Bituminous
Sub‐Bituminous

Lignite

Please click the calculate button to calculate weighted 

values based on the data in the table above.  

Please enter a retrofit factor equal to or greater than  0.84 based on the level of 
difficulty.  Enter 1 for projects of average retrofit difficulty. * NOTE: You must document why a retrofit factor of 1.5 is appropriate 

for the proposed project.

Ash content (%Ash):

 



Number of days the SNCR operates (t SNCR) 330 days 5520

Inlet NOx Emissions (NOxin) to SNCR 0.28 lb/MMBtu

Oulet NOx Emissions (NOxout) from SNCR 0.22 lb/MMBtu

Estimated Normalized Stoichiometric Ratio (NSR) 0.90

Concentration of reagent as stored (Cstored) 29 Percent

Density of reagent as stored (ρstored) 56 lb/ft3

Concentration of reagent injected (C inj) 10 percent Densities of typical SNCR reagents: 

Number of days reagent is stored (tstorage) 14 days 71 lbs/ft3

Estimated equipment life 20 Years 56 lbs/ft3

Select the reagent used

Desired dollar‐year 2018

CEPCI for 2018 603.1 Enter the CEPCI value for 2018 541.7 2016 CEPCI CEPCI = Chemical Engineering Plant Cost Index

Annual Interest Rate (i) 4.75 Percent

Fuel (Costfuel) 3.36 $/MMBtu 

Reagent (Costreag) 0.33 $/gallon for a 29 percent solution of ammonia 

Water (Costwater) 0.0010 $/gallon 

Electricity (Costelect) 0.0609 $/kWh 

Ash Disposal (for coal‐fired boilers only) (Costash) 48.80 $/ton*

0.015

Maintenance Cost Factor (MCF) = 0.015  

Administrative Charges Factor (ACF) = 0.03  

* The values marked are default values. See the table below for the default values used 

and their references. Enter actual values, if known.

Plant Elevation   Feet above sea level

29.4% aqueous NH3

 

Enter the following design parameters for the proposed SNCR:

Enter the cost data for the proposed SNCR:

Maintenance and Administrative Charges Cost Factors:

50% urea solution

 

Note:  The use of CEPCI in this spreadsheet is not an endorsement of the index, but is there merely to allow for availability of a well‐known cost index to spreadsheet users. Use of other well‐known cost indexes (e.g., M&S) 

is acceptable.



Data Element Default Value
Reagent Cost ($/gallon) $0.293/gallon of 

29% Ammonia

Water Cost ($/gallon) 0.00417

Electricity Cost ($/kWh) 0.0676

Fuel Cost ($/MMBtu) 2.40

Ash Disposal Cost ($/ton) 48.8

Percent sulfur content for Coal (% weight) 1.84

Percent ash content for Coal (% weight) 9.23

Higher Heating Value (HHV) (Btu/lb) 11,841

Interest Rate (%) 5.5

 

 Heat content of coal for "Other industrial" in Nevada, 2018. 

https://www.eia.gov/coal/data/browser/#/topic/22?agg=0,1&geo=00

000000002&sec=vs&freq=A&start=2002&end=2018&ctype=map&ltyp

e=pin&rtype=s&pin=&rse=0&maptype=0

Sources for Default Value
U.S. Geological Survey, Minerals Commodity Summaries, January 2017 

(https://minerals.usgs.gov/minerals/pubs/commodity/nitrogen/mcs‐2017‐nitro.pdf

Average water rates for industrial facilities in 2013 compiled by Black & Veatch. (see 

2012/2013 "50 Largest Cities Water/Wastewater Rate Survey." Available at 

http://www.saws.org/who_we_are/community/RAC/docs/2014/50‐largest‐cities‐

brochure‐water‐wastewater‐rate‐survey.pdf.

U.S. Energy Information Administration. Electric Power Monthly. Table 5.3. Published 

December 2017. Available at: 

https://www.eia.gov/electricity/monthly/epm_table_grapher.php?t=epmt_5_6_a.

U.S. Energy Information Administration. Electric Power Annual 2016.  Table 7.4.  

Published December 2017. Available at: 

https://www.eia.gov/electricity/annual/pdf/epa.pdf.

Waste Business Journal.  The Cost to Landfill MSW Continues to Rise Despite Soft 

Demand.  July 11, 2017.  Available at:  

http://www.wastebusinessjournal.com/news/wbj20170711A.htm.

Average sulfur content based on U.S. coal data for 2016 compiled by the U.S. Energy 

Information Administration (EIA) from data reported on EIA Form EIA‐923, Power Plant 

Operations Report. Available at http://www.eia.gov/electricity/data/eia923/.

Average ash content based on U.S. coal data for 2016 compiled by the U.S. Energy 

Information Administration (EIA) from data reported on EIA Form EIA‐923, Power Plant 

Operations Report. Available at http://www.eia.gov/electricity/data/eia923/.

2016 coal data compiled by the Office of Oil, Gas, and Coal Supply Statistics, U.S. 

Energy Information Administration (EIA) from data reported on EIA Form EIA‐923, 

Power Plant Operations Report. Available at 

http://www.eia.gov/electricity/data/eia923/.

 http://cms4.revize.com/revize/elkonv/Water_Rates.pdf

 

https://www.eia.gov/electricity/monthly/epm_table_grapher.php?t=

epmt_5_6_a

EIA data ‐ 2019 average price of coal for "other industrial" in Nevada. 

https://www.eia.gov/coal/data/browser/

 

 

 https://prd‐wret.s3‐us‐west‐

2.amazonaws.com/assets/palladium/production/atoms/files/mcs‐

2019‐nitro.pdf

If you used your own site‐specific values, please enter the  value 
used and the reference  source . . . 

Default bank prime rate Bank prime loan as of 12/5/19

Data Sources for Default Values Used in Calculations: 



Parameter Equation Calculated Value Units
Maximum Annual Heat Input Rate (QB) =  HHV x Max. Fuel Rate = 276 MMBtu/hour

Maximum Annual fuel consumption (mfuel) = (QB x 1.0E6 Btu/MMBtu x 8760)/HHV = 208,872,000 lbs/Year

Actual Annual fuel consumption (Mactual) = 127,038,000 lbs/Year

Heat Rate Factor (HRF) = NPHR/10 = 1.00

Total System Capacity Factor (CFtotal) = (Mactual/Mfuel) x (tSNCR/365) = 0.55 fraction

Total operating time for the SNCR (top) = CFtotal x 8760 = 4817 hours

NOx Removal Efficiency (EF) = (NOxin ‐ NOxout)/NOxin = 20 percent

NOx removed per hour = NOxin x EF x QB  = 15.53 lb/hour

Total NOx removed per year = (NOxin x EF x QB x top)/2000 = 37.41 tons/year

Coal Factor (CoalF) =
1 for bituminous; 1.05 for sub‐bituminous; 1.07 for 

lignite (weighted average is used for coal blends)
1.04

SO2 Emission rate =   (%S/100)x(64/32)*(1x106)/HHV = > 3 lbs/MMBtu

Elevation Factor (ELEVF)  =  14.7 psia/P = 1.22

Atmospheric pressure at 5520 feet above sea level 

(P) =
2116x[(59‐(0.00356xh)+459.7)/518.6] 5.256 x 

(1/144)* =
12.0 psia

Retrofit Factor (RF) = Retrofit to existing boiler 1.50

SNCR Design Parameters

The following design parameters for the SNCR were calculated based on the values entered on the Data Inputs  tab. These values were used to prepare the costs shown on the Cost 
Estimate  tab.

Averaged the three options for 

approximation

 

 

* Equation is from the National Aeronautics and Space Administration (NASA), Earth Atmosphere Model. Available at 

https://spaceflightsystems.grc.nasa.gov/education/rocket/atmos.html. 



