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1. EXECUTIVE SUMMARY
Graymont (MI) LLC (Graymont) is proposing to construct and operate a greenfield lime manufacturing facility to
be located in the Upper Peninsula (UP) of Michigan near Rexton, Michigan (Rexton Facility). The proposed
project consists of a lime manufacturing facility and an adjacent, recently permitted surface quarry. The
proposed lime manufacturing operations include three 600 short ton per day (stpd), vertical shaft kilns fueled
by natural gas. Figure 3-1 presents a facility site map of the proposed Rexton Facility.
The Rexton Facility is to be located primarily in Mackinac County, Michigan. Mackinac County is currently
designated as an attainment or unclassified area for all criteria pollutants. 1 As demonstrated in Section 5 of this
application, the Rexton Facility will be a major source with respect to the Prevention of Significant Deterioration
(PSD) and Federal Operating Permit (Title V) programs. Graymont considered the applicability of the PSD
regulations by comparing the potential emissions from the proposed project to the Significant Emission Rate
(SER) and Subject To Regulation (STR) thresholds. The predicted net emissions increase resulting from the
proposed project are presented in Table 1-1.
Table 1-1. Net Emissions Increase from the Proposed Project
Pollutant

Net Emissions
Increase (tpy) a

PSD SER/STR b

PSD Review
Required?

NOX
CO
VOC
SO2
Total PM
Total PM10
Total PM2.5
Lead
H2SO4
H2S
TRS
Fluorides
GHG (CO2e)

123.9
110.2
33.3
13.7
114.4
81.1
57.2
<0.001
0.08
---530,105

40
100
40
40
25
15
10
0.6
7
10
10
3
75,000 ᶜ

Yes
Yes
No
No
Yes
Yes
Yes
No
No
No
No
No
Yes

a

All emissions, including greenhouse gas (GHG) emissions are in short tons per year (tpy).

b

SERs defined in Title 40 of the Code of Federal Regulations (40 CFR) Section (§) 52.21(b)(23)(i).

The 75,000 tpy is a STR threshold [defined in 40 CFR §52.21(b)(49)(iv)], not a PSD SER; the
Tailoring Rule did not change the definition of “significant” to include a GHG SER threshold.

c

The Best Available Control Technology (BACT) analysis for pollutants that are above the PSD SER/STR limits is
presented in Section 6. The application also details the emission calculation methodology and identifies
applicable state and federal regulatory requirements. Permit application forms are included in Appendix A. An
air dispersion modeling analysis has been provided in Appendix F.
1

The United States Environmental Protection Agency (U.S. EPA) Green Book.
Source: https://www3.epa.gov/airquality/greenbook/ancl.html, accessed February 2021.
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2. PROJECT DESCRIPTION
This section provides a general description of the lime manufacturing process at the proposed Rexton Facility
and describes the proposed equipment at the facility. Facility plot plans and process flow diagrams are provided
in Appendix B.

2.1. PROCESS DESCRIPTION
The lime manufacturing process begins with high calcium limestone or dolomitic limestone extraction from one
or more local or regional quarries. The limestone is processed by one or more crushers to reduce the size and
provide a consistently sized raw material for the process. The processed stone is transported by conveyor belts
to the vertical lime kilns stone hoppers above the two connected kiln shafts. The limestone is distributed into the
top of both kiln shafts as required by the process. Both contain the material to be calcined but only one shaft acts
as the burning shaft at a particular time. In the burning shaft, the air/fuel is in direct parallel contact with the
calcining material as it descends slowly (parallel flow heating). The off gases leave the burning shaft and enter
the second shaft where they transfer heat to the stone bed and even calcine it to a small degree. This cycle
alternates between the two shafts.
The reaction in the vertical lime kilns to produce high calcium quicklime (CaO) is shown below:
CaCO3 + heat  CO2 + CaO
The reaction in the vertical lime kilns to produce dolomitic quicklime (CaO·Mg) is shown below:
CaCO3·MgCO3 + heat  2CO2 + CaO·MgO
The lime product exits the calcining zone from each kiln shaft and is cooled by direct contact with cooling air in
the cooler. Then the lime is screened and conveyed to various storage silos from which it is shipped to the end
user.
Graymont’s lime and limestone products are essential in addressing a multitude of complex environmental
issues and challenges while supporting vital industrial processes and agricultural needs. Trusted environmental
applications of Graymont’s products include effective treatment of industrial flue-gas emissions, hazardous
wastes, animal wastes sewage biosolids, municipal wastewater, drinking water, industrial sludge, petroleum
wastes and acidic drainage from active or abandoned mine sites.

2.2. PROPOSED PROJECT
Graymont proposes to install three vertical kilns (the kilns) at the Rexton Facility, which will be able to achieve
the desired production rate with the desired product quality. In addition to the kilns, the following equipment
and processes will be installed at the Rexton Facility:







Nuisance dust collectors,
Paved and unpaved roads,
Stockpiles,
Storage tanks
Natural gas-fired water bath heater,
Reciprocating diesel-fired emergency engines,
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Conveyors,
Truck and rail loading,
Screens, and
Crushers.

This equipment and processes are described in more detail below.

2.2.1. Vertical Lime Kilns
Graymont has selected a technology manufactured by Maerz Ofenbau AG of Zurich, Switzerland for the proposed
vertical kilns. Maerz vertical kilns are widely recognized as among the best-performing, most fuel efficient and
lowest emitting kilns available. For the three referenced kilns, the Rexton Facility is proposing to install three
vertical two-shaft, parallel flow, regenerative (PFR) kiln technology with a nominal production capacity of 600
tons per day for each kiln. The nominal rated heat input capacity of each kiln is approximately 100 million
British thermal units per hour (MMBtu/hr) utilizing natural gas as the fuel.
The standard PFR kiln technology consists of a two-shaft kiln with alternating burning and non-burning shaft
operation. The two main distinguishing features of the PFR kiln are:
1.
2.

The parallel flow of hot gases and stone in the burning zone (burning shaft); and
The regenerative pre-heating of stone and combustion air in the shaft where combustion is not
occurring (off-gas shaft).

In a two-shaft kiln, one shaft is firing while the other is in regeneration (heat recovery) mode. On a regular cycle,
a switchover takes place during which the operating modes are reversed.
Fuel is introduced at the upper end of the burning zone, parallel to the flow of combustion gases. Combustion
air and fuel are mixed and progressively combusted within the interstitial spaces of the stone bed where the
material can absorb the heat released by the fuel. The intimate contact of flame and stone results in a very high
heat transfer efficiency and makes this type of kiln technology the most fuel-efficient lime kiln technology
available.
The regenerative pre-heating of combustion air requires two connected kiln shafts. In the burning mode, a shaft
is characterized by the parallel flow of combustion gases and raw limestone. In the non-burning mode, a shaft is
characterized the counter-current flow of exhaust gases and raw stone. The combustion gases exit the burning
shaft through the crossover channel and enter the non-burning shaft. The alternating burning-non-burning
shaft sequence serves as a regenerative pre-heating process. Heat is transferred to the raw stone from the
exhaust gases during the non-burning mode and then reclaimed by the combustion air from the raw stone
during the burning mode. The pre-heating zone acts as a regenerator with the stone charge serving as heat
retention medium.
Figure 2-1 depicts the basic operating principle of a PFR kiln and the two phases of gas flow. Note that although
a PFR kiln has two shafts, all kiln gases are emitted from a single stack.
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Figure 2-1. Basic Operating Principle of a Parallel Flow Regenerative Kiln

Lime product is discharged from both shafts throughout the burning cycle by discharge tables into a pressurized
hopper. Cooling air is introduced at the bottom of both shafts to reduce the temperature of the product prior to
discharge. During switchover, the kiln is depressurized and the lime is discharged from the hopper onto
vibrating feeders, the beginning of the lime handling system.
The proposed design calls for each kiln system to be equipped with one emergency engine to power a cooling
blower in case power to the plant is disrupted. At certain times (e.g., emergency disruption of power), it is
necessary to introduce cooling air into the kiln system to protect it from damage. To accommodate this on an
emergency basis, the diesel engine is used to power a blower that will introduce the cooling air into the kiln.
Table 2-1 below provides the basic aspects of the design of the Rexton Facility kilns.
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Table 2-1. Design Characteristics of Each Rexton Facility Kiln
Design Parameter
Kiln Type
Fuel Type
Fuel Delivery
Nominal Production
Capacity
Nominal Heat Input
Nominal Exhaust Gas
Flowrate

Rexton Kiln Proposed Design
2-Shaft, Parallel Flow, Regenerative Vertical
Kiln Manufactured by Maerz
Natural Gas
~41 Lances per Shaft
219,000 tons of lime per year
~100 MMBtu/hr
43,500 dry standard cubic feet per minute
(dscfm)

2.2.2. Ancillary Operations
Ancillary operations at the facility include the above-mentioned diesel emergency engines. Additionally, the site
will have several small tanks for storage of hydraulic fluid, diesel for fueling the emergency engines/ vehicles,
and gasoline for vehicle fueling.
Because natural gas for the facility will be received via a high-pressure pipeline, depressurization will occur at a
regulator station. Due to the temperature drop that occurs with depressurizing gas, a 1.25 MMBtu/hr natural
gas-fired water bath heater will heat the natural gas line to prevent condensation of moisture within the system.
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3. FACILITY SITE MAP
The Rexton Facility will be located primarily in Mackinac County, Michigan. Figure 3-1 presents a facility site
map centered on the Rexton Facility to graphically depict the location of the facility with respect to the
surrounding topography. The map depicts the fence line/property line with respect to predominant geographic
features such as highways, roads, streams, and railroads.
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Figure 3-1. Facility Site Map

Mackinac County
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4. EMISSION CALCULATIONS
The authorization of the proposed project is expected to generate the following emissions:













Carbon Monoxide (CO),
Greenhouse Gases (GHGs):
o Carbon dioxide (CO2),
o Methane (CH4), and
o Nitrous oxide (N2O),
Hazardous Air Pollutants (HAPs),
Lead,
Nitrogen oxides (NOX),
Particulate matter with an aerodynamic diameter of less than 30 microns (PM),
Particulate matter with an aerodynamic diameter of less than 10 microns (PM 10),
Particulate matter with an aerodynamic diameter of less than 2.5 microns (PM 2.5),
Sulfur Dioxide (SO2),
Sulfuric Acid (H2SO4), and
Volatile Organic Compounds (VOCs).

Emissions from the lime manufacturing process consist primarily of NO X, CO, particulate matter
(PM/PM10/PM2.5), and GHGs.
The following subsections contain a detailed description of the methodology used to calculate emissions for the
proposed activities at the Rexton Facility that are included in this permit application. The Rexton Facility will be
a major source under the PSD program for NO X, CO, PM, PM10, PM2.5, and GHGs and a minor source with respect
to all other pollutants as they do not exceed the respective major source SERs.

4.1. EMISSION CALCULATION METHODOLOGY
The following subsections describe the emission calculation methodologies used to calculate potential to emit
(PTE) emissions from the proposed project at the Rexton Facility. GHG emissions are discussed in Section 4.1.10.
Detailed emission calculations and example calculations are provided in Appendix C. Manufacturer’s
specification sheets are included in Appendix D.

4.1.1. Kilns
There will be three parallel flow regenerative vertical kilns that will burn natural gas. Natural gas emission
factors for each vertical kiln, excluding HAPs, GHGs, and filterable PM/PM 10/PM2.5, are presented in Table 4-1.
GHG emissions are discussed in Section 4.1.10. Filterable PM/PM 10/PM2.5 from the kilns is based on the emission
factors from the nuisance dust collectors, which are discussed in Section 4.1.2.
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Table 4-1. Kiln Natural Gas Emission Factors
Natural Gas

Pollutant

Value

Unit

Reference

SO2

1.04

lb/hr

Data from similar vertical lime kiln

NOX
CO
Condensable PM
VOC

9.36
8.32
2.37
2.50

lb/hr
lb/hr
lb/hr
lb/hr
lb/lb sulfur
in fuel

BACT limit for vertical lime kiln
BACT limit for vertical lime kiln
Manufacturer data
Data from similar vertical lime kiln

H2SO4

0.0022

Hydrogen Sulfide (H2S)

Not Expected

--

Total Reduced Sulfur (TRS)

Not Expected

--

Fluorides

Not Expected

--

0.0005

lb/MMscf

Lead

Data from similar vertical lime kiln
Not expected due to the high combustion
temperature.
Not expected due to the high combustion
temperature.
Not expected.
U.S. EPA’s AP-42 Compilation of Air Pollutant
Emission Factors (AP-42) Section 1.4, Table 1.42 (July 1998)

Short-term PTE emissions, excluding lead, H2SO4, and HAPs, are based on the following equation:
𝐸𝑅

=

𝐸𝐹 × 𝑇
𝑅

Where,
ERST = Short-term emission rate (pound per hour [lb/hr])
EF = Emission Factor (lb/ton stone)
TST = Short-term throughput (ton of stone feed [tsf]/hr)
R = Stone feed to limestone production ratio (2.05)
Annual PTE emissions, excluding lead, H2SO4, and HAPs, are based on the following equation:
𝐸𝑅 =

𝐸𝐹 × 𝑇
(2,000 𝑙𝑏/𝑡𝑜𝑛) × 𝑅

Where,
ERA = Annual emission rate (ton per year [tpy])
EF = Emission Factor (lb/ton stone)
TA = Annual throughput (tsf/yr )
R = Stone feed to limestone production ratio (2.05)
Lead and HAP emission factors (uncontrolled) for natural gas are based on AP-42 Section 1.4, Tables 1.4-3 or
1.4-4, dated July 1998. H2SO4 emission factors are based on information from a similar lime kiln.
Short-term lead, H2SO4, and HAP PTE emissions, are based on the following equation:
𝐸𝑅

= 𝐸𝐹 × 𝑇 × (1 − 𝐶)

Where,
Graymont (MI) LLC | Rexton Facility | PSD Permit Application
Trinity Consultants

4-2

ERST = Short-term emission rate (lb/hr)
EF = Emission factor (lb/ million standard cubic feet [mmscf] or lb/lb fuel sulfur)
TST = Short-term throughput (mmscf natural gas/hr or lb fuel sulfur/hr)
C = Control efficiency (%)
Annual HAP PTE emissions, are based on the following equation:
𝐸𝑅 =

𝐸𝐹 × 𝑇 × (1 − 𝐶)
(2,000 𝑙𝑏/𝑡𝑜𝑛)

Where,
ERA = Annual emission rate (tpy)
EF = Emission Factor (lb/mmscf or lb/lb fuel sulfur)
TA = Annual throughput (mmscf natural gas/yr or lb fuel sulfur/yr)
C = Control efficiency (%)

In addition, the following control efficiencies are used for HAP emission calculations:
Polyaromatics
 The following control efficiencies for polyaromatics are based on "Emissions from Combustion
Processes: Origin, Measurement, Control", Clement & Kagel, Lewis Publishers, Inc. 1990:
o Polycyclic aromatic hydrocarbons (PAH) = 98.00%
Heavy Metals
 Control efficiencies for heavy metals are obtained from a PTI application for a similar source 2:
o Efficiencies are known for beryllium (99.96%), chromium (99.94%), manganese (99.98%), mercury
(66.29%), and selenium (99.80%).
o For other metal toxics, the control efficiencies are the average of the known efficiencies (99.92%).
Acid Gas HAP
 A 95% control efficiency for acid gas HAP (i.e., chlorine, HCl, and HF) are based on U.S. EPA Air Pollution
Control Technology Fact Sheet EPA-452/F-03-016. Note that the HCl and HF emissions factors are based
on stack test results, which account for the inherent scrubbing control. Therefore, the 95% control
efficiency is not applied to the HCl and HF emissions.

4.1.2. Nuisance Dust Collectors
There will be 30 dust collectors at the proposed site. The filterable PM emission factor is 0.004 gr/dscf, the PM 10
emission factor is 0.003 gr/dscf, and the PM 2.5 emission factor is 0.002 gr/dscf, which are based on the
manufacturer guarantee.
Short-term filterable PM/PM10/PM2.5 emissions for the nuisance dust collectors are based on the maximum
blower flow rates and the emission factors, using the following equation:
ER

=

𝑄 × 𝐸𝐹 × (60 𝑚𝑖𝑛/ℎ𝑟)
(7,000 𝑔𝑟/𝑙𝑏)

Where,
ERST = Short-term emission rate (lb/hr)
2

Permit to Install 128-17, Carmeuse Lime & Stone, SRN B2169, issued by EGLE April 25, 2018.
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Q = Dust collector flow rate (cubic feet per minute [cfm])
EF = Emission factor (grain per dry standard cubic feet [gr/dscf])
Annual emissions are based on continuous operation (i.e., 8,760 hours/year):
ER =

𝑄 × 𝐸𝐹 × (60 𝑚𝑖𝑛/ℎ𝑟) × (8,760 ℎ𝑟/𝑦𝑟)
(7,000 𝑔𝑟/𝑙𝑏) × (2,000 𝑙𝑏/𝑡𝑜𝑛)

Where,
ERA = Annual emission rate (tpy)
Q = Dust collector flow rate (cfm)
EF = Emission factor (gr/dscf)

4.1.3. Roads
The proposed roads at the Rexton Facility are shown in Error! Reference source not found.. Segment H is an
unpaved haul road. The remaining roadways will be paved.
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Figure 4-1. Proposed Roads Map

￼
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Short-term and annual emission factors for unpaved roads are based on Equations 1a and 2, respectively, from
AP-42 Section 13.2.23:

=𝑘×

𝐸𝐹

𝑠
12

=𝑘×

𝐸𝐹

𝑠
12

𝑊
3

×

𝑊
3

×

×

× (1 − 𝐶𝐸)

365 − 𝑃
× (1 − 𝐶𝐸)
365

Where,
EFU-ST = Short-term emission factor for unpaved roads (lb/vehicle mile traveled [VMT])
EFU-A = Annual emission factor for unpaved roads (lb/VMT)
k = Empirical constant (PM k = 4.9; PM10 k = 1.5; PM2.5 k = 0.15) from AP-42 Table 13.2.2-2
s = Surface material silt content (%), 13.5% (average surface silt content from AP-42
Table 13.2.2-3)
a = Empirical constant (PM a = 0.7; PM10 a = 0.9; PM2.5 a = 0.9) from AP-42 Table 13.2.2-2
W = Mean vehicle weight (tons)
b = Empirical constant (PM/PM10/PM2.5 b = 0.45) from AP-42 Table 13.2.2-2
P = Number of days in a year with at least 0.254 mm (0.01 in) of precipitation, 150 days+
CE = Control Efficiency, % (75% for watering, when needed)
Short-term and annual emission factors for paved roads are based on Equations 1 and 2, respectively, from AP42 Section 13.2.14,5:
𝐸𝐹
𝐸𝐹

= 𝑘 × (𝑠𝐿)

= [𝑘 × (𝑠𝐿)

.

.

× (𝑊)

× (𝑊)

.

.

× (1 − 𝐶𝐸) + 𝐶

] 1−

𝑃
× (1 − 𝐶𝐸) + 𝐶
4𝑁

Where,
EFP-ST = Short-term emission factor for paved roads (lb/ VMT)
EFP-A = Annual emission factor for paved roads (lb/VMT)
k = Particle size multiplier (PM k = 0.011; PM10 k = 0.0022; PM2.5 k = 0.00054) from AP-42
Table 13.2.1-1
sL = Paved road surface silt loading (grams per square meter [g/m 2]) from AP-42 Table 13.2.1-3
(mean silt loading for quarries)
W = Mean vehicle weight (tons)
C = Brake wear and tire wear factor (lb/VMT) (PM/PM10 C = 0.00047; PM2.5 k = 0.00036)
P = Number of days in a year with at least 0.254 mm (0.01 in) of precipitation, 150 days
CE = Control Efficiency, % (80% for sweeping and watering, when needed)
Short-term emissions are calculated from the road segment length, the number of vehicles per day, and the
short-term emission factor:

AP-42 Section 13.2.2, Unpaved Roads, November 2006.
AP-42 Section 13.2.1, Paved Roads, January 2011.
5 Equations 1 and 2 for paved roads have been modified to add the C factors from the November 2006 edition of AP-42 into
the empirical equation to account for emissions from tire wear, brake wear, and exhaust.
3
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𝐸𝑅

=

𝐿 × 𝑁 × 𝐸𝐹
(24 ℎ𝑟/𝑑𝑎𝑦)

Where,
ERST = Short-term emission rate (lb/hr)
L = Road segment length (miles)
N = Number of vehicles per day (vehicles/day)
EFST = Short-term emission factor (lb/VMT)
Annual emissions are based on continuous operation (i.e., 365 days per year) and the road segment length,
number of vehicles per day, and the annual emission factor:
𝐸𝑅 =

𝐿 × 𝑁 × 𝐸𝐹 × (365 𝑑𝑎𝑦𝑠/𝑦𝑟)
(2,000 𝑙𝑏/𝑡𝑜𝑛)

Where,
ERA = Short-term emission rate (lb/hr)
L = Road segment length (miles)
N = Number of vehicles per day (vehicles/day)
EFA = Short-term emission factor (lb/VMT)

4.1.4. Stockpiles
There will be several outdoor stockpiles. High calcium limestone, dolomitic limestone (dolo), oversized stone
material, and material not suitable for processing will be stored outside. The oversized material and noncrushed limestone are expected to have a diameter of 4 inches or more. Material not suitable for sale is expected
to be comprised of overburden material (i.e., dirt, clay, and rock). Therefore, PM, PM 10, and PM2.5 emissions from
the oversized material, non-crushed dolo, and material not suitable for sale stockpiles are not anticipated.
Emission factors for the storage piles provided in Table 4-2 are based on the Texas Commission on
Environmental Quality (TCEQ) guidance. 6
Table 4-2. Stockpile Emission Factors

Scenario
Active Pile
Inactive Pile

Emission Factor 1 (lb/acre-day)
PM
PM10
PM2.5
13.20
3.50

6.60
1.75

1.00
0.27

1 Emission

factors per TCEQ Concrete Batch Plant Calculations spreadsheet. Per TCEQ guidance:
• The PM active and inactive emission factors are from "Cowherd, Jr., C. Development Of Emission Factors For Fugitive
Dust Sources. EPA document number: EPA-450/3-74-037. Research Triangle Park: U. S. Environmental Protection,
1974" (page 88).
• The PM10 emission factors are based on 50% of the PM emission factors.
• The PM2.5 emission factors are based on the ratio of the PM10 and PM2.5 k factors in AP-42 Section 13.2.4, Aggregate
Handling and Storage Piles, November 2006 (k[PM10] = 0.35; k[PM2.5] = 0.053).

6

Emission factors per TCEQ Concrete Batch Plant Calculations spreadsheet, downloaded June 2019:
https://www.tceq.texas.gov/assets/public/permitting/air/Guidance/NewSourceReview/emiss-calc-cbp.xlsx (last revised
February 2019).
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Emissions are calculated using the maximum size of the storage pile area, the percentage of the pile that is active
and inactive, control efficiency (if applicable), and TCEQ emission factors. It is conservatively assumed that the
piles will be 75% active at any given time.
Uncontrolled short-term and annual stockpile emissions are calculated as follows:
𝐸𝑅

=

𝐸𝑅

𝑆 × 𝐸𝐹 × 𝑃
24 ℎ𝑟/𝑑𝑎𝑦
=

𝐸𝑅

+

𝑆 × 𝐸𝐹 × 𝑃
24 ℎ𝑟/𝑑𝑎𝑦

× (8,760 ℎ𝑟/𝑦𝑟)
(2,000 𝑙𝑏/𝑡𝑜𝑛)

Where,
ERU-ST = Uncontrolled short-term emission rate (lb/hr)
ERU-A = Uncontrolled ann0ual emission rate (tpy)
S = Storage pile size (acre)
EFa = Active pile emission factor (lb/acre-day)
Pa = Percentage as active (%)
EFi = Inactive pile emission factor (lb/acre-day)
Pi = Percentage as inactive (%)
Controlled hourly and annual emissions are calculated as follows:
𝐸𝑅 = 𝐸𝑅 × (1 − 𝐶)
Where,
ERC = Controlled emission rate (lb/hr or tpy)
ERU = Uncontrolled emission rate (lb/hr or tpy)
C = Control efficiency (%)
Graymont proposes to use water sprays, when non-freezing temperatures allow, on the outdoor storage piles,
which is associated with a 70% control efficiency.7

4.1.5. Storage Tanks
There will be nine storage tanks at the Rexton Facility. The tank specifications are presented in Table 4-3.

7

Ibid.
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Table 4-3. Storage Tank Specifications

Emission Point ID
T-191
T-113
T-K1
T-K2
T-K3
T-103
T-104
T-105
T-302

Worst-Case Product
#2 Fuel Oil
#2 Fuel Oil
#2 Fuel Oil
#2 Fuel Oil
#2 Fuel Oil
Hydraulic Fluid
Hydraulic Fluid
Hydraulic Fluid
Gasoline (RVP 11)

Tank
Type
Horizontal
Horizontal
Horizontal
Horizontal
Horizontal
Horizontal
Horizontal
Horizontal
Horizontal

Capacity
(gal)
12,000
1,000
66
66
66
211
211
211
550

Shell
&
Roof
Color
White
White
White
White
White
White
White
White
White

Shell &
Roof
Condition
Good
Good
Good
Good
Good
Good
Good
Good
Good

Tank
Diameter
(ft)
9.50
7.33
1.85
1.85
1.85
1.57
1.57
1.57
4.50

Tank
Length
(ft)
26.00
8.33
3.28
3.28
3.28
6.60
6.60
6.60
7.25

VOC emissions from the storage tanks are determined using TankESP software. This program uses tank
specifications in conjunction with a database of meteorological data to output monthly standing and working
losses. The equations used in the code of this program are based on the contents of AP-42 Section 7.1. 8
The TankESP program has three meteorological stations located in Michigan (i.e., Lansing, Detroit, and Sault St.
Marie). The Sault St. Marie station is the closest to the Rexton Facility and is the only station located in the upper
peninsula of Michigan. Therefore, the Sault St. Marie meteorological data is used in the TankESP simulation.
The TankESP program inputs and outputs can be found in Appendix C.

4.1.6. Natural Gas-Fired Water Bath Heater
The site will contain a natural gas-fired water bath heater. Emission factors for the water bath heater, excluding
HAPs and GHGs, are summarized in Table 4-4. GHG emissions are discussed in Section 4.1.10. Due to the high
combustion temperature and the low fluoride content, H2S, TRS, and fluoride emissions are not expected from
natural gas combustion.
All regulated NSR pollutant emission factors for the water bath heater except for H 2SO4 and GHGs are based on
AP-42 Section 1.4, Tables 1.4-1 and 1.4-2. 9 H2SO4 emissions are based on guidance from the Electrical Power
Research Institute (EPRI).10 The calculated H2SO4 emission rates are based on worst-case combustion rates. The
calculations assume that all sulfur in the fuel is converted to SO 2.
HAP emission factors for the water bath heater are based on AP-42 Section 1.4, Tables 1.4-3 and 1.4-4. 11
Emission factors from AP-42 Section 1.4 are converted from lb/mmscf to lb/MMBtu using the following
equation:

AP-42 Section 7.1, Organic Liquid Storage Tanks, November 2006.
AP-42, Section 1.4, Natural Gas Combustion, Tables 1.4-1 (small, uncontrolled boilers) and 1.4-2, July 1998.
10 EPRI, Estimating Total Sulfuric Acid Emissions from Stationary Power Plants, Product ID: 3002012398, dated March 2018:
https://www.epri.com/#/pages/product/3002012398/?lang=en-US.
11 AP-42, Section 1.4, Natural Gas Combustion, Tables 1.4-3 and 1.4-4, July 1998.
8
9
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𝐸𝐹

𝐸𝐹

=

/

/

1,020

𝑙𝑏
𝑚𝑚𝑠𝑐𝑓

Where,
EFlb/MMBtu = Emission factor (lb/MMBtu)
EFlb/mmscf = Emission factor (lb/mmscf)
Table 4-4. Natural Gas Combustion Emission Factors

VOC
NOX
CO
PM/PM10/PM2.5

Emission Factors
Water Bath Heater
(lb/MMBtu)
0.005
0.098
0.082
0.007

SO2

0.001

Lead

4.90E-07

H2SO4

--

Pollutant

H 2S

--

TRS

--

Fluorides

--

Short-term and annual emissions, including HAPs, for the water bath heater are based on the emission factor
multiplied by the short-term heat rating:

ER

= 𝐸𝐹 × 𝐻

Where,
ERST = Short-term emission rate (lb/hr)
EF = Emission Factor (lb/MMBtu)
HST = Short-term heat Rating (MMBtu/hr)
Annual emissions, including HAPS, are based on the emission factor multiplied by the annual heat rating:

ER =

𝐸𝐹 × 𝐻
(2,000 𝑙𝑏/𝑡𝑜𝑛)

Where,
ERA = Annual emission rate (tpy)
EF = Emission Factor (lb/MMBtu)
HA = Annual heat Rating (MMBtu/yr)

4.1.7. Emergency Engines
The Rexton Facility will have three diesel-fired emergency engines. Diesel combustion emission factors,
excluding HAPs and GHGs, are shown in Table 4-5. GHG emissions are discussed in Section 4.1.10. VOC, NO X, CO,
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and PM/PM10/PM2.5 emission factors for the three engines are based on NSPS Subpart IIII emission limits.
Emission factors are converted from g/kW-hr to lb/hp-hr by dividing by 453.592 g/lb and 1.341 hp/kW.
The SO2 emission factors are based on AP-42 Section 3.4, Table 3.4-112 and a 15 ppm fuel sulfur content:
𝐸𝐹

= 8.09 × 10

×𝑆

Where,
EFSO2 = SO2 emission factor (lb/hp-hr)
S = Percent sulfur in the fuel oil, 0.0015
The calculations assume that all sulfur in the fuel is converted to SO 2. H2SO4 emissions are based on guidance
from the EPRI.13 The calculated H2SO4 emission rates are based on the worst-case combustion rates.
The lead emission factors are from AP-42 Section 1.3, Table 1.3-10 for distillate oil-fired boilers. 14 HAP emission
factors are from AP-42 Section 3.3, Table 3.3-2.15
Table 4-5. Diesel Combustion Emission Factors
Kiln Blower Emergency Engine
Emission Factors 1

Pollutant

(g/kW-hr)

(lb/hp-hr)

NOX

4.0

6.58E-03

CO

5.0

8.22E-03

PM/PM10/PM2.5

0.3

4.93E-04

SO2 2

--

1.21E-05

VOC

4.0

6.58E-03

H2SO4 3

--

0.055

H2 S

4

--

--

TRS 4

--

--

Fluorides 5

--

--

Pollutant

--

(lb/MMBtu)

Lead

--

9.00E-06

6

VOC, NOX, CO, and PM/PM10/PM2.5 emission factors based NSPS IIII standard. Emission factor
(lb/hp-hr) = Emission factor (g/kW-hr) / 453.592 (g/lb) / 1.341 (hp/kW).
2 SO2 emission factor based on AP-42, Section 3.4, Table 3.4-1, dated 10/96, and a 15 ppm fuel
sulfur content:
1

SO2 Emission Factor (lb/hp-hr) = 8.09E-03 * 0.0015
Factor is in terms of lb H2SO4 / lb SO2 sheet for
detailed calculations.
3

4

Not expected due to the high combustion temperature.