Reagent Data:
Type of reagent used Ammonia 17.03 g/mole

Density  = 56 lb/gallon

Parameter Equation Calculated Value
Reagent consumption rate (mreagent) =  (NOxin x QB x NSR x MWR)/(MWNOx x SR) = 26

(whre SR = 1 for NH3; 2 for Urea)

Reagent Usage Rate (msol) = mreagent/Csol = 89

(msol x 7.4805)/Reagent Density = 11.9

Estimated tank volume for reagent storage = (msol x 7.4805 x tstorage x 24 hours/day)/Reagent 

Density =
4,000

Capital Recovery Factor:

Parameter Equation Calculated Value

Capital Recovery Factor (CRF) =  i (1+ i)n/(1+ i)n ‐ 1 = 0.0786

Where n = Equipment Life and i= Interest Rate

Parameter Equation Calculated Value Units
Electricity Usage:
Electricity Consumption (P) =  (0.47 x NOxin x NSR x QB)/NPHR = 3.3 kW/hour

Water Usage:
Water consumption (qw) =                                               (msol/Density of water) x ((Cstored/Cinj) ‐ 1) = 20 gallons/hour

Fuel Data:
Additional Fuel required to evaporate water in 

injected reagent (ΔFuel) =
Hv x mreagent x ((1/Cinj)‐1) = 0.21 MMBtu/hour

Ash Disposal:
Additional ash produced due to increased fuel 

consumption (Δash) =
(Δfuel x %Ash x 1x106)/HHV = 1.7 lb/hour

 

Units
lb/hour

lb/hour

gal/hour

gallons (storage needed to store a 14 day reagent supply 

rounded up to the nearest 100 gallons)

Molecular Weight of Reagent (MW) = 



Graymont Pilot Peak Kiln 3

For Fuel Oil and Natural Gas‐Fired Boilers:

Capital costs for the SNCR (SNCRcost) = $1,886,122 in 2018 dollars

Air Pre‐Heater Costs (APHcost)* =  $1,582,600 in 2018 dollars

Balance of Plant Costs (BOPcost) = $2,221,132 in 2018 dollars

Total Capital Investment (TCI) = $7,396,811 in 2018 dollars

SNCR Capital Costs (SNCRcost) =  $1,886,122 in 2018 dollars

Air Pre‐Heater Costs (APHcost) =  $1,582,600 in 2018 dollars

For Coal‐Fired Industrial Boilers:

Balance of Plant Costs (BOPcost) = $2,221,132 in 2018 dollars

BOPcost = 320,000 x (0.1 x QB)
0.33 x (NOxRemoved/hr)0.12 x BTF x RF

For Fuel Oil and Natural Gas‐Fired Industrial Boilers:

BOPcost = 213,000 x (QB/NPHR)
0.33 x (NOxRemoved/hr)0.12 x RF

Cost Estimate

SNCRcost = 147,000 x ((QB/NPHR)x HRF)
0.42 x ELEVF x RF

For Fuel Oil and Natural Gas‐Fired Industrial Boilers:

Total Capital Investment (TCI)

For Coal‐Fired Boilers:

TCI = 1.3 x (SNCRcost + APHcost + BOPcost)

TCI = 1.3 x (SNCRcost + BOPcost)

SNCRcost = 220,000 x (BMW x HRF)
0.42 x CoalF x BTF x ELEVF x RF

For Fuel Oil and Natural Gas‐Fired Utility Boilers:

SNCRcost = 147,000 x (BMW x HRF)
0.42 x ELEVF x RF

For Coal‐Fired Industrial Boilers:

SNCRcost = 220,000 x (0.1 x QB x HRF)
0.42 x CoalF x BTF x ELEVF x RF

SNCR Capital Costs (SNCRcost)
For Coal‐Fired Utility Boilers:

* This factor applies because the boiler burns bituminous coal and emits equal to or greater than 0.3lb/MMBtu of sulfur dioxide. 

* This factor applies because the boiler burns bituminous coal and emits equal to or greater than 0.3lb/MMBtu of sulfur dioxide. 

Air Pre‐Heater Costs (APHcost)*
For Coal‐Fired Utility Boilers:

 APHcost = 69,000 x (BMW x HRF x CoalF)
0.78 x AHF x RF

For Coal‐Fired Industrial Boilers:

 APHcost = 69,000 x (0.1 x QB x HRF x CoalF)
0.78 x AHF x RF

Balance of Plant Costs (BOPcost)
For Coal‐Fired Utility Boilers:

BOPcost = 320,000 x (BMW)
0.33 x (NOxRemoved/hr)0.12 x BTF x RF

For Fuel Oil and Natural Gas‐Fired Utility Boilers:

BOPcost = 213,000 x (BMW)
0.33 x (NOxRemoved/hr)0.12 x RF



Direct Annual Costs (DAC) = $134,627 in 2018 dollars

Indirect Annual Costs (IDAC) = $584,718 in 2018 dollars

Total annual costs (TAC) = DAC + IDAC $719,345 in 2018 dollars

Annual Maintenance Cost = 0.015 x TCI = $110,952 in 2018 dollars

Annual Reagent Cost = qsol x Costreag x top = $19,033 in 2018 dollars

Annual Electricity Cost = P x Costelect x top =  $962 in 2018 dollars

Annual Water Cost = qwater x Costwater x top = $100 in 2018 dollars

Additional Fuel Cost  = ΔFuel x Costfuel x top = $3,385 in 2018 dollars

Additional Ash Cost = ΔAsh x Costash x top x (1/2000) = $196 in 2018 dollars

Direct Annual Cost =  $134,627 in 2018 dollars

Administrative Charges (AC) =  0.03 x Annual Maintenance Cost = $3,329 in 2018 dollars

Capital Recovery Costs (CR)= CRF x TCI = $581,389 in 2018 dollars

Indirect Annual Cost (IDAC) = AC + CR = $584,718 in 2018 dollars

Total Annual Cost (TAC) = $719,345

NOx Removed = 37 tons/year

Cost Effectiveness =  $19,229 per ton of NOx removed in 2018 dollars

Direct Annual Costs (DAC)
DAC = (Annual Maintenance Cost) + (Annual Reagent Cost) + (Annual Electricity Cost) + (Annual Water Cost) + (Annual Fuel Cost) + 

(Annual Ash Cost)

Indirect Annual Cost (IDAC)

Total Annual Cost (TAC)
TAC = Direct Annual Costs + Indirect Annual Costs

per year in 2018 dollars

Annual Costs

IDAC = Administrative Charges + Capital Recovery Costs

Cost Effectiveness

Cost Effectiveness = Total Annual Cost/ NOx Removed/year
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APPENDIX D : MISCELLANEOUS PM10 EMISSION SOURCES AND CONTROLS 

The following table summarizes the non-kiln PM10 emissions sources at the Pilot Peak facility and the emissions 
reduction options currently used at each source. 

Table	D‐1.	Summary	of	PM10	Emission	Sources	and	Controls	

Emission	Unit	
System	ID	

Emission	Unit	Description	
Emission	Control/Reduction	

Method	
01 Limestone Truck Dump Water Sprays, Enclosure 
02 Primary Crushing and Screening Circuit (D-1) Baghouse D-1 
03 Secondary Screening Circuit (D-311) Baghouse D-311 
05 Limestone Quarry Conveyance Transfers Water Sprays  
06 Lime Plant Conveyance Transfers Underground Transfers 
07 Lime Plant Stone Dressing Screens (Kilns 1 & 2) (D-10) Baghouse D-10 
08 Lime Plant Stone Dressing Screen  Baghouse D-317 

09 
Lime Plant Stone Surge Bins N-19 (Kiln 1) and N-219 
(Kiln 2) (D-19) 

Baghouse D-19 

11 Kiln 1 Coal Handling 1 Circuit Enclosure 
12 Kiln 1 Coal Silo T-90 (D-91) Baghouse D-91 

13a Kiln #2 Circuit (D-282) Baghouse D-282 
14 Kiln 2 Coal Handling Circuit Enclosure 
15 Kiln 2 Coal Silo T-290 (D-291) Baghouse D-291 
16 Lime Plant Stone Feed to Kiln 3 (D-382) Baghouse D-382 
18 Kiln 3 Coal Handling Circuit Good Operating Practices, Enclosure 
19 Kiln 3 Coal Silo T-391 (D-391) Baghouse D-391 
20 Product Lime Loadout from Kiln 1 (D-82) Baghouse D-82 
21 Product Lime Loadout from Kiln 2 (DC-230) Baghouse DC-230 
22 Product Lime Loadout from Kiln 2 (DC-30) Baghouse DC-30 
23 Kiln 1 & 2 Cyclone/Baghouse Fines Silo Discharge Enclosure 
24 Kiln 1 & 2 Cyclone/Baghouse Coll. Prod. Loadout Baghouse D-89 
25 Kiln 1 & 2 Baghouse Fines Silo Discharge System Baghouse D-11 
26 Kiln 3 Baghouse Collection Product Loadout Baghouse D-388 
27 Kiln 3 Baghouse Fines Discharge System (D-389) Baghouse D-389 
28 Kiln 3 Baghouse Fines Discharge System Enclosure 
29 Hydrate Plant Surge Bin (D-1101) Baghouse D-1101 
30 Hydrate Plant Hydrator Baghouse D-1101 
31 Hydrate Plant Lime Transfer (DC-1132) Baghouse DC-1132 
32 Hydrate Plant Lime Transfer to Silo T-1140 Baghouse D-1140 
33 Hydrate Plant Lime Transfer to Silo T-1141 Baghouse D-1141 
34 Hydrate Silos Loadout Baghouse D-1142 
35 Product Lime Kiln 3 - Control Device 1 (D-331) Baghouse D-331 
36 Product Lime Kiln 3 - Control Device 2 (D-333) Baghouse D-333 
37 Product Lime Kiln 3 - Control Device 3 (D-343) Baghouse D-343 
38 Product Lime Kiln 3 - Control Device 4 (D-361) Baghouse D-361 
41 Kiln #1 Auxiliary Drive Motor Good Operating Practices 
42 Kiln #2 Auxiliary Drive Motor Good Operating Practices 
43 Kiln #3 Auxiliary Drive Motor Good Operating Practices 
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Emission	Unit	
System	ID	

Emission	Unit	Description	
Emission	Control/Reduction	

Method	
44 Emergency Fire Pump  Good Operating Practices 
45 Truck Unloading Enclosure 
46 Railcar Loading Baghouse 
47 Fine Dust Surge Bin N-80 Transfer to Truck Good Operating Practices 
48 Fine Dust Surge Bin N-280 Transfer to Truck Good Operating Practices 
49 Fine Dust Surge Bin N-380 Transfer to Truck Good Operating Practices 
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P.O. Box 2520  
Pilot Peak, NV  89883 
USA 

November 13, 2020 
 
Mr. Steven McNeece 
Environmental Scientist 
Nevada Division of Environmental Protection 
Department of Conservation and Natural Resources 
901 S. Stewart Street, Suite 4001 
Carson City, NV 89701 
smcneece@ndep.nv.gov 
 

RE: Graymont Pilot Peak Response to Federal Land Managers Comments on Four-Factor Analysis 
for Regional Haze 

 
Dear Mr. McNeece: 
 
This letter is provided by Graymont Western Lime, Inc. (Graymont) in response to 
comments received on October 20, 2020 from the Nevada Division of Environmental 
Protection (NDEP) and the Federal Land Managers (FLMs) on Graymont’s updated 
regional haze four-factor analysis submitted for their Pilot Peak plant. The letter 
addresses the questions raised by NDEP and the FLMs regarding the feasibility of 
selective non-catalytic reduction (SNCR), the use of a control efficiency of 20% in 
cost calculations for SNCR, and the use of a retrofit factor of 1.5 in the development 
of the SNCR costs. 

SNCR FEASIBILITY 

As discussed in the four-factor analysis, the lime industry has a severely limited track 
record of successfully implementing mid-kiln SNCR for a lime kiln. The 
RACT/BACT/LAER Clearinghouse (RBLC) database includes only one instance of 
two lime kilns that were permitted with SNCR as control for NOX emissions.1 The 
permit documents indicate that after conducting 24 months of evaluation with the 
SNCR, a lower limit would be established that takes into account the control of NOX 
emissions achieved by the SNCR (unless it is demonstrated to not provide effective 
control or result in unacceptable consequences). Updated permit files have not 

 
1 RBLC Search results are provided in Appendix A of the four-factor analysis, see the entry for the 
Mississippi Lime Company. This entry represents the permit considered by the Illinois EPA in 2015, 
referenced in the FLMs’ second comment on technical feasibility (a comment by Lhoist on the 
Mississippi Lime Company permit that references the Lhoist Nelson plant). 

mailto:smcneece@ndep.nv.gov


 

included a reduced permit limit, and there is no publicly available evidence of the trial 
results. These new kilns were never constructed, therefore this permit does not 
indicate that SNCR can successfully be implemented for a lime kiln retrofit in a way 
that is not cost prohibitive. An aerial image of the Mississippi Lime facility is provided 
below, taken in May of 2019, where no kiln exists. 

Figure 1. Aerial Image of Mississippi Lime Facility Referenced in RBLC Database 

 
 
Graymont acknowledged in the regional haze analysis that there is limited precedent 
for SNCR not listed in the RBLC by one company: the installation of SNCR by Lhoist, 
as mentioned in the comments from NDEP and the FLMs. Graymont agrees with the 
assertion that the EPA determined SNCR was technically feasible for Lhoist’s Nelson 
kilns; however, there is no publicly available information for Graymont to determine 
whether Lhoist successfully implemented the controls and achieved the anticipated 
level of NOX emissions control. 



 

 
The second example cited by the FLMs does not represent an additional example of 
SNCR installation on a lime kiln – this comment was submitted by Lhoist and 
referenced the same example at Lhoist’s Nelson, AZ facility. This comment was 
submitted as part of the permitting process for the Mississippi Lime Company facility 
that is referenced in the RBLC database, which was never completed. Further, in 
Lhoist’s comment there is no information regarding the success of the implementation 
of the SNCR technology mid-kiln in achieving the discussed control efficiency, and 
there is no information indicating that this installation represents a cost-effective 
method of NOX emissions control. The Illinois EPA, in their determination that SNCR 
was feasible for the purposes of PSD-BACT for Mississippi Lime, states directly:2 
 

While Lhoist’s comments provide data for NOx emissions from the kilns 
at its O’Neal3 facility, this data is only sufficient to generally confirm the 
availability and feasibility of SNCR technology. It should not be used as 
a basis to set a BACT limit for the proposed kilns. This is because 
Lhoist has not provided detailed information on how SNCR technology 
has been adapted for use on the kilns at its O’Neal plant. Moreover, 
even if such information had been provided, Lhoist has not shown that 
such approach(s) are generally applicable to any new lime kiln or, 
considering proprietary aspects of the approaches, would be available 
to Mississippi Lime. 

 
Based on the underlined portion of this determination, the implementation of SNCR 
on lime kilns should not considered an available technology for the purposes of the 
regional haze program. As stated in the four-factor analysis, 40 CFR Subpart 51 
Appendix Y defines availability, a prerequisite for determining whether a technology 
could be applied for the Regional Haze Rule, “a technology is considered ‘available’ if 
the source owner may obtain it through commercial channels, or it is otherwise 
available within the common sense meaning of the term.” Inherent in the 
determination made by the Illinois EPA for PSD-BACT (a program with different and 
more stringent requirements than the regional haze program) is the conclusion that 
this technology is not considered commercially available and thus should be 
precluded from consideration. 
 

 
2 Illinois Environmental Protection Agency Bureau of Air, “Responsiveness Summary for the Public 
Comment Period on the Issuance of A Construction Permit/PSD Approval for Mississippi Lime 
Company to Construct a Lime Plant in Prairie du Rocher, Illinois,” Page 23. (September 2015). 
http://www.epa.state.il.us/public-notices/2014/mississippi-lime/responsiveness-summary.pdf 
3 Note that the original comment by Lhoist (and cited in the FLM example) related to Lhoist’s Nelson 
facility, but later communication from Lhoist to Illinois EPA also included data related to the Lhoist 
O’Neal facility in Calera, Alabama. 



 

Furthermore, in December 2018 Wisconsin DNR concluded that SNCR is not 
technically feasible for either of Graymont’s Eden kilns.4 In particular, Kiln 2 is of the 
same type as the Pilot Peak kilns. Wisconsin DNR determined that the SNCR was 
not technically feasible for Graymont Eden’s preheater kiln due to “the very short 
residence time available for the reduction of NOx, the need for a supplemental 
combustion source, and the low NOx emission rate already being required from the 
kiln as BACT – as well as the uncertainties surrounding the amount of emission 
reduction that the technology could achieve on this particular kiln.”5 While SNCR may 
be technically feasible for the Lhoist kiln mentioned in the FLM’s comment, this 
determination indicates that SNCR should not be considered technically feasible for 
all lime kilns, and there is uncertainty regarding both the feasibility and effectiveness 
of SNCR retrofits for lime kilns. 
 
Nevertheless, as stated in the four-factor analysis Graymont is conservatively 
assuming that SNCR is a technically feasible control technology for the lime kilns at 
the Pilot Peak facility and has thus conducted an analysis of the retrofit costs using 
methods cited in the EPA’s Air Pollution Control Cost Manual. 

EXPECTED SNCR CONTROL EFFICIENCIES 

Graymont used a control efficiency of 20% for the four-factor analysis based on 
Graymont’s experience with SNCR evaluation at another Graymont facility. This 
efficiency is lower than the 50% control in the FLM comment cited by Lhoist. 
However, this comparison in not appropriate for two key reasons. First, Lhoist’s more 
recent publicly available document states the expected control efficiency range is 25-
50%.6 The 25% control efficiency was used by Lhoist and accepted by Utah Division 
of Air Quality to calculate the BACT limit.7 This level of control is highly uncertain due 
to the lack of publicly available data, and Illinois EPA demonstrated their lack of 
confidence in the efficiency claims by Lhoist in the way the Mississippi Lime 
Company permit was written. The permit initially required SNCR but set the BACT 
NOX limit equal to the BACT level at another new lime kiln without SNCR (essentially 
assuming an SNCR control efficiency of 0%) and included a requirement to 

 
4 Wisconsin Department of Natural Resources, “Preliminary Determination, FID No. 420042480 Permit 
Nos. 18-RAB010, 420042480-P31” (December 2018). Page 38. 
Note the “Preliminary Determination” accompanies the draft permit and is considered the appropriate 
technical documentation for the final permit. The NOX BACT decision related to the SNCR technical 
feasibility did not change between the draft permit (December 2018) and the final permit (March 2019) 
5 Ibid. 
6 Utah Division of Air Quality, “PM2.5 SIP Evaluation Report: Lhoist North America – Grantsville 
Facility,” PDF Page 12. (July 2018). https://documents.deq.utah.gov/air-quality/pm25-serious-sip/DAQ-
2018-007681.pdf 
7 Ibid, Pages 21 and 3-18 of Appendix A (PDF pages 22 and 57).  