5

Not expected due to the high combustion temperature and low fluoride content.

AP-42 Section 3.4, Large Stationary Diesel and All Stationary Dual-fuel Engines, Table 3.4-1, October 1996.
EPRI, Estimating Total Sulfuric Acid Emissions from Stationary Power Plants, Product ID: 3002012398, dated March 2018:
https://www.epri.com/#/pages/product/3002012398/?lang=en-US.
14 AP-42 Section 1.3, Fuel Oil Combustion, Table 1.3-10, May 2010.
15 AP-42 Section 3.3, Gasoline and Diesel Industrial Engines, Table 3.3-2, October 1996.
12
13
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Based on lead emission factor for #2 fuel oil boilers (lb/MMBtu) from AP-42, Section 1.3, Table
1.3-10.

6

Short-term emissions, excluding lead and HAP, are based on the emission factor and the engine output:
ER

= HP × EF

Where,
ERST = Short-term emission rate (lb/hr)
HP = Engine output (hp)
EF = Emission factor (lb/hp-hr)
Short-term lead and HAP emissions are based on the emission factor and the short-term heating rating:
ER

=H

× EF

Where,
ERST = Short-term emission rate (lb/hr)
HP = Short-term heat rating (MMBtu/hr)
EF = Emission factor (lb/MMBtu)
Annual emissions are based on the short-term emission rates and 500 operating hours per year as allowed by
the 1995 Seitz memorandum16:
ER =

ER × OP
(2,000 𝑙𝑏/𝑡𝑜𝑛)

Where,
ERA = Annual emission rate (tpy)
ERST = Short-term emission rate (lb/hr)
OPA = Annual operating hours (hr/yr)

4.1.8. Material Handling
Material discharges to stockpiles and hoppers are based on the uncontrolled drop point emission factor
equation from AP-42 Section 13.2.4:17
𝑈
𝐸𝐹 = 𝑘 × 0.0032 ×

𝑀

.

5
.

2

Where,
EF = Uncontrolled emission factor (lb/ton)
k = Particle size multiplier (0.74 for PM, 0.35 for PM 10, 0.053 for PM2.5)
U = Mean wind speed (miles per hour [mph]), 8.5 mph
M = Moisture content (%), 2.1%
16U.S.

EPA memorandum, from John S. Seitz, Calculating Potential to Emit (PTE) for Emergency Generators, September 6,
1995: https://www.epa.gov/sites/production/files/2015-08/documents/emgen.pdf.
17 AP-42 Section 13.2.4 Aggregate Handling and Storage Piles, Equation 1, November 2006.
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The mean wind speed is based on the mean wind speed from the 2014 to 2018 surface meteorological data files
from the Luce County Airport monitoring station (Station KERY) created by the EGLE. 18 The moisture content is
based on the mean moisture content across various limestone products from AP-42 Section 13.2.4, Table 13.2.41 (November 2006).
The uncontrolled emission factors from the unloading and transfer of material are summarized in Table 4-6.
Table 4-6. Material Handling Emissions Factors

Emission Sources
Primary Crushing (Jaw) - Dry
Primary Crushing (Jaw) - Wet Suppression
Secondary Crushing (All) - Dry
Secondary Crushing (All) - Wet Suppression
Tertiary Crushing (All) - Dry
Tertiary Crushing (All) - Wet Suppression
Fines Crushing (All) - Dry
Fines Crushing (All) - Wet Suppression
Screening (All) - Dry
Screening (All) - Wet Suppression
Fines Screening (All) - Dry
Fines Screening (All) - Wet Suppression
Conveyor Transfer - Dry
Conveyor Transfer - Wet Suppression
Truck Unloading - Fragmented Stone
Truck Loading - Crushed Stone
Conveying (per 300 ft) - Dry
Conveying (per 300 ft) - Wet Suppression
Clay Grinding and Screening (All) - Dry
Clay Grinding and Screening (All) - Wet
Suppression

PM
(lb/ton)
0.0007
0.00021
0.0054
0.0012
0.0054
0.0012
0.039
0.003
0.025
0.0022
0.3
0.0036
0.003
0.00014
0.000034
0.00021
0.003
0.00014
8.5

Reference

0.025

B
B
B
B
A, B
A, B
A, B
A, B
A, B
A, B
A, B
A, B
A, B
A, B
A, B
A, B
B, E
B, E
C
C

Emission Factors
PM10
Reference
(lb/ton)
0.00033
B
0.0001
B
0.0024
B
0.00054
B
0.0024
A, B
0.00054
A, B
0.015
A, B
0.0012
A, B
0.0087
A, B
0.00074
A, B
0.072
A, B
0.0022
A, B
0.0011
A, B
0.000046
A, B
0.000016
A, B
0.0001
A, B
0.0011
B, E
0.000046
B, E
0.53
C
0.0023

C

PM2.5
(lb/ton)
0.00005
0.00002
0.00036
0.00008
0.00036
0.00008
0.00227
0.00018
0.00132
0.00011
0.01090
0.00033
0.00017
0.00001
0.000002
0.00002
0.00017
0.00001
0.080
0.00035

Reference
B, D
B, D
B, D
B, D
B, D
A, B, D
B, D
A, B
B, D
A, B
B, D
B, D
B, D
A, B
B, D
B, D
B, D, E
B, E
D
D

U.S. EPA, AP-42 Section 11.19.2 - Crushed Stone Processing and Pulverized Mineral Processing (August 2004), Table 11.19.2-2. Per footnote b,
controlled sources (with wet suppression) are those that are part of the processing plant that employs current wet suppression technology
similar to the study group. The moisture content of the study group without wet suppression systems operating (uncontrolled) ranged from
0.21 to 1.3 percent, and the same facilities operating wet suppression systems (controlled) ranged from 0.55 to 2.88 percent. Due to carry over
of the small amount of moisture required, it has been shown that each source, with the exception of crushers, does not need to employ direct
water sprays.
B TCEQ Air Permits Division, Rock Crusher Emission Calculations spreadsheet, downloaded July 2019,
https://www.tceq.texas.gov/assets/public/permitting/air/Guidance/NewSourceReview/emiss-calc-rock1.xlsx (last revised February 2019).
A

C

U.S. EPA, AP-42 Section 11.3 - Brick and Structural Clay Product Manufacturing (August 1997), Table 11.3-2.

D PM2.5

emission factor is calculated by dividing the PM10 emission factor by the ratio of PM10 to PM2.5 particle size multipliers (k). The Particle
size multipliers are from U.S. EPA, AP-42 Section 13.2.4 - Aggregate Handling and Storage Piles (November 2006), table following Equation 1.
E

If a conveyor is over 300 ft and is not enclosed then calculate fugitives as one drop every 300 ft.

18

EGLE Meteorological Data Support Document: https://www.michigan.gov/documents/deq/deq-aqd-mmmet_support_256121_7.pdf
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k for PM10

0.35

k for PM2.5

0.053

Ratio of PM10 to PM2.5

6.6

Short-term emissions are determined using the uncontrolled emission factor, the short-term throughput, and
the control efficiency:
ER

= EF × T × (1 − 𝐶)

Where,
ERST = Short-term emission rate (lb/hr)
EF = Emission factor (lb/ton stone)
TST = Short-term material throughput (ton stone/hr)
C = Control efficiency (%)
Annual emissions are determined using the uncontrolled emission factor, the annual throughput, and the control
efficiency:
ER = EF × T × (1 − 𝐶) ÷ 2000 lb/ton
Where,
ERA = Annual emission rate (tpy)
EF = Emission factor (lb/ton stone)
TA = Annual material throughput (ton stone/yr)
C = Control efficiency (%)
The material in the stone dump area will be controlled using water sprays, weather permitting. Therefore, a
control efficiency of 50% is applied to the material leaving the stone dump up to the reclaim conveyor. It is
assumed that the material will dry out before it reaches the screen. Other control efficiencies are applied where
applicable (i.e., full enclosure control efficiency of 90%, partial enclosure control efficiency of 85%, etc.).

4.1.9. Quarry
Drilling, blasting and crushing will occur at the adjacent quarry. A summary table of the quarry emissions is in
Appendix C.

4.1.9.1. Blasting
A hydromite bulk explosive (i.e., pumpable, booster sensitive bulk emulsion, and emulsion/ammonium nitrate
and fuel oil (ANFO) blend) will be used in the quarry. Emission factors for blasting, excluding GHGs, are shown in
Table 4-7. GHG emissions are discussed in Section 4.1.10. Particulate matter emissions from the blasting are
based on a 50% control efficiency for gravity settling19, while non-particulate matter emissions from the
explosives are uncontrolled.
CO and NOX emission factors are based on an average of the values in "A Technique for Measuring Toxic Gases
produced by Blasting Agents," Mainiero, 1997 NIOSH Study (Table 1) for 6% fuel oil. Emission factors are
converted from liter/kilogram (l/kg) to lb/ton using the following equation:
19

Control efficiency for blasting per FMI Climax Mine, Colorado (underground mine) permit application in October 2013 for
CDPHE Air Permit No. 95CC899.
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𝐸𝐹

/

= 𝐸𝐹 /

×

(2,000 𝑙𝑏/𝑡𝑜𝑛)
𝑀𝑊
×
(22.4 𝑙𝑖𝑡𝑒𝑟/𝑚𝑜𝑙) (1,000 𝑔/𝑘𝑔)

Where,
EFlb/ton = Emission factor (lb/ton)
EFl/kg = Emission factor (l/kg)
MW = Molecular weight (28.01 g/mol for CO; 46.0 g/mol for NO X)
H2S emission factors are from AP-42 Section 13.3, Table 13.3-1 for dynamite, gelatin.20 This emission factor was
used by FMI Climax Mine, Colorado (underground mine) per permit application in October 2013 for CDPHE Air
Permit No. 95CC899. SO2 emission factors are from AP-42 Section 13.3, Table 13.3-2 for ANFO.21
The PM emission factor is calculated per AP-42 Section 11.9, Table 11.9-1 for blasting 22:
EF

= 0.000014(𝐴)1.5 × 𝐶

Where,
EFPM = Emission factor (maximum lb/blast)
A = Horizontal area (square feet [ft2]), with blasting depth ≤ 70 ft
C = Control efficiency for gravity settling, 50%
PM10 and PM2.5 emission factors are based on the PM emission factor and a scaling factor:
EF

/

.

= EF

×𝑠

Where,
EFPM10/PM2.5 = PM10 or PM2.5 emission factor (maximum lb/blast)
EFPM = PM emission factor (maximum lb/blast)
s = scaling factor (0.52 for PM10; 0.03 for PM2.5) from AP-42 Table 11.9-1
HAP emission factors are from AP-42 Section 1.3, Tables 1.3-8 and 1.3-1023. HAP emission factors from Table
1.3-8 (i.e., polycyclic organic material [POM] and formaldehyde) are converted to lb/ton ANFO using the
following equation:
𝐸𝐹

/

=

𝐸𝐹

/

× (9% 𝑓𝑢𝑒𝑙 𝑜𝑖𝑙) × (19,300 𝐵𝑡𝑢/𝑙𝑏) × (2,000 𝑙𝑏/𝑡𝑜𝑛)
(1,000) × (137,000 𝐵𝑡𝑢/𝑔𝑎𝑙)

Where,
EFlb/ton = POM or formaldehyde emission factor (lb/ton)
EFlb/1000 gal = POM or formaldehyde emission factor (lb/1,000 gal)
The HAP emission factors from Table 1.3-10 are converted to lb/ton ANFO using the following equation:

AP-42 Section 13.3, Explosives Detonation, Table 13.3-1, January 1995.
AP-42 Section 13.3, Explosives Detonation, Table 13.3-2, January 1995.
22 AP-42 Section 11.9, Western Surface Coal Mining, Table 11.9-1, October 1998.
23 AP-42 Section 1.3, Fuel Oil Combustion, Tables 1.3-8 and 1.3-10, May 2010.
20
21
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𝐸𝐹

/

=

𝐸𝐹

/

× (9% 𝑓𝑢𝑒𝑙 𝑜𝑖𝑙) × (19,300 𝐵𝑡𝑢/𝑙𝑏) × (2,000 𝑙𝑏/𝑡𝑜𝑛)
10

^

Where,
EFlb/ton = Emission factor (lb/ton)
EFlb/10^12 Btu = Emission factor (lb/1,000 gal)
Table 4-7. Quarry Blasting Emission Factors
Emission Factor
Pollutant
NOX
CO
H2 S
SO2
PM
PM10
PM2.5
Lead
POM
Formaldehyde
Arsenic
Beryllium
Cadmium
Chromium
Manganese
Mercury
Nickel
Selenium

Value
5.23
46.18
4.00
2.00
15.584
8.104
0.46753
0.00003
0.00008
0.00155
0.00001
0.00001
0.00001
0.00001
0.00002
0.00001
0.00001
0.00005

Unit
(lb/ton ANFO)
(lb/ton ANFO)
(lb/ton ANFO)
(lb/ton ANFO)
(Max lb/Blast)
(Max lb/Blast)
(Max lb/Blast)
(lb/ton ANFO)
(lb/ton ANFO)
(lb/ton ANFO)
(lb/ton ANFO)
(lb/ton ANFO)
(lb/ton ANFO)
(lb/ton ANFO)
(lb/ton ANFO)
(lb/ton ANFO)
(lb/ton ANFO)
(lb/ton ANFO)

Reference
1
1
2
3
4, 5
4, 5
4, 5
6
6
6
6
6
6
6
6
6
6
6

CO and NOX emission factors based on an average of the values in "A Technique for Measuring Toxic Gases produced by Blasting Agents"
- Mainiero, 1997 NIOSH Study (Table 1).
2 H S emission factors per AP-42 Section 13.3, Table 13.3-1 for dynamite, gelatin (January 1995).
2
This emission factor was used by FMI Climax Mine, Colorado (underground mine) per permit application in October 2013 for CDPHE
Air Permit No. 95CC899.
3 SO emission factors per AP-42 Section 13.3, Table 13.3-1 for ANFO (January 1995).
2
1

4

PM emission factor calculated per AP-42 Section 11.9, Table 11.9-1 for blasting (July 1998):
where,

A = horizontal area (ft2), with blasting depth ≤ 70 ft

The following scaling factors are applied to PM emission factor to calculate PM10 and PM2.5 emission factors per AP-42 Table 11.9-1:
PM10:

0.52

0.03
PM2.5:
5 Control efficiency for blasting per FMI Climax Mine, Colorado (underground mine) permit application in October 2013 for CDPHE Air
Permit No. 95CC899:
control efficiency for gravity settling of
50%
PM/PM10/PM2.5 post-blasting
6 HAP emission factors per AP-42 Section 1.3, Tables 1.3-8 and 1.3-10, assuming:
9%
137,000
19,300
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Short-term emissions associated with an emission factor in lb/ton ANFO are calculated using the emission factor
and the ANFO usage rate:
𝐸𝑅

= 𝐸𝐹 × 𝑈

Where,
ERST = Short-term emission rate (lb/hr)
EF = Emission factor (lb/ton ANFO)
UST = Short-term ANFO usage rate (ton ANFO/hr)
Short-term PM/PM10/PM2.5 emissions are calculated using the emission factor and the number of blasts per
hour:
𝐸𝑅

= 𝐸𝐹 × 𝑁

Where,
ERST = Short-term emission rate (lb/hr)
EF = Emission factor (lb/blast)
NST = Number of blasts per hour
Annual emissions associated with an emission factor in lb/ton ANFO are calculated using the emission factor
and the ANFO usage rate:
𝐸𝑅 = 𝐸𝐹 × 𝑈 ÷ 2000 lb/ton
Where,
ERST = Short-term emission rate (tpy)
EF = Emission factor (lb/ton ANFO)
UA = Annual ANFO usage rate (ton ANFO/yr)
Annual PM/PM10/PM2.5 emissions are calculated using the emission factor and the number of blasts per year:
𝐸𝑅 = 𝐸𝐹 × 𝑁 ÷ 2000 lb/ton
Where,
ERA = Annual emission rate (tpy)
EF = Emission factor (lb/blast)
NA = Number of blasts per year

4.1.9.2. Drilling
Drilling in the quarry will generate particulate matter emissions, which are based on a 50% control efficiency for
gravity settling.24 Emission factors are summarized in Table 4-8. The PM 10 emission factor is from AP-42 Section
11.19.2, Table 11.19.2-2 for "Wet Drilling - Unfragmented Stone." 25 PM and PM2.5 emission factors are calculated
from the PM10 emission factor using the following equation:

Control efficiency for blasting per FMI Climax Mine, Colorado (underground mine) permit application in October 2013 for
CDPHE Air Permit No. 95CC899.
25 AP-42 Section 11.19.2, Crushed Stone Processing and Pulverized Mineral Processing, Table 11.19.2-2, August 2004.
24
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𝐸𝐹

/

.

= 𝐸𝐹

×

𝑘

/

.

𝑘

Where,
EFPM/PM2.5 = PM or PM2.5 emission factor (lb/ton rock)
EFPM10 = PM10 emission factor (lb/ton rock)
kPM/PM2.5 = Particle size multiplier (0.74 for PM; 0.053 for PM 2.5)
kPM10 = Particle size multiplier (0.35 for PM 10)
Table 4-8. Quarry Drilling Emission Factors
Uncontrolled Emission Factor 1,2
PM (lb/ton rock)
PM10 (lb/ton rock)
PM2.5 (lb/ton rock)
1.69E-04
8.00E-05
1.21E-05
1

Per AP-42 Section 11.19.2, Table 11.19.2-2 (August 2004) for "Wet Drilling - Unfragmented Stone."

Per AP-42, Section 13.2.4 (Aggregate Handling and Storage Piles), November 2006, the particle size
multipliers used for calculating emission factors for PM and PM2.5 are as follows:
PM: 0.74; PM10: 0.35; and PM2.5: 0.053.
2

Short-term emissions are based on the short-term throughput, the emission factor, and the control efficiency:
𝐸𝑅

= 𝐸𝐹 × 𝑇 × (1 − 𝐶)

Where,
ERST = Short-term emission rate (lb/hr)
EF = Emission Factor (lb/ton rock)
TST = Short-term throughput (ton rock/hr)
C = Control efficiency (%)
Annual emissions are based on the annual throughput, the emission factor, and the control efficiency:
𝐸𝑅 = 𝐸𝐹 × 𝑇 × (1 − 𝐶) ÷ 2000 lb/ton
Where,
ERA = Annual emission rate (tpy)
EF = Emission Factor (lb/ton rock)
TA = Annual throughput (ton rock/yr)
C = Control efficiency (%)

4.1.9.3. Crusher
The crushers will generate particulate matter emissions. Emission factors for the crusher are based on dry
(uncontrolled) primary crushing (jaw), which are summarized in Table 4-9. TCEQ provides emission factors for
rock crushing and associated activities in their Rock Crusher Emission Calculations Spreadsheet. Note that while
the emissions are based on a jaw crusher, the crusher may be a different style of crusher with similar or lower
emission rates.
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Table 4-9. Crusher and Conveyor Transfer to Crusher Emission Factors
Emission Sources
Primary Crushing (Jaw) – Dry 1,2

PM (lb/ton)
7.00E-04

PM10 (lb/ton)
3.30E-04

PM2.5 (lb/ton)
5.00E-05

1 TCEQ

Air Permits Division, Rock Crusher Emission Calculations spreadsheet, downloaded July 2019,
https://www.tceq.texas.gov/assets/public/permitting/air/Guidance/NewSourceReview/emiss-calcrock1.xlsx (last revised February 2019)
2 PM2.5 emission factor is calculated by dividing the PM10 emission factor by the ratio of PM10 to PM2.5
particle size multipliers (k). The Particle size multipliers are from U.S. EPA, AP-42 Section 13.2.4 Aggregate Handling and Storage Piles (November 2006), table following Equation 1.

Short-term emissions are based on the short-term throughput, the emission factor, and the control factor:
𝐸𝑅

= 𝐸𝐹 × 𝑇 × 𝐶

Where,
ERST = Short-term emission rate (lb/hr)
EF = Emission Factor (lb/ton rock)
TST = Short-term throughput (ton rock/hr)
C = Control factor (%)
Annual emissions are based on the annual throughput, the emission factor, and the control factor:
𝐸𝑅 = 𝐸𝐹 × 𝑇 × 𝐶 ÷ 2000 lb/ton
Where,
ERA = Annual emission rate (tpy)
EF = Emission Factor (lb/ton rock)
TA = Annual throughput (ton rock/yr)
C = Control factor (%)

4.1.10. GHGs
The sources of GHG emissions are from fuel combustion, kiln calcining, and quarry blasting. GHG emissions from
this project consist of CO2, N2O, and CH4, as seen in the emissions calculations provided in Appendix C. Carbon
dioxide equivalent (CO2e) emissions are calculated by multiplying mass emissions from each GHG pollutant by
each pollutant’s Global Warming Potential (GWP) found in 40 CFR 98 Subpart A, and shown in Table 4-10.
Table 4-10. GWP

1

CO21

CH41

N2O1

1

25

298

Table A-1 to Subpart A of 40 CFR Part 98

4.1.10.1. Fuel Combustion GHGs
CO2, CH4, and N2O emission factors from fuel (i.e., natural gas and diesel) combustion are based on Tier I
emission factors from 40 CFR Part 98 Subpart C (General Stationary Fuel Combustion Sources), Tables C-1
and C-2, and are shown in Table 4-11.
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Table 4-11. Fuel Combustion GHG Emission Factors
Fuel

kg CO2 / MMBtu1

kg CH4 / MMBtu2

kg N2O / MMBtu2

Natural Gas
Diesel Fuel Oil No. 2

53.06
73.96

1.0E-03
3.0E-03

1.0E-04
6.0E-04

1

Table C-1 to Subpart C of 40 CFR Part 98

2

Table C-2 to Subpart C of 40 CFR Part 98

CO2, CH4, and N2O emissions from fuel combustion are calculated based on the annual heat input capacity of each
individual combustion unit and the emission factor:
𝐸𝑅 = 𝐻 × 𝐸𝐹 × (0.001 𝑚𝑒𝑡𝑟𝑖𝑐 𝑡𝑜𝑛/𝑘𝑔)
Where,
ERM = Emission rate (metric tpy)
HA = Annual heat input (MMBtu/yr)
EF = Emission factor (kg/MMBtu)
CO2e emissions are calculated by multiplying mass emissions from each GHG pollutant by each pollutant’s GWP
(see Table 4-10):
𝐶𝑂 𝑒 = 𝐸𝑅

× 𝐺𝑊𝑃

+ 𝐸𝑅

× 𝐺𝑊𝑃

+ 𝐸𝑅

× 𝐺𝑊𝑃

Where,
CO2e = CO2e emission rate (metric tpy)
ERCO2 = CO2 emission rate (metric tpy)
GWPCO2 = CO2 GWP
ERCH4 = CH4 emission rate (metric tpy)
GWPCH4 = CH4 GWP
ERN2O = N2O emission rate (metric tpy)
GWPN2O = N2O GWP

CO2e is converted from metric tpy to short tpy by multiplying by 1.10231131.
4.1.10.2. Kiln Calcining GHGs
CO2 emissions from the vertical lime kiln are based on the methodology provided in 40 CFR 98 Subpart S (Lime
Manufacturing). Production data from a similar kiln technology located in Bellefonte, Pennsylvania is used
to determine the ratio of lime kiln dust (LKD) to the total lime production rate. These ratios are applied to
the total lime production at the Rexton Facility to determine the potential LKD production rates.
Production data from a facility in Green Bay, Wisconsin is used to determine the percentage of CaO and
MgO contained in the dolomite and LKD. 26
CO2 emissions are calculated using the potential production rates, the CaO and MgO contents, and the
stoichiometric ratios provided in 40 CFR 98 Subpart S (Lime Manufacturing), Table S-1:

26

Graymont may produce hi-calcium lime (CaO) and dolomitic quicklime (CaO·MgO) at the Rexton Facility. However, GHG
emission calculations are conservatively based on 100% of the hi-calcium lime (CaO) being produced as dolomitic
quicklime (CaO·MgO).
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𝐸𝐹

,

=

𝑆𝑅

× 𝐶𝑎𝑂 ,

+ 𝑆𝑅

× 𝑀𝑔𝑂 ,

×

2000
2205

Where,
EFLime i,n = Emission factor for lime type i, for month n (metric tons CO 2/ton lime)
SRCaO = Stoichiometric ratio of CO2 and CaO for CaCO3 [0.7848 per Table S-1 of 40 CFR 98
Subpart S] (metric tons CO2/metric tons CaO)
CaOi,n = CaO content for lime type i, for month n, determined according to 40CFR §98.194(c)
(metric tons CaO/metric ton lime)
SRMgO = Stoichiometric ratio of CO2 and MgO for MgCO3 (1.0918 per Table S-1 of 40 CFR 98
Subpart S) (metric tons CO2/metric tons MgO)
MgOi,n = MgO content for lime type i, for month n, determined according to 40 CFR §98.194(c)
(metric tons MgO/metric ton lime)
2000/2205 = Conversion factor for tons to metric tons
Total CO2 emissions are calculated by summing the CO2 emissions from dolomitic lime and LKD. CO 2e emissions
equal CO2 emissions and are converted from metric tpy to short tpy by multiplying by 2000/2205.

4.1.10.3. Quarry Blasting
GHG emissions will be emitted as a result of the diesel fraction of the ANFO explosive used in the quarry blasting.
GHG emission factors for blasting are shown in Table 4-12.
Table 4-12. Quarry Blasting GHG Emission Factors
Pollutant
CO2
CH4
N 2O

Value
163.08
0.0066
0.0013

Emission Factor
Unit
(lb/MMBtu)
(lb/MMBtu)
(lb/MMBtu)

Reference
1, 2
1, 2
1, 2

1

CO2, N2O, and CH4 emissions calculated based on diesel fuel HHV of 0.138 MMBtu/gal per 40 CFR Part 98 Subpart C, Table C-1.

2

CO2, N2O, and CH4 emission factors converted to lb/MMBtu based on a factor of 2.205 lb/kg:
73.96

kg CO2/MMBtu, per 40 CFR 98 Subpart C Table C–1

3.0E-03

kg CH4/MMBtu, per 40 CFR 98 Subpart C Table C–2 (emission factor is for all petroleum products)

6.0E-04

kg N2O/MMBtu, per 40 CFR 98 Subpart C Table C–2 (emission factor is for all petroleum products)

The amount of diesel burned is determined from the ANFO usage rate and the diesel fuel oil to ANFO ratio:
𝑈 =

𝑈 × 𝑅 × (2,000 𝑙𝑏/𝑡𝑜𝑛)
𝜌

Where,
UD = Diesel usage rate (gal/hr or gal/yr)
UA = ANFO usage rate (gal/hr or gal/yr)
R = Diesel fuel oil to ANFO ratio, 9%
D = Density of diesel (lb/gal), 7.05 lb/gal from AP-42 Appendix A
Short-term CO2, CH4, and N2O emissions are calculated using the emission factor, short-term diesel usage rate,
and diesel heating value:
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𝐸𝑅

= 𝐸𝐹 × 𝑈

×𝐻

Where,
ERST = Short-term emission rate (lb/hr)
EF = Emission factor (lb/MMBtu)
UST = Short-term diesel usage rate (gal/hr)
H = Default diesel heating value (gal/MMBtu), 0.138 gal/MMBtu from 40 CFR Part 98, Table C-1
Annual emissions are calculated using the emission factor, annual diesel usage rate, and diesel heating value:
𝐸𝑅 = 𝐸𝐹 × 𝑈 × 𝐻 ÷ 2000 lb/ton
Where,
ERA = Annual emission rate (tpy)
EF = Emission factor (lb/MMBtu)
UA = Annual diesel usage rate (gal/yr)
H = Default diesel heating value (gal/MMBtu), 0.138 gal/MMBtu from 40 CFR Part 98, Table C-1

4.2. SUMMARY OF PROPOSED PTE EMISSIONS
Table 4-13 and Table 4-14 below summarize proposed annual and hourly PTE emissions from the proposed
emission units at the Rexton Facility. Annual GHG emissions are summarized separately in Table 4-15.
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Table 4-13. Summary of Facility Wide PTE (Annual Emissions)
EU ID

FG-KILNS
FG-BGHSE
FG-ROADS
FG-PILES
FG-TANKS
EU-HTR
FG-EMENG
FG-CONV
FG-CRUSH
EU-QUARR

Potential Emissions (tpy)

Description
NOX

CO

VOC

SO2

Total
PM

Total
PM10

Total
PM2.5

Total
HAP

122.99
----0.54
0.37
--1.44

109.27
----0.45
0.46
--12.68

32.85
---0.04
0.03
0.37
----

13.72
----3.22E-03
6.80E-04
--0.55

49.63
28.75
7.32
4.88
-0.04
0.03
21.87
1.84
0.81

45.01
21.56
1.46
2.44
-0.04
0.03
9.65
0.87
0.42

40.39
14.38
0.36
0.37
-0.04
0.03
1.47
0.13
2.4E-02

8.59
----0.01
1.50E-03
--4.94E-04

Total Facility Emissions

125.33

122.87

33.28

14.27

115.17

81.48

57.19

8.61

4.93

HCl

Total Project Emission Increases

123.90

110.19

33.28

13.72

114.36

81.06

57.16

8.61

4.93

HCl

Vertical Kilns #1, 2 & 3
Nuisance Collectors
Plant Roadways
Stockpiles
Storage Tanks
Natural Gas-Fired Water Bath Heater
Engines - Diesel
Conveyor Transfers
Crushers
Quarry

Max. Single HAP
HCl
6.23
--------9.66E-03
Hexane
4.60E-04 Formaldehyde
----4.25E-04
Formaldehyde

Lead

H2SO4

H 2S

TRS

Fluorides

5.90E-04
----2.68E-06
3.5E-06
--8.58E-06
6.62E04
6.53E04

0.08
----4.93E-05
5.75E-05
----

---------1.10

-----------

-----------

0.08

1.10

--

--

0.08

--

--

--

Table 4-14. Summary of Facility Wide PTE (Hourly Emissions)
EU ID

FG-KILNS
FG-BGHSE
FG-ROADS
FG-PILES
FG-TANKS
EU-HTR
FG-EMENG
FG-CONV
FG-CRUSH
EU-QUARR

Potential Emissions (lb/hr)

Description
NOX
28.08
----0.12
1.48
--27.61

CO
24.95
----0.10
1.85
--243.85

VOC
7.50
---9.66
6.74E-03
1.48
----

SO2
3.13
----7.35E-04
2.7E-03
--10.56

Total PM
11.86
6.56
1.93
1.11
-9.31E-03
0.11
4.99
0.42
15.59

Total PM10
9.96
4.92
0.38
0.56
-9.31E-03
0.11
2.20
0.20
8.10

Total PM2.5
9.01
3.28
9.2E-02
8.4E-02
-9.31E-03
0.11
0.33
0.03
0.47

Total
HAP
1.96
----2.31E-03
6.1E-03
--9.51E-03

Total Emissions

57.30

270.75

18.65

13.70

42.58

26.44

13.42

1.98

1.42

HCl

Total Project Emission Increases

29.68

26.90

18.65

3.14

26.99

18.34

12.95

1.97

1.42

HCl

Vertical Kilns #1, 2 & 3
Nuisance Collectors
Plant Roadways
Stockpiles
Storage Tanks
Natural Gas-Fired Water Bath Heater
Engines - Diesel
Conveyor Transfers
Crushers
Quarry
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Max. Single HAP
HCl
1.42
--------2.21E-03
Hexane
1.9E-03 Formaldehyde
----8.17E-03 Formaldehyde

Lead
1.48E-04
----6.13E-07
1.4E-05
--1.65E-04
3.28E04
1.62E04

H2SO4
0.02
----1.13E-05
2.3E-04
----

H 2S
---------21.12

TRS
-----------

Fluorides
-----------

0.02

21.12

--

--

0.02

--

--

--
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Table 4-15. Summary of Facility Wide GHG PTE (Annual Emissions)

EU ID
FG-KILNS
FG-BGHSE
FG-ROADS
FG-PILES
FG-TANKS
EU-HTR
FG-EMENG
FG-CONV
EU-QUARR

Description
Vertical Kilns #1, 2 & 3
Nuisance Collectors
Plant Roadways
Stockpiles
Storage Tanks
Natural Gas-Fired Water Bath Heater
Engines - Diesel
Conveyor Transfers
Quarry

Potential Emissions (tpy) 27
CO2
CH4
N2O
CO2e 28
529,764.06
0.94
0.10
528,334.73
----------------640.44
0.01
1.21E-03
641.11
1,124.82
0.05
0.01
1,128.69
----157.77
6.40E-03
1.28E-03
158.31

Total Facility Emissions

530,201.25

1.01

0.11

530,262.83

Total Project Emission Increases

530,043.49

1.00

0.10

530,104.53

Greenhouse gas (GHG) emissions [i.e., carbon dioxide equivalent (CO 2e), carbon dioxide (CO2), nitrous oxide (N2O), and
methane (CH4)] are in short tons per year (tpy).
28 CO e emissions represent the sum of CO , N O, and CH emissions adjusted by each pollutant’s global warming potential.
2
2
2
4
27
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5. REGULATORY APPLICABILITY ANALYSIS
The Rexton Facility is subject to certain federal and state air quality regulations. This section summarizes the air
permitting requirements and the key air quality regulations that apply to the proposed activities covered by this
permit application. Specifically, the applicability of the PSD program, NSPS, and National Emission Standards for
Hazardous Air Pollutants (NESHAP), as well as other Michigan air regulations are addressed.