 

reevaluate the permit limits for NOX emissions after actual implementation and testing 
could resolve the uncertainty around the achievable NOX emission control 
efficiencies. Second, a significant driver of the control efficiency is the uncontrolled 
NOX concentrations. Per the EPA Control Cost Manual, “SNCR is not suitable for 
sources where the residence time is too short, temperatures are too low, NOX 
concentrations are low, the reagent would contaminate the product, or no suitable 
location exists for installing reagent injection ports.” Though Graymont’s lower 
uncontrolled NOX emission rates may not render SNCR entirely ineffective, the 
achievable control efficiency is expected to be much lower than the Nelson lime kilns 
because of Nelson’s higher uncontrolled NOX emission rates. As shown in Table 1 
below, the Graymont Pilot Peak kilns’ uncontrolled permitted NOX levels are 
considerably lower than Lhoist’s Nelson, AZ facility (4.0 – 4.8 lb/ton compared to 7.59 
and 5.21 lb/ton8). 

Table 1. Current Pilot Peak NOX Limits 

Kiln NOX Permit Limit a 
(lb/hr) 

Production Rate 
Limit (ton/hr) 

Calculated 
Equivalent NOX Limit 

b (lb/ton) 
Kiln 1 120 25 4.8 
Kiln 2 160 33.3 4.8 
Kiln 3 200 50 4.0 

a. Pilot Peak’s NOX emission limits are provided on an hourly basis, as well as a separate limit on a 12-
month rolling basis. 

b. Pilot Peak does not have a permit limit on a lb NOX per ton of lime basis. These values are calculated 
solely for the purpose of comparison to cited Lhoist Nelson plant values and should not be construed as 
representing a permitted limit for the Pilot Peak facility. 

Using the NOX emission levels required for the Lhoist Nelson and Granstville facilities 
as a benchmark (3.27 lb/ton for combined emissions from Nelson Kiln 1 and Kiln 2 
and 3.41 lb/ton for Grantsville, averaging 3.34 lb/ton), the calculated control efficiency 
from Graymont’s uncontrolled NOX emission limit to 3.34 lb/ton would result in a 
control efficiency of approximately 30% for Kilns 1 and 2 and 17% for Kiln 3. Starting 
from these efficiencies, they should be adjusted downward to take into account 
added uncertainty for site-specific factors such as shorter residence time or less 
favorable temperatures and the lack of commercial availability of the control 
technology for use on lime kilns. Assuming an uncertainty range of ±30% of the NOX 
reduction levels calculated above, the resulting control efficiencies are 21% for Kilns1 
and 2 and 12% for Kiln 3, with an average of 18%. Therefore, the use of an 

 
8 Promulgation of Air Quality Implementation Plans; Arizona; Regional Haze and Interstate Visibility 
Transport Federal Implementation Plan; Proposed Rule. Federal Register Vol. 79, No. 32 (February 
18, 2014). Table 19. https://www.govinfo.gov/content/pkg/FR-2014-02-18/html/2014-02714.htm 



 

anticipated control efficiency of 20% is appropriate for the estimates used in 
Graymont’s four-factor analysis. 

RETROFIT FACTOR 

Graymont used a retrofit factor of 1.5 to represent technical uncertainties associated 
with the retrofitting of the Pilot Peak lime kilns for SNCR implementation. In NDEP’s 
and the FLMs’ comments to Graymont, it is stated that “SNCR technology does not 
typically yield retrofit factors above 1 as it does not require the installation of a 
catalyst and doesn’t require a tremendous amount of space.” However, the EPA 
Control Cost Manual does not explicitly include this statement. This summary of the 
retrofit factor does not apply in Graymont’s case because the EPA Control Cost 
Manual refers to the difference in costs for retrofitting an existing boiler and installing 
on a new boiler. A retrofit factor of 1 should be used for retrofit projects of common 
difficulty, as compared to the retrofit of SNCR on a boiler (for which the cost 
calculations were originally developed). SNCR installation on boilers has been 
achieved broadly and is considered common on a typical boiler; however, SNCR 
installation on lime kilns is not common. Per the EPA, the cost methodology was 
originally developed for use with boilers, and calculations should be tailored to the 
source being controlled.9 Given that Lhoist’s proprietary technology represents the 
only known successful implementation of SNCR as a retrofit to a lime kiln, the details 
of which are not publicly available, the retrofit on a non-Lhoist lime kiln cannot be 
considered “average” relative to a boiler retrofit. SNCR retrofits for utility boilers are 
far more common, and the anticipated costs are therefore well-established when 
compared to lime kiln retrofits. 
 
Per the EPA Control Cost manual, it is “not uncommon to see retrofit factors of much 
greater magnitude” than 1.5 being used for complicated systems. Therefore, a factor 
even higher than 1.5 could be appropriate. Graymont acknowledges that specific 
conditions traditionally requiring a retrofit factor such as complex ducting or space 
constraints may not impact the retrofit of the kiln in the same way that it would a small 
boiler. However, in the context of the factors outlined by William Vatavuk in the book 
discussed in the FLMs’ comments, “Estimating Costs of Air Pollution Control,” a 
factor of 1.5 is appropriate to account for many of the anticipated higher costs are 
associated for additional engineering involved in designing a system for the lime kiln, 
a retrofit that is not well-established in the industry. 
 

 
9 EPA Air Pollution Control Cost Manual, Section 4, Chapter 1, “Selective Noncatalytic Reduction” 
(April 2019). Page 1-6. epa.gov/sites/production/files/2017-
12/documents/sncrcostmanualchapter7thedition20162017revisions.pdf 



 

The 1.5 retrofit factor is intended to account for the added engineering costs, as well 
as contingencies associated with retrofitting the lime kilns with a technology that has 
only one known implementation in the industry.10 Per the control cost manual, 
contingencies for mature control technologies (let alone relatively unproven 
implementations of control technologies) can have contingencies as high as 15%.11 
 
Per Table 2.2 of Estimating Costs of Air Pollution Control, engineering and 
supervision range between 10-20% of total purchased equipment costs and 
contingencies can be approximated for study-level estimates at 3% of total purchased 
equipment costs. Retrofit adjustment factors are then applied to each fraction of cost 
based on Table 2.3 of Estimating Costs of Air Pollution Control.12 For the purposes of 
this assessment, the engineering and supervision required are assumed to be 
equivalent to those of prototype equipment (adjustment factor of 3) because there is 
no publicly available information on implementation and engineering required to 
successfully install SNCR on a lime kiln. For contingencies, pilot tests will be required 
to obtain efficiencies and operating specification guarantees (an adjustment factor of 
5 to 10) for the same reason (the only implemented examples of SNCR in the lime 
industry do not have publicly available information).  
 

Equation:  
 
 Retrofit Factor= 1 +(Engineering Cost)(Engineering Adjustment Factor) 

+ (Contingencies)(Contingency Adjustment Factor) 
Minimum Factor: 
  
 Retrofit Factor = 1 + (0.1)(3)+(0.03)(5)=1.45 
 
Maximum Factor: 
  
 Retrofit Factor = 1 + (0.2)(3)+(0.03)(10)=1.9 

 

Applying the retrofit factor derivation using the equation above and accounting only 
for engineering and contingencies, the range of potential appropriate retrofit factors is 
1.45-1.9. Therefore, Graymont maintains that a retrofit factor of 1.5 is appropriate 

 
10 Note that the EPA’s control cost manual calculations spreadsheets do not account for contingency 
beyond those anticipated for a typical SNCR retrofit, and thus the retrofit factor is used by Graymont 
both to quantify anticipated complications related to the retrofit itself and contingencies associated with 
retrofitting the lime kilns with SNCR, which has severely limited use in the industry. 
11 EPA Air Pollution Control Cost Manual, Section 1, Chapter 2, “Cost Estimation: Concepts and 
Methodology” (April 2019). Page 30. https://www.epa.gov/sites/production/files/2017-
12/documents/epaccmcostestimationmethodchapter_7thedition_2017.pdf 
12 Vatavuk, William. “Estimating Costs of Air Pollution Control,” Lewis Publishers, 1990. Pages 20-22. 
ISBN: 0-87371-142-4. 



GRAYMONT 

(and even conservatively low) for the evaluation of SNCR for the lime kilns at the Pilot 
Peak facility. 

If you have any questions or comments about the information presented in this letter, 
please do not hesitate to call me at 505.286.6026. 

Sincerely, 

GRAYMONT PILOT PEAK 

Nate Stettler 
Senior HSE Specialist and Lead Auditor 

Attachments 

cc: 	Sigurd Jaunarajs, NDEP 
Terry McIntyre, Graymont 
John Maitland, Graymont 
Anna Henolson, Trinity Consultants 
Sam Najmolhoda, Trinity Consultants 
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P.O. Box 2520  
Pilot Peak, NV  89883 
USA 

April 16, 2021 
 
Mr. Steven McNeece (VIA Electronic Mail) 
Environmental Scientist 
Nevada Division of Environmental Protection 
Department of Conservation and Natural Resources 
901 S. Stewart Street, Suite 4001 
Carson City, NV 89701 
smcneece@ndep.nv.gov 
 

RE: Pilot Peak Response to NDEP Request for Additional Information  
Graymont Western US, Inc.  
 