5.1. FEDERAL REGULATORY APPLICABILITY ANALYSIS
5.1.1. PSD Applicability
The Rexton Facility will be primarily located in Mackinac County, Michigan, with a small section of the property
located in Chippewa County, Michigan, which are both designated as “attainment” or “unclassifiable” for all
criteria pollutants with respect to the National Ambient Air Quality Standards (NAAQS) pursuant to 40 CFR
§81.350. 29 The Rexton Facility will be a major source with respect to PSD permitting requirements because the
facility is one of the U.S. EPA’s list of 28 source categories (as a lime plant) and has the potential emissions of one
or more criteria pollutants of greater than 100 tons per year (tpy). A comparison of the potential emissions
increase from the proposed project to the PSD SER/STR thresholds on a pollutant-by-pollutant basis is shown in
Table 1-1 in Section 1 above. Per Table 1-1, a PSD permitting analysis is required for NO X, CO, PM, PM10, PM2.5,
and GHG since the proposed project will be located at a major source, and the project increase of these
pollutants exceeds the applicable SER/STR thresholds. As required by 40 CFR §52.21, an analysis of Best
Available Control Technology (BACT) is located in Section 6 of this application, and a dispersion modeling
analysis demonstrating compliance with the National Ambient Air Quality Standards (NAAQS) and PSD
increment, as well as a secondary pollutant impacts analysis, an additional impacts analysis, and a
preconstruction monitoring waiver, are included in the modeling report attached in Appendix F.

5.1.2. NSPS
NSPS (40 CFR Part 60) require new, modified, or reconstructed sources to control emissions to the level
achievable by the best-demonstrated technology as specified in the applicable provisions. Moreover, any source
subject to an NSPS is also subject to the general provisions of NSPS Subpart A, unless specifically excluded.

5.1.2.1. Standards of Performance for Industrial-Commercial-Institutional Steam Generating Units
(NSPS Subpart Db)
NSPS Subpart Db applies to steam generating units for which construction, modification, or reconstruction is
commenced after June 19, 1984, and that have a maximum design heat input capacity of greater 100 MMBtu/hr.
The water bath heater will be constructed after June 19, 1984. However, the water bath heater has a design heat
input less than 100 MMBtu/hr. Therefore, this section does not apply to the water bath heater.

5.1.2.2. Standards of Performance for Small Industrial-Commercial-Institutional Steam Generating
Units (NSPS Subpart Dc)
NSPS Subpart Dc applies to steam generating units for which construction, modification, or reconstruction is
commenced after June 9, 1989, and that has a maximum design heat input capacity of 29 megawatts (MW) (100
MMBtu/hr) or less, but greater than or equal to 2.9 MW (10 MMBtu/hr). The water bath heater will be

29

U.S. EPA Green Book. Source: https://www3.epa.gov/airquality/greenbook/ancl.html, accessed September 2019.

Graymont (MI) LLC | Rexton Facility | PSD Permit Application
Trinity Consultants

5-1

constructed after June 9, 1989. However, the water bath heater has a design heat input less than 10 MMBtu/hr.
Therefore, this section does not apply to the water bath heater.

5.1.2.3. Standards of Performance for Volatile Organic Liquid Storage Vessels (Including Petroleum
Liquid Storage Vessels) for Which Construction, Reconstruction, or Modification Commenced
After July 23, 1984 (NSPS Subpart Kb)
NSPS Subpart Kb applies to storage tanks with a capacity greater than 75 cubic meters (m 3) with a few
exceptions based on size and vapor pressure. The storage tanks will have a capacity less than 75 m 3 (19,813
gal); therefore, this subpart does not apply to these tanks.

5.1.2.4. Standards of Performance for Lime Manufacturing Plants (NSPS Subpart HH)
NSPS Subpart HH applies to owners or operators of rotary lime kilns constructed or modified after May 3, 1977.
The proposed kilns will be vertical kilns, so the regulation will not apply.

5.1.2.5. Standards of Performance for Nonmetallic Mineral Processing Plants (NSPS Subpart OOO)
NSPS OOO applies to each crusher, grinding mill, screening operation, bucket elevator, belt conveyor, bagging
operation, storage bin, enclosed truck, or railcar loading station at a fixed or portable nonmetallic mineral
processing plant that commenced construction, modification, or reconstruction after August 31, 1983. Pursuant
to 40 CFR §60.671, a nonmetallic mineral means any of the listed minerals or any mixture of which the majority
is any of the listed minerals. Since limestone will be processed at the Rexton Facility, Graymont will comply with
the requirements of this subpart.
The Rexton Facility will comply with the following obligations per Subpart OOO, which include the associated
general provisions found at 40 CFR Part 60 Subpart A:











Emission Limit (0.014 gr/dscf)
Controlled emission unit, per 40 CFR §60.672(a)
Emission Limit (7% opacity)
Fugitive emission units, per 40 CFR §60.672(b)
Periodic (quarterly) inspections of controlled units, per 40 CFR §60.674(c)
Emission testing, per 40 CFR §60.675(a) and 40 CFR §60.675(b)
Periodic inspection recordkeeping, per 40 CFR §60.676(b)
Testing report submittal, per 40 CFR §60.676(f)
Waiver from construction notification, per 40 CFR §60.676(h)
Startup notification, per 40 CFR §60.676(i)

5.1.2.6. Standards of Performance for Stationary Compression Ignition Internal Combustion Engines
(NSPS Subpart IIII)
NSPS Subpart IIII establishes emission and operating limitations for stationary compression ignition (CI)
internal combustion engines (ICE) manufactured, modified, or reconstructed after specific dates.
Applicability under NSPS Subpart IIII is dependent on the engine size (power and displacement), engine
status as existing versus new, emergency versus non-emergency, etc. Specifications for the CI ICEs are
detailed in Table 5-1 below.
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Table 5-1. Rexton Facility CI ICE Specifications

Description
Kiln Blower
Emergency
Engines

Rating (HP)

Rating
(kW)

Displacement
(L/cylinder)

Fuel
Type

Classification

Commenced
Construction Date

75

56

0.725

Diesel

Emergency

TBD – 2021

Based on the specifications listed above, Table 5-2 summarizes the NSPS Subpart IIII emission limits for the
stationary CI ICE.
Table 5-2. NSPS Subpart IIII Emission Limits
Emission Unit

Kiln Blower
Emergency
Engines

Regulation
40 CFR
§60.4202(a)(2),
§60.4205(b),
and §89.112

NMHC + NOX

Emission Rate (g/kW-hr)
CO

4.0

5.0

PM

0.30

In addition, the exhaust opacity from the Kiln Blower Emergency Fan engines shall not exceed the following (40
CFR §89.113):
20% during acceleration mode
15% during lugging mode
50% during the peaks in either the acceleration or lugging modes
All stationary emergency CI engines must also comply with the following regulations:
1. Must use diesel fuel that meets the following requirements (40 CFR §60.4207(b) and §80.510(b)):
a. Sulfur content = 15 ppm maximum, and
b. Minimum cetane index of 40, or
c. Maximum aromatic content of 35% by volume.
2. Install a non-resettable hour meter (40 CFR §60.4209(a)).
3. Operate and maintain the stationary CI ICE according to the manufacturer’s emission-related written
instructions (40 CFR §60.4211(a)(1)).
4. Change only those emission-related settings that are permitted by the manufacturer (40 CFR
§60.4211(a)(2)).
5. Meet the requirements of 40 CFR Parts 89, 94, and/or 1068 as they apply (40 CFR §60.4211(a)(3)).
6. Purchase a certified engine and install and configure the engine to the manufacturer’s emission-related
specifications (40 CFR §60.4211(c)).
7. Operate the engine according to the following to maintain classification as an emergency engine (40 CFR
§60.4211(f)):
a. There is no time limit for engine operation in emergency situations (40 CFR §60.4211(f)(1))
b. Operate for a maximum of 100 hours per calendar year for the following purposes (40 CFR
§60.4211(f)(2)):
i. Maintenance checks and readiness testing (40 CFR §60.4211(f)(2)(i)).
ii. Emergency demand responses (40 CFR §60.4211(f)(2)(ii)).
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iii. Periods when there is a deviation of voltage or frequency of 5 percent or greater below
standard voltage or frequency (40 CFR §60.4211(f)(2)(iii)).
c. Operate for a maximum of 50 hours per calendar year in non-emergency situations. The engine
cannot be used for peak shaving or non-emergency demand response, or to generate income for
a facility to an electric grid or otherwise supply power as part of a financial agreement with
another entity. The 50 hours operation here count towards the 100 hour limit in 40 CFR
§60.4211(f)(2) (40 CFR §60.4211(f)(3)).
8. Maintain records of hours of operation, through the non-resettable hour meter, and the reason for
operation (40 CFR §60.4214(b)).

5.1.3. NESHAP
NESHAP (40 CFR Part 61 and 40 CFR Part 63 [Maximum Achievable Control Technology {MACT}]) are emission
standards established for HAP and are commonly applicable to major sources of HAP; however, there are some
NESHAPs for area or non-major sources of HAP. A HAP major source is defined as having potential emissions in
excess of 25 tpy for total HAP and/or potential emissions in excess of 10 tpy for any individual HAP. NESHAPs
apply to sources in specifically regulated industrial source categories (Clean Air Act Section 112[d]) or on a caseby--case basis (Section 112[g]) for facilities not regulated as a specific industrial source type. The Rexton Facility
will be an area source of HAP as demonstrated in Tables 1-1 and 4-14 above. Applicability of NESHAPs for area
HAP sources is described below.

5.1.3.1. National Emission Standards for Hazardous Air Pollutants for Stationary Reciprocating
Internal Combustion Engines (MACT Subpart ZZZZ)
MACT Subpart ZZZZ establishes emission and operating limitations for HAP emitted from stationary
reciprocating internal combustion engines (RICE) located at major and area sources of HAP emissions.
Applicability under NESHAP Subpart ZZZZ depends on various parameters, including engine size, engine status
as existing versus new, emergency versus non-emergency, and whether the engine is located at an area source
or major source of HAP. The Rexton Facility will be an area source of HAP. The proposed engines are subject to
NESHAP ZZZZ; however, compliance with NESHAP ZZZZ is shown by maintaining compliance with NSPS IIII. 30

5.1.3.2. Standards for Lime Manufacturing Plants (MACT Subpart AAAAA)
MACT Subpart AAAAA establishes emission standards for lime manufacturing plants that are a major source of
HAP emissions. The Rexton Facility meets the definition of a lime manufacturing plant; however, based on the
best currently available information, the Rexton Facility will be an area source of HAP. Therefore, the Rexton
Facility is not subject to the requirements of Subpart AAAAA.
This analysis includes consideration for a possible scenario where the verified (i.e., tested) HCl emissions could
be higher than initial, unverified estimates used in this application. In this unlikely circumstance, Graymont
would employ an alternate operating scenario, with adjunct enforceable requirements, which would utilize one
of two potential add-on process aids to maintain actual and potential HCl emissions below the major source
threshold of 10 tons as measured from the date of initial operation. This would either involve introduction of
atomized water or dry sorbent prior to the baghouse inlet as an enforceable mitigation tool for HCl emissions, as
needed. A subsequent HCl stack test with the chosen mitigation tool in place would be utilized to establish an
updated emission factor as of the date of operation with this tool.

30

40 CFR §63.6590(c)(6)
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5.1.3.3. National Emission Standards for Hazardous Air Pollutants for Major Sources: Industrial,
Commercial, and Institutional Boilers and Process Heaters (MACT Subpart DDDDD)
MACT Subpart DDDDD establishes emission limitations and work practice standards for HAP emitted from
industrial, commercial, and institutional boilers and process heaters located at major sources of HAP emissions.
As the Rexton Facility will be an area source of HAP, the requirements of Subpart DDDDD do not apply to the
water bath heater.

5.1.3.4. National Emission Standards for Hazardous Air Pollutants for Source Category: Gasoline
Dispensing Facilities (MACT Subpart CCCCCC)
MACT Subpart CCCCCC establishes emission limits and management practices for HAP emissions from the
loading of gasoline storage tanks at gasoline dispensing facilities (GDF) located at an area source. The Rexton
Facility will be an area source of HAP. Therefore, Graymont will comply with the provisions of MACT Subpart
CCCCCC for the proposed GDF. The gasoline tank will be subject to the requirements in 40 CFR §63.11116 (i.e.,
the requirements for a GDF with a monthly throughput less than 10,000 gallons). Graymont will handle gasoline
at the GDF to prevent vapor releases to the atmosphere, including minimizing gasoline spills, cleaning gasoline
spills as soon as possible, covering and sealing gasoline containers and fill pipes when not in use, and minimizing
gasoline sent to open waste collection systems.

5.1.3.5. National Emission Standards for Hazardous Air Pollutants for Industrial, Commercial, and
Institutional Boilers Area Sources (MACT Subpart JJJJJJ)
MACT Subpart JJJJJJ establishes emission limits, operational standards, and energy assessment requirements for
HAP emissions from industrial, commercial, and institutional boilers operating within area sources of HAP
emissions. 40 CFR §63.11237 defines a boiler:
Boiler means an enclosed device using controlled flame combustion in which water is heated to recover
thermal energy in the form of steam and/or hot water. Controlled flame combustion refers to a steadystate, or near steady-state, process wherein fuel and/or oxidizer feed rates are controlled. A device
combusting solid waste, as defined in §241.3 of this chapter, is not a boiler unless the device is exempt from
the definition of a solid waste incineration unit as provided in section 129(g)(1) of the Clean Air Act. Waste
heat boilers, process heaters, and autoclaves are excluded from the definition of Boiler.
The water bath heater is a process heater and therefore is excluded from the definition of a boiler. Therefore,
this subpart does not apply.

5.2. MICHIGAN REGULATORY APPLICABILITY ANALYSIS
This project is being permitted under the regulations contained in the Michigan Administrative Code (MAC).

5.2.1. MAC R 336.1201 (Rule 201)
Rule 201 requires a person to obtain a Permit to Install (PTI) before they install, construct, reconstruct, relocate,
or modify any process or process equipment having the potential to emit an air contaminant. The proposed
project does not meet any of the exemptions allowed in MAC R 336.1202, R 336.1277 to R 336.1291, or R
336.2823(15). Therefore, the proposed project requires a PTI.
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5.2.2. MAC R 336.1224 (Rule 224)
Rule 224 includes the requirements for the application of BACT for toxics (T-BACT) for new and modified
sources of air toxics. Per MAC R 336.1224(2), T-BACT requirements do not apply to the following:
Emission units subject to a standard promulgated under section 112(d) of the Clean Air Act or for which a
control technology determination has been made under section 112(g) or 112(j) for any of the following:
 HAP listed in section 112(b) of the Clean Air Act.
 Other toxic air contaminants (TACs) that are VOC or PM if the 112(d) standard or the determination
made under sections 112(g) or 112(j) controls similar compounds that are also VOC or PM.
An emission unit or units that is in compliance with all of the following:
 The maximum allowable emissions of each TAC from the proposed new or modified emission unit or
units is 0.1 pound per hour (lb/hr) or less for a carcinogen or 1.0 lb/hr or less for any other TAC.
 The applicable initial threshold screening level for the TAC is more than 200 micrograms per cubic
meter (µg/m3).
 The applicable initial risk screening level is more than 0.1 µg/m3.
 The emission unit emits only TACs that are VOC or particulate and are in compliance with BACT for VOC
and PM.
The engines at the Rexton Facility are subject to MACT Subpart ZZZZ, which are standards promulgated under
112(d) of the Clean Air Act. MACT Subpart ZZZZ controls CO and/or formaldehyde as a surrogate for organic
HAP from the engines; therefore, the requirements of Rule 224 do not apply to VOC TAC emissions from the
engines.
VOC TAC are subject to Rule 702 BACT (discussed in Section 5.2.10 below, and particulate TAC are subject to
PSD BACT (discussed in Section 6.6 below). Because these compounds are already subject to a BACT
requirement as VOCs and PM, they are exempted from the requirement to meet T-BACT under MAC R
336.1224(2)(c).
Beside particulate and VOC TAC emissions, the vertical kilns emit acid gases including HCl and HF. As emissions
of these pollutants are low, Graymont proposes to demonstrate compliance with Rule 224 for acid gas TAC
through the inherent scrubbing action of the lime in the kilns. The remaining emission units that emit TACs emit
only PM and VOC TACs. Note that the material handling operations only emit calcium oxide, calcium carbonate,
and other nuisance particulates which are excluded from the definition of TAC under MAC R 336.1120(f).

5.2.3. MAC R 336.1225 (Rule 225)
Rule 225 includes the requirements for a health-based screening level for new or modified sources of TAC.
MAC R 336.1225(1) prohibits the emission of the TAC from the proposed new or modified emission unit or units
in excess of the maximum allowable emission rate which results in a predicted maximum ambient impact that is
more than the initial threshold screening level or the initial risk screening level, or both, except as provided in
MAC R 336.1225(2), R 336.1225(3), and R 336.1226.
Graymont conducted a dispersion modeling analysis pursuant to MAC R 336.1227(1)(c) for TAC pollutants from
the project to demonstrate that ground-level concentrations, based on AERMOD results, are less than the
associated screening levels and thus in compliance with Rule 225. The maximum emission rates for each TAC
from natural gas are used to compare against that compound’s screening level.
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The modeling analysis, including detailed TAC calculations and modeled impacts, is included in Appendix F of
this application.

5.2.4. MAC R 336.1301 (Rule 301)
The proposed project is subject to the Rule 301 opacity limits. Rule 301(1)(a) requires a 6-minute average of
20% opacity, with the exception of one 6-minute average per hour of 27% opacity, which applies to all PMemitting sources not subject to a NSPS. Rule 301(1)(b) requires opacity emissions to meet a limit required by a
NSPS, which applies to all NSPS-subject sources that emit PM. Rule 301(1)(c) requires opacity emissions to meet
a limit specified as a condition of a permit to install or permit to operate. Note that the stone handling operations
are subject to a more stringent emission limits established under NSPS Subpart OOO in 40 CFR §60.672(b). The
vertical lime kilns are subject to a BACT limit for opacity discussed in section 6.8 below.

5.2.5. MAC R 336.1331 (Rule 331)
The kilns are subject to the Rule 331 particulate emission limits, specifically Section E of Table 31, which limits
PM emissions from chemical or mineral kilns to 0.20 pounds per 1,000 pounds exhaust gas. Note that the kilns
are subject to more stringent emission limits established under the BACT analysis discussed in Section 6.6
below.

5.2.6. MAC R 336.1402 (Rule 402)
Rule 402 includes standards for emissions of SO 2 for fuel-burning sources (i.e., fuel oil) other than power plants.
The vertical kilns and natural gas-fired water bath heater will burn only natural gas as fuel and are therefore not
subject to this regulation.
The emergency engines will be authorized to burn diesel fuel. The engines are subject to the limits of R
336.1402(1), which states that SO2 emissions from the combustion of fuel oil are not to exceed 1.7 pounds per
MMBtu (lb/MMBtu) of heat input. Graymont will comply with this limit through the use of diesel fuel with a
sulfur content of 0.05% by weight or less.

5.2.7. MAC R 336.1604 (Rule 604)
Rule 604 regulates emissions of VOCs from vessels that have a storage capacity greater than 40,000 gallons and
store organic compounds having a true vapor pressure of more than 1.5 pounds per square inch absolute (psia)
but less than 11 psia. The storage tanks will have a capacity less than 40,000 gallons. Therefore, this rule does
not apply.

5.2.8. MAC R 336.1605 (Rule 605)
Rule 605 regulates emissions of VOCs from vessels that have a storage capacity greater than 40,000 gallons and
store organic compounds having a true vapor pressure of 11 or more psia. The storage tanks will have a capacity
less than 40,000 gallons. Therefore, this rule does not apply.

5.2.9. MAC R 336.1623 (Rule 623)
Rule 623 regulates emissions of VOCs from external floating roof vessels that have a storage capacity greater
than 40,000 gallons and store organic compounds having a true vapor pressure of more than 1.0 psia but less
than 11 psia. The storage tanks will have a capacity less than 40,000 gallons. Therefore, this rule does not apply.
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5.2.10. MAC R 336.1702 (Rule 702)
This project is considered a “new source” pursuant to Rule 701 and is therefore subject to the VOC emission
limitation standards in Rule 702, which requires VOC emissions to be limited to the most stringent allowable
emission rate:
1. As identified by the Michigan Department of Environment, Great Lakes, and Energy (EGLE) on its
own initiative or based on the application of BACT;
2. Pursuant to a federal NSPS;
3. As specified as a permit condition; or
4. As specified under Part 6 of the EGLE Air Pollution Control Rules.
The kilns at the Rexton Facility are not subject to any VOC emissions standards under either Part 6 of the EGLE
Air Pollution Control Rules or under a federal NSPS. Therefore, Graymont proposes that good combustion
controls be considered BACT for the purposes of Rule 702. Add-on controls for VOC emissions from combustion
sources are not commonly required under BACT. In addition, the kilns’ potential to emit VOC is very small, as
demonstrated in the calculations found in Appendix C. Therefore, Graymont concludes that it is not appropriate
to require add-on controls for VOC control from the kilns.
The storage tanks at the Rexton Facility are not subject to any VOC standards under either Part 6 of the EGLE Air
Pollution Control Rules or under a federal NSPS. The gasoline tank is subject to the NESHAP provisions of 40 CFR
63 Subpart CCCCCC as noted in Section 5.1 above. Graymont proposes to follow the housekeeping requirements
of this regulation as VOC BACT for the gasoline tank, including minimizing spills, cleaning spills as soon as
possible, covering and sealing containers and fill pipes when not in use, and minimizing material sent to open
waste collection systems. Although the diesel and hydraulic oil storage tanks are not subject to the provisions of
Subpart CCCCCC, Graymont proposes to follow these housekeeping provisions as VOC BACT for these tanks as
well.
The water bath heater and emergency engines at the Rexton Facility are not subject to any VOC emissions
standards under Part 6 of the EGLE Air Pollution Control Rules. The emergency engines are subject to the VOC
emission limits in NSPS Subpart IIII. Graymont will comply with the emission limits in NSPS Subparts IIII. The
water bath heater is not subject to any emission limit. Graymont proposes the good combustion practices as VOC
BACT for the natural gas-fired water bath heater.

5.2.11. MAC R 336.1703 (Rule 703)
Rule 703 is applicable to loading gasoline into new stationary vessels of more than 2,000-gallon capacity at
dispensing facilities. Per MAC R 336.1104(g), a “dispensing facility” means a location where gasoline is
transferred to a motor vehicle tank from a stationary vessel. The gasoline tank meets the definition of a
dispensing facility. However, the maximum capacity of the gasoline tank is less than 2,000 gallons. Therefore,
this rule does not apply.

5.2.12. MAC R 336.1704 (Rule 704)
Rule 704 is applicable to loading gasoline into new stationary vessels of more than 2,000 gallons capacity at
loading facilities. Per MAC R 336.1112(d), a “loading facility” means a location where volatile organic
compounds are received from sources of supply and are stored for later delivery to another facility. The gasoline
tank does not meet the definition of a loading facility. Furthermore, the maximum capacity of the gasoline tank is
less than 2,000 gallons. Therefore, this rule does not apply.
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5.2.13. MAC R 336.1801 (Rule 801)
Rule 801 includes standards for emissions of NO X from stationary sources. The proposed engines at the Rexton
Facility are not subject to NOX emissions limitations in Rule 801 as each engine’s rated heat input is less than
250 MMBtu/hr and the potential ozone season emissions of NO X from each engine is less than 25 tons per
season.

5.2.14. MAC R 336.1802 (Rule 802)
Rule 802 establishes a NOX emissions budget and NOX trading program for electricity-generating units and large
affected units. The proposed engines at the Rexton Facility do not produce electricity for sale and each engine’s
rated heat input is less than 250 MMBtu/hr. Therefore, this rule does not apply.

5.2.15. MAC R 336.1818 (Rule 818)
Rule 818 includes standards for emissions of NO X from stationary internal combustion engines. Specifically, the
regulation applies to owners and operators of “a large NO X SIP call engine,” defined in Rule 818(1)(f) as “a
stationary internal combustion engine emitting more than 1 ton of oxides of nitrogen per average ozone control
period day in 1995.” The engines are not subject to the NO X limitations in Rule 818 as they were not in operation
in 1995 and thus do not meet the definition of “large NO X SIP call engines.” Additionally, each engine has
potential daily NOX emissions of less than 1 ton per day.
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6. BACT ANALYSIS
This section presents the BACT analysis in support of the proposed PSD Permit Application.

6.1. BACT DEFINITION
Pursuant to 40 CFR §52.21(j), a BACT analysis is required for each new or physically modified emissions unit for
each pollutant that is subject to PSD review. The Rexton Facility is subject to PSD permitting regulations
promulgated by MAC R 336.2801 through 336.2823 (Rules 1801 through 1823). BACT is defined in 40 CFR
§52.21(b)(12) as:
…an emissions limitation (including a visible emission standard) based on the maximum degree of
reduction for each pollutant subject to regulation under Act which would be emitted from any proposed
major stationary source or major modification which the Administrator, on a case-by-case basis, taking
into account energy, environmental, and economic impacts and other costs, determines is achievable for
such source or modification through application of production processes or available methods, systems, and
techniques, including fuel cleaning or treatment or innovative fuel combustion techniques for control of
such pollutant. In no event shall application of best available control technology result in emissions of any
pollutant which would exceed the emissions allowed by any applicable standard under 40 CFR parts 60 and
61. If the Administrator determines that technological or economic limitations on the application of
measurement methodology to a particular emissions unit would make the imposition of an emissions
standard infeasible, a design, equipment, work practice, operational standard, or combination thereof, may
be prescribed instead to satisfy the requirement for the application of best available control technology.
Such standard shall, to the degree possible, set forth the emissions reduction achievable by implementation
of such design, equipment, work practice or operation, and shall provide for compliance by means which
achieve equivalent results. [primary BACT definition]
The primary BACT definition can be best understood by breaking it apart into its separate components, which
are discussed below.

6.1.1. Emission Limitation
BACT is “an emission limitation.” While BACT is prefaced upon the application of technologies to achieve that
limit, the final result of BACT is an emission limit. In general, this limit would be an emission rate limit of a
pollutant (i.e., lb/ton).31 Under certain conditions, the Administrator can prescribe a design, equipment, work
practice, operational standard, or combination thereof, to satisfy the requirement for the application of best
available control technology.

6.1.2. Case-by-Case Basis
The following is from the primary BACT definition:
…on a case-by-case basis, taking into account energy, environmental, and economic impacts and other costs…

31

Emission limits can be broadly differentiated as “rate-based” or “mass-based.” For a lime kiln, a rate-based limit would
typically be in units of lb/ton product (mass emissions per product throughput). In contrast, a typical mass-based limit
would be in units of lb/hr (mass emissions per time).

Graymont (MI) LLC | Rexton Facility | PSD Permit Application
Trinity Consultants

6-1

Unlike many of the Clean Air Act programs, the PSD program’s BACT evaluation is case-by-case. To assist
applicants and regulators with the case-by-case process, in 1987 U.S. EPA issued a memorandum that
implemented certain program initiatives to improve the effectiveness of the PSD program within the confines of
existing regulations and state implementation plans.32 Among the initiatives was a “top-down” approach for
determining BACT. The five steps in a top-down BACT evaluation can be summarized as follows:
Step 1. Identify all possible control technologies;
Step 2. Eliminate technically infeasible options;
Step 3. Rank the technically feasible control technologies based on emission reduction potential;
Step 4. Evaluate ranked controls based on energy, environmental, and/or economic considerations; and
Step 5. Select BACT.
While the top-down BACT analysis is a procedural approach suggested by U.S. EPA policy, this approach is not
specifically mandated as a statutory requirement of the BACT regulations. As discussed in Section 6.1.1, BACT is
an emissions limitation and does not require the installation of any specific control device (though it may result
in a limit prefaced upon using a specific control device).

6.1.3. Achievable
The following is from the primary BACT definition:
…based on the maximum degree of reduction …[that EGLE]… determines is achievable … through application of
production processes or available methods, systems and techniques, including fuel cleaning or treatment or
innovative fuel combustion techniques…
BACT is to be set at the lowest value that is achievable. However, there is an important distinction between
emission rates achieved at a specific time on a specific unit and an emission limitation that a unit must be able to
meet continuously over its operating life.
As discussed by the DC Circuit Court of Appeals:
In National Lime Ass'n v. EPA, 627 F.2d 416, 431 n.46 (D.C. Cir. 1980), we said that where a statute requires
that a standard be "achievable," it must be achievable "under most adverse circumstances which can
reasonably be expected to recur."33
U.S. EPA has reached similar conclusions in prior determinations for PSD permits:
Agency guidance and our prior decisions recognize a distinction between, on the one hand, measured
“emissions rates,” which are necessarily data obtained from a particular facility at a specific time, and on the
other hand, the “emissions limitation” determined to be BACT and set forth in the permit, which the facility is
required to continuously meet throughout the facility’s life. Stated simply, if there is uncontrollable
fluctuation or variability in the measured emission rate, then the lowest measured emission rate will
necessarily be more stringent than the “emissions limitation” that is “achievable” for that pollution control
method over the life of the facility. Accordingly, because the “emissions limitation” is applicable for the
facility’s life, it is wholly appropriate for the permit issuer to consider, as part of the BACT analysis, the extent

Memo dated December 1, 1987, from J. Craig Potter (EPA Headquarters) to EPA Regional Administrators, titled
“Improving New Source Review Implementation.”
33 As quoted in Sierra Club v. EPA (97-1686).
32
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to which the available data demonstrate whether the emissions rate at issue has been achieved by other
facilities over a long term.34
Thus, BACT must be set at the lowest feasible emission rate recognizing that the facility must be in compliance
with that limit for the lifetime of the facility on a continuous basis. While viewing individual unit performance
can be instructive in evaluating what BACT might be, any actual performance data must be viewed carefully, as
rarely will the data be adequate to truly assess the performance that a unit will achieve during its entire
operating life. In contrast to limited snapshots of actual performance data, emission limits from similar sources
can reasonably be used to infer what is “achievable.” However, limits established for facilities which were never
built must be scrutinized, as the technologies and equipment have not been demonstrated and the company
never took a significant liability in having to meet that limit. Similarly, permitted units which have not yet
commenced operation must also be viewed with special care as a performance demonstration has yet to be
performed for those units.
To assist in meeting the BACT limit, the source must consider production processes or available methods,
systems or techniques, as long as those considerations do not redefine the source (see Section 6.2.1).

6.1.4. Floor
The following is from the primary BACT definition:
…emissions [shall not] exceed… 40 CFR Parts 60 and 61.
The least stringent emission rate allowable for BACT is any applicable limit under either NSPS Part 60 or
NESHAP Part 61. State SIP limitations must also be considered when determining the floor.

6.2. BACT METHODOLOGY
In a memorandum dated December 1, 1987, the U.S. EPA stated its preference for a “top-down” BACT analysis. 35
As previously noted, the minimum control efficiency to be considered in a BACT assessment must result in an
emission rate less than or equal to any applicable NSPS or NESHAP emission rate for the source. After
determining if any NSPS or NESHAP are applicable, the first step in this approach is to determine, for the
emission unit in question, the most stringent control available for a similar or identical source or source
category. If it can be shown that this level of control is technically, environmentally, or economically infeasible
for the unit in question, then the next most stringent level of control is determined and similarly evaluated. This
process continues until the BACT level under consideration cannot be eliminated by any substantial or unique
technical, environmental, or economic objections.
Presented below are the five basic steps of a top-down BACT review as identified by the U.S. EPA. 36

EPA Environmental Appeals Board (EAB) decision, In re: Newmont Nevada Energy Investment L.L.C. PSD Appeal No. 05-04,
decided December 21, 2005. Environmental Administrative Decisions, Volume 12, Page 442.
35 Memo dated December 1, 1987, from J. Craig Potter (EPA Headquarters) to EPA Regional Administrators, titled
“Improving New Source Review Implementation.”
36 U.S. EPA. Draft New Source Review Workshop Manual, Chapter B. Research Triangle Park, North Carolina. October, 1990,
https://www.epa.gov/sites/production/files/2015-07/documents/1990wman.pdf.
34
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6.2.1. Step 1 – Identify All Control Technologies
Available control technologies with the practical potential for application to the emission unit and regulated air
pollutant in question are identified. Available control options include the application of alternate production
processes and control methods, systems, and techniques including fuel cleaning and innovative fuel combustion,
when applicable. The application of demonstrated control technologies in other similar source categories to the
emission unit in question can also be considered. While identified technologies may be eliminated in subsequent
steps in the analysis based on technical and economic infeasibility or environmental and energy impacts, control
technologies with potential application to the emission unit under review are identified.
The following methods are used to identify potential technologies:
1) Researching the Reasonably Available Control Technology (RACT)/BACT/Lowest Achievable
Emission Rate (LAER) Clearinghouse (RBLC) database,
2) Surveying regulatory agencies,
3) Drawing from previous engineering experience,
4) Surveying air pollution control equipment vendors, and/or
5) Surveying available literature.
As previously discussed, the U.S. EPA has not considered the BACT requirement as a means to redefine the
design of a source when considering available control technologies. A control technology or alternative
production process that would be inconsistent with the fundamental objectives or basic design of a source
would “redefine the source” and may be eliminated in Step 1 of the top-down BACT analysis.

6.2.2. Step 2 – Eliminate Technically Infeasible Options
After the available control technologies have been identified, each technology is evaluated with respect to its
technical feasibility in controlling the PSD-triggering pollutant emissions from the source in question. An
undemonstrated technology is only technically feasible if it is “available” and “applicable.” A control technology
is only considered available if it has reached the licensing and commercial sales phase of development. Control
technologies in the R&D and pilot scale phases are not considered available. Based on U.S. EPA guidance, an
available control technology is presumed applicable if it has been permitted or actually implemented by a
similar source.
Decisions about technical feasibility of a control option consider the physical or chemical properties of the
emissions stream in comparison to emissions streams from similar sources successfully implementing the
control alternative. A control option is eliminated from consideration if there are process specific conditions that
prohibit the implementation of the control technology or if the highest control efficiency of the option would
result in an emission level that is higher than any applicable regulatory limits.

6.2.3. Step 3 – Rank Remaining Control Options by Effectiveness
Once technically infeasible options are removed from consideration, the remaining options are ranked based on
their control effectiveness. If there is only one remaining option or if all of the remaining technologies could
achieve equivalent control efficiencies, ranking based on control efficiency is not required.
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6.2.4. Step 4 – Evaluate Most Effective Controls and Document Results
Beginning with the most efficient control option in the ranking, detailed economic, energy, and environmental
impact evaluations are performed. If a control option is determined to be economically feasible without adverse
energy or environmental impacts, it is not necessary to evaluate the remaining options with lower control
efficiencies. Alternatively, if adverse economic, environmental, or energy impacts are associated with the top
control option, the next most stringent option is evaluated. This process continues until a control technology is
identified.
The economic evaluation centers on the cost effectiveness of the control option. Costs of installing and operating
control technologies are estimated and annualized following the methodologies outlined in the U.S. EPA’s OAQPS
Control Cost Manual (CCM) and other industry resources.37 Note that the CCM is currently going through revision
and the 7th edition is anticipated to be completed in its entirety in 2025. Certain chapters will be finalized,
piecemeal, in the interim.

6.2.5. Step 5 – Select BACT
In the final step, one pollutant-specific control option is proposed as BACT for each emission unit under review
based on evaluations from the previous step.
Although the first four steps of the top-down BACT process involve technical and economic evaluations of
potential control options (i.e., defining the appropriate technology), the selection of BACT in the fifth step
involves an evaluation of emission rates achievable with the selected control technology. BACT is an emission
limit unless technological or economic limitations of the measurement methodology would make the imposition
of an emissions standard infeasible, in which case a work practice or operating standard can be imposed.
The U.S. EPA has consistently interpreted the statutory and regulatory BACT definitions as containing two core
requirements that the agency believes must be met by any BACT determination, regardless of whether the "topdown" approach is used. First, the BACT analysis must include consideration of the most stringent available
control technologies, i.e., those which provide the “maximum degree of emissions reduction.” Second, any
decision to require a lesser degree of emissions reduction must be justified by an objective analysis of “energy,
environmental, and economic impacts.”

6.3. BACT REQUIREMENT
A BACT requirement applies to each new (or modified) emission unit from which there are emission increases of
pollutants subject to PSD review. The project at the Rexton Facility triggers PSD review for NO X, CO, PM, PM10,
PM2.5, and GHGs and thus, it is subject to BACT for these pollutants. The top-down BACT analysis for these
pollutants has been performed for sources listed in Table 6-1 below. The analyses are contained in the following
sections. Supporting documentation is included in Appendix E. A Selected BACT summary table is provided in
Section 6.10.

37

Office of Air Quality Planning and Standards (OAQPS), EPA Air Pollution Control Cost Manual, Sixth Edition, EPA 452-02001 (https://www.epa.gov/economic-and-cost-analysis-air-pollution-regulations/cost-reports-and-guidance-airpollution), Daniel C. Mussatti & William M. Vatavuk, January 2002.
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Table 6-1. Sources Requiring a BACT Analysis
Emission Unit Description

Pollutants Requiring BACT

Group

Kilns 1, 2, & 3

NOX, CO, PM/PM10/PM2.5, GHG

Kiln

Emergency Engines

NOX, CO, PM/PM10/PM2.5, GHG

Emergency Engines

Natural Gas Water Bath Heater

NOX, CO, PM/PM10/PM2.5, GHG

Heater

Roadways

PM/PM10/PM2.5

Roadways

Stockpiles

PM/PM10/PM2.5

Stockpiles

Nuisance Dust Collectors

PM/PM10/PM2.5

Material Handling

Conveyor Discharge and Transfers

PM/PM10/PM2.5

Material Handling

6.3.1. Identification of Potential Control Technologies
Graymont performed searches of the RBLC database for the following categories:
Mineral Products
 RBLC Process Type 90.019: Lime/Limestone Handling/Kilns/Storage/Manufacturing
 RBLC Process Type 90.024: Non-metallic Mineral Processing (except 90.011, 90.019, 90.017, 90.026)
 RBLC Process Type 90.999: Other Mineral Processing Sources
Internal Combustion Engines (ICEs)
 RBLC Process Type 17.210: Diesel fuel small (≤500 hp) ICE
External Combustion Sources
 RBLC Process Type 13.310: Commercial/institutional size boilers/furnaces, natural gas fuel
Miscellaneous Sources
 Fugitive Dust Sources:
o RBLC Process Type 99.110: Agricultural Activities
o RBLC Process Type 99.120: Ash Storage, Handling, Disposal
o RBLC Process Type 99.130: Construction Activities
o RBLC Process Type 99.140: Paved Roads
o RBLC Process Type 99.150: Unpaved Roads
o RBLC Process Type 99.190: Other Fugitive Dust Sources
Although there are related industries (e.g., cement and clay sintering operations) available on the RBLC
database, the substantial difference in design and function of a vertical lime kiln makes a direct comparison to
units in those industries of limited value.

6.3.2. Economic Feasibility Analysis
Economic analyses were performed to compare total costs (capital and annual) for potential control
technologies. Capital costs include the initial cost of the components intrinsic to the complete control system.
Annual operating costs include the financial requirements to operate the control system on an annual basis and
include overhead, maintenance, outages, raw materials, and utilities.
The capital cost estimating technique used is based on a factored method of determining direct and indirect
installation costs. That is, installation costs are expressed as a function of known equipment costs. This method
is consistent with the latest U.S. EPA QAQPS CCM on estimating control technology costs.
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Total purchased equipment cost represents the delivered cost of the control equipment, auxiliary equipment,
and instrumentation. Auxiliary equipment consists of all the structural, mechanical, and electrical components
required for the efficient operation of the device. Auxiliary equipment costs are estimated as a straight
percentage of the equipment cost. Direct installation costs consist of the direct expenditures for materials and
labor for site preparation, foundations, structural steel, erection, piping, electrical, painting, and facilities.
Indirect installation costs include engineering and supervision of contractors, construction and field expenses,
construction fees, and contingencies. Other indirect costs include equipment startup, performance testing,
working capital, and interest during construction.
Annual costs are comprised of direct and indirect operating costs. Direct annual costs include labor,
maintenance, replacement parts, raw materials, utilities, and waste disposal. Indirect operating costs include
plant overhead, taxes, insurance, general administration, and capital charges. Replacement part costs, such as
the cost of replacement bags for a baghouse, were included where applicable, while raw material costs were
estimated based upon the unit cost and annual consumption. With the exception of overhead, indirect operating
costs were calculated as a percentage of the total capital costs. The indirect capital costs were based on the
capital recovery factor (CRF) defined as:

CRF 

i(1  i) n
(1  i) n  1

Where,
CRF = Capital recovery factor
i = Annual interest rate
n = The equipment life in years
The equipment life is based on the normal life of the control equipment and varies on an equipment type basis.
The same interest applies to all control equipment cost calculations. For this analysis, an interest rate of 7% was
used based on information provided in the most recent OAQPS CCM.
Detailed cost analyses calculations for economic analyses presented within this BACT analysis are presented in
Appendix E.

6.4. NOX BACT
6.4.1. NOX Emissions from the Lime Kilns
There are three types of chemical kinetic processes that form NO X emissions from processes such as lime kilns.
The NOX emissions from these chemical mechanisms are referred to as:
1) Thermal NOX,
2) Fuel NOX, and
3) Prompt NOX.
Thermal NOX is generated by the oxidation of molecular nitrogen (N 2) in the combustion air as it passes through
the flame in the kiln. This reaction requires high temperatures. The formation of nitrogen oxide (NO x) from
oxygen (O2) and N2 in air at high temperatures is described by the well-known Zeldovich mechanism. In a lime
kiln, due to the high temperatures required for the calcination reactions, thermal NO X is the predominant
mechanism of NOX formation from the lime manufacturing process.
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Fuel NOX is the result of the conversion of nitrogen compounds contained in fuels to NO X during fuel combustion.
For all practical purposes, prompt NOX, which can be significant in low-temperature, fuel-rich conditions where
residence times are short, is not important in the lime manufacturing process.
NOX emissions can vary significantly from one kiln to another. There are many factors that can contribute to
variation in NOX emissions particularly when comparing data collected on a short-term basis. These factors
include, but are not limited to, the ability to control kiln feed consistently, the “burnability” of the raw material,
and site-specific operations designed to ensure the proper product quality. Each of these variables results in the
need to adjust the heat input to the pyro-processing system, which alters the specific heat consumption of the
kiln and, in turn, contributes to variations in the rates of thermal NO X generation on a plant and kiln specific
basis.

6.4.1.1. NOX BACT Stepwise Evaluation
A general review of the RBLC has been performed for NO X emissions from lime kilns. For the RBLC review,
determinations including the time period 1/1/2009 through 2/5/2021 were used as the basis for the RBLC
database search. The results of the RBLC search are included in Table 6-2.
The following control technologies are available for controlling NO X emissions from the lime kiln:






Selective Non-Catalytic Reduction (SNCR),
Selective Catalytic Reduction (SCR),
Use of Low NOX Burners (LNB),
Use of low-nitrogen fuels, and
Proper Kiln Design and Operation.

There are several control technologies that are not considered under this BACT analysis since they have not
been commercially demonstrated on a lime kiln. These technologies include, but are not limited to the following:




Catalyst filters,
Reburn, and
Oxy-fuel combustion.

Table 6-3 provides the summary of the five-step NOX BACT analysis that is conducted for the lime kilns.
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Table 6-2. Lime Kiln – RBLC Search Results for NOX
RBLC ID

AL-0313

Company Name

LHOIST NORTH
AMERICA OF
ALABAMA, LLC

State

Permit
Issuance Date

Process Type

Process Name

Fuels

Lime Production
(tons per day)

Control Method
Description

AL

05/04/2016

90.019

Vertical lime kiln

Natural gas

100 MMBtu/hr

Parallel flow regenerative
vertical kiln design
Good combustion and
process control
techniques
Production capacity cap of
396 tons of lime per day
per kiln.
Operations, Maintenance
and Monitoring (OM&M)
Plan and Startup,
Shutdown, and
Malfunction (SSM) Plan
required.
Required to maintain lowtemperature combustion
to reduce thermal NOx
emissions.
Required to use efficient
PFR kiln design to
minimize fuel use and
pollutant emissions.
None listed

FL-0341

JACKSONVILLE
LIME

FL

0220/2014

90.019

Two Vertical lime
kilns

Natural gas, wood
chips, coal, and pet
coke

330

PA-0283

GRAYMONT PA INC

PA

11/19/2012

90.019

Kiln No. 8

660

TX-0869

LHOIST NORTH
AMERICA OF
TEXAS, LTD.

TX

11/06/2019

90.019

Vertical lime kiln

Pipeline quality
natural gas
Natural gas
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660

Proper kiln design
(vertical PFR), good
combustion techniques,
natural gas fuel, no add-on
controls.

Standardized
Emission Rate
(lb/ton of lime)
0.5

Emission Limit
Averaging
Period
30-day rolling
average

Means of
Demonstrating
Compliance

0.6 natural gas (100
mg/Nm3,
approximately 8.3
lb/hr)
2.32 coal/petcoke
(350 mg/Nm3,
approximately 31.9
lb/hr)
3.17 wood chips
(500 mg/Nm3,
approximately 43.6
lb/hr)

30-day average

CEMS

0.32 (7.9 lb/hr)

Rolling 30-day
average
Unspecified

CEMS

0.35

CEMS

Unspecified
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Table 6-3. Lime Kiln – Top-Down BACT Analysis for NOX

Process

ID

Process

EG-KILNS

Vertical Kilns 1,
2&3

Step 2. Eliminate Technically Infeasible Options

Step 3. Rank
Remaining
Control
Technologies

Step 4. Evaluate
and Document
Most CostEffective
Controls

Control Technology Description

Technical Feasibility

Typical Overall
Standard
Emission Rate
(Rank)

Cost
Effectiveness,
$/ton

Step 5.
Select
BACT

SNCR uses a reagent of either ammonia (NH3) or a urea solution,
which is injected into the gas stream, to reduce NOX to diatomic
nitrogen and water. Residence times can vary between 0.001 and 10
seconds, with a preferred time of greater than 1 second.38 Depending
on the reagent used, the optimum temperature range is between
1,560 and 2,100 °F due to the lack of a catalyst to lower the activation
energy of the reactions. SNCR requires adequate mixing of NH3/urea
with the combustion gases.

Infeasible. SNCR has not been implemented on any vertical lime kilns in the U.S..
The only entry of SNCR on a lime kiln in the RBLC database is for a facility that has
not demonstrated successful implementation of SNCR for a rotary kiln, let alone a
vertical kiln.

N/A

N/A

N/A

N/A

N/A

N/A

Step 1. Identify Air Pollution Control Technologies

PSD
Pollutant
NOX

Control
Technology
Selective NonCatalytic
Reduction
(SNCR)

Selective
Catalytic
Reduction (SCR)

SCR is an exhaust gas treatment process in which NH3 is injected into
the exhaust gas upstream of a catalyst bed. On the catalyst surface,
NH3 and nitric oxide (NOx) or NO2 react to form diatomic nitrogen
and water. The technology requires an optimum temperature range
of 480 to 800 °F. At temperatures outside this optimal range, the
reaction kinetics decrease resulting in excess emissions of NH 3.39

Furthermore, the optimum temperature range for SNCR is between 1,560 and
2,100 °F. Unlike a preheater rotary kiln, where the NH3/urea injection nozzles are
placed in the stone/pre-heater chamber, the preheating zone for a vertical kiln is
located at the top of the kiln shaft rather than a separate chamber and are heated
by the exhaust gas rather than a separate set of burners. Because of this, the gas
temperatures in the preheating section are below the temperature range
necessary for the reduction reaction to take place. In summary, SNCR is infeasible
due to unit-specific limitations exhaust gas temperature and overall kiln design.
This optimum temperature range is significantly above the outlet temperature for
this vertical kiln.
Infeasible. SCR also requires an optimum temperature range of 480 to 800 °F and
fairly constant temperatures, or emissions of NOX and NH3 can increase.1 The
average exit temperature of the lime kiln is well below this range required for SCR.
Therefore, the SCR catalyst would need to be located prior to the baghouse.
However, poisoning or covering of the catalyst is almost certain in this heavily dust
laden environment. This buildup has the potential to reduce the effectiveness of
the SCR technology and make cleaning of the catalyst difficult resulting in kiln
downtime and significant operational costs. Operating at a low temperature
increases the potential for NH3 slip, which can increase PM emissions. Additionally,
fluctuations in exhaust gas temperatures reduce removal efficiency.
In addition to these technical concerns, the use of an SCR introduces several
environmental concerns. For example, the handling and disposal of spent catalyst
have been recognized as an environmental risk and potential health hazard. The
use of SCR will also require the storage and use of large quantities of anhydrous
NH3. NH3 storage and use can be hazardous because of equipment failure and
human error. In addition, the use of NH3 could subject the source to several new
regulatory requirements.
No variation of SCR has been proven effective in the lime industry and the Ozone
Transport Commission has listed SCR as an infeasible control technology for lime
kilns.2 For these reasons, the use of SCR has not been commercially demonstrated
on a vertical lime kiln and is infeasible for this project.

38
39

Air Pollution Control Cost Manual, Section 4, Chapter 1, Selective Non-Catalytic Reduction, NO X Controls, May 2016. Page 1-7. https://www.epa.gov/sites/production/files/2017-12/documents/sncrcostmanualchapter7thedition20162017revisions.pdf
Air Pollution Control Cost Manual, Section 4, Chapter 2, Selective Catalytic Reduction, NO X Controls, May 2016. Page 2-16. https://www.epa.gov/sites/production/files/2017-12/documents/scrcostmanualchapter7thedition_2016revisions2017.pdf
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Table 6-3. Lime Kiln – Top-Down BACT Analysis for NOX

Process

ID

Process

EG-KILNS

Vertical Kilns 1,
2&3

Step 1. Identify Air Pollution Control Technologies

PSD
Pollutant
NOX

Control
Technology
Use of Low NOX
Burners (LNB)

Use of low
nitrogen fuels

Proper Kiln
Design and
Operation

1
2

Step 2. Eliminate Technically Infeasible Options

Step 3. Rank
Remaining
Control
Technologies

Step 4. Evaluate
and Document
Most CostEffective
Controls

Typical Overall
Standard
Emission Rate
(Rank)

Cost
Effectiveness,
$/ton

Step 5.
Select
BACT

Control Technology Description

Technical Feasibility

A LNB is designed to reduce NOX emissions by modifying the fuel
combustion process. The principle of all LNBs is stepwise (i.e., 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. A fundamental
principle of the PFR kiln process is that it is inherently low NOX
generator. The primary reason the peak burning zone temperature is
minimized is because the staged combustion that occurs inside a
packed bed. The result is the kiln type is considered the best available
lime kiln technology for low NOX emissions.
Using a fuel with lower amounts of fuel-bound nitrogen decreases
nitrogen available for the formation of fuel NOX. Low nitrogen fuels
include natural gas, coke, and ultra-low nitrogen liquid fuel oils.

Feasible. The Parallel Flow Regenerative (PFR) combustion and heat transfer
process uses staged combustion and immediate heat transfer inside a packed bed
chamber to limit the conditions that are favorable for the formation of NO X. The
result of these conditions, which are fundamentally unique to the (PFR) kiln, is the
kiln technology that generates the least NOX of any commercially viable kiln
technology for the production of lime.

1

N/A

Selected as
BACT

Feasible. The proposed vertical kilns will be fired solely using natural gas.

2

N/A

N/A

The key to controlling NOX emissions is efficient fuel combustion.
Complete combustion is achieved by having sufficient oxygen
available to react with the fuel. Having excess oxygen present will
help achieve complete combustion, but will result in an increase in
NOX emissions. A choice must be made between minimizing either CO
or NOX. It is preferable to limit NOX emissions as they are normally a
precursor to ozone formation. Graymont is motivated to ensure
proper kiln design and operation in order to minimize fuel costs,
which account for a significant cost of manufacturing lime.

Feasible. The burner system will be designed specifically for the kiln and will
minimize products of incomplete combustion. Graymont will install and operate O 2
monitors to help evaluate kiln operating conditions on a continuous basis.

3

N/A

N/A

Air Pollution Control Cost Manual, Section 4, Chapter 2, Selective Catalytic Reduction, NO X Control, EPA/452/B-02-001, Page 2-9.
Summary of Ozone Transport Commission (OTC) Candidate Control Measures – Control Measure Summary for Lime Kilns (5/3/06).
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6.4.1.2. NOX BACT Evaluation Summary for the Vertical Lime Kilns
Based on the BACT analysis, Graymont proposes the use of the combustion design for low NO X emissions
as BACT for the vertical lime kilns. There are no negative environmental and energy impacts associated
with this option. In addition, the RBLC search proves that good combustion techniques are widely
accepted as BACT for kilns.
The source from the RBLC and permit search with the lowest NO X emission rate is from Graymont (PA)
Inc.’s Pennsylvania facility (RBLC ID PA-0238). The facility has an established case-by-case emission
limit for a vertical lime kiln firing natural gas of 7.9 lb/hr NO X, which equates to 0.32 lb NOX per ton lime
produced. This kiln was designed by the same supplier that has designed the three kilns proposed for
the Rexton Facility.
The proposed NOX emission rate from each kiln is 9.36 lb/hr (equivalent to approximately 0.37 lb NO X
per ton of lime) on a 30-day average basis. As demonstrated in Table 6-3 above, it is neither technically
nor economically feasible to achieve a lower emission rate. Based on our actual operating experience
with short-term, occasional and transient conditions due to the nature of circulating loads in the kiln, we
have observed slightly elevated NO X in Graymont (PA) Inc. Kiln 8. This difference equates to a 5 part per
million difference in the proposed limit. Compliance will be demonstrated through periodic stack
testing per U.S. EPA Method 7E.

6.4.2. NOX Emissions from the Emergency Engines
The highest risk of NOX emissions from the emergency engines is thermal NO X due to the higher
operating temperatures of diesel engines.

6.4.2.1. NOX BACT Stepwise Evaluation
The BACT discussion that follows applies to the three proposed emergency engines. As noted previously
in Section 5.1.2.6, the generators will be subject to NSPS Subpart IIII. The RBLC searches conducted for
this analysis including the time period 1/1/2009 through 2/5/2021 and were based on:


RBLC Process Code 17.210 – Small Internal Combustion Engines less than or equal to 500 hp –
Fuel Oil

The lists were further refined to include only engines of sizes similar to the proposed engines. The
results of the RBLC search are included in Table 6-4.
Molecular nitrogen (N2) in the combustion air is oxidized to form NOX, which is generally controlled
through the following methods for stationary emergency engines:





Certified engine selection,
Good combustion practices,
Restricted hours of operation, and
SCR.

The control technologies identified from the RBLC searches include those classified as pollution
reduction technologies. The five-step BACT analysis that is conducted for the emergency engines is
presented in Table 6-5.
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Table 6-4. Emergency Engines – RBLC Search Results for NOX
RBLC ID 1

Company Name

State

Permit
Issuance
Date

Process
Type

Process Name

Fuel

Throughput

Control Method Description

CA-1212

CITY OF PALMDALE
ANADARKO
PETROLEUM
CORPORATION

CA

10/18/2011

17.210

Emergency IC engine

Diesel

182 hp

FL

09/16/2014

17.210

Diesel powered forklift
engine

Diesel

30 hp

FL

09/16/2014

17.210

Wireline Diesel Engines

Diesel

None Listed

FL

09/16/2014

17.210

Well evaluation diesel
engine

Diesel

140 hp

FL

09/16/2014

17.210

Escape capsule diesel
engine

Diesel

39 hp

None Listed
Use of good combustion practices based on the most
recent manufacturer's specifications issued for
engine
Use of good combustion practices based on the most
recent manufacturer's specifications issued for
engine and with turbocharger, aftercooler, and high
injection pressure
Use of good combustion practices based on the most
recent manufacturer's specifications issued for
engine
Use of good combustion practices based on the most
recent manufacturer's specifications issued for
engine

IN

02/23/2018

17.210

Emergency diesel
generators

Diesel

150 hp

SC

02/08/2012

17.210

Diesel

TX

01/23/2014

17.210

FL-0347

FL-0347

FL-0347
FL-0347
IN-0295
SC-0113
TX-0706

ANADARKO
PETROLEUM
CORPORATION
ANADARKO
PETROLEUM
CORPORATION
ANADARKO
PETROLEUM
CORPORATION
STEEL DYNAMICS,
INC. - ENGINEERED
BAR PRODUCTS DIV
PYRAMAX CERAMICS,
LLC
OCCIDENTAL
CHEMICAL
CORPORATION

Emergency engine
1 thru 8
1 emergency generator and
4 emergency firewater
pump engines
Generac industrial
generator set, model no.
SD035

Standardized
Emission Rate

Emission Limit
Averaging
Period

Basis for
Emission
Limit

Means of
Demonstrating
Compliance

4 g/kW-hr

3-hr average

None Listed

Method 7E

None Listed

None Listed

Operating
Permit

Unspecified

None Listed

None Listed

Operating
Permit

Unspecified

None Listed

None Listed

Operating
Permit

Unspecified

None Listed

None Listed

Operating
Permit

Unspecified

None Listed

14.06 g/hp-hr

None Listed

NESHAP

Unspecified

29 hp

Purchase of Certified Engine

7.5 g/kW-hr

None Listed

NSPS Subpart
IIII

Unspecified

ULSD

None Listed

None Listed

0.33 tpy

None Listed

NSPS

Unspecified

Diesel

85 bhp

Good combustion practices

4.7 g/kW-hr

None Listed

NSPS

Compliance with
the NSPS Subpart
IIII

420042480P31 2

GRAYMONT
WESTERN LIME, INC.

WI

3/29/19

--

FL-0328

ENI U.S. OPERATING
COMPANY, INC.

FL

10/27/2011

17.110

Crane Engines (units 1 and
2)

Diesel

None Listed

Use of certified EPA Tier 1 engines and good
combustion practices based on the current
manufacturer’s specifications for this engine.