Dear Mr. McNeece: 
 
Graymont Western US, Inc. (Graymont) has prepared this letter in response to 
comments received on January 28, 2021 from the Nevada Division of Environmental 
Protection (NDEP) concerning the regional haze four-factor analysis for the Pilot 
Peak Plant. This letter follows an updated four-factor analysis submitted on October 
19, 2020 and a subsequent response to NDEP and Federal Land Manager (FLM) 
comments submitted on November 13, 2020.  
 
At NDEP’s request, Graymont commissioned a Class 4 engineering cost estimate to 
ascertain capital and operating costs associated with installing and operating 
Selective Non-Catalytic Reduction (SNCR) Nitrogen Oxides (NOx) abatement 
systems on Pilot Peak’s Kilns 1, 2 and 3.  The cost estimations performed by a third 
party engineer indicate that the total capital cost for installation of SNCR systems at 
Pilot Peak exceed $4.1 MMUSD and operating costs exceed $3.7 MMUSD annually, 
resulting in a cost of $39,803 per ton of NOx removed based upon a 20 percent 
removal efficiency1.  A factor of 20 percent was utilized based on the temperature 
and residence time limitations of the SNCR reaction zone for each Pilot Peak kiln 
combined with the Low NOx baseline concentration already achieved through use of 
Low NOx Burners (LNB)2  
 

 
1 Pilot Peak SNCR Cost Effectiveness Calculations are detailed in Appendix A 
2 Lhoist North America indicated in a November 2020 4-factor analysis that Kilns 1, 2 & 3 would be 
capable of a maximum NOx control of 20%.  
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Graymont also compared the current NOX emissions from Pilot Peak to publicly 
available information for the Lhoist North America (LNA) rotary preheater kilns which 
utilize SCNR. We can share the  following observations: 
 
 The existing LNBs at Pilot Peak have effectively reduced the NOX emission 

intensity to a level four times less than the pre-control NOX intensity of LNA’s 
Nelson Plant which utilizes SNCR.   

 
 Any additive efficiency that might be gained from Pilot Peak’s use of SNCR would 

be marginal, at best, as SNCR NOx removal efficiency is highly dependent upon 
the inlet NOx concentration, reaction zone temperature and residence time, All of 
these factors reduce the anticipated efficiency that can reasonably be assumed 
for the Pilot Peak Kilns 1, 2 and 3. 

 
 Graymont identified an error in NDEP’s calculation of Pilot Peak’s Q/d value. 

When corrected, Pilot Peak’s Q/d drops from 5.15 to 4.6, comfortably outside the 
NDEP’s conservative screening threshold of 5 (and well outside the more normal 
screening threshold of 10). 

 
 Consistent with the Q/d analysis, Pilot Peak’s NOx emissions cannot meaningfully 

impact visibility at the Jarbidge Wilderness Area due to the existing low NOX 
emission rate achieved by the Kilns, the chemical composition of particulate 
matter found to be impacting Jarbidge, intervening geographic barriers and 
prevailing wind patterns. 

 
 NOx has nearly zero impact on regional haze at Jarbidge Wilderness Area as 

shown ammonium nitrate data from anthropogenic sources as measured by the 
JARB1 monitor. 

 
 The LNA SNCR technology for rotary lime kilns is proprietary and not 

unconditionally commercially available to Graymont. The technology appears to 
be patented, adding to its cost and the uncertainty as to its technical feasibility.  

 
 SNCR addition at Pilot Peak would have unintended negative environmental 

impacts and visibility disbenefits, including the generation of condensable 
particulate, an identified regional haze primary pollutant. 

Based on Graymont’s findings, requiring the installation of SNCR at Pilot Peak would 
be unreasonable because it would be infeasible, unnecessary and counterproductive 
to making reasonable progress towards the goal of preventing future, and remedying 
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any existing, anthropogenic impairment of visibility in mandatory Class I Federal 
areas in the context of Nevada’s pending Round 2 Regional Haze State 
Implementation Plan (RH SIP).  Although Pilot Peak is not a contributor to regional 
haze at Jarbidge Wilderness Area (or other Class I areas), Pilot Peak’s successful 
implementation of LNBs effectively controls NOx at the point of generation in Kilns 1, 
2 and 3. These NOx rates are sufficient for inclusion in the NDEP RH SIP since they 
are already some of the lowest achieved in the industry and far exceed what has 
been deemed BART at other kilns (such as the SNCR controlled kilns at the LNA 
Nelson Facility).   

Existing Low NOx Burners at Pilot Peak Effectively Reduce NOX Emission 
Intensity  
 
Graymont’s Pilot Peak Kilns are currently equipped with LNB’s that have effectively 
demonstrated excellent control of NOx generation during the combustion process.  
Table 1, below, compares the NOX emission limits applicable to the Graymont Pilot 
Peak and LNA Nelson kilns. As shown, the uncontrolled NOX emissions from the LNA 
Nelson plant prior to the installation of SNCR were substantially higher than the 
current NOX emission levels achieved by the Graymont Pilot Peak Kilns, and even 
higher than the Pilot Peak emission limitations.   

Table 1.  Summary of NOX Emissions from the Graymont and Lhoist Lime Kilns 

Facility Kiln 
Pre-SCNR Actual 

Emissions a, b 
(lb/ton lime) 

Current Calculated 
Permit Emission 

Limit c 
(lb/ton lime) 

SNCR Permit 
Emission Limit a 

(lb/ton lime) 

Graymont 
Pilot Peak 

Kiln 1 2.10 4.80 -- 
Kiln 2 1.30 4.80 -- 
Kiln 3 1.37 4.00 -- 

Lhoist 
Nelson 

Kiln 1 7.59 -- 3.80 
Kiln 2 5.21 -- 2.61 

a. Uncontrolled emissions and the BART emission limits for the Lhoist Nelson plant kilns are obtained from the 
“Promulgation of Air Quality Implementation Plans; Arizona; Regional Haze and Interstate Visibility Transport 
Federal Implementation Plan; Proposed Rule.” Federal Register Vol. 79, No. 32 (February 18, 2014). Tables 
18 and 19. https://www.govinfo.gov/content/pkg/FR-2014-02-18/html/2014-02714.htm 

b. Actual emissions are based on the 2014 annual emission inventory submitted by Graymont to NDEP. 
c. Note that Pilot Peak does not have a permit limit on a lb NOX per ton of lime basis. These values are 

calculated solely for the purpose of comparison to cited Lhoist Nelson plant values and should not be 
construed as representing a permitted limit for the Pilot Peak facility. 
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LNA realized this performance disparity in technologies as it too attempted to 
implement LNB controls at its Nelson Plant before turning to less effective SNCR.  
Yet, LNA was not able to make LNB work.  This is explained in the 2013 Technical 
Support Document for Arizona’s Federal Implementation Plan: 

“In 2001, LNA experimented with the installation of a bluff body LNBs on the 
Nelson Lime kilns.  These LNB’s wore out in approximately six months, 
impacted production, caused brick damage, and resulted in unscheduled 
shutdowns for the kilns.  We recognize that the staged combustion principle of 
LNB can present operational difficulties and potential product quality issues for 
lime production that are not exhibited in the cement industry.  At this time, 
however, we consider LNB to be technically infeasible for the Nelson Plan 
Cement (lime) kilns, since we do not have any information to suggest 
otherwise at this time.  The technical feasibility of LNB will be re-evaluated for 
lime kilns in a subsequent reasonable progress planning periods.”  

The site- and unit-specific feasibility of LNB emission control is supported by 
Graymont’s successful implementation of this technology on the Pilot Peak lime kilns.  
Graymont cannot speculate on why bluff body LNB’s were unsuccessful at LNA’s 
Nelson plant in 2001, but this failure forced LNA to advocate for use of its much less 
effective SNCR technology as BART in the Round 1 RH SIP process.  Arizona 
proposed, and EPA approved, LNA’s SNCR technology as BART.  However, 
Graymont has demonstrated that bluff body LNBs can be successfully implemented 
on lime kilns and achieve NOx emission reductions that far exceed what might be 
achieved with SNCR. Plainly stated, Pilot Peak’s use of LNBs far exceeds what has 
been deemed to be BART, at least for the LNA Nelson Plant.  It would be 
unreasonable to require Pilot Peak to go even further in controlling NOx (i.e., beyond 
BART), especially when there is no evidence that such controls are needed or 
effective in the Nevada RH SIP (as explained below). This assertion is supported by 
the EPA’s BART determination for the Nelson plant, where the Agency concludes 
that the proposed BART limit “is consistent with the use of low-NOX burners (LNB) 
and SNCR as control technologies”3 – indicating the emission limit would be similar 
for either technology. As demonstrated in the table above, Graymont can achieve 

 
3 Promulgation of Air Quality Implementation Plans; Arizona; Regional Haze and Interstate Visibility 
Transport Federal Implementation Plan; Proposed Rule. Federal Register Vol. 79, No. 32 (February 
18, 2014). Tables 18 and 19. https://www.govinfo.gov/content/pkg/FR-2014-02-18/html/2014-
02714.htm 
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actual emission levels on a 12-month basis with LNB technology that are lower than 
the levels achieved by Lhoist using SNCR. 