9.5 tpy

12-month rolling

None Listed

Unspecified

FL-0332

HIGHLANDS
ENVIROFUELS (HEF),
LLC

FL

09/23/2011

17.110

600 HP Emergency
Equipment

ULSD

600 hp

NSPS 40 CFR 60, Subpart IIII, manufacturer
certification

3 g/hp-hr

None Listed

NSPS Subpart
IIII

Compliance with
the NSPS Subpart
IIII

ULSD

1500 kW
(large
engine); 125
kW (small
engine)

None Listed

6.4 g/kW-hr
(large engine);
4.0 g/kW-hr
(small engine)

None Listed

NSPS Subpart
IIII

Unspecified

IL-0129

CPV THREE RIVERS,
LLC

MA-0039

FOOTPRINT POWER
SALEM HARBOR
DEVELOPMENT LP

MA

NH-0015

CONCORD STEAM
CORPORATION

NJ-0079

IL

07/30/2018

17.110

Emergency Engines

01/30/2014

17.110

Emergency
Engine/Generator

ULSD

7.4 MMBtu/hr

None Listed

4.8 g/bhp-hr

1-hr block
average

NH

02/27/2009

17.110

Emergency Generator 1

Diesel

5.6 MMBtu/hr

Less than 500 hours of operation per consecutive 12
month period

1.98 lb/MMBtu

Average of three
2-hr test runs

CPV SHORE, LLC

NJ

07/25/2012

17.110

Emergency Generator

ULSD

100 hr/yr

Use of ULSD diesel oil

21.16 lb/hr

None Listed

NJ-0080

HESS NEWARK
ENERGY CENTER, LLC

NJ

11/01/2012

17.110

Emergency Generator

ULSD

200 hr/yr

Use of ULSD, a clean fuel

18.53 lb/hr

None Listed

OK-0145

HUBER ENGINEERED
WOODS LLC

OK

06/25/2012

17.110

Diesel

None Listed

None Listed

None Listed

None Listed

None Listed

Unspecified

PA-0278

MOXIE ENERGY LLC

PA

10/10/2012

17.110

Diesel

None Listed

None Listed

4.93 g/bhp-hr

None Listed

None Listed

Unspecified
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Emergency Diesel Gen, Fire
Pump, Rail Steam Gen, Air
Makeup Units
Emergency Generator

NSPS,
NESHAP, SIP,
Operating
Permit
Operating
Permit
NSPS,
Operating
Permit
NSPS,
Operating
Permit

Unspecified
Unspecified
Unspecified
Unspecified
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Table 6-4. Emergency Engines – RBLC Search Results for NOX
RBLC ID 1

Company Name

State

Permit
Issuance
Date

Process
Type

Process Name

Fuel

Throughput

Control Method Description

Standardized
Emission Rate

Emission Limit
Averaging
Period

Basis for
Emission
Limit

Means of
Demonstrating
Compliance

PA

04/23/2013

17.110

EMERGENCY GENERATOR

ULSD

7.8 MMBtu/hr

None Listed

9.89 lb/hr

None Listed

None Listed

Unspecified

PA-0311

HICKORY RUN
ENERGY LLC
MOXIE FREEDOM LLC

PA

09/01/2015

17.110

Emergency Generator

Diesel

None Listed

None Listed

4.93 lb/hr

None Listed

NSPS

Unspecified

VA-0328

NOVI ENERGY

VA

04/26/2018

17.110

Emergency Diesel GEN

ULSD

500 hr/yr

good combustion practices and the use of ULSD

4.8 g/hp-hr

None Listed

NSPS, SIP

Unspecified

PA-0291

Draft determinations are marked with a " * " beside the RBLC ID.
2 Operation Permit Number.
1
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Table 6-5. Emergency Engines – Top-Down BACT Analysis for NO X

Process

ID
FGEMENG

Process
Kiln Blower
Emergency
Engines (75 hp
each)

Step 1. Identify Air Pollution Control Technologies

PSD
Pollutant
NOX

Step 2. Eliminate Technically Infeasible Options

Step 4.
Evaluate and
Document
Most CostEffective
Controls

Step 3. Rank
Remaining
Control
Technologies
Typical
Overall
Standard
Emission Rate
(Rank)
N/A

Cost
Effectiveness,
$/ton
N/A

Step 5.
Select
BACT
N/A

Control Technology
Selective Catalytic
Reduction (SCR)

Control Technology Description
SCR is an exhaust gas treatment process in which NH3 is injected
into the exhaust gas upstream of a catalyst bed. On the catalyst
surface, NH3 and NOX or NO2 react to form diatomic nitrogen and
water.

Technical Feasibility
Infeasible. Due to the limited hours of operation inherent to
emergency engines, there would not be enough time for SCR to
reach steady state and control emissions effectively.
Additionally, SCR is rarely applied to emergency engines of the
proposed size, as evidenced by the RBLC searches.

Purchase Certified
Engines

Engine standards are sets of emission limits developed by U.S.
EPA for different sizes and operating conditions of diesel
generators. The purchase of U.S. EPA-certified engines meeting
applicable standards (listed in Table 5-2 for each proposed
engine) is listed in the RBLC. This is established as the base case
for BACT for the proposed emergency engines.
Good combustion practices include properly operating and
maintaining the engine in accordance with manufacturer
specifications. Such practices would help minimize NOX
emissions.

Feasible. Engine certification is a technically feasible
compliance option as BACT according to a search of the RBLC.
Furthermore, the proposed engines are required to adhere to
NSPS Subpart IIII and are listed by the manufacturers as doing
so.

1

N/A

Selected as
BACT

Feasible. Good combustion practices are technically feasible
methods for controlling NOX emissions from the emergency
engines. These methods have been cited in the RBLC as BACT
for NOX control for diesel fired engines. Graymont is required
by NSPS Subpart IIII to operate and maintain the engines per
the manufactures’ emission related written instructions.
Feasible. Another feasible method, according to RBLC results,
of controlling NOX emissions from an emergency engine is
limiting the hours of operation. A restriction on hours of
operation reduces the potential emissions from the unit. Note
that the emergency engine operation is inherently limited
based on the definition of an emergency engine in NSPS
Subpart IIII.

2

N/A

N/A

3

N/A

N/A

Good Combustion
Practices

Hours of Operation

Graymont (MI) LLC | Rexton Facility | PSD Permit Application
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An hourly restriction significantly reduces the potential emissions
from the unit. By operating less hours for non-emergency
purposes, the engines reduce NOX emissions. This is a BACT
control methodology in the RBLC.
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6.4.2.2. NOX BACT Evaluation Summary for the Emergency Engines
Based on the control technology evaluation outlined above, purchase and installation of U.S. EPAcertified engines that meet the NSPS Subpart IIII standards outlined in Table 5-2, limited operation
consistent with the definition of emergency engines, and good combustion practices are determined as
BACT for the proposed emergency engines.

6.4.3. NOX Emissions from the Water Bath Heater
The highest risk of NOX emission from a water bath heater comes from thermal NO X emissions and is due
to the high temperature of the heater. Control options for NO X from the natural gas-fired heater consist
primarily of two (2) techniques:



Combustion controls, and
Post-combustion add-on technologies.

A combination of both techniques may also be utilized.

6.4.3.1. NOX BACT Stepwise Evaluation
The BACT discussion that follows applies to the proposed 1.25 MMBtu/hr water bath heater. The
following control technologies are available for controlling NO X emissions from the water bath heater:









Selective Catalytic Reduction (SCR),
Selective Non-Catalytic Reduction (SNCR),
Non-selective Catalytic Reduction (NSCR),
Use of Low NOX Burners (LNB),
Flue gas recirculation (FGR),
Reburning,
Overfire air, and
Proper Design and Operation.

All control techniques listed above, excluding proper design and operation, are not typically installed on
the size of the natural gas-fired water bath heater proposed for the project due to technical concerns and
cost effectiveness. Therefore, the remaining control option is proper design and operation.

6.4.3.2. NOX BACT Evaluation Summary for the Water Bath Heater
Based on the BACT analysis, Graymont proposes proper kiln design and operation as BACT for the water
bath heater. There are no negative environmental and energy impacts associated with this option.
The proposed NOX emission rate from the water bath heater is 0.12 lb/hr (equivalent to approximately
0.098 lb NOX per MMBTU) on a 3-hour average basis. Compliance will be demonstrated by following the
manufacturer’s recommendations for proper operation of the heater.

Graymont (MI) LLC | Rexton Facility | PSD Permit Application
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6.5. CO BACT
6.5.1. CO Emissions from the Lime Kiln
CO is emitted from all sources that combust fuels, including lime kilns. Higher levels of CO are
associated with periods of incomplete combustion which only tend to occur when a kiln is in brief
periods of startup. Some CO is emitted from the source while the combustion system is being run to
maintain a lower NOX emission regime and/or due to operating conditions necessary to make certain
lime products. CO emission rates can vary from one kiln to another, particularly when comparing
different kiln types.

6.5.1.1. CO BACT Stepwise Evaluation
A general review of the RBLC has been performed for CO emissions from lime kilns. For the RBLC
review, determinations including the time period 1/1/2009 through 2/5/2021 were used as the basis
for the RBLC database search. The results of the RBLC search are included in Table 6-6.
In theory, the following control technologies are available for controlling CO emissions from the lime
kiln:




Regenerative/Recuperative Thermal Oxidizer,
Regenerative Catalytic Oxidizer, and
Proper Kiln Design and Operation.

Table 6-7 provides the summary of the five-step CO BACT analysis that is conducted for the lime kiln.
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Table 6-6. Lime Kiln – RBLC Search Results for CO

1
2

RBLC ID

Company Name

AL-0313

LHOIST NORTH
AMERICA OF
ALABAMA, LLC

State

AL

Permit Issuance
Date

05/04/2016

Process Type

90.019

Process Name

Vertical lime kiln

Fuels

Natural gas

Lime
Production
(tons per day)

100 MMBtu/hr

Control Method Description
Parallel flow regenerative
kiln design
Good combustion and process
control technologies
-Efficient, vertical twin shaft
PFR kiln design to minimize
fuel use and resulting
emissions of all pollutants;
-Thorough mixing and
residence time through
preheat section to complete
burnout of CO and volatile
organic compounds (VOC);
-Lime production
A properly designed and
operated kiln effectively
functions as a thermal
oxidizer. Carbon monoxide
formation is minimized when
the kiln temperature and
excess oxygen availability is
adequate for complete
combustion.

Standardized
Emission Rate
(lb/ton of lime)

Emission
Limit
Averaging
Period

Means of
Demonstrating
Compliance

1.30

Unspecified

Method 10

1.21 natural gas
(200 mg/Nm3)
2.42 coal/
petcoke/ wood
chips (400
mg/Nm3)

Unspecified

Method 10
stack tests -one compliance
test for solid
fuels, and one
for natural gas.

4.22

Unspecified

Unspecified

FL-0341

JACKSONVILLE
LIME

FL

02/20/2014

90.019

Two vertical lime
kilns

Natural gas, wood
chips, coal, and pet
coke

330

OK-0159

U S LIME CO - ST.
CLAIR

OK

11/04/2013

90.019

EUG 4 Kiln / Vertical
lime kiln

Natural gas

240

PA-0283

Graymont (PA)
Inc

PA

11/19/2012

90.019

Kiln No. 8

Pipeline quality natural
gas

660

Good operating practices,
good combustion control

0.25 (6.96 lb/hr)

Rolling 30-day
average

CEMS

TX-0561

CHEMICAL LIME,
LTD.

TX

8/30/2010

90.019

Kiln 3

Coal and pet coke,
supplemental natural
gas

600

Good combustion practices
and proper kiln design

3.5

30-day

Method 10

State permit ID number.
Operation Permit Number.

Graymont (MI) LLC | Rexton Facility | PSD Permit Application
Trinity Consultants

6-18

Table 6-7. Lime Kiln – Top-Down BACT Analysis for CO

Process

ID
FG-KILNS

Process
Vertical Kilns
1, 2, & 3

Step 1. Identify Air Pollution Control Technologies

PSD
Pollutant
CO

Control
Technology
Regenerative/
Recuperative
Thermal Oxidizer

Regenerative
Catalytic Oxidizer
(RCO)

FG-KILNS

Vertical Kilns
1, 2, & 3

CO

Proper Kiln
Design and
Operation

Control Technology Description
Thermal oxidation is the process of oxidizing combustible materials at sufficiently high
temperatures and adequate residence times to complete combustion to CO 2 and water.
Thermal oxidizers can be designed as conventional thermal units, recuperative units, or
regenerative thermal oxidizers (RTO). A conventional thermal oxidizer does not have heat
recovery capability. Therefore, the fuel cost is extremely high and is not suitable for high
volume flow applications such as that of a lime kiln. In a recuperative unit, the
contaminated inlet air is preheated by the combustion exhaust gas stream through a heat
exchanger.
An RTO generally consists of at least two chambers packed with ceramic media. The COladen gas enters one hot ceramic bed where the gas is heated to the desired combustion
temperature. Auxiliary fuel may be required in this stage, depending on the heating value
of the inlet gas. After reacting in the combustion zone, the gas then passes through the
other ceramic bed, where the heat released from combustion is recovered and stored in
the bed. The process flow is then switched so that the polluted gas is preheated by the
ceramic bed. The system is operated in an alternating cycle, recovering up to 95% of the
thermal energy during normal operation, depending on a variety of factors and in
exchange for higher capital costs.
Similar to an RTO, an RCO oxidizes CO to CO2. However, an RCO uses catalysts to lower the
activation energy required for the oxidation so that the oxidation can be accomplished at a
lower temperature than in an RTO. As a result, the required firing rate of auxiliary fuel is
lower than for an RTO. One important distinction between the technologies is that catalytic
oxidation cannot be applied to an exhaust stream that has high particulate concentration
or contains a chemical compound that could poison the catalyst.

The key to controlling CO emissions is efficient fuel combustion. Complete combustion is
achieved by having sufficient oxygen available to react with the fuel. Having excess oxygen
present will help achieve complete combustion but will result in an increase in NO X
emissions. A choice must be made between minimizing either CO or NOX. It is preferable to
limit NOX emissions as they are a pre-cursor to ozone formation. Graymont is motivated to
ensure proper kiln design and operation in order to minimize fuel costs, which account for
a significant cost of manufacturing lime.
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Step 2. Eliminate Technically Infeasible Options

Technical Feasibility
Feasible. Regenerative and recuperative thermal oxidizers both
require temperatures up to 2,000 °F to achieve high destruction
efficiencies. The temperature of the exhaust from the kilns is
substantially below the range required and hence the exhaust gas has
to be heated significantly to achieve reasonable destruction
efficiencies. This is feasible, but will require the combustion of
significant amount of fossil fuels which will increase criteria pollutant
and GHG emissions from the combustion. Additionally, the high
exhaust gas temperatures exiting the thermal oxidizer and the kiln
stacks has the potential to cause damage to any stack monitors and
creates a safety concern for stack testing. Therefore, the exhaust from
the thermal oxidizer would need to be cooled prior to exiting the
stack, creating significant additional costs and energy usage. This
technology has not been commercially demonstrated on a vertical
lime kiln. Despite these technical concerns, a cost analysis was
performed (See Appendix E).

Infeasible. A RCO removes CO from the gas stream at lower
temperatures (e.g., 900 °F) than thermal oxidizers because it uses a
precious metal catalyst. The temperature of the exhaust from the kiln
is below the range required and hence the exhaust gas has to be
heated to achieve reasonable destruction efficiencies. More
importantly, the amount of particulate matter, including dissolved
minerals in aerosols, in the exhaust gas has the potential to “blind”
the catalyst, making the RCO ineffective. Additionally, the high
exhaust gas temperatures exiting the thermal oxidizer and the kiln
stacks has the potential to cause damage to any stack monitors and
creates a safety concern for stack testing. Therefore, the exhaust from
the thermal oxidizer would need to be cooled prior to exiting the
stack, creating significant additional costs and energy usage. Finally,
the application of RCO on a vertical lime kiln has not been
commercially demonstrated. For the reasons outlined above, RCO is
considered technically infeasible.
Feasible. The burner will be designed specifically for the kiln and will
minimize products of incomplete combustion. Graymont will install
and operate CO monitors to help evaluate kiln operating conditions
on a continuous basis.

Step 3. Rank
Remaining
Control
Technologies
Typical Overall
Standard
Emission Rate
(Rank)
1

Step 4. Evaluate
and Document
Most CostEffective
Controls
Cost
Effectiveness,
$/ton
~$110,000 per
ton of CO
removed

Step 5. Select
BACT
N/A due to lack
of commercial
demonstration
on a vertical
lime kiln,
technical
concerns and
cost
effectiveness

N/A

N/A

N/A due to
technical
concerns

2

N/A

Selected as
BACT
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6.5.1.2. CO BACT Evaluation Summary for the Lime Kiln
Based on the BACT analysis, Graymont proposes the use of proper kiln design and operation as BACT for
the lime kiln. There are no negative environmental and energy impacts associated with this option. In
addition, the RBLC search proves that good combustion techniques are widely accepted as BACT for lime
kilns.
The source from the RBLC search with the lowest CO emission rate is from Graymont (PA) Inc.’s
Pennsylvania facility (RBLC ID PA-0238). The facility has an established case-by-case emission limit for
a vertical lime kiln firing natural gas of 6.96 lb/hr, which is equivalent to 0.25 lb CO per ton lime
produced and is based on a 30-day rolling limit.
The proposed CO emission rate from each kiln is 8.3 lb/hr (equivalent to approximately 0.33 lb CO per
ton of lime) on a 30-day rolling average basis. As demonstrated in Table 6-7 above, it is neither
technically nor economically feasible to achieve a lower emission rate. Based on our experience with
kiln restrictions which can occur from time to time, slightly elevated CO has been seen on Graymont
(PA) Inc. Kiln 8. Compliance will be demonstrated through periodic stack testing using U.S. EPA Method
10.

6.5.2. CO Emissions from the Emergency Engines
CO emissions from diesel engines result from incomplete combustion caused by the following
conditions:





Insufficient oxygen availability,
Poor fuel/air mixing (i.e., fuel combustion inefficiency),
Reduced combustion temperature, and
Reduced combustion gas residence time.

6.5.2.1. CO BACT Stepwise Evaluation
The BACT discussion that follows applies to the three proposed emergency engines. As noted previously
in Section 5.1.2.6, the generators will be subject to NSPS Subpart IIII. The RBLC searches conducted for
this analysis including the time period 1/1/2009 through 2/5/2021 and were based on:


RBLC Process Code 17.210 – Small Internal Combustion Engines less than or equal to 500 hp –
Fuel Oil

The lists were further refined to include only engines of sizes similar to the proposed engines. The
results of the RBLC search are included in Table 6-8.
Options for controlling CO found through the RBLC searches include:






Regenerative/Recuperative Thermal Oxidizer,
Regenerative Catalytic Oxidizer,
Certified engine selection,
Good combustion practices, and
Restricted hours of operation.
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The five-step BACT analysis that is conducted for the emergency engines is presented in Table 6-9.
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Table 6-8. Emergency Engines – RBLC Search Results for CO
RBLC ID 1

Company Name

State

Permit
Issuance
Date

Process
Type

Process Name

Fuel

Throughput

Control Method Description

CA-1212

CITY OF PALMDALE
ANADARKO
PETROLEUM
CORPORATION

CA

10/18/2011

17.210

Emergency IC engine

Diesel

182 hp

FL

09/16/2014

17.210

Diesel powered forklift
engine

Diesel

30 hp

FL

09/16/2014

17.210

Wireline Diesel Engines

Diesel

None Listed

FL

09/16/2014

17.210

Well evaluation diesel
engine

Diesel

140 hp

FL

09/16/2014

17.210

Escape capsule diesel
engine

Diesel

39 hp

IN

02/23/2018

17.210

Emergency diesel
generators

Diesel

SC

02/08/2012

17.210

FL-0347

FL-0347

FL-0347
FL-0347
IN-0295
SC-0113

ANADARKO
PETROLEUM
CORPORATION
ANADARKO
PETROLEUM
CORPORATION
STEEL DYNAMICS,
INC. - ENGINEERED
BAR PRODUCTS DIV
PYRAMAX CERAMICS,
LLC

Emergency engine
1 thru 8
Generac industrial
generator set, model no.
SD035

Emission Limit
Averaging
Period

Basis for
Emission
Limit

Means of
Demonstrating
Compliance

None Listed
Use of good combustion practices based on the most
recent manufacturer's specifications issued for
engine
Use of good combustion practices based on the most
recent manufacturer's specifications issued for
engine and with turbocharger, aftercooler, and high
injection pressure
Use of good combustion practices based on the most
recent manufacturer's specifications issued for
engine
Use of good combustion practices based on the most
recent manufacturer's specifications issued for
engine

3.5 g/kW-hr

None Listed

None Listed

Method 10

None Listed

None Listed

Operating
Permit

Unspecified

None Listed

None Listed

Operating
Permit

Unspecified

None Listed

None Listed

Operating
Permit

Unspecified

None Listed

None Listed

Operating
Permit

Unspecified

150 hp

None Listed

3.08 g/kW-hr

None Listed

NESHAP

Unspecified

Diesel

29 hp

Purchase of Certified Engine

5.5 g/kW-hr

None Listed

NSPS Subpart
IIII

Unspecified

Diesel

85 bhp

Good combustion practices

5.0 g/kW-hr

None Listed

NSPS

Compliance with
the NSPS Subpart
IIII

420042480P31 2

GRAYMONT
WESTERN LIME, INC.

WI

3/29/19

--

FL-0328

ENI U.S. OPERATING
COMPANY, INC.

FL

10/27/2011

17.110

Crane Engines (units 1 and
2)

Diesel

None Listed

Use of certified EPA Tier 1 engines and good
combustion practices based on the current
manufacturer’s specifications for this engine.

11.8 tpy

12-month rolling

None Listed

Unspecified

FL-0332

HIGHLANDS
ENVIROFUELS (HEF),
LLC

FL

09/23/2011

17.110

600 HP Emergency
Equipment

ULSD

600 hp

NSPS 40 CFR 60, Subpart IIII, manufacturer
certification

2.6 g/hp-hr

None Listed

NSPS Subpart
IIII

Compliance with
NSPS Subpart IIII

ULSD

1500 kW
(large
engine); 125
kW (small
engine)

None Listed

3.5 g/kW-hr
(large engine);
5.0 g/kW-hr
(small engine)

None Listed

NSPS Subpart
IIII

Unspecified

IL-0129

CPV THREE RIVERS,
LLC

MA-0039

FOOTPRINT POWER
SALEM HARBOR
DEVELOPMENT LP

MA

NJ-0079

CPV SHORE, LLC

IL

07/30/2018

17.110

Emergency Engines

01/30/2014

17.110

Emergency
Engine/Generator

ULSD

7.4 MMBtu/hr

None Listed

2.6 g/bhp-hr

1-hr block
average

NJ

07/25/2012

17.110

Emergency Generator

ULSD

100 hr/yr

Use of ULSD diesel oil

1.99 lb/hr

None Listed

NJ

11/01/2012

17.110

Emergency Generator

ULSD

200 hr/yr

None Listed

11.56 lb/hr

None Listed

NY-0104

HESS NEWARK
ENERGY CENTER, LLC
CPV VALLEY LLC

NY

08/01/2013

17.110

Emergency generator

ULSD

None Listed

Good combustion practice

0.45 g/bhp-hr

1-hour

PA-0278

MOXIE ENERGY LLC

PA

10/10/2012

17.110

Emergency Generator

Diesel

None Listed

None Listed

0.13 g/bhp-hr

None Listed

PA

04/23/2013

17.110

Emergency Generator

ULSD

7.8 MMBtu/hr

None Listed

5.79 lb/hr

None Listed

NJ-0080

NSPS,
NESHAP, SIP,
Operating
Permit
NSPS,
Operating
Permit
Operating
Permit
None Listed
Other (0.02
tpy)

Unspecified

Unspecified
Unspecified
Method 10
Unspecified

PA-0311

HICKORY RUN
ENERGY LLC
MOXIE FREEDOM LLC

PA

09/01/2015

17.110

Emergency Generator

Diesel

None Listed

None Listed

0.26 g/hp-hr

None Listed

NSPS

Unspecified

VA-0328

NOVI ENERGY

VA

04/26/2018

17.110

Emergency Diesel GEN

ULSD

500 hr/yr

good combustion practices and the use of ULSD

2.6 g/hp-hr

None Listed

NSPS, SIP

Unspecified

PA-0291

2

ANADARKO
PETROLEUM
CORPORATION

Standardized
Emission Rate

Other

Unspecified

Operation Permit Number.
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Table 6-9. Emergency Engines – Top-Down BACT Analysis for CO

Process

ID

Process

FG-EMENG

Kiln Blower
Emergency Engines
(75 hp each)

Step 1. Identify Air Pollution Control Technologies

PSD
Pollutant
CO

Control
Technology
Regenerative/
Recuperative
Thermal Oxidizer

Regenerative
Catalytic Oxidizer
(RCO)

Control Technology Description
Thermal oxidation is the process of oxidizing combustible materials at sufficiently high
temperatures and adequate residence times to complete combustion to CO 2 and water.
Thermal oxidizers can be designed as conventional thermal units, recuperative units, or
RTO. A conventional thermal oxidizer does not have heat recovery capability. Therefore,
the fuel cost is extremely high. In a recuperative unit, the contaminated inlet air is
preheated by the combustion exhaust gas stream through a heat exchanger.
An RTO generally consists of at least two chambers packed with ceramic media. The COladen gas enters one hot ceramic bed where the gas is heated to the desired combustion
temperature. Auxiliary fuel may be required in this stage, depending on the heating
value of the inlet gas. After reacting in the combustion zone, the gas then passes through
the other ceramic bed, where the heat released from combustion is recovered and
stored in the bed. The process flow is then switched so that the polluted gas is preheated
by the ceramic bed. The system is operated in an alternating cycle, recovering up to 95%
of the thermal energy during normal operation, depending on a variety of factors and in
exchange for higher capital costs.
Similar to an RTO, an RCO oxidizes CO to CO2. However, an RCO uses catalysts to lower
the activation energy required for the oxidation so that the oxidation can be
accomplished at a lower temperature than in an RTO. As a result, the required firing rate
of auxiliary fuel is lower than for an RTO. One important distinction between the
technologies is that catalytic oxidation cannot be applied to an exhaust stream that has
high particulate concentration or contains a chemical compound that could poison the
catalyst.

Step 2. Eliminate Technically Infeasible Options

Step 3. Rank
Remaining
Control
Technologies

Step 4. Evaluate
and Document
Most CostEffective
Controls

Technical Feasibility

Typical Overall
Standard
Emission Rate
(Rank)

Cost
Effectiveness,
$/ton

Step 5.
Select
BACT

Infeasible. Due to the limited hours of operation inherent to
emergency engines, there would not be enough time for the
thermal oxidizer to reach steady state and control emissions
effectively. Additionally, thermal oxidizers are rarely applied to
emergency engines of the proposed size, as evidenced by the
RBLC searches.

N/A

N/A

N/A

Infeasible. Due to the limited hours of operation inherent to
emergency engines, there would not be enough time for the RCO
to reach steady state and control emissions effectively.
Additionally, RCO is rarely applied to emergency engines of the
proposed size, as evidenced by the RBLC searches.

N/A

N/A

N/A

Purchase Certified
Engines

Engine standards are sets of emission limits developed by U.S. EPA for different sizes
and operating conditions of diesel generators. The purchase of U.S. EPA-certified engines
meeting applicable standards (listed in Table 5-2 for each proposed engine) is listed in
the RBLC. This is established as the base case for BACT for the proposed emergency
engines.

Feasible. Engine certification is a technically feasible compliance
option as BACT according to a search of the RBLC. Furthermore,
the proposed engines are required to adhere to NSPS Subpart IIII
and are listed by the manufacturers as doing so.

1

N/A

Selected
as BACT

Good Combustion
Practices

Good combustion practices include properly operating and maintaining the engine in
accordance with manufacturer specifications. Such practices would help minimize CO
emissions.

2

N/A

Selected
as BACT

Hours of Operation

An hourly restriction significantly reduces the potential emissions from the unit. By
operating less hours for non-emergency purposes, the engines reduce CO emissions.
This is a BACT control methodology in the RBLC.

Feasible. Good combustion practices are technically feasible
methods for controlling CO emissions from the emergency
engines. These methods have been cited in the RBLC as BACT for
CO control for diesel fired engines. Graymont is required by NSPS
Subpart IIII to operate and maintain the engines per the
manufactures’ emission related written instructions.
Feasible. Another feasible method, according to RBLC results, of
controlling CO emissions from an emergency engine is limiting
the hours of operation. A restriction on hours of operation
reduces the potential emissions from the unit. Note that the
emergency engine operation is inherently limited based on the
definition of an emergency engine in NSPS Subpart IIII.

3

N/A

Selected
as BACT
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6.5.2.2. CO BACT Evaluation Summary for the Emergency Engines
Based on the control technology evaluation outlined above, purchase and installation of U.S. EPA-certified
engines that meet the NSPS Subpart IIII standards outlined in Table 5-2, limited operation consistent with the
definition of emergency engines, and good combustion practices are determined as BACT for the proposed
emergency engines.

6.5.3. CO Emissions from the Water Bath Heater
CO emissions from the water bath heater are due to incomplete combustion. The most common causes of
incomplete combustion consist of:





Insufficient oxygen availability,
Poor fuel/air mixing (i.e., fuel combustion inefficiency),
Reduced combustion temperature, and
Reduced combustion gas residence time.

6.5.3.1. CO BACT Stepwise Evaluation
The BACT discussion that follows applies to the proposed 1.25 MMBtu/hr water bath heater. The following
control technologies are available for controlling CO emissions from the water bath heater:




Catalytic Oxidation,
Thermal Oxidation, and
Good Combustion Practices.

Catalytic and thermal oxidation are not typically installed on the size of water bath heater proposed for the
project due to technical concerns and cost effectiveness. Therefore, the remaining control option is proper
design and operation.

6.5.3.2. CO BACT Evaluation Summary for the Water Bath Heater
Based on the BACT analysis, Graymont proposes to implement good combustion practices as BACT for the water
bath heater. There are no negative environmental and energy impacts associated with this option.
The proposed CO emission rate from the water bath heater is 0.10 lb/hr (equivalent to approximately 0.082 lb
CO per MMBtu) on a 3-hour average basis. Compliance will be demonstrated by following the manufacturer’s
recommendations for proper operation of the heater.

6.6. PM/PM10/PM2.5 BACT
It is important to note the same control techniques that reduce PM (filterable and condensable) also reduce
PM10 and PM2.5 (filterable and condensable).

6.6.1. PM/PM10/PM2.5 Emissions from the Lime Kiln
PM/PM10/PM2.5 emissions are generated from the calcining of limestone in the kiln, which releases constituents
in the limestone raw material, as well as from the combustion of fuel. The kiln is a point source of particulate
emissions.
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6.6.1.1. PM/PM10/PM2.5 BACT Stepwise Evaluation
A general review of the RBLC has been performed for PM/PM10/PM2.5 emissions from lime kilns. For the RBLC
review, determinations including the time period 1/1/2009 through 2/5/2021 were used as the basis for the
RBLC database search. The results of the RBLC search for PM 10 are included in Table 6-10 and the results of the
RBLC search for PM2.5 are included in Table 6-11. A review of the RBLC search and associated permits show that
the RBLC emission rates include condensable PM.
In theory, the following control technologies are available for controlling PM/PM 10/PM2.5 emissions from the
lime kiln:





Baghouse,
Electrostatic Precipitator (ESP),
Wet Scrubbing, and
Venturi Scrubber.

Table 6-12 provides the summary of the five-step PM/PM 10/PM2.5 BACT analysis that is conducted for the lime
kilns.
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Table 6-10. Lime Kiln – RBLC Search Results for Total PM 10

RBLC ID
AL-0313
TX-0869

Company Name
LHOIST NORTH
AMERICA OF
ALABAMA, LLC
LHOIST NORTH
AMERICA OF
TEXAS, LTD.

Control Method
Description

Standardized Emission
Rate (gr/dscf)

Emission
Limit
Averaging
Period

100 MMBtu/hr

Fabric filter
Baghouse

0.009

3-hour Avg.

Vertical lime
kiln

660

Baghouse

0.009

None listed

None listed

Control Method
Description

Standardized Emission
Rate (gr/dscf)

Emission
Limit
Averaging
Period

Means of
Demonstrating
Compliance

State

Permit Issuance
Date

Process Type

Process Name

Fuels

Lime
Production
(tons per day)

AL

5/04/2016

90.019

Vertical lime kiln

Natural gas

TX

11/06/2019

90.019

Vertical Lime Kiln

Natural gas

Means of
Demonstrating
Compliance

Table 6-11. Lime Kiln – RBLC Search Results for Total PM 2.5

RBLC ID
AL-0313

PA-0283

TX-0869

Company Name
LHOIST NORTH
AMERICA OF
ALABAMA, LLC

GRAYMONT PA
INC/PLEASANT
GAP &
BELLEFONTE
PLTS
LHOIST NORTH
AMERICA OF
TEXAS, LTD.

State

Permit Issuance
Date

Process Type

Process Name

Fuels

Lime
Production
(tons per day)

AL

5/04/2016

90.019

Vertical lime kiln

Natural gas

100 MMBtu/hr

Fabric Filter
Baghouse

0.004

3-hour Avg.

Vertical lime
kiln

PA

11/19/2012

90.019

Kiln No. 8

Pipeline quality natural
gas

660

Baghouse

0.002

Not listed

Not listed

TX

11/06/2019

90.019

Vertical Lime Kiln

Natural gas

660

Baghouse

0.009

Not listed

Not listed
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Table 6-12. Lime Kiln – Top-Down BACT Analysis for PM/PM 10/PM2.5

Process

ID
FG-KILS

Process
Vertical Kilns 1, 2,
&3

Step 1. Identify Air Pollution Control Technologies

PSD
Pollutant
PM/PM10/PM

Control Technology
Baghouse

2.5

Electrostatic
Precipitator (ESP)

Wet Scrubbing

Venturi Scrubber
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Control Technology Description
A baghouse consists of several fabric filters, typically configured
in long, vertically suspended sock-like configurations. Dirty gas
enters from one side, often from the outside of the bag, passing
through the filter media and forming a particulate cake. The cake
is removed by shaking or pulsing the fabric, which loosens the
cake from the filter, allowing it to fall into a bin at the bottom of
the baghouse. The air cleaning process stops once the pressure
drop across the filter reaches an unacceptable level. Typically, the
trade-off to frequent cleaning and maintaining lower pressure
drops is the wear and tear on the bags produced in the cleaning
process. A baghouse can generally achieve approximately 9999.9% reduction efficiency for PM emissions.
An ESP removes particles from an air stream by electrically
charging the particles then passing them through a force field that
causes them to migrate to an oppositely charged collector plate.
After the particles are collected, the plates are knocked
(“rapped”), and the accumulated particles fall into a collection
hopper at the bottom of the ESP. The collection efficiency of an
ESP depends on particle diameter, electrical field strength, gas
flow rate, and plate dimensions. An ESP can be designed for either
dry or wet applications. An ESP can generally achieve
approximately 99-99.9% reduction efficiency for PM emissions.
Wet scrubbers remove PM by impacting the exhaust gas with the
scrubbing solution. This technology generates wastewater and
sludge disposal problems along with substantial energy
requirements for pumping water and exhausting the cooled air
stream out the stack. The control efficiency offered by wet
scrubbing is not as high as the baghouse or ESP. A wet scrubber
can generally achieve approximately 80-99% reduction efficiency
for PM emissions.
Venturi scrubbers intercept dust particles using droplets of liquid
(usually water). The larger, particle-enclosing water droplets are
separated from the remaining droplets by gravity. The solid
particulates are then separated from the water. The wastewater
must be properly treated. A Venturi Scrubber generally achieves
less than 90% reduction efficiency for PM emissions.

Step 2. Eliminate Technically Infeasible Options

Technical Feasibility
Feasible.

Step 3. Rank
Remaining
Control
Technologies
Typical
Overall
Standard
Emission Rate
(Rank)
1
(the baghouse
and ESP can
achieve the
same control
efficiency)

Step 4.
Evaluate and
Document
Most CostEffective
Controls

Cost
Effectiveness,
$/ton
N/A

Step 5.
Select
BACT
Selected as
BACT

Feasible.

1
(the baghouse
and ESP can
achieve the
same control
efficiency)

N/A

N/A

Feasible.

2

N/A

N/A

Feasible.

3

N/A

N/A
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6.6.1.2. PM/PM10/PM2.5 BACT Evaluation Summary for the Lime Kilns
Based on the BACT analysis, Graymont proposes the use of a baghouse for the lime kiln to control
filterable PM/PM10/PM2.5 emissions. There are no negative environmental and energy impacts
associated with this option. In addition, the RBLC search proves that baghouses are widely accepted as
BACT for control of PM emissions from kilns.
Condensable PM emissions are also included in the emissions estimated from the kilns, resultant from
organic and inorganic (e.g., sulfates) constituents in the limestone and fuel. The condensable emissions
will be effectively controlled through good combustion practices, which is part of the design of the kilns
as supported by the CO BACT in Section 6.5.1.2.
The source from the RBLC search with the lowest total PM 10 emission rates is from Lhoist North
America of Alabama, LLC’s Alabama facility (RBLC ID AL-0313). The facility has an established BACT
emission limit of 0.009 gr/dscf filterable PM10 and 3.77 lb total PM10 per hour for a vertical lime kiln
firing natural gas.
The source from the RBLC search with the lowest total PM 2.5 emission rates is from Graymont (PA) Inc.’s
Pennsylvania facility (RBLC ID PA-0341). The facility has an established case-by-case emission limit of
0.002 gr/dscf filterable PM2.5 and 1.56 lb total PM2.5 per hour for a vertical lime kiln firing natural gas.
Graymont proposes the following mass-based emission limits:




The proposed total PM emission rate from each kiln is 2.31 lb/hr (equivalent to a filterable PM
emission factor of 0.004 gr/dscf plus 2.37 lb condensable PM per hour) on a 3-hour average
basis.
The proposed total PM10 emission rate from each kiln is 1.95 lb/hr (equivalent to a filterable
PM10 emission factor of 0.003 gr/dscf plus 2.37 lb condensable PM per hour) on a 3-hour
average basis.
The proposed total PM2.5 emission rate from each kiln is 1.60 lb/hr (equivalent to a filterable
PM2.5 emission factor of 0.002 gr/dscf plus 2.37 lb condensable PM per hour) on a 3-hour
average basis.

Compliance will be demonstrated through use of a pressure drop monitor and through periodic stack
testing using U.S. EPA Method 5 (PM) and Method 201 or 201A (PM 10 and PM2.5) for the front half only
(i.e., filterable) and Method 202 for the back half (i.e., condensable).

6.6.2. PM/PM10/PM2.5 Emissions from the Emergency Engines
PM emissions from diesel engines result from the condensation of sulfur and nitrogen containing
compounds and heavy VOCs. Similar to CO and VOC emissions, PM emissions are produced from
incomplete fuel combustion caused by the following conditions:





Insufficient oxygen availability,
Poor fuel/air mixing (i.e., fuel combustion inefficiency),
Reduced combustion temperature, and
Reduced combustion gas residence time.
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6.6.2.1. PM/PM10/PM2.5 BACT Stepwise Evaluation
The BACT discussion that follows applies to the three proposed emergency engines. As noted previously
in Section 5.1.2.6, the generators will be subject to NSPS Subpart IIII. The RBLC searches conducted for
this analysis including the time period 1/1/2009 through 2/5/2021 and were based on:


RBLC Process Code 17.210 – Small Internal Combustion Engines less than or equal to 500 hp –
Fuel Oil

The lists were further refined to include only engines of sizes similar to the proposed engines. The
results of the RBLC search are included in Table 6-13.
PM emission control technologies are similar to those for NO X, SO2, and VOC (as these emissions can be
precursors to PM emissions). SCR, thermal oxidation, and catalytic oxidation have already been
determined to be technically infeasible. Therefore, the remaining options for controlling PM emissions
found through the RBLC searches include:





Use of ULSD
Certified engine selection
Good combustion practices
Restricted hours of operation

The five-step BACT analysis that is conducted for the emergency engines is presented in Table 6-14.
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Table 6-13. Emergency Engines – RBLC Search Results for PM/PM 10/PM2.5

RBLC ID 1

Company Name

State

Permit
Issuance
Date

CA-1191

CITY OF VICTORVILLE

CA

03/11/2010

17.210

CA-1212

CITY OF PALMDALE
ANADARKO
PETROLEUM
CORPORATION

CA

10/18/2011

17.210

FL

09/16/2014

17.210

FL

09/16/2014

FL

FL-0347

FL-0347

FL-0347
FL-0347
AK-0081

ANADARKO
PETROLEUM
CORPORATION
ANADARKO
PETROLEUM
CORPORATION
ANADARKO
PETROLEUM
CORPORATION
EXXONMOBIL
CORPORATION

Process
Type

Process Name
Emergency firewater pump
engine
Emergency IC engine

Fuel

Throughput

Diesel

135 kW

Diesel

182 hp

Diesel powered forklift
engine

Diesel

30 hp

17.210

Wireline Diesel Engines

Diesel

None Listed

09/16/2014

17.210

Well evaluation diesel
engine

Diesel

140 hp

FL

09/16/2014

17.210

Escape capsule diesel
engine

Diesel

39 hp

AK

06/12/2013

17.110

Combustion

FL-0328

ENI U.S. OPERATING
COMPANY, INC.

FL

10/27/2011

17.110

Crane Engines (units 1 and
2)

FL-0332

HIGHLANDS
ENVIROFUELS (HEF),
LLC

FL

09/23/2011

17.110

600 HP Emergency
Equipment

ULSD
Diesel

None Listed
ULSD
600 hp
ULSD

IL-0129

CPV THREE RIVERS,
LLC

MA-0039

FOOTPRINT POWER
SALEM HARBOR
DEVELOPMENT LP

MA

NJ-0079

CPV SHORE, LLC

NJ-0080

IL

07/30/2018

17.110

Emergency Engines

01/30/2014

17.110

Emergency
Engine/Generator

NJ

07/25/2012

17.110

Emergency Generator

HESS NEWARK
ENERGY CENTER, LLC

NJ

11/01/2012

17.110

Emergency Generator

NY-0104

CPV VALLEY LLC

NY

08/01/2013

PA-0278

MOXIE ENERGY LLC
HICKORY RUN
ENERGY LLC
MOXIE FREEDOM LLC

PA

10/10/2012

17.110

Emergency Generator

PA

04/23/2013

17.110

Emergency Generator

PA

09/01/2015

17.110

Emergency Generator

610 hp

1500 kW
(large
engine); 125
kW (small
engine)

Control Method Description
Operational restriction of 50 hr/yr, operate as
required for fire safety testing
Use of ULSD
Use of good combustion practices based on the most
recent manufacturer's specifications issued for
engine
Use of good combustion practices based on the most
recent manufacturer's specifications issued for
engine and with turbocharger, aftercooler, and high
injection pressure
Use of good combustion practices based on the most
recent manufacturer's specifications issued for
engine
Use of good combustion practices based on the most
recent manufacturer's specifications issued for
engine
Good operation and combustion practices
Use of certified EPA Tier 1 engines and good
combustion practices based on the current
manufacturer’s specifications for this engine.
NSPS 40 CFR 60, Subpart IIII, manufacturer
certification (PM/PM10/PM2.5 have same emission
limit)
None Listed (TPM addresses PM, PM10, and PM2.5)

ULSD
7.4 MMBtu/hr

None Listed

100 hr/yr

Use of ULSD diesel oil

200 hr/yr

Use of ULSD, a clean fuel

None Listed

Ultra low sulfur diesel with maximum sulfur content
0.0015 percent (also PM10)

None Listed

None Listed

7.8 MMBtu/hr

None Listed

None Listed

None Listed
good combustion practices and the use of ULSD with
a maximum sulfur content of 15 ppmw

ULSD
ULSD
ULSD

PA-0291
PA-0311
VA-0328

NOVI ENERGY

VA

04/26/2018
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Emergency generator

17.110

Emergency Diesel GEN

Diesel
ULSD
Diesel
ULSD

500 hr/yr

Standardized
Emission Rate

Emission Limit
Averaging
Period

Basis for
Emission
Limit

Means of
Demonstrating
Compliance

0.2 g/kW-hr

None Listed

None Listed

Unspecified

0.2 g/kW-hr

None Listed

None Listed

Unspecified

None Listed

None Listed

Operating
Permit

Unspecified

None Listed

None Listed

Operating
Permit

Unspecified

None Listed

None Listed

Operating
Permit

Unspecified

None Listed

None Listed

Operating
Permit

Unspecified

0.15 g/kW-hr

None Listed

0.6 tpy

12-month rolling

NSPS

Unspecified
Unspecified

None Listed
0.15 g/hp-hr

None Listed

0.20 g/kW-hr
(large engine);
0.30 g/kW-hr
(small engine)

None Listed

0.15 g/bhp-hr

1-hour block
average

0.13 lb/hr

None Listed

0.59 lb/hr
(FPM); 0.66
lb/hr (PM10)
0.03 g/bhp-hr

None Listed

NSPS Subpart
IIII

Compliance with
the NSPS Subpart
IIII
Unspecified

NSPS Subpart
IIII
NSPS,
NESHAP, SIP,
Operating
Permit
NSPS,
Operating
Permit
Operating
Permit

1-hour

Unspecified

Unspecified
Unspecified

0.02 g/bhp-hr

None Listed

Other

Methods
201/201A and
202
Unspecified

0.02 tpy

Other

Unspecified

0.04 g/hp-hr

12-month rolling
total
None Listed

NSPS

Unspecified

0.15 g/hp-hr

None Listed

NSPS, SIP

Unspecified

None Listed
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Table 6-14. Emergency Engines – Top-Down BACT Analysis for PM/PM 10/PM2.5

Process

ID
FGEMENG

Process
Kiln Blower
Emergency
Engines(75 hp
each)

Step 1. Identify Air Pollution Control Technologies

PSD
Pollutant
PM/PM10/PM
2.5

Step 2. Eliminate Technically Infeasible Options

Step 4.
Evaluate and
Document
Most CostEffective
Controls

Step 3. Rank
Remaining
Control
Technologies
Typical
Overall
Standard
Emission Rate
(Rank)
1

Cost
Effectiveness,
$/ton
N/A

Step 5.
Select
BACT
Selected as
BACT

Control Technology
Ultra Low Sulfur
Diesel (ULSD)

Control Technology Description
ULSD is a diesel fuel containing 97% less sulfur than low sulfur
diesel, no more than 15 ppm. Less sulfur in the fuel leads to less
sulfur-containing heavy compounds condensing out of the engine
exhaust, forming PM.

Technical Feasibility
Feasible. The use of ULSD is a technically feasible option for
controlling PM emissions and is required for the proposed
emergency engines per 40 CFR §60.4207(b) and §80.510(b) as
outlined in Section 5.

Purchase Certified
Engines

Engine standards are sets of emission limits developed by U.S.
EPA for different sizes and operating conditions of diesel
generators. The purchase of U.S. EPA-certified engines meeting
applicable standards (listed in Table 5-2 for each proposed
engine) is listed in the RBLC. This is established as the base case
for BACT for the proposed emergency engines.
Good combustion practices include properly operating and
maintaining the engine in accordance with manufacturer
specifications. Such practices would help minimize PM emissions.

Feasible. Engine certification is a technically feasible
compliance option as BACT according to a search of the RBLC.
Furthermore, the proposed engines are required to adhere to
NSPS Subpart IIII and are listed by the manufacturers as doing
so.

2

N/A

Selected as
BACT

Feasible. Good combustion practices are technically feasible
methods for controlling PM emissions from the emergency
engines. These methods have been cited in the RBLC as BACT
for PM control for diesel fired engines. Graymont is required
by NSPS Subpart IIII to operate and maintain the engines per
the manufactures’ emission related written instructions.
Feasible. Another feasible method, according to RBLC results,
of controlling PM emissions from an emergency engine is
limiting the hours of operation. A restriction on hours of
operation reduces the potential emissions from the unit. Note
that the emergency engine operation is inherently limited
based on the definition of an emergency engine in NSPS
Subpart IIII.

3

N/A

Selected as
BACT

4

N/A

Selected as
BACT

Good Combustion
Practices

Hours of Operation
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An hourly restriction significantly reduces the potential emissions
from the unit. By operating less hours for non-emergency
purposes, the engines reduce PM emissions. This is a BACT
control methodology in the RBLC.
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6.6.2.2. PM/PM10/PM2.5 BACT Evaluation Summary for the Emergency Engines
Based on the control technology evaluation outlined above, use of ULSD, purchase and installation of U.S. EPAcertified engines that meet the NSPS Subpart IIII standards outlined in Table 5-2, limited operation consistent
with the definition of emergency engines, and good combustion practices are determined as BACT for the
proposed emergency engines. Add-on controls are infeasible due to the intermittent operation of emergency
engines.

6.6.3. PM/PM10/PM2.5 Emissions from the Water Bath Heater
PM, PM10, and PM2.5 emissions from the water bath heater are most commonly the result of the type of fuel
source being used. Natural gas in this case results in very low PM, PM 10, and PM2.5 emissions.

6.6.3.1. PM/PM10/PM2.5 BACT Stepwise Evaluation
The BACT discussion that follows applies to the proposed 1.25 MMBtu/hr water bath heater. The only
technically and economically feasible options to lower PM, PM 10 and PM2.5 emissions from the water bath heater
is the use of clean fuel and good combustion practices. Good combustion practices consist of ensuring the heater
is at an adequate temperature to burn away excess particulate matter and the units are clean upon operation.
The water bath heater will operate solely on natural gas, which is a clean fuel.

6.6.3.2. PM/PM10/PM2.5 BACT Evaluation Summary for the Water Bath Heater
Based on the BACT analysis, Graymont proposes to burn a natural gas and good combustion practices as BACT
for the water bath heater. There are no negative environmental and energy impacts associated with this option.
The proposed total PM/PM10 emission rate from the water bath heater is 9.31E-03 lb/hr (equivalent to
approximately 0.007 lb total PM/PM10 per MMBtu (which is 0.00559 lb filterable PM/PM 10 per MMBtu plus
0.00186 lb condensable PM per MMBtu), on a 30-day rolling average basis. Graymont proposes to
conservatively set the PM2.5 emission rate equal to the PM/PM10 emission rate. Compliance will be demonstrated
by following the manufacturer’s recommendations for proper operation of the heater.

6.6.4. PM/PM10/PM2.5 Emissions from the Roadways
PM emissions are generated from both paved and unpaved roadways. The main cause of PM emissions from
roadways is the wear and tear from vehicle abrasion. Most of the roadways at the Rexton Facility will be paved.
There will be two unpaved roadways. Segment H goes from the quarry to the material not suitable for sale
storage pile.

6.6.4.1. PM/PM10/PM2.5 BACT Stepwise Evaluation
A general review of the RBLC has been performed for PM/PM10/PM2.5 emissions from paved and unpaved
roadways. For the RBLC review, determinations including the time period 1/1/2009 through 2/5/2021 were
used as the basis for the RBLC database search. The results of the RBLC search for paved and unpaved roads are
included in Table 6-15 and Table 6-16, respectively. Since particulate matter from roadways is fugitive in nature,
numerical limitations are not practical. Therefore, opacity and control limits are listed in the RBLC results, if
available.
In theory, the following control technologies are available for controlling PM/PM 10/PM2.5 emissions from paved
and unpaved roadways:
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Good Housekeeping,
Basic Watering,
Basic Watering and Road Base,
Chemical Suppressant and Watering,
Pave Road Surface with Sweeping and Watering, and
Pave Road with Vacuum Sweeping and Watering.

Variable control technologies include:




Silt Content Reduction: Varies with current, uncontrolled road conditions, per AP-42 13.2.2.
Street Sweeping: Highly variable, depends on current road conditions, per AP-42 Section 13.2.1.4.
Road Paving: Depends on paved road final conditions and current unpaved road conditions.

All control techniques listed above are feasible options for particulate matter reduction.
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Table 6-15. Paved Roadways – RBLC Search Results for PM/PM 10/PM2.5

RBLC ID 1
IL-0129

Process Name
Roadways

Miles/yr
None Listed

Control Method Description
Paving is required

IL

12/31/2018

99.140

Roadways

None Listed

Paving is required

IN

06/27/2012

99.140

IN

06/04/2014

99.140

IN

09/25/2013

99.140

IN

06/04/2014

99.140

LA
MD

02/27/2009
04/23/2014

LA-0204
MD-0041
OH-0328

V & M STAR

OH

04/10/2009

99.140

Roadways and Parking Areas

None Listed

Control measures sufficient to minimize
emissions

OH-0332

SUN COKE ENERGY, INC.

OH

02/09/2010

99.140

Roadways and Parking Areas

None Listed

Control measures when necessary

OH-0345

DAYTON POWER & LIGHT

OH

08/16/2011

99.140

Paved Roadways

None Listed

Watering, use of reduced speed, and good
housekeeping

OH-0368

PALLAS NITROGEN LLC

OH

04/19/2017

99.140

Paved Roadways

70,000

Paving is required, additional mitigation
measures (as needed)

OH-0376

IRONUNITS LLC - TOLEDO
HBI

OH

02/09/2018

99.140

Paved Roads

None Listed

Water flushing and sweeping

OH-0378

PTTGCA PETROCHEMICAL
COMPLEX

OH

12/21/2018

99.140

Facility Roadways

182,865

Best management practices

SC-0181

RESOLUTE FP US INC.

SC

11/03/2017

99.140

Roads

None Listed

Good housekeeping practices

*SC-0193

MERCEDES BENZ VANS,
LLC

SC

04/15/2016

99.140

Paved Roads

10.66
(VMT/hr)

Proper maintenance and fugitive dust
minimization

KY-0100

EAST KENTUCKY POWER
COOPERATIVE, INC

KY

04/09/2010

99.140

Haul Roads

None Listed

IN-0263

MIDWEST FERTILIZER
COMPANY LLC

IN

03/23/2017

99.190

Paved roads and parking lots

None Listed

IN-0166
IN-0173
IN-0179
IN-0180

2

State
IL

Process
Type
99.140

CPV THREE RIVERS, LLC
JACKSON GENERATION,
LLC
INDIANA GASIFICATION,
LLC
MIDWEST FERTILIZER
CORPORATION
OHIO VALLEY RESOURCES,
LLC
MIDWEST FERTILIZER
CORPORATION
SHINTECH LOUISIANA LLC
CPV MARYLAND, LLC

*IL-0130

1

Company Name

Permit
Issuance
Date
07/30/2018

99.140
99.140

Fugitive Dust from Paved
Roads
Fugitive Dust from Paved
Roads and Parking lots
Paved Roadways and parking
lots with public access
Fugitive Dust from Paved
Roads and Parking lots
Road- Fugitive Dust
Roadways

None Listed
None Listed

None Listed
10,402
17,160
10,402

Paving is required, use of wet or chemical
suppression, prompt cleanup of spills
Paving is Required, daily sweeping with wet
suppression, prompt cleanup of spills
Paving is Required, daily sweeping and wet
suppression, prompt cleanup of spills
Paving is Required, daily sweeping and wet
suppression, prompt cleanup of spills
Paving roads as much as practical
Wet or chemical suppression and sweeping

Emission Rate 2
10 % opacity

Emission Limit
Averaging
Period
None Listed

Means of
Demonstrating
Compliance
Unspecified

10 % opacity

None Listed

Unspecified

90 % control

None listed

Unspecified

90 % control

Continuous

Unspecified

90 % control

Continuous

Unspecified

90 % control

Continuous

Unspecified

0.22 lb/h
None listed
0% opacity (except
1 min. in any 60
min.)
0% opacity (except
1 min. in any 60
min.)
0% opacity (except
1 min. in any 60
min.)
0% opacity (except
1 min. in any 60
min.)
0.63 tpy of PM10
0.15 tpy of PM2.5
0% opacity (except
1 min. in any 60
min.)
0.13 lb PM/VMT
0.03 lb PM10/VMT
0.01 lb PM2.5/VMT

None listed
None Listed
Any 60-minute
observation
period
Any 60-minute
observation
period
Any 60-minute
observation
period
Any 60-minute
observation
period

Unspecified
Unspecified
Unspecified
Unspecified
If required, Method 22
Visual Observations

None Listed

Unspecified

Any 60-minute
observation
period

Unspecified

None Listed

Unspecified

0.00

None Listed

Unspecified

Paving is required, use of wet suppression (as
applicable), prompt cleanup of spills

None listed

None Listed

BACT requires paved
roads only, Method 22
if required

Paving is required, use of wet suppression,
prompt cleanup of spills

None listed

None Listed

Unspecified

Draft determinations are marked with a " * " beside the RBLC ID.
Since particulate matter from roadways is fugitive in nature, numerical limitations are not practical. Therefore, opacity and control limits are listed in the RBLC results, if available.
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Table 6-16. Unpaved Roadways – RBLC Search Results for PM/PM 10/PM2.5

RBLC ID 1
*AK-0084
*FL-0368

Company Name
DONLIN GOLD LLC.
NUCOR STEEL
FLORIDA, INC.

State
AK

Permit
Issuance Date
06/30/2017

Process
Type
99.150

FL

02/14/2019

99.150

Process Name
Unpaved Roads
Roads (includes paved and
unpaved roads)

Miles/yr
5,024,900

Control Method Description
Water and chemical suppressant spray

Emission Rate 2
90 % control

Emission Limit
Averaging
Period
None listed

Means of
Demonstrating
Compliance
Unspecified

None Listed

Fugitive dust control plan

None listed

None Listed

Unspecified

None Listed

Water spray or dust suppression chemicals,
reduced speed limits

18.69 lb/hr

None listed

None Listed

Good housekeeping

0.04 lb/hr

Hourly Maximum

Comply with the
NSLA Dust
Management
Plan
Unspecified

None Listed

Surfactant spray or periodic water spray

None listed

None Listed

Unspecified

LA-0239

CONSOLIDATED
ENVIRONMENTAL
MANAGEMENT INC

LA

05/24/2010

99.150

LA-0240

FLOPAM INC.

LA

06/14/2010

99.150

MO-0080

HOLCIM (US) INC.

MO

05/05/2009

99.150

OH-0341

NUCOR STEEL

OH

12/23/2010

99.150

Roadways (paved and
unpaved)

8,375

Watering, resurfacing, chemical stabilization,
and/or speed reduction at sufficient frequency

0% opacity (except
3 min. in any 1-hr.)

OH-0344

V & M STAR

OH

01/27/2011

99.150

Paver and unpaved roadways
and parking areas

None Listed

watering, sweeping, chemical stabilization, or
suppressants applied at sufficient frequencies

0% opacity (except
3 min. in any 1-hr.)

OH-0379

PETMIN USA
INCORPORATED

OH

02/06/2019

99.150

Plant Roadways (F001)

4,195

Wet suppression and commercial dust
suppressants

0% opacity (except
13 min. in any 1hr.)

Any 60-minute
observation
period
Any 60-minute
observation
period
Any 60-minute
observation
period

OK-0173

COMMERCIAL
METALS COMPANY

OK

01/19/2016

99.150

Unpaved Roads

None Listed

Work-practice standards of paving roads,
sweeping them when needed, and setting of
speed limits to minimize fugitive dust emissions

None listed

None listed

Unspecified

CO

07/09/2012

99.150

Haul roads

None Listed

Controlled by applying water as needed

None listed

None listed

Unspecified

MI

06/29/2011

90.999

Wheel loaders and truck
traffic 3

None Listed

None listed

5% opacity

None listed

Method 9D, if
required

CO-0074
MI-0400

GCC RIO GRANDE,
INC.
WOLVERINE POWER
SUPPLY
COOPERATIVE, INC.

FUG-101 - Unpaved Road
Fugitive Dust
Roadway Fugitives
Paved and unpaved roads and
storage piles

Method 22, if
required
Method 22, if
required
Unspecified

Draft determinations are marked with a " * " beside the RBLC ID.
Since particulate matter from roadways is fugitive in nature, numerical limitations are not practical. Therefore, opacity and control limits are listed in the RBLC results, if available.
3 The permitting action does not state if these are paved or unpaved roadways. Therefore, it is assumed that they are unpaved.
1
2
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6.6.4.2. PM/PM10/PM2.5 BACT Evaluation Summary for the Roadways
BACT for fugitive road dust is to pave roadways where practicable including areas where the extra heavy
vehicles (greater than 50 tons in weight) will not cause damage to pavement. For the paved roads, Graymont will
also use good housekeeping to keep the roads clear. Good housekeeping involves, but is not limited to, cleaning
up spills promptly, sweeping, wet suppression, and setting speed limits to minimize fugitive dust emissions. The
RBLC search proves that paving and good housekeeping are widely accepted as BACT for paved roadways.
There will be one unpaved roads at the Rexton Facility. Watering unpaved haul roads, where appropriate,
reduces fugitive emissions by binding the soil particles together, reducing free silt particles available to be
picked up by wind or vehicles. Additional watering of the unpaved haul roads will occur when heavy traffic and
changing traffic patterns are expected. Water will be applied on a scheduled basis, with consideration to
weather40, and will be supplemented as needed based on driver observation of dust conditions. The RBLC search
proves that watering is widely accepted as BACT for unpaved roadways.
As mentioned, numerical limitations for fugitive emissions from roadways are not practical. Graymont proposes
BACT for roadways to be maintaining a 20% opacity or less on site and a 10% opacity or less at the property
boundary. Compliance will be demonstrated using U.S. EPA Method 22, if required.

6.6.5. PM/PM10/PM2.5 Emissions from the Stockpiles
Particulate Matter emissions from stockpiles are caused by wind erosion. The wind blows particles on the
outside of piles and sends the particulate matter into the air. Another common cause of particulate matter can be
from movement of the piles from one location to another.