Graymont is committed to continuing the use of LNB at Pilot Peak and achieving the 
attendant NOx emission reductions in the future. Further reductions from Pilot Peak 
are not reasonably necessary or needed to fulfill NDEP’s RH SIP obligations. Indeed, 
EPA recently approved the District of Columbia RH SIP concluding that it was 
reasonable for the District to have excluded a source from even undergoing a four-
factor analysis where that facility had already installed LNB and was achieving low 
NOx emission rates. See, 86 Fed. Reg. at 19806 (April 15, 2021). 

LNB technology represents a superior level of NOx control at the point of generation 
as compared SNCR where, in the case of the lime industry, includes unintended 
negative consequences that would be experienced in the form of condensable 
particulate formation as a byproduct of attempting to control a higher intensity NOx 
source.   

Additive Efficiency for Pilot Peak SNCR NOx Control Beyond LNBs would be 
Marginal at Best 

As discussed above, Graymont has already implemented LNB control at Pilot Peak, 
resulting in control efficiency comparable to, or better than, SNCR control efficiencies.  
As indicated in both the four-factor analysis submitted by Graymont for the Pilot Peak 
facility and Graymont’s subsequent responses to NDEP comments, the control 
efficiency achieved by SNCR as a retrofit technology is highly dependent on the inlet 
NOX concentration, temperature of reaction zone and residence time. 

Even if SNCR could provide some emission reduction for Graymont’s Pilot Peak 
Kilns, the achievable control efficiency is expected to be much lower than the Nelson 
lime kilns because of Nelson’s higher uncontrolled NOX emission rates. This 
difference is in large part due to the successful implementation of LNB’s on the Pilot 
Peak Kilns. 

While it is difficult to ascertain what the as-built additive removal of SNCR control on 
top of LNB control might be, we can expect that SNCR control would be poor.  From 
LNA’s Apex plant November 2020 4-Factor submission to NDEP: 

“….this (reported 50% NOx removal efficiency conducted at a different LNA 
facility) one example of SNCR installation on a preheater rotary lime kiln does 
not necessarily transfer to other lime kilns.  Effectiveness of SNCR is highly 
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source-dependent, with a variety of factors having the potential to heavily 
influence the quantities of NOx controlled.” ….”4 

And: 

“…. When compared to the cement process, lower NOx concentrations, 
shorter residence times, and temperatures more frequently outside the optimal 
range for SNCR application yield lower control efficiencies for lime kilns.  
Therefore, a control efficiency of no more than 20% at (Apex plant) Kiln 1, 
2 and 3 and no more than 50% at Kiln 4, can be guaranteed at the 
Facility’s kilns without testing.  Trying to achieve a 50% removal efficiency 
on Kilns 1, 2 and 3 is more likely to result in ammonia slip which can cause its 
own health and visibility problems….”5  

LNA’s acknowledgement that SNCR NOx removal is kiln specific is instructive for any 
expectation that the Pilot Peak Kilns could achieve greater than 20% NOx removal 
efficiency.  Graymont agrees with LNA on this point.   

In contrast to LNA’s assertions above, in prior correspondence with NDEP, NDEP 
office has stated: 

“…. EPA has determined SNCR as technically and economically feasible for 
lime kilns, and has assumed a 50% NOx reduction of Lhoist North America’s 
Nelson facility.  Based on similar configuration and age between the Pilot Peak 
and Nelson kilns, it is reasonable to assume that the Pilot Peak kilns are 
capable of achieving 50% NOx reduction through the use of SNCR.  To 
dispute this, a site-specific vendor quote with a guaranteed control efficiency 
would be ideal.  In the absence of this, the only alternative is to provide a 
robust and site-specific analysis that considers Pilot Peak’s kilns and why they 
would not be able to achieve the 50% NOx reduction we see at the Nelson 
facility.  As of now, the 4-factor report does not sufficiently justify a 20% 
reduction.” 6 

 
4REGIONAL HAZE SECOND PLANNING PERIOD FOUR-FACTOR ANALYSIS, Lhoist North 
America, Apex Lime Plan, Source 00003, Page 33, Trinity Consultants, March 2020, Revised June 
2020, Revised November 2020. 

5 REGIONAL HAZE SECOND PLANNING PERIOD FOUR-FACTOR ANALYSIS, Lhoist North 
America, Apex Lime Plan, Source 00003, Page 33, Trinity Consultants, March 2020, Revised June 
2020, Revised November 2020. Emphasis added. 
6 (RHR) Pilot Peak 4-Factor Analysis, email from Steven McNeece to Nate Stettler, dated October 27, 
2020. 
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Graymont does not believe it is rational or reasonable to assume that Pilot Peak Kilns 
are capable of an additional 50% NOx reduction.  Through implementation of LNBs, 
the Pilot Peak Kilns show an average emission rate of 1.59 lbs of NOx / ton of lime 
compared to the Nelson Kilns 1 and 2 pre-control average of 6.4 lbs of NOx / ton of 
lime.  The Nelson Kilns generated NOx emissions are 4 times greater than the 
current LNB emissions in Pilot Peak.   Based on the significantly reduced gas stream 
NOx concentrations at Pilot Peak, the SNCR additive removal efficiency would decay 
making this control less effective. For kilns where LNB technology has already been 
applied, it is likely that any additive removal efficiency benefit would be marginal at 
best. 

In the correspondence above, NDEP suggests that a vendor guarantee might be 
used to validate Graymont’s assertion that 50% NOx reduction is unreasonable.  
Graymont did not request a vendor guarantee for the Class 4 engineering cost 
estimate we received from our vendors.  NDEP is cautioned that vendor guarantees 
would be premature at the level of a Class 4 engineering estimate as additional 
design and initial feasibility testing would be required to begin to make any estimate 
about the viability, regardless of the efficiency, of such a novel abatement system.  
Graymont’s vendors are not, at the present time, in any position to make guarantees 
about removal efficiency at the current conceptual stage of this project.   

Moreover, and elaborated upon below, ammonia slip from an SNCR application 
would result in an unintended, but material, increase in condensable particulate 
emissions in the form of ammonium nitrate, ammonium sulfate and ammonium 
chloride salts. In this manner, a well-intended abatement project would almost 
certainly result in cost prohibitive, low value installations resulting in impact(s) that are 
counterproductive to NDEP’s stated RH program goals.  

In summary, Graymont would be naive to characterize the potential for SNCR NOx 
reduction at Pilot Peak beyond 20% because the removal efficiency of the system 
cannot be estimated or derived.  Any vendor guarantee on the removal efficiency of a 
conceptual system is premature and would mean little at this time, even if a vendor 
were willing to provide one.  Moreover, achieving additive control over and above 
LNB control with emission intensities four times less than LNA’s Nelson Plant 
ensures that removal efficiencies beyond the removal realized by LNB will be 
marginal at best. 

Graymont’s Q/d Screening Threshold was Calculated Incorrectly 

Nevada and many other states use a Q/d screening calculation to determine which 
sources may impact visibility in class I areas and thereby should undergo the four-
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factor test. This Q/d calculation is a surrogate, quantitative metric that is correlated to 
some degree with visibility impacts as they would be estimated via air quality 
modeling. Although simple, Q/d is a widely accepted and used surrogate for a 
source’s visibility impacts. It does not account for transport direction or geography 
which are important factors here since Pilot Peak is downwind from the Jarbidge 
Class I Area. 

Based on NDEP’s assessment, the Graymont Q/d threshold was only slightly greater 
than the threshold used to determine which sources would be included in this Round 
2 regional haze analysis. However, in the case of Nevada, NDEP selected a 
screening Q/d ratio of only 5, whereas most other states use a ratio of 10.  This was 
intentional as NDEP recognized that unless the screening threshold were cut in half 
to 5, the Pilot Peak facility would be excluded from its analysis.7 Consistent with how 
NDEP designed it Q/d screen, it calculated a Q/d ratio for Pilot Peak of 5.15.  

However, despite these efforts, Pilot Peak still does not meet the conservative Q/d 
threshold of 5 – its emissions are just too low and it is too far from Jarbidge. It 
appears that the emission intensity (Q) reported by Graymont to NDEP and the Q 
from the 2014 National Emission Inventory differ by 52 tons of combined NOx, SOX 
and PM.  Graymont cannot speculate on how an additional 52 tons were added to the 
NEI.  Graymont can, however, attest to the accuracy of the 2014 Air Emission 
Inventory as reported to NDEP for reporting year 2014.   