6.6.5.1. PM/PM10/PM2.5 BACT Stepwise Evaluation
A general review of the RBLC has been performed for PM/PM10/PM2.5 emissions from stockpiles. For the RBLC
review, determinations including the time period 1/1/2009 through 2/5/2021 were used as the basis for the
RBLC database search. The results of the RBLC search are included in Table 6-17. Since particulate matter from
stockpiles is fugitive in nature and dependent on the size of the stockpiles, numerical limitations are not
practical. Therefore, control limits are listed in the RBLC results, if available.
In theory, the following control technologies are available for controlling PM/PM 10/PM2.5 emissions from
stockpiles (control efficiencies obtained from TCEQ guidance41):










Best Practice Methods (base case),
Wet material (50% control),
Water sufficiently to prevent wind driven fugitive dust (70% control),
Apply chemical stabilizers/foam (80% control),
Partial enclosure (50% to 85% control),
Full enclosure (90% control),
Enclosed by a building (up to 90% control),
Washed material (95% control), and
Washed material with water spray (98.5% control).

Watering will not be conducted on days when rainfall occurs in amounts that provide natural dust suppression or on days
when temperatures are low enough to cause formation of ice on the roads, leading to unsafe driving conditions.
41 Control efficiencies per TCEQ Concrete Batch Plant Calculations spreadsheet, downloaded February 2020:
https://www.tceq.texas.gov/assets/public/permitting/air/Guidance/NewSourceReview/emiss-calc-cbp.xlsx (last revised
February 2020).
40
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The material may be washed before it is conveyed to the Rexton Facility weather permitting.
The proposed stockpiles are too large to be enclosed by a building. Chemical stabilizers and/or foam are not
technically feasible for the limestone storage piles because the stabilizer and/or foam would need continuous
application to the pile, which may compromise the raw material quality. Graymont proposes to use water
sprays, when necessary and feasible based on weather conditions, to control fugitive emissions from the storage
piles.
Graymont will also use the best practice methods to maintain the stockpiles and control fugitive emissions.
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Table 6-17. Stockpiles – RBLC Results for PM/PM 10/PM2.5

None listed

None listed

90% Control

None listed

Wet suppression by water sprays

90% Control

None listed

None listed

None listed

State

Permit Issuance Date

Process Type

Process Name

MO-0080

Holcim (US) Inc.

MO

05/05/2009

99.150

Paved and unpaved roads
and storage piles

*AK-0084

DONLIN GOLD LLC.

AK

06/30/2017

99.190

Fugitive dust from wind
erosion

Control Method Description
Enclosure of most storage piles. Enclosure
doors will be closed while trucks are
being unloaded.
Best Practice Methods / Fugitive Dust
Control Plan (includes applying water)

LA-0239

CONSOLIDATED
ENVIRONMENTAL
MANAGEMENT INC

LA

05/24/2010

99.190

Coal storage piles

IN-0166
IL-0120
2

Emission Limit
Averaging Period

Company Name

CO-0074

1

Standardized
Emission Rate 2

RBLC ID 1

GCC RIO GRANDE, INC.
INDIANA GASIFICATION,
LLC
MISSISSIPPI LIME
COMPANY

CO

07/09/2012

99.190

Storage piles

Plant storage is use of enclosure (covering
the storage pile with tarps); Quarry
storage is use of the inherent moisture
content supplemented with water
application as needed.

IN

06/27/2012

99.190

Two (2) storage piles

Wet suppression with pile compaction

90% Control

3-hr average

IL

09/29/2015

99.019

Limestone and solid fuel
storage piles

Fugitive dust control program

10% Opacity

None listed

Draft determinations are marked with a " * " beside the RBLC ID.
Since particulate matter from stockpiles is fugitive in nature and dependent on the size of the stockpiles, numerical limitations are not practical. Therefore, control limits are listed in the RBLC results, if available.
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6.6.5.2. PM/PM10/PM2.5 BACT Evaluation Summary for the Stockpiles
Based on the BACT analysis, Graymont proposes the following as BACT:



Best practice methods for the limestone piles, and
Best practice methods for the fines pile.

As mentioned, numerical limitations for fugitive emissions from stockpiles are not practical. Graymont proposes
BACT for outside stockpiles to be maintaining a 10% opacity or less. Compliance will be demonstrated using U.S.
EPA Method 22, if required.

6.6.6. PM/PM10/PM2.5 Emissions from Material Handling
Material handling includes conveyor discharges/transfers, screening building, silos, truck/rail loadout, etc.
Particulate matter emissions from conveyor discharges and transfers occur because the movement of the
material causes particles to be released into the atmosphere. For material handling controlled by a dust
collector, small amounts of particulate matter are not captured by the dust collector and released to the
atmosphere.

6.6.6.1. PM/PM10/PM2.5 BACT Stepwise Evaluation
A general review of the RBLC has been performed for PM/PM10/PM2.5 emissions from material handling. For the
RBLC review, determinations including the time period 1/1/2009 through 2/5/2021 were used as the basis for
the RBLC database search. The results of the RBLC search for conveyor transfers are included in Table 6-18.
Since particulate matter from conveyor transfers is fugitive in nature, numerical limitations are not practical.
Therefore, opacity and control limits are listed in the RBLC results, if available.
In theory, the following control technologies are available for controlling PM/PM 10/PM2.5 emissions from
conveyor discharges and transfers (control efficiencies, excluding the conveyor-mounted dust collector,
obtained from TCEQ guidance42):










Best Practice Methods (base case),
Wet material (50% control),
Water sufficiently to prevent wind driven fugitive dust (70% control),
Apply chemical stabilizers/foam (80% control),
Partial enclosure (50% to 85% control),
Full enclosure (90% control),
Washed material (95% control),
Washed material with water spray (98.5% control), and
Dust collector (up to 99.9%43).

The material may be washed before it is conveyed to the Rexton Facility weather permitting. The material that
will be transferred on the conveyors will contain large pieces of the material, resulting in minimal PM 10 and
PM2.5 emissions. Dust collectors will be installed for drop points where such controls are feasible and where
emissions are high enough that such control would offer additional effective emissions control. Such units
include the storage silos, truck and rail loadout stations, and conveyors within the conveyor gallery buildings.
Control efficiencies per TCEQ Concrete Batch Plant Calculations spreadsheet, downloaded February 2020:
https://www.tceq.texas.gov/assets/public/permitting/air/Guidance/NewSourceReview/emiss-calc-cbp.xlsx (last revised
February 2020),
43 The control efficiency for dust collectors based on manufacturer guarantees.
42

Graymont (MI) LLC | Rexton Facility | PSD Permit Application
Trinity Consultants

6-39

Dust collectors were eliminated as control options where such control would not be feasible (e.g., conveyor
discharges over storage piles) or where emissions are low enough that any additional incremental control by a
dust collector would be negligible. Chemical stabilizers and/or foam are not technically feasible for the conveyor
systems because the stabilizer and/or foam would need continuous application to the conveyor system, which
may compromise the raw material quality and the integrity of the conveyor. If water sprays are used to prevent
fugitive emissions from the conveyor transfers, additional heating and drying will be needed to dry the material
before it enters the kiln. The combustion from the additional dryer would increase particulate matter emissions,
as well as other criteria pollutants and GHGs. Therefore, water sprays are eliminated due to energy and
environmental concerns. However, several transfer points achieve control from residual moisture in the
material from water spraying at the storage piles, including the conveyor discharges to storage piles, conveyor
transfers points at the stacking and reclaim conveyors, and transfers directly following these points. For
handling operations without dust controllers, enclosures are used where practical, including covers over all
conveyors, full boot enclosures at drop points for stacker conveyor transfers, screens and emergency feed
operations to feed conveyors. For several operations located within buildings, such as the stone hopper to
conveyor transfers, reclaim conveyor transfers to screening, and transfers to and from the roller crusher, the
buildings act as full enclosures. For remaining transfer points, including conveyor transfer to the fines pile,
loading of the emergency feed hopper, and the stone dump hoppers, dust collectors and enclosures are not
technically feasible due to the nature of these operations and no residual moisture from storage pile watering is
available. Therefore, Graymont will use the best practice methods for these material handling operations.
The results of the RBLC search for conveyor transfers are included in Table 6-19. Dust collector emission limits
are presented as gr/dscf or opacity limits. The control technologies listed above are also applicable to buildings,
silos, gallery conveyors, truck/rail loadout, etc. Graymont proposes to install dust collectors on these processes.
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Table 6-18. Material Handling – Open Conveyor Discharge and Transfer – RBLC Results for PM/PM 10/PM2.5

1
2

Process Name
Material Loading and
Unloading (coal and pet
coke)

Standardized
Emission Rate 2

Emission Limit
Averaging
Period

Compliance
Demonstration

Best Practice Methods/ Fugitive Dust
Control Plan (includes water spray)

90% Control

Yearly

None Listed

RBLC ID 1

Company Name

State

Permit Issuance Date

Process Type

*AK-0084

DONLIN GOLD LLC.

IL

06/30/2017

99.190

KY-0100

EAST KENTUCKY
POWER
COOPERATIVE, INC

KY

04/09/2010

99.190

Limestone
unloading/handling

Wet suppression or dust suppressant

None Listed

None Listed

None Listed

SC-0183

NUCOR STEEL

SC

05/04/2018

99.190

Raw Material Handling
and Processing (lime
dump fugitives)

Good Work Practice Standards and Proper
Operation and Maintenance

None Listed

None Listed

None Listed

AL-0313

LHOIST NORTH
AMERICA OF
ALABAMA, LLC

AL

05/04/2016

90.019

Limestone feed system

Wet limestone

7% opacity

6-min average

None Listed

5% opacity

None Listed

Method 22, if
required

0% opacity (except
2.5 min. in any 1 hr)

60 minute
observations

Method 22, if
required

Enclosure

0% opacity

None Listed

Method 9, if
required

None Listed

10% opacity

None Listed

Method 22, if
required

Control Method Description

Standardized
Emission Rate 2

Emission Limit
Averaging
Period

Compliance
Demonstration

Bin vent filters

0.005 gr/dscf

None Listed

None Listed

None Listed

0.004 gr/dscf
<7% opacity

None Listed

None Listed

FL-0341

JACKSONVILLE LIME

FL

02/20/2014

90.019

Material Handling
Operations

IL-0117

MISSISSIPPI LIME
COMPANY

IL

09/29/2015

90.019

Truck and Rail Loadout

IL-0117

MISSISSIPPI LIME
COMPANY

IL

09/29/2015

90.019

IL-0117

MISSISSIPPI LIME
COMPANY

IL

09/29/2015

90.019

Limestone Handling
Operations (Enclosed
Building Emissions)
Solid Fuel Handling
(fugitive, if not in a
building)

Control Method Description

Wet suppression, fabric filters, partial
enclosure, and enclosure to reduce PM and
visible emissions. Baghouse must have
design removal efficiency of at least 99%.
Partial enclosure; fabric filters to treat
displaced air during loadout; and loadout
practices to minimize spillage.

Draft determinations are marked with a " * " beside the RBLC ID.
Since particulate matter from conveyor transfers are fugitive in nature, numerical limitations are not practical. Therefore, control limits are listed in the RBLC results, if available.

Table 6-19. Material Handling – Dust Collectors – RBLC Results for PM/PM 10/PM2.5

RBLC ID 1
*FL-0368
IL-0117
WI-0252

MI-0400
1
2

Company Name
NUCOR STEEL
FLORIDA, INC.
MISSISSIPPI LIME
COMPANY
SPECIALTY
MINERALS INC.
(SMI)

WOLVERINE
POWER SUPPLY
COOPERATIVE, INC.

State

Permit Issuance
Date

Process Type

FL

02/14/2019

99.190

IL

09/29/2015

90.019

WI

07/22/2011

90.019

Lime silo

Bin vent fabric filter, pneumatic
conveying, total enclosure

10% opacity

None Listed

None Listed

MI

06/29/2011

90.999

Limestone handling –
transfer points

Dust collector (99% control)

7% opacity

None Listed

Varies

Process Name
Silos for baghouse dust, flux,
and carbon
Solid Fuel Handling (stack, if
not in a building)

Draft determinations are marked with a " * " beside the RBLC ID.
Since particulate matter from dust collectors depends on the material throughput, numerical lb/hr limitations are not practical. Therefore, gr/dscf or opacity limits are listed in the RBLC results, if available.
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6.6.6.2. PM/PM10/PM2.5 BACT Evaluation Summary for Material Handling
Based on the BACT analysis, Graymont proposes best practice methods for operating the open conveyors as
BACT. Graymont proposes the installation of a dust collector as BACT on buildings, silos, gallery conveyors,
truck/rail loadout, etc. where material handling takes place. The RBLC search proves that best practice methods
for operating the open conveyors and dust collectors for other material handling operations are accepted as
BACT for material handling. A full listing of control methodologies used for each material handling emission unit
is found in Appendix E.
Graymont proposes BACT for open conveyor discharges and transfers to be maintaining 5% opacity or less.
Compliance will be demonstrated using U.S. EPA Method 22, if required. In addition, BACT for the dust collectors
will be an outlet grain loading factor of 0.004 gr/dscf for PM, 0.003 gr/dscf for PM 10, and 0.002 gr/dscf for PM2.5
as BACT.

6.7. GHG BACT
Emissions increases from the proposed facility are subject to regulation under PSD and exceed the major source
threshold. Therefore, a BACT analysis for GHG is being conducted on units that generate GHG. U.S. EPA has
issued guidance documents related to the completion of GHG BACT analyses. Graymont utilized the PSD and
Title V Permitting Guidance for Greenhouse Gases (hereinafter General GHG Permitting Guidance),44 as well as
reviewing U.S. EPA comments on BACT determinations, in completing the GHG BACT evaluation for the
proposed project.
In the proposed project, GHG are emitted from the vertical lime kilns, emergency engines, and the water bath
heater. The kilns will generate GHG emissions from combustion as well as process-related CO 2 emissions. The
emergency engines and water bath heater will generate GHG emissions from combustion only. GHG emissions of
CO2, CH4, and N2O are anticipated as a result of the combustion processes, where CO 2 emissions are more than
99% of the total emissions. Therefore, a BACT review must be conducted for each of these pollutants.
The following sections outline Steps 1 through 5 of the BACT analysis for CO 2, CH4, and N2O for the units
identified. The BACT emissions limit will be based on pounds of CO 2e per ton of lime produced, which combines
the three GHG pollutants with their associated GWP.

6.7.1. CO2 Emissions from the Lime Kilns
The kilns will generate CO2 emissions from combustion as well as process-related CO 2 emissions (i.e.,
calcination). CO2 is emitted as a by-product of lime formation.
An expected reaction in the lime kiln to produce high calcium quicklime is shown below:
CaCO3 + heat  CO2 + CaO
An expected reaction in the vertical lime kilns to produce dolomitic lime is shown below:
CaCO3·MgCO3 + heat  2CO2 + CaO·MgO

44

U.S. EPA, Office of Air and Radiation (OAR), OAQPS, PSD and Title V Permitting Guidance for Greenhouse Gases, EPA-457/B11-001 (Research Triangle Park, NC: March 2011). https://www.epa.gov/sites/production/files/201512/documents/ghgpermittingguidance.pdf
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Combustion and calcination CO2 emissions will not be addressed separately since the CO 2 emissions from
combustion and calcination will be released through each kiln’s respective stack.

6.7.1.1. Identification of Potential CO2 Control Techniques (Step 1)
A general review of the RBLC has been performed for CO2 and CO2e emissions from lime kilns. For the RBLC
review, determinations including the time period 1/1/2009 through 2/5/2021 were used as the basis for the
RBLC database search. The results of the RBLC search are included in Table 6-20.
In theory, the following control technologies are available for controlling CO 2 emissions from a lime kiln:







Carbon Capture and Storage (CCS), where CO2 is captured using one of the following methods:
o Post-combustion Absorption
o Post-Combustion Adsorption
o Post-combustion Membranes
o Superheated CaO or CaO·MgO
o Calera Process
Oxy-combustion,
Selection of the most efficient kiln technology,
Selection of the lowest carbon fuel, and
Installation of energy efficient options for the vertical kilns.

It is important to note that CCS has not been demonstrated on lime kilns. Therefore, it is assumed that CCS is not
technically feasible on lime kilns. However, Graymont is including an evaluation of CCS in this application at the
request of EGLE.
These control technologies are discussed in detail below.
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Table 6-20. Lime Kiln – RBLC Search Results for GHG

RBLC ID
AL-0313

Company Name
LHOIST NORTH
AMERICA OF
ALABAMA, LLC

State

Permit
Issuance
Date

Process Type

Process Name

Fuels

Lime Production
(tons per day)

AL

5/04/2016

90.019

Vertical Lime
Kiln

Natural gas

100 MMBtu/hr

Natural gas, wood
chips, Coal, and pet
coke

Control Method Description
Parallel flow regenerative kiln
design
Energy efficient operating practices

12-month
rolling average

CEMS

12-month
rolling average

Recordkeeping
Calculation
procedures
follow 40 CFR
98

For high-calcium
lime:
Natural gas: 0.99
ton CO2e/ton
lime
Sold fuels: 1.17
ton CO2e/ton
lime

Recordkeeping

CH4

3.65 MMBtu
HHV/ton lime

12-month
rolling average

Unspecified

90.019

Vertical lime kiln

Natural gas

660

PA-0283

GRAYMONT PA
INC

PA

11/19/2012

90.019

Kiln No. 8

Pipeline Quality
Natural gas

660

None
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4 MMBtu
HHV/ton lime

12-month
rolling average

11/06/2019

396

CO2e

3.61 MMBtu
HHV/ton lime

TX

Proper kiln design (vertical PFR),
good combustion techniques,
Natural Gas Fuel, no add-on
controls.

Two vertical lime
kilns

Means of
Demonstrating
Compliance

CO2e

TX-0869

LHOIST NORTH
AMERICA OF
TEXAS, LTD.

90.019

Emission Limit
Averaging
Period

CO2e

JACKSONVILLE
LIME

7/18/2014

Standardized
Emission Rate

Use of efficient kiln reduced fuel
usage. Natural gas minimized CO2
emissions.

FL-0342

FL

GHG
Pollutant

For dolomitic
lime:
Natural gas: 1.09
ton CO2e/ton
lime
Solid Fuels: 1.27
ton CO2e/ton
lime
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6.7.1.1.1 Carbon Capture and Storage (CCS)
CCS, also known as CO2 sequestration, involves separation and capture of CO 2 emissions from the flue
gas, pressurization of the captured CO2 to liquid, transportation of the liquified CO2 and finally injection
and long-term geologic storage of the captured CO2. Several different technologies have demonstrated
the potential to separate and capture CO2. To date, some of these technologies have been demonstrated
at the laboratory scale only, while others have been proven effective at the slip-stream or pilot-scale.
Numerous projects are currently planned for the full-scale demonstration of CCS technologies.
According to the General GHG Permitting Guidance:
For the purposes of a BACT analysis for GHGs, EPA classifies CCS as an add-on pollution control
technology that is “available” for facilities emitting CO2 in large amounts, including fossil fuel-fired
power plants, and for industrial facilities with high-purity CO 2 streams (e.g., hydrogen production,
ammonia production, natural gas processing, ethanol production, ethylene oxide production,
cement production, and iron and steel manufacturing).45
It should be noted that the “high purity CO2 stream emitting sectors” identified in the guidance
document do not include the lime manufacturing industry, as CSS is not a demonstrated technology on
lime kilns.
Information is generally available on a number of pre / post combustion CCS projects; however, many of
these projects are in formative stages of development and are predominantly power plant
demonstration projects (and mainly slip stream projects). Absorption capture-only technologies are
technically available; however, the limiting factor is typically the lack of a geologic formation for the
carbon to be permanently sequestered.
It is important to note that the CCS has not been demonstrated on lime kilns. Therefore, it is unknown if
CCS is technically feasible on lime kilns. However, Graymont is including an evaluation of CCS in this
application at the request of EGLE.
For CCS to be technically feasible, all three components needed for CCS must be technically feasible:
1. Carbon capture and compression,
2. Transport, and
3. Storage.
The first phase in CCS is to separate and capture the CO 2 gas from the exhaust stream and then to
compress the CO2. This may be accomplished through a variety of methods including post-combustion
adsorption and post-combustion membranes; however, none of these options have been used on any
lime kilns.:

45

U.S. EPA, OAR, OAQPS, PSD and Title V Permitting Guidance for Greenhouse Gases, EPA-457/B-11-001, pg. 32
(Research Triangle Park, NC: March 2011). https://www.epa.gov/sites/production/files/201512/documents/ghgpermittingguidance.pdf
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Once separated, CO2 must be compressed and transported to a storage location. Most storage locations
for CO2 must be greater than 800 meters deep to achieve pressures necessary for CO 2 to remain
supercritical and in the liquid state. 46
For phase two, CO2 would be transported to a storage location via pipeline, truck, rail or potentially ship.
Logistics options, other than a pipeline, would add material additional CO 2 vehicle emissions, thus
nullifying a portion of the CCS. Specialized pipeline designs may be required for CO 2, particularly if in a
supercritical state. Transport of CO2 by pipeline is a demonstrated technology.
For phase three, various CO2 storage methods have been proposed, though only geologic storage is
achievable currently. Geologic storage involves injecting CO 2 into deep subsurface formations. such as
deep saline aquifers as well as depleted or un-mineable coal seams. Captured CO 2 could also potentially
be used for enhanced oil recovery (EOR) via injection into oil fields.
6.7.1.1.2 Calera Process
The Calera process involves capture of CO 2 by chemically converting CO2 to carbonates. In this process,
kiln exhaust gases are passed through a wet scrubber with high pH water as the scrubbing liquid. 47 CO2
in the exhaust gases is absorbed in the water and is converted to carbonic acid. High pH of the water
results in dissociation of the carbonic acid which reacts with the calcium and magnesium ions in the
water to form carbonate minerals. The carbonate minerals can be precipitated from the solution for use
in blended cement or other building materials. The scrubbing water can be treated to remove sodium
chloride and reused as potable water.
6.7.1.1.3 Selection of the most efficient kiln technology
The kilns will be dual shaft, regenerative vertical kilns and will be fueled by natural gas. The two most
common types of kilns in the U.S. are rotary kilns and vertical kilns. Graymont has chosen to install
vertical kilns as they have demonstrated to be the most efficient technology in the industry that will
meet regional market demands.
6.7.1.1.4 Selection of the lowest carbon fuel
For GHG BACT analyses, low-carbon intensity fuel selection is the primary control option that can be
considered a lower emitting process. The vertical kilns will combust only natural gas which is the lowest
carbon fuel applicable to this kiln technology.
6.7.1.1.5 Installation of energy efficient options for the vertical kilns
Per U.S. EPA guidance, source-wide energy efficiency strategies are a consideration in the construction
of a new source or a modification of an existing source. Operating practices that increase energy
efficiency are a potential control option for improving the fuel efficiency of vertical kilns and therefore,
providing benefit with respect to GHG emissions.

Supercritical means that the CO2 has properties of both a liquid and a gas. Supercritical CO 2 is dense like a liquid
but has a viscosity like a gas. For additional details see https://www.netl.doe.gov/coal/carbonstorage/faqs/carbon-storage-faqs.
47 The scrubber water contains calcium, magnesium, sodium, and chloride.
46
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In October 2010, the U.S. EPA provided a white paper that addressed control technologies, energy
efficiency measures, and fuel switching options for the Portland cement industry.48 The application of
this guidance document to a different industry is limited. However, there are options that primarily
focus on improved process control and management systems and are expected to be part of the design
of any new construction.49 These energy efficiency options are:





Kiln maintenance,
Kiln combustion system improvements,
Kiln insulation, and
Heat recovery.

Additionally, the General GHG Permitting Guidance references several energy efficiency benchmarking
tools. These tools contain performance benchmarking information, may be useful in considering energy
efficient technologies and processes if the information is specific and relevant to the vertical kilns. The
following tools were identified:





Energy Star – Energy Performance Indicators (EPIs)50
U.S. Department of Energy (DOE) Industrial Technologies Program (ITP) 51
Lawrence Berkeley National Laboratory Industrial Energy Analysis Program 52
European Union (EU) Energy Efficiency Benchmarks53

Of the sources identified, none had lime processing kiln benchmarking studies. However, ITP’s Process
heat strategy includes waste heat recovery, improved combustion efficiency, and advanced controls as
best practices to improve the overall energy efficiency.54

6.7.1.2. Elimination of Technically Infeasible Control Options (Step 2)
6.7.1.2.1 Carbon Capture and Storage (CCS)
U.S. EPA has stated the following in the published guidance for GHG BACT determinations: 55,56
U.S. EPA, OAR, OAQPS, “Available and Emerging Technologies for Reducing Greenhouse Gas Emissions from the
Portland Cement Industry,” pg. 19 (Research Triangle Park, NC: October 2010).
https://www.epa.gov/sites/production/files/2015-12/documents/cement.pdf. Although the lime processing
industry differs from the Portland cement industry, this document was reviewed for similarities in the processes
(e.g., kiln operation).
49 Ibid, pg. 19.
50 https://www.energystar.gov/buildings/facility-owners-and-managers/industrial-plants/measure-track-andbenchmark/energy-star-energy
51 https://www.energy.gov/diversity/downloads/eere-industrial-technologies-program
52 https://ses.lbl.gov/industrial-energy-analysis
53 http://ec.europa.eu/environment/climat/emission/benchmarking_en.htm
54 U.S. DOE, “Best Practices Technical Brief: Waste Heat Reduction and Recovery for Improving Furnace Efficiency,
Productivity, and Emissions Performance,” DOE/GO-102004-1975, November 2004.
https://www.energy.gov/sites/prod/files/2014/05/f15/35876.pdf
55 U.S. EPA, OAR, OAQPS, PSD and Title V Permitting Guidance for Greenhouse Gases, EPA-457/B-11-001 (Research
Triangle Park, NC: March 2011). https://www.epa.gov/sites/production/files/201512/documents/ghgpermittingguidance.pdf
56 U.S. EPA, OAR, OAQPS, PSD and Title V Permitting Guidance for Greenhouse Gases, EPA-457/B-11-001 (Research
Triangle Park, NC: March 2011). https://www.epa.gov/sites/production/files/201512/documents/ghgpermittingguidance.pdf
48
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EPA does not believe at this time CCS will be a technically feasible BACT option in certain cases… to
establish that an option is technically feasible, the permitting record should show that an available
control option has neither been demonstrated in practice nor is available and applicable.
EPA considers an available technology to be ‘applicable’ if it can reasonably be installed and
operated on the source type under consideration.
For CCS to be technically feasible, all three components needed for CCS must be technically feasible:




Carbon capture and compression
Transport, and
Storage.

As discussed previously, the first phase in CCS is to separate and capture the CO 2 gas from the exhaust
stream and then to compress the CO2. While there are a variety of methods to capture of CO 2, only one of
these methods, post-combustion absorption, is past the initial research and development phase. Such
type of post-combustion control has been studied extensively for combustion sources at gas-fired power
stations and has been used in the natural gas processing industry to remove hydrogen sulfide and CO 2
from natural gas. However, little information is available on application of this technology at lime plants.
A laboratory test is planned to predict scaled-up results of post-combustion solvent capture and
stripping, but results are not available yet.57 This technology is still being researched and is not
commercially available or demonstrated in practice. Therefore, post-combustion absorption is
considered technically infeasible.
Once separated, CO2 must be compressed to supercritical state for transport and storage. CO2
compression is technically feasible. However, specialized technologies that require a substantial
auxiliary power load would result in additional fuel consumption (and additional CO 2, CH4, and N2O
emissions) to compress the CO2 for transport.58,59
The next step in CCS is the transport of the captured and compressed CO 2 to a suitable location for
storage. This would typically be via pipeline. Pipeline transport is an available and demonstrated
(although costly) technology. While it may be technically feasible to construct a CO 2 pipeline,
considerations regarding the land use and availability need to be made. For example, to connect to the
White Frost pipeline, the new pipeline to transport CO 2 from the Rexton Facility would need to go
through forest preserves (e.g., the Sault St. Marie State Forest area), designated wetlands, and through
the Straights of Mackinac (i.e., the waters connecting Lake Michigan and Lake Huron).
The final step in the CCS system is permanent storage (i.e., sequestration). After separation and
transport, storage could involve sequestering the CO 2 through various means, mostly commonly EOR,
injection into saline aquifers, and sequestration in un-mineable coal seams. There are additional
U.S. Department of Energy, “Appendix B: Carbon Dioxide Capture Technology Sheets, Post-Combustion Solvents,”
May 2011. https://netl.doe.gov/sites/default/files/netl-file/CO2-Capture-Tech-Update-2013-Post-CombustionSolvents.pdf
58 U.S. EPA, OAR, OAQPS, “Available and Emerging Technologies for Reducing Greenhouse Gas Emissions from the
Portland Cement Industry,” pg. 39 (Research Triangle Park, NC: October 2010).
https://www.epa.gov/sites/production/files/2015-12/documents/cement.pdf. Although the lime processing
industry differs from the Portland cement industry, this document was reviewed for similarities in the processes
(e.g., kiln operation).
59 Interagency Task Force on Carbon Capture and Storage, “Report of the Interagency Task Force on Carbon
Capture and Sequestration,” August 2010.
https://19january2017snapshot.epa.gov/sites/production/files/2016-08/documents/ccs-task-force-report2010.pdf
57
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methods of sequestration such as direct ocean injection of CO 2 and algae capture and sequestration (and
subsequent conversion to fuel); however, these methods are not as widely documented in the literature
for industrial scale applications. As such, while capture-only technologies may be technologically
available at a small-scale, the limiting factor is the availability of a mechanism for the Rexton Facility to
permanently store the captured CO2.
CO2 sequestration may be technically feasible in principle, but based on industrial lime application for
this location, it is both technically infeasible and financially infeasible for the proposed project. The
closest operating CO2 sequestration project site to the Rexton Facility is the Otsego County EOR project,
approximately 80 miles from the site. For the purposes of this analysis, it is conservatively assumed that
a shortest distance pipeline can be built from the proposed Rexton Facility to the EOR project in Otsego
County (i.e., 80 miles).
Graymont has confirmed the significant technical challenges in implementing CCS technology on a lime
kiln, including the lack of any current commercially demonstrated CCS for lime anywhere in the world.
Despite this technical infeasibility determination, an economic feasibility assessment is provided in
Appendix E.
6.7.1.2.2 Calera Process
Although the Calera process has the potential to be configured such that no industrial waste is
discharged to the environment, it is still in research stages. Therefore, the Calera process is considered
technically infeasible.
6.7.1.2.3 Selection of the most efficient kiln technology
This option is technically feasible as Graymont has chosen the most efficient kiln technology for the
proposed project. The proposed vertical kilns are able to achieve the required high production rate and
maintain a low carbon and sulfur content in the product while utilizing the most effective fuel.
6.7.1.2.4 Selection of the lowest carbon fuel
The proposed vertical kilns will fire only natural gas, which is the lowest carbon fuel available.
6.7.1.2.5 Installation of energy efficient options for the vertical kilns
Each energy efficiency option from Step 1 is technically feasible for CO 2 control of the vertical kilns. For
reference, these energy efficiency options are:





Kiln maintenance,
Kiln combustion system improvements,
Kiln insulation, and
Heat recovery.