Based on the 2014 emission inventory submitted to NDEP, the Pilot Peak facility has 
a 2014 Q/d ratio of 4.6 (621 tpy NOX, SOx, and PM / 131 km) rather than 5.15 
calculated by NDEP based on the 2014 NEI. 8 This correction results in Graymont’s 
Pilot Peak facility falling below the threshold for inclusion in this Round 2 regional 
haze analysis.  Graymont’s Pilot Peak facility simply does not reach NDEP’s Q/d 
threshold of 5. The Q/d screening threshold further supports a finding that any 
visibility impact by Pilot Peak is inconsequential and the facility should be excluded 
from this round of analysis.  

 

Pilot Peak does not meaningfully Impact Visibility at Jarbidge Wilderness Area 

 
7 October 6, 2020 RH Stakeholder Meeting (“…if we set [the Q/d threshold] at 10, it would cause some 
of these to drop off”). 
8 Graymont reported 621 tons of combined emissions of NOX, SOX, and PM in the 2014 annual 
emission inventory, which does not match emission in the 2014 National Emission Inventory (NEI), 
which reported a value 52 tons higher.  Please see Appendix B for to review a copy of Graymont’s 
Pilot Peak 2014 Emission Inventory. 
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Beyond the conclusion from the simplified Q/d screening approach, two other more 
detailed pieces of information also demonstrate that Graymont’s kilns do not 
meaningfully contribute to visibility impairment at the Jarbidge Wilderness Area: 

 

 Analysis of wind data from nearby weather stations and terrain indicate 
it is extremely unlikely for emissions from Pilot Peak to travel to 
Jarbidge, and 

 Analysis of pollutants causing visibility impairment at Jarbidge clearly 
shows that NOX emissions do not cause or contribute to visibility 
impairment. 

As mentioned, the Q/d analysis is a surrogate of the potential for Pilot Peak air 
emissions to impact Jarbidge visibility. Q/d does not consider transport or geography. 

However, wind roses obtained from monitoring stations located near both the 
Graymont Pilot Peak facility and the Jarbidge Wilderness Area indicate that 
emissions from the Pilot Peak kilns are extremely unlikely to travel to the Jarbidge 
Wilderness area. Data from the Wild Horse Reservoir station, located just west of the 
Jarbidge Wilderness area, indicates that winds travel primarily north and south in that 
area, with less than two percent of wind coming from the southeast (the direction of 
the Pilot Peak plant).  

While wind data from the Wendover US Air Force base, located nearer to the Pilot 
Peak facility, shows a somewhat higher fraction of winds traveling from the southeast, 
the topography of the region suggests that it would be extremely unlikely for 
conditions to allow emissions from Pilot Peak to travel to the Jarbidge Wilderness 
area. Several mountain ranges run north-south between the facility and the Jarbidge 
Wilderness area, which are likely to divert any winds that would otherwise have the 
potential to carry emissions to the Class I area. In cases when north-south mountain 
ranges would not divert the flow, the wind from the southeast would also dominate 
over a north-south wind near Jarbidge diverting the plume. A map of the region with 
wind rose overlays is provided in Figure 1, below. 
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Figure 1. Map of Pilot Peak, Jarbidge Wilderness Area, and Nearby Wind 
Rose Data 
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NOx has nearly zero impact on regional haze at Jarbidge Wilderness Area 

 

 

Figure 2. Anthropogenic Contributions to Regional Haze at the Jarbidge 
Wilderness Area 

Figure 2 above shows the anthropogenic pollutants9 that contribute to visibility 
improvement from 2001 to 2018. As illustrated in the figure, nitrate (the only visibility 
impairing pollutant that may be formed from NOX) contributes essentially zero to 
impairment at Jarbidge. Therefore, it is not physically possible that reducing NOX 
emissions from Graymont’s Pilot Peak plant could improve visibility at Jarbidge and 
should not be considered as part of the regional haze program. 

SNCR Technology for Rotary Lime Kilns is not Unconditionally Commercially 
Available to Graymont 

Based upon available information, it appears that the SNCR technology identified by 
NDEP for evaluation is proprietary to LNA. Graymont conducted a patent search to 
identify intellectual property owned by LNA and directed toward SNCR on preheater 
lime kilns. Graymont identified LNA Patent 7,377,773: “Method of Reducing NOX 

 
9 EPA’s 2017 RHR Revision rules focus on making visibility improvements on the 
days with the most anthropogenic visibility impairment, as opposed to the days with the most visibility 
impairment overall. See, 86 Fed. Reg. 19793, 19795 (April 15, 2021). 
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Emissions in Rotary Preheater Mineral Kilns” from May 27, 2008. While Graymont 
has not investigated the validity of the patent, nor does Graymont concede the 
patentability of the SNCR technology, it is likely that the SNCR technology employed 
by LNA, specifically directed toward preheater lime kilns, is protected by a patent.  
The reader is directed to Appendix C wherein a discussion of LNA’s SNCR patent 
can be reviewed. 

This is consistent with conclusions made by the Illinois Environmental Protection 
Agency (Illinois EPA) in the Responsiveness Summary for the PSD permit application 
for Mississippi Lime company in 2015, where the Illinois EPA noted “Lhoist continues 
to note that the SNCR systems for those kilns may incorporate proprietary technology 
and equipment and will need to be treated as confidential business information by 
USEPA.”10 

As stated in the four-factor analysis and Graymont’s response to comments from the 
NDEP and the FLMs, 40 CFR Subpart 51 Appendix Y defines availability, a 
prerequisite for determining whether a technology could be applied for the Regional 
Haze Rule, stating that “a technology is considered ‘available’ if the source owner 
may obtain it through commercial channels, or it is otherwise available within the 
common sense meaning of the term.” Inherent in the determination made by the 
Illinois EPA for PSD-BACT (a program with different and more stringent requirements 
than the regional haze program) is the conclusion that this technology is not 
considered unconditionally commercially available. 

LNA’s existing SNCR patent directed toward preheater lime kilns, if determined to be 
valid and patentable, could have material implications for Graymont’s attached cost 
analysis.  Graymont’s current cost analysis does not make any attempt to reconcile 
potential intellectual property costs that might be associated with a patent license or 
any royalty payment structure.  Were Graymont to make some assessment of those 
potential costs, the already infeasible costs associated with SNCR at Pilot Peak 
would become even more untenable for installation. 

Instead of making any attempt to represent what additional costs for intellectual 
property might look like beyond the costs represented in the cost analysis, Graymont 
instead provides NDEP with the following disclaimers: 

 
10 Illinois Environmental Protection Agency Bureau of Air, “Responsiveness Summary for the Public 
Comment Period on the Issuance of A Construction Permit/PSD Approval for Mississippi Lime 
Company to Construct a Lime Plant in Prairie du Rocher, Illinois,” Page 23. (September 2015). 
http://www.epa.state.il.us/public-notices/2014/mississippi-lime/responsiveness-summary.pdf 
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 Graymont has not investigated the validity of LNA’s ‘773 Patent, nor do we 
concede the patentability of the LNA SNCR technology, 
 

 It is our belief that LNA will defend its exclusive patent rights if the LNA SNCR 
technology is implemented by Graymont or at a minimum expect Graymont to 
take a license to the ‘773 Patent in order to implement the technology, 
 

 Graymont notes here that project capital and operational costs represented in 
this letter and its attachments do not attempt to account for any licensing fees 
or royalties that might apply to this analysis and so estimated costs could be 
substantially higher than estimated in this letter and its attachments. 

As NDEP ponders its Regional Haze SIP, the agency is encouraged to consider that 
the implications of LNA’s intellectual property holdings as they relate to Nevada’s 
Regional Haze initiative are not fully understood at this time by Graymont. 

Updated Cost Calculations and Vendor Estimate 

On January 28, 2021, NDEP provided Graymont with a letter requesting additional 
information.  In addition to requesting Pilot Peak kiln residence time and temperature, 
the agency requested detailed cost information for installation of SNCR technology.  
From NDEP’s January 28, 2021 letter: 

“In Lhoist North America’s latest 4-factor analysis for their Apex Plant, they 
assume a total capital cost of implementing SNCR at about $500,000 regardless 
of differing parameters among the kilns. This estimate was also used in the 
Nelson Facility’s 5-factor analysis and references Lhoist’s prior experience in 
implementing SNCR at another facility. As mentioned above, the Control Cost 
Manual’s spreadsheet for SNCR is heavily based on empirical data from fossil-
fuel-fired boilers. This populates a total capital cost for SNCR that is an order of 
magnitude larger than what was actually reported from successful implementation 
of SNCR on lime kilns. NDEP strongly suggests obtaining a vendor quote to avoid 
this calculation error.”11 

Pursuant to NDEP’s request, Graymont performed a Class 4 engineering cost 
analysis to determine capital and operating cost estimates for installation of SNCR 
control at Pilot Peak.  The Class 4 results are provided in Table 2: 

 
11 Graymont Pilot peak 4-Factor Analysis Request, Letter, Nevada Division of Environmental 
Protection, January 28, 2021. 
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Table 2: Summary of Pilot Peak SNCR Costs12 

Kiln Total 
Capital 

Investment 

Annual 
Operating 

Cost 

Total 
Annual 
Cost13 

Tons 
NOx 

in 

Tons NOx 
Reduced14 

Cost 
Effectiveness 
($/ton of NOx 

removed) 
1 $1,734,147   135.3 27.1  
2 $1,219,080   173.1 34.6  
3 $1,219,080   206.9 41.4  

Total $4,172,307 $3,775,976 $4,103,713 515.3 103.1 $39,803 

Graymont notes here the apparent disparity between our third-party Class 4 
engineering cost estimate and LNA’s 4-factor analysis for their Apex plant.  In both 
the Apex 4-factor analysis and their Nelson Plant five factor analysis, LNA asserted a 
round capital cost estimate of $500,000 capital investment per kiln. 

Graymont cannot speculate on how LNA’s cost estimates were so similar, regardless 
of differing parameters among the kilns.  Nor can we speculate on the disparity of 
cost displayed between LNA’s estimate and Graymont’s Class 4 engineering 
estimate. Graymont can only attest that the Class 4 estimate was performed by an 
independent third party with a sound engineering approach.   

Note that Graymont’s cost estimate makes no attempt to reconcile any potential 
intellectual property costs that might be required in the event that Graymont were 
forced to pursue licensing or royalty fees.   

 
The Technical Feasibility of SNCR on Preheater Lime Kilns is a Novel 
Technology Not Proven in Broad Application 

Lime kilns vary considerably in design, so implementation at two facilities does not 
indicate feasibility for all lime kilns. Particularly in the case of technologies that are 
not widely used in an industry, where the emission unit in question is as site-specific 
and unit-specific in its operating parameters and methods as a lime kiln, technical 
feasibility must be assessed on a unit-by-unit basis. Each kiln has its own design and 
operating conditions, with variables like temperature, residence time, and physical 

 
12 Class 4 engineering cost estimates are detailed in Appendix D. 
13 Total Annual Cost = Annual Operating Cost + Annual cost of capital investment at 4.75% for 20 
years 
14 Tons NOx reduced based upon 20% control efficiency. 
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configuration playing a major role in whether a control technology retrofit is possible 
and what level of emissions control is achievable. 
 
Graymont has reviewed the design characteristics specific to the kilns installed at the 
Pilot Peak facility to determine the temperature and residence time of kiln gas in the 
transfer chute in order to answer NDEP’s request for additional information. The 
models indicated an average temperature of 1,821 °F and a maximum of 1,938 °F. 
For residence time, the models indicated that the average residence time of gases in 
the transfer chute is 0.5 seconds (maximum of 0.6 seconds).  Please see Appendix E 
to review Graymont’s temperature and residence time calculations. The EPA Air 
Pollution Control Cost Manual (CCM) cites an ideal temperature range of 1,550 °F to 
1,950 °F.  
 
The CCM also states that a residence time of 1 second is required for sources to be 
considered well-suited for SNCR. With a residence time of half the recommended 
minimum value provided by the EPA, the concerns expressed in Graymont’s four-
factor analysis regarding the ability of an SNCR ammonia injection system to achieve 
sufficient mixing for the conversion of NOX emissions are substantiated. The short 
residence time, in conjunction with the high dust loading in the transfer chute, pose 
substantial technical concerns for the feasibility of SNCR as a NOX control 
technology. 
 
SNCR Addition at Pilot Peak would have Unintended Negative Repercussions 
and Generate Condensable Particulate 
 
Even if Pilot Peak emissions could affect Jarbidge, NDEP must also consider the 
energy and environmental impacts of SCNR and has the flexibility to consider 
visibility benefits.15 On this point, condensable particulate emissions from lime kilns 
occurs when cations and anion species react in the kiln system to create 
condensable particulate salts.  Kiln exhausts are cation-limited as ample anion 
species are available to form salts.  Sulfates, nitrates, and chloride species are 
present in lime kiln exhaust but do no form condensable particulate species at levels 
that create non-compliance with condensable particulate emission limits due typically 
to the relative stochiometric unavailability of a candidate cation species. 
 

 
15 See, e.g., Responses to Comments on Protection of Visibility: Amendments to Requirements for 
State Plans; Proposed Rule (81 FR 26942, May 4, 2016), Docket Number EPA–HQ–OAR–2015–
0531, U.S. Environmental Protection Agency at 186; August 2019, EPA issued ‘‘Guidance on Regional 
Haze State Implementation Plans for the Second Implementation Period’’ (‘‘2019 Guidance’’) at 36–37. 



 

16 
 

The addition of SNCR in lime kilns requires the addition of ammonia or urea to lime 
kiln exhausts to control NOx emissions.  While addition of reagent in lime kiln 
exhausts can, in favorable physical configurations with appropriate temperature and 
residence times, have the effect of abating NOx production, the addition of reagent 
will also have unintended negative effects.  Over-injection of reagent results in 
ammonia slip, which produces unintended ammonia emissions, but also contributes 
to the formation of condensable particulate.  Reactions with sulfates, chlorides and 
nitrates that were previously cation-limited are no longer cation-limited and robust salt 
formation of ammonium sulfate, ammonium chloride and ammonium nitrate are 
promoted.  Even when ammonia slip is limited through monitoring and injectate 
control, condensable particulate formation will be enhanced in the kiln system. 
 
Generation of additional condensable particulate creates two practical problems 
relative to this discussion.  First, increases of condensable particulate salt formation 
will have the immediate effect of increasing PM2.5/PM10 emissions from the Pilot 
Peak Kilns.  Condensable particulate emissions from the Pilot Peak Kilns are 
currently emitted at a rate where Graymont can remain in compliance with PM10 and 
PM2.5 emission limits.  Addition of reagent to the kiln exhaust will remove the cation-
limited condition in the kiln exhausts and promote additional condensable salt 
formation not accounted for in Graymont’s current air permit.  Graymont anticipates 
that if SNCR systems are required on Pilot Peak Kilns that the addition of more cation 
species will require study to characterize condensable salt formation increases and to 
develop a program to increase the PM10 and PM2.5 emission limits at Pilot Peak. 
 
A second problem envisioned if SNCR were required at Pilot Peak would be post 
control generated sources of ammonium nitrate, ammonium sulfate and ammonium 
chloride emissions produced as PM10 emissions.  As stated in the earlier section, we 
believe that Pilot Peak does not contribute to visibility impacts at Jarbidge Wilderness 
Area (or other Class I areas).  Even if we assume contribution of visibility-impairing 
emissions from Pilot Peak, SNCR would not benefit visibility at the Class I area if 
NOx reductions would simply be replaced by PM10 emissions.16 It is noteworthy to 
recall that condensable particulate emissions cannot be controlled by gas stream 
filtration.  Condensable particulate emissions can only be controlled by limiting the 
availability of condensable particulate salt-forming species in the kiln system – which 
means avoiding the installation of SNCR. 

 
16 NDEP recognized the potential visibility disbenefits of SNCR in previous BART analyses. See, 
Revised Nevada Division of Environmental Protection BART Determination Review of NV Energy’s 
Tracy Generating Station Units 1, 2 and 3(revised October 15, 2009); Revised Nevada Division of 
Environmental Protection BART Determination Review of  NV Energy’s Fort Churchill Generating 
Station Units 1 and 2 (revised October 15, 2009). 





 

Appendix A 

Pilot Peak SNCR Cost Effectiveness Calculations 



Kiln 1 $1,734,147
Kiln 2 $1,219,080
Kiln 3 $1,219,080
Total SNCR Capital Costs (SNCRcost) = $4,172,307

Kiln 1, Kiln 2, Kiln 3 Combined $4,103,713

Kiln 1, Kiln 2, Kiln 3 Combined $3,775,976

Capital Recovery Costs (CR) = (CRF x TCI) $327,737

CRF = (i (1+ i)n/(1+ i)n - 1) 0.0786
i = 4.75%
n (years) = 20

Cost Effectiveness = $39,803 per ton of NOx removed 

Total Annual Cost (TAC) = $4,103,713

Kiln 1 27.1 tons/year
Kiln 2 34.6 tons/year
Kiln 3 41.4 tons/year
Total NOx Removed (Kiln 1, Kiln 2, Kiln 3) 103.1 tons/year

Annual Costs*

*tons of Nox reduced based on 20% control efficiency 

SNCR Capital Costs (SNCRcost)

Cost Estimate

Total Capital Investment (TCI)*

*Based on class 4 engineering cost estimate

*Based on lass 4 engineering cost estimate

Cost Effectiveness*
Cost Effectiveness = Total Annual Cost/ NOx Removed/year

Indirect Annual Cost (IDAC)

Total Annual Cost (TAC)
TAC = Direct Annual Costs + Indirect Annual Costs

Direct Annual Costs (DAC)

IDAC = Capital Recovery Costs



 

Appendix B 

Graymont Pilot Peak 2014 Annual Emission Inventory 
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