The listed energy-saving techniques will be implemented in the construction and operation of the
proposed kilns as described in more detail below.

As previously described, a vertical PFR kiln feeds limestone and hot gases in parallel vertically in
one shaft (the burning shaft), which also preheats combustion air, while in the other shaft (the
nonburning shaft), the combustion gases and lime product cooling air preheat the limestone in
counter flow prior to being exhausted. Preheating the limestone with exhaust gases provides higher
thermal efficiency than what is achieved in a preheater rotary kiln, resulting in reduced fuel usage.
Additionally, the vertical kilns operate under pressure which reduces the temperature and residence
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time required for calcining the limestone, resulting in additional reduction in fuel requirements. The
combined effect of these measures results in a lower amount of fuel per ton of lime product than what is
required in a rotary kiln, making the vertical kiln design the most efficient lime manufacturing process
available.
Modern technology will also be utilized to achieve optimal combustion conditions in the kilns thus
reducing the overall fuel usage. Automated process control systems will also be utilized on the kilns to
maintain optimum operating conditions by automatically controlling process variables.
Other energy efficient measures that will be implemented on the kilns include heat resistant refractory
insulation on the kiln shell. A refractory insulation with high insulating capacity and a long service life
for the designed operating conditions of the new kilns will reduce heat loss from the kilns. As a part of
kiln construction, energy-saving variable speed fans and motors will be installed where practical.
Variable speed drives allow for significant energy savings by allowing a fan to be used at less than full
capacity.
The kilns and auxiliary equipment will be maintained per the kiln manufacturer’s recommendations. For
the purposes of this GHG control technology assessment, it is important to note that good operating
practices includes periodic maintenance by abiding by an operations and maintenance (O&M) plan.
Maintaining the kiln to the designed combustion efficiency and operating parameters is important for
compliance on energy efficiency related requirements.
The inherent energy efficient design of the vertical kilns aligns with the installation of energy efficient
options and are therefore feasible. The environmental benefits include fuel savings and reduction of
GHG emissions, as well as other criteria pollutant emissions, due to the efficiency gains.

6.7.1.3. Rank of Remaining Control Technologies (Step 3)
The remaining control technologies include:




CCS,
Selection of the most efficient kiln technology, and
Installation of energy efficient options for the vertical kilns.

These remaining options will be evaluated further in Step 4 of the BACT analysis. Graymont maintains
that CCS remains technically infeasible and that an economically feasibility is not warranted for this
control technology however, we have provided this for completeness at EGLE’s request.

6.7.1.4. Evaluation of Most Stringent Controls (Step 4)
6.7.1.4.1 Carbon Capture and Storage (CCS)
An economic feasibility assessment for CCS is provided in Appendix E. The cost effectiveness of CCS is
~$95 per ton CO2e removed. Therefore, CCS is not an economically feasible control technology for a lime
kiln at this time.
6.7.1.4.2 Selection of the most efficient kiln technology
This option is technically feasible as Graymont has chosen the most efficient kiln technology for the
proposed project. The vertical kilns are able to achieve the required high production rate and maintain a
low carbon and sulfur content in the product while utilizing the most effective fuel.
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6.7.1.4.3 Selection of the lowest carbon fuel
This option is technically feasible as Graymont will use natural gas as fuel for the kilns.
6.7.1.4.4 Installation of energy efficient options for the vertical kilns
The kilns will be equipped with the energy efficiency options listed in Step 1 of this BACT analysis.
Therefore, this option is technically feasible.

6.7.1.5. Selection of CO2 BACT (Step 5) for the Lime Kiln
Based on the top-down process described above for control of CO 2 from the kilns, Graymont is
proposing that the design of the vertical kilns and the operation of several energy efficiency options
constitutes BACT for the proposed lime kilns. These energy efficiency options are summarized in Table
6-21. There are no negative environmental and energy impacts associated with these options.
Table 6-21. Summary of Energy Efficiency Options for the Vertical Kiln
Energy Efficiency
Option
Kiln maintenance
Kiln process control
Optimized combustion
Kiln insulation

Heat recovery
Auxiliary equipment

Features of the Vertical Kiln
The kilns and auxiliary equipment will be maintained per the kiln
manufacturer’s recommendations. Good operating practices includes
periodic maintenance by abiding by an O&M plan.
The kilns will have instrumentation and control devices for monitoring
and controlling combustion.
Combustion air and flue gas will be adjusted as necessary to optimize
combustion efficiency.
The kilns will be insulated to manufacturer’s specifications to minimize
heat loss.
The parallel flow regenerative kiln design uses exhaust gases to preheat
limestone feed on the nonburning shaft.
Energy-saving variable speed fans and motors will be installed where
practical.

In order to construct a GHG BACT limitation, Graymont consulted U.S. EPA’s General GHG Permitting
Guidance which states: 60
EPA encourages permitting authorities to consider establishing an output-based BACT emissions
limit…wherever feasible and appropriate to ensure that BACT is complied with at all levels of
operation.
However, establishing a production-based (i.e., output-based) limit that can allow for all necessary
operating scenarios can be difficult. A MMBtu/ton of lime operational limit better allows for the facility
to operate as the market demands, while still minimizing actual mass emissions and maximizing energy
efficiency (which is more important) from the facility.

60

U.S. EPA, OAR, OAQPS, PSD and Title V Permitting Guidance for Greenhouse Gases, EPA-457/B-11-001 (Research
Triangle Park, NC: March 2011), p 46. https://www.epa.gov/sites/production/files/201512/documents/ghgpermittingguidance.pdf
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Therefore, Graymont proposes an energy efficiency based operational limit of 3.9 MMBtu/ton of lime
produced on a 12-month rolling average basis. An energy-based emission limit is consistent with the
CO2e BACT emission limit established for Lhoist North America of Texas facility.
Compliance with the proposed BACT limit will be demonstrated based on the rolling 12-month average
CO2 emissions data measured by the mass balance (from CO 2 liberated from the process), as well as,
published emission factors for combustion from U.S. EPA’s GHG Mandatory Reporting Rule (40 CFR 98
Subpart C), GWPs (40 CFR 98 Subpart A61), and recorded annual lime production rates. CH4 and N2O
emissions will also be calculated and included towards the CO 2e limitation and are described in more
detail in the following sections. Regarding this proposed GHG limitation and the new experience related
to tracking GHG, the General GHG Permitting Guidance states,
Thus, where there is some reasonable uncertainty regarding performance of specified energy
efficiency measures, or the combination of measures, the permit can be written to acknowledge that
uncertainty. As in the past, based on the particular circumstances addressed in the permitting record,
the permitting authority has the discretion to set a permit limit informed by engineering estimates,
or to set permit conditions that make allowance for adjustments of the BACT limits based on
operational experience.62
Therefore, Graymont requests that the permit include flexibility to revise this emission limit after a
nominal startup period should additional information become available regarding the effects of energy
efficient options on operational performance.

6.7.2. CH4 Emissions from the Vertical Lime Kilns
CH4 emissions from the kiln form as a result of incomplete combustion of hydrocarbons present in
natural gas.

6.7.2.1. Identification of Potential Control Techniques (Step 1)
Available control options for minimizing CH4 emissions from the vertical kilns include selection of a high
efficiency kiln design and operating practices that promote energy efficiency to reduce fuel usage.
Oxidation catalysts are not considered available for reducing CH 4 emissions because oxidizing the very
low concentrations of CH4 present in the exhaust would require much higher temperatures, residence
times, and catalyst loadings than those offered commercially for CO oxidation catalysts. For these
reasons, catalyst providers do not offer products for reducing CH 4 emissions from lime kilns.

6.7.2.2. Elimination of Technically Infeasible Control Options (Step 2)
Kiln selection and energy efficient operating practices are the only technically feasible control options
for reducing CH4 emissions from the vertical kilns.

61 The GWP for CH4 and N2O were updated in the final rule published on November 29, 2013 [78 FR

71904] and effective on January 1, 2014.
62

U.S. EPA, OAR, OAQPS, PSD and Title V Permitting Guidance for Greenhouse Gases, EPA-457/B-11-001 (Research
Triangle Park, NC: March 2011), p 32. https://www.epa.gov/sites/production/files/201512/documents/ghgpermittingguidance.pdf
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6.7.2.3. Rank of Remaining Control Technologies (Step 3)
High efficiency kiln selection and energy efficient operating practices are evaluated in the remaining
steps of the CH4 BACT analysis for the vertical kilns. It is unclear which option has a more significant
impact on emissions of CH4 from the kilns; therefore, no ranking of control options is performed.

6.7.2.4. Evaluation of Most Stringent Controls (Step 4)
The most efficient, technically feasible control options involve selection of a high efficiency kiln and use
of energy efficient practices.

6.7.2.5. Selection of CH4 BACT for the Lime Kiln (Step 5)
Graymont has selected the most efficient kiln design to meet the project requirements and is
implementing the energy efficiency efforts as described in Section 6.7.1.2.5. Through these efforts to
maximize the unit’s efficiency, CH4 emissions from the vertical kilns are inherently reduced and kept to a
minimum.
Graymont believes that a numerical limit for CH4 is unnecessary and believes a work practice standard
will sufficiently assure compliance with BACT, in addition to the aforementioned CO 2e limit as proposed
in Section 6.7.1.5. The CH4 portion of the proposed CO2e BACT limit will be calculated based on the
emission factor per fuel type in Table C-2 to 40 CFR 98 Subpart C and the GWP of 25 (per 40 CFR 98
Subpart A, rule effective January 1, 2014).
As previously stated, Graymont is requesting flexibility with respect to compliance demonstrations with
the CO2e emission limit in the initial operating phase of the kilns.

6.7.3. N2O Emissions from the Lime Kilns
For the proposed project, the contribution of N 2O to the total CO2e emissions is trivial and therefore
should not warrant a detailed BACT review. Nevertheless, the additional information provided supports
the rationale that the proposed project meets BACT for contributions of N 2O to CO2e.

6.7.3.1. Identification of Potential Control Techniques (Step 1)
N2O catalysts have been used in nitric/adipic acid plant applications to minimize N 2O emissions.63 In
these applications, tailgas from the nitric acid production process is routed to a reactor vessel with a
N2O catalyst followed by ammonia injection and a NOX catalyst.
High efficiency kiln technology selection and energy efficient operating practices are also available
control technology options for N2O reduction.

6.7.3.2. Elimination of Technically Infeasible Control Options (Step 2)
N2O catalysts have not been used to control N2O emissions in lime kiln applications yet. In addition, the
very low N2O concentrations present in the proposed kilns’ exhaust stream would make installation of
N2O catalysts technically infeasible. In comparison, the application of a catalyst in the nitric acid industry
63

Mainhardt, Heike, “N2O Emissions from Adipic Acid and Nitric Acid Production,” reviewed by Dina Kruger (U.S.
EPA) (from the IPCC document “Background Papers - IPCC Expert Meetings on Good Practice Guidance and
Uncertainty Management in National Greenhouse Gas Inventories”), 2002. https://www.ipccnggip.iges.or.jp/public/gp/bgp/3_2_Adipic_Acid_Nitric_Acid_Production.pdf
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sector has been effective due to the high (1,000-2,000 ppm) N 2O concentration in those exhaust streams.
N2O catalysts are eliminated as a technically feasible option for the proposed project.
With N2O catalysts eliminated, efficient kiln technology selection and energy efficient operating
practices are the only available and technically feasible control options for N 2O reduction from the kilns.

6.7.3.3. Rank of Remaining Control Technologies (Step 3)
High efficiency kiln selection and energy efficient operating practices are evaluated in the remaining
steps of the N2O BACT analysis for the vertical kilns. It is unclear which option has a more significant
impact on emissions of N2O from the facility; therefore, no ranking of control options is performed.

6.7.3.4. Evaluation of Most Stringent Controls (Step 4)
No adverse energy, environmental, or economic impacts are associated with kiln selection and energy
efficient operating practices for reducing N2O emissions from the vertical kilns.

6.7.3.5. Selection of N2O BACT for the Lime Kilns (Step 5)
Graymont has selected the most efficient kilns to meet the project requirements and is implementing the
energy efficiency efforts as described in Section 6.7.1.2.5. Through these efforts to maximize the unit’s
efficiency, N2O emissions from the vertical kilns are inherently reduced and kept to a minimum.
Graymont believes that a numerical limit for N 2O is unnecessary and believes a work practice standard
will sufficiently assure compliance with BACT, in addition to the aforementioned CO 2e limit as proposed
in Section 6.7.1.5. The N2O portion of the proposed CO2e BACT limit will be calculated based on the
emission factor per fuel type in Table C-2 to 40 CFR 98 Subpart C and the GWP of 298 (per 40 CFR 98
Subpart A, rule effective January 1, 2014).
As previously stated, Graymont is requesting flexibility with respect to compliance demonstrations with
the CO2e emission limit in the initial operating phase of the kilns.

6.7.4. CO2 Emissions from the Emergency Engines
Carbon dioxide emissions are a product of fuel combustion in the diesel-fired emergency engines.

6.7.4.1. CO2 BACT Stepwise Evaluation
The BACT discussion that follows applies to the three proposed emergency engines. The RBLC searches
conducted for this analysis including the time period 1/1/2009 through 2/5/2021 and were based on:


RBLC Process Code 17.210 – Small Internal Combustion Engines less than or equal to 500 hp – Fuel
Oil

The lists were further refined to include only engines of sizes similar to the proposed engines. The
results of the RBLC search for CO2e and CO2 are included in Table 6-22.
As noted previously in Section 5.1.2, the emergency engines will be subject to NSPS Subpart IIII, so the
“good engine design” measures found in the RBLC searches will be inherent to the proposed engines and
not included in the CO2 BACT discussion. Therefore, the remaining options for limiting CO 2 emissions
found through the RBLC searches include:
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CCS,
Calera Process,
Good combustion practices,
Low carbon fuel, and
Restricted hours of operation.

Note that CCS and the Calera process are discussed at length in section 6.7.1 and were found to be
technically and/or economically infeasible for the lime kilns.
The five-step BACT analysis that is conducted for the emergency engines is presented in Table 6-23.
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Table 6-22. Emergency Engines – RBLC Search Results for GHG

Company Name

State

Permit
Issuance
Date

*KS-0030

MID-KANSAS ELECTRIC
COMPANY, LLC - RUBART
STATION

KS

03/31/2016

MI-0412

HOLLAND BOARD OF
PUBLIC WORKS

MI

OH-0366

CLEAN ENERGY FUTURE LORDSTOWN, LLC

TX-0824

MI-0424

RBLC
ID 1

1

Process
Type

Process Name

Fuels

Throughput

Control Method Description

17.210

Compression ignition RICE
emergency fire pump

ULSD

197 hp

None Listed

12/04/2013

17.210

Emergency Engine --Diesel
Fire Pump (EUFPENGINE)

Diesel

165 hp

Good combustion practices

OH

08/25/2015

17.210

Emergency fire pump engine
(P004)

Diesel

140 hp

Efficient design

SOUTHERN POWER

TX

06/30/2017

17.210

Emergency Diesel-Fired
Equipment

Diesel

160 hp

Good operating and maintenance
practices, efficient design, and low
annual capacity

HOLLAND BOARD OF
PUBLIC WORKS

MI

12/05/2016

17.210

EUFPENGINE (Emergency
engine--diesel fire pump)

Diesel

500 hr/yr

Good combustion practices.

GHG Pollutant
CO2

Unspecified

55.6 tpy

12-month
rolling time
period

Unspecified

200 hr/yr

None Listed

Unspecified

None Listed

None Listed

Unspecified

565 tpy

Combined

Unspecified

722 tpy

12-month
rolling

Unspecified

241 tpy (includes
firewater engine)

None Listed

Unspecified

None Listed

None Listed

Unspecified

None Listed

None Listed

Unspecified

162.85 lb/MMBtu

None Listed

Unspecified

80.5 tpy

12-month
rolling
12-month
rolling
12-month
rolling total

Unspecified

CO2e
41 tpy
CO2e
CO2e

10/31/2017

17.210

Emergency Fire Pumps

ULSD

None Listed

AK-0081

EXXONMOBIL
CORPORATION

AK

06/12/2013

17.110

Combustion

ULSD

Several
engines: 490 2,695 hp

Good Combustion and Operating
Practices

CO2e

AK-0082

EXXON MOBIL
CORPORATION

AK

01/23/2015

17.110

Fine Water Pumps

ULSD

610 hp

None Listed

CO2e

FL-0328

ENI U.S. OPERATING
COMPANY, INC.

Diesel

None Listed

Use of certified EPA Tier 1 engines and
good combustion practices based on the
current manufacturer’s specifications for
this engine.

CO2

IL-0129

CPV THREE RIVERS, LLC

IL

07/30/2018

17.110

Emergency Engines

ULSD

1500 kW
(large
engine); 125
kW (small
engine)

LA-0323

MONSANTO COMPANY

LA

01/09/2017

17.110

Fire Water Diesel Pump No. 3
Engine

Diesel
Fuel

600 hp

LA-0323

MONSANTO COMPANY

LA

01/09/2017

17.110

Fire Water Diesel Pump No. 4
Engine

Diesel
Fuel

600 hp

MA-0039

FOOTPRINT POWER
SALEM HARBOR
DEVELOPMENT LP

MA

01/30/2014

17.110

Emergency Engine/Generator

ULSD

7.4 MMBtu/hr

None Listed

CO 2e

PA-0291

HICKORY RUN ENERGY
LLC

PA

04/23/2013

17.110

Emergency Generator

ULSD

7.8
MMBtu/hr

None Listed

CO2e

PA-0311

MOXIE FREEDOM LLC

PA

09/01/2015

17.110

Emergency Generator

None Listed

None Listed

CO 2e

VA-0328

NOVI ENERGY

VA

04/26/2018

17.110

Emergency Diesel GEN

500 hr/yr

Use of S15 ULSD and high efficiency
design and operation

CO2e

ULSD

None Listed
Proper operation and limits on hours
operation for emergency engines and
compliance with NSPS Subpart IIII
Proper operation and limits on hours of
operation for emergency engines and
compliance with NSPS Subpart IIII

Unspecified

Unspecified
Unspecified

CO2e

SC

Crane Engines (units 1 and 2)

None Listed

0.29 tpy

FIBER INDUSTRIES LLC

17.110

13 tpy

CO2e

SC-0182

10/27/2011

Means of
Demonstrating
Compliance

2.6 g/hp-hr

Use of Ultra Low Sulfur Diesel Fuel (15
ppm), good combustion, operation, and
maintenance practices; compliance with
NESHAP Subpart ZZZZ

FL

Emission Limit
Averaging
Period
Excludes
startup,
shutdown, and
malfunction
12-month
rolling time
period
12-month
rolling time
period

Standardized
Emission Rate
(g/kW-hr)

CO2e

CO2e
CO2e

44 tpy
981 tpy

Unspecified
Unspecified

Draft determinations are marked with a " * " beside the RBLC ID.
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Table 6-23. Emergency Engines – Top-Down BACT Analysis for GHG

Process

ID
FGEMENG

Process
Kiln Blower
Emergency
Engines (75 hp
each)

Step 1. Identify Air Pollution Control Technologies

PSD
Pollutant
CO2

Control Technology
Good Combustion
Practices

Control Technology Description
Good combustion practices include properly operating and
maintaining the engine in accordance with manufacturer
specifications. Such practices would help minimize CO2 emissions.

Low Carbon Fuel

For GHG BACT analyses, low-carbon intensity fuel selection is the
primary control option that can be considered a lower emitting
process. The first option to reduce CO2 emissions would be to
limiting the fuel to natural gas alone. Another option for fuel not
currently in the design is biomass.

Hours of Operation

An hourly restriction significantly reduces the potential emissions
from the unit. By operating less hours for non-emergency
purposes, the engines reduce CO2 emissions. This is a BACT
control methodology in the RBLC.
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Step 2. Eliminate Technically Infeasible Options

Technical Feasibility
Feasible. Good combustion practices are technically feasible
methods for controlling CO2 emissions from the emergency
engines. These methods have been cited in the RBLC as BACT
for CO2 control for diesel fired engines. Graymont is required
by NSPS Subpart IIII to operate and maintain the engines per
the manufactures’ emission related written instructions.
Infeasible. The emergency engines are designed to burn
ULSD. Changing to natural gas would redefine the source and
as such, cannot be BACT. Furthermore, firing natural gas
would require different fuel delivery and combustion controls
than those in the current project design. Since the firing of
natural gas would require a re-definition of the source, this
option is not applicable for the proposed project.
Feasible. Another feasible method, according to RBLC results,
of controlling CO2 emissions from an emergency engine is
limiting the hours of operation. A restriction on hours of
operation reduces the potential emissions from the unit. Note
that the emergency engine operation is inherently limited
based on the definition of an emergency engine in NSPS
Subpart IIII.

Step 4.
Evaluate and
Document
Most CostEffective
Controls

Step 3. Rank
Remaining
Control
Technologies
Typical
Overall
Standard
Emission Rate
(Rank)
1

Cost
Effectiveness,
$/ton
N/A

Step 5.
Select
BACT
Selected as
BACT

N/A

N/A

N/A

2

N/A

Selected as
BACT

6-57

6.7.4.2. CO2 BACT Evaluation Summary for the Emergency Engines
Based on the control technology evaluation outlined above, limited operation consistent with the
definition of emergency engines and good combustion practices are determined as BACT for the
proposed emergency engines. Efficient engine design is inherent to the proposed engines per NSPS
Subpart IIII requirements. CCS technology and the Calera process are technically and/or economically
infeasible – refer to the analysis conducted for the lime kilns.
The proposed CO2e BACT emission limits (12-month rolling average basis) for each of the 3 – 75hp kiln
blower emergency engines are 376 (short) tpy CO 2e per engine
Compliance with the proposed BACT limit will be demonstrated based on published emission factors for
combustion from U.S. EPA’s GHG Mandatory Reporting Rule (40 CFR 98 Subpart C), GWPs (40 CFR 98
Subpart A64), and recorded annual heat input. CH4 and N2O emissions will also be calculated and
included towards the CO2e limitation and are described in more detail in the following sections.

6.7.5. CH4 Emissions from the Emergency Engines
CH4 emissions result from incomplete combustion of the diesel fuel in the emergency engines.

6.7.5.1. CH4 BACT Stepwise Evaluation
The BACT discussion that follows applies to the three proposed emergency engines. The RBLC searches
conducted for this analysis were based on:


RBLC Process Code 17.210 – Small Internal Combustion Engines less than or equal to 500 hp – Fuel
Oil

The lists were further refined to include only engines of sizes similar to the proposed engines. There
were no permitting actions for CH4 for engines in similar size to the proposed engines. Potential control
technologies for CH4 include, good combustion practices, efficient engine design, and limited hours.
Oxidation catalysts are not considered available for reducing CH 4 emissions because oxidizing the very
low concentrations of CH4 present in the exhaust would require much higher temperatures, residence
times, and catalyst loadings than those offered commercially for CO oxidation catalysts. For these
reasons, catalyst providers do not offer products for reducing CH 4 emissions.

6.7.5.2. CH4 BACT Evaluation Summary for the Emergency Engines
Based on the control technology evaluation outlined above, limited operation consistent with the
definition of emergency engines and good combustion practices are determined as BACT for the
proposed emergency engines. Efficient engine design is inherent to the proposed engines per NSPS
Subpart IIII requirements. Add-on controls, such as catalysts, are infeasible due to the low methane
concentration in the exhaust stream and intermittent operation of the emergency engines.

64 The GWP for CH4 and N2O were updated in the final rule published on November 29, 2013 [78 FR

71904] and effective on January 1, 2014.
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Graymont believes that a numerical limit for CH4 is unnecessary and believes a work practice standard
will sufficiently assure compliance with BACT, in addition to the aforementioned CO 2e limit as proposed
in Section 6.7.4.2. The CH4 portion of the proposed CO2e BACT limit will be calculated based on the
diesel emission factor in Table C-2 to 40 CFR 98 Subpart C, the GWP of 25 (per 40 CFR 98 Subpart A, rule
effective January 1, 2014), and recorded annual heat input.
As previously stated, Graymont is requesting flexibility with respect to compliance demonstrations with
the CO2e emission limit in the initial operating phase of the power plant.

6.7.6. N2O Emissions from the Emergency Engines
Nitrous oxide forms during diesel combustion from nitrogen in the air and in a diesel fired engine is
emitted at very low quantities.

6.7.6.1. N2O BACT Stepwise Evaluation
The BACT discussion that follows applies to the three proposed emergency engines. The RBLC searches
conducted for this analysis were based on:


RBLC Process Code 17.210 – Small Internal Combustion Engines less than or equal to 500 hp –
Fuel Oil

The lists were further refined to include only engines of sizes similar to the proposed engines. There
were no permitting actions for N2O for engines of similar size to the proposed engines. Potential control
technologies for N2O include good combustion practices, efficient engine design, and limited hours.

6.7.6.2. N2O BACT Evaluation Summary for the Emergency Engines
Based on the control technology evaluation outlined above, limited operation consistent with the
definition of emergency engines and good combustion practices are determined as BACT for the
proposed emergency engines. Efficient engine design is inherent to the proposed engines per NSPS
Subpart IIII requirements. Add-on controls, such as catalysts, are infeasible due to the low N 2O
concentration in the exhaust stream and intermittent operation of the emergency engines.
Graymont believes that a numerical limit for N 2O is unnecessary and believes a work practice standard
will sufficiently assure compliance with BACT, in addition to the aforementioned CO 2e limit as proposed
in Section 6.7.4.2. The N2O portion of the proposed CO2e BACT limit will be calculated based on the
emission factor for diesel in Table C-2 to 40 CFR 98 Subpart C, the GWP of 298 (per 40 CFR 98 Subpart A,
rule effective January 1, 2014), and recorded annual heat input.
As previously stated, Graymont is requesting flexibility with respect to compliance demonstrations with
the CO2e emission limit in the initial operating phase of the power plant.

6.7.7. CO2 Emissions from the Natural Gas-Fired Water Bath Heater
CO2 emissions levels from the water bath heater are the result of the efficiency of the water bath heater
and the fuel source used for the water bath heater. Fortunately, the water bath heater for this facility
will burn natural gas which generates a low level of CO2 when combusted.
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6.7.7.1. CO2 BACT Stepwise Evaluation for the Water Bath Heater
The BACT discussion that follows applies to the proposed 1.25 MMBtu/hr water bath heater. The
following control technologies are available for controlling CO 2 emissions from the water bath heater:




CCS,
Low-Carbon Fuel, and
Good Combustion Practices

Note that CCS is discussed at length in Section 6.7.1 and was found to be economically infeasible for the
lime kilns. As a result, any CCS measures for other pieces of equipment would be similarly infeasible and
will not be included in the water bath heater BACT discussion.

6.7.7.2. CO2 BACT Evaluation Summary for the Water Bath Heater
Based on the BACT analysis, Graymont proposes the use of good combustion practices and a low carbon
fuel. There are no negative environmental and energy impacts associated with this option.
The proposed CO2e BACT emission limit for the water bath heater is 641 (short) tpy on a 12-month
rolling average basis. Compliance with the CO2e BACT emission limit will be based on monthly fuel
usage and emission calculations. The emission calculations will be based on the published emission
factors for combustion from U.S. EPA’s GHG Mandatory Reporting Rule (40 CFR 98 Subpart C) and GWPs
(40 CFR 98 Subpart A65). CH4 and N2O emissions will also be calculated and included towards the CO 2e
limitation and are described in more detail in the following sections.
With regard to this proposed GHG limitation and the new experience related to tracking GHG, the
General GHG Permitting Guidance states: 66
Thus, where there is some reasonable uncertainty regarding performance of specified energy
efficiency measures, or the combination of measures, the permit can be written to acknowledge that
uncertainty. As in the past, based on the particular circumstances addressed in the permitting record,
the permitting authority has the discretion to set a permit limit informed by engineering estimates,
or to set permit conditions that make allowance for adjustments of the BACT limits based on
operational experience.
Therefore, Graymont requests that the permit include flexibility to revise this emission limit after a
nominal startup period should additional information become available regarding the effects of energy
efficient options on operational performance.

6.7.8. CH4 Emissions from the Water Bath Heater
CH4 emissions from the water bath heater form as a result of incomplete combustion of hydrocarbons
present in natural gas.

65 The GWP for CH4 and N2O were updated in the final rule published on November 29, 2013 [78 FR
71904] and effective on January 1, 2014.
66

U.S. EPA, OAR, OAQPS, PSD and Title V Permitting Guidance for Greenhouse Gases, EPA-457/B-11-001 (Research
Triangle Park, NC: March 2011), p 32. https://www.epa.gov/sites/production/files/201512/documents/ghgpermittingguidance.pdf
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6.7.8.1. CH4 BACT Stepwise Evaluation for the Water Bath Heater
An available control option for minimizing CH4 emissions from the water bath heater include good
combustion practices to reduce fuel usage.
Oxidation catalysts are not considered available for reducing CH 4 emissions because oxidizing the very
low concentrations of CH4 present in the exhaust would require much higher temperatures, residence
times, and catalyst loadings than those offered commercially for CO oxidation catalysts. For these
reasons, catalyst providers do not offer products for reducing CH 4 emissions.
The use of good combustion practices is the only technically feasible control option for reducing CH 4
emissions from the water bath heater.

6.7.8.2. CH4 BACT Evaluation Summary for the Water Bath Heater
Based on the BACT analysis, Graymont proposes to implement good combustion practices as BACT for
the water bath heater. Through these efforts to maximize the unit’s efficiency, CH 4 emissions from the
water bath heater are inherently reduced and kept to a minimum. There are no negative environmental
and energy impacts associated with this option.
Graymont believes that a numerical limit for CH4 is unnecessary and believes a work practice standard
will sufficiently assure compliance with BACT, in addition to the aforementioned CO 2e limit as proposed
in Section 6.7.7.2. The CH4 portion of the proposed CO2e BACT limit will be calculated based on the
natural gas emission factor in Table C-2 to 40 CFR 98 Subpart C and the GWP of 25 (per 40 CFR 98
Subpart A, rule effective January 1, 2014).
As previously stated, Graymont is requesting flexibility with respect to compliance demonstrations with
the CO2e emission limit in the initial operating phase of the water bath heater.

6.7.9. N2O Emissions from the Water Bath Heater
For the proposed project, the contribution of N 2O to the total CO2e emissions is trivial and therefore
should not warrant a detailed BACT review. Nevertheless, the additional information provided supports
the rationale that the proposed project meets BACT for contributions of N 2O to CO2e.

6.7.9.1. N2O BACT Stepwise Evaluation
N2O catalysts have been used in nitric/adipic acid plant applications to minimize N 2O emissions.67
Tailgas from the nitric acid production process is routed to a reactor vessel with a N 2O catalyst followed
by ammonia injection and a NOX catalyst.
The use of good combustion practices is also an available control technology option for N 2O reduction.
N2O catalysts are not typically installed on the size of water bath heater proposed for the project due to
technical concerns and cost effectiveness. In addition, the very low N 2O concentrations present in the
proposed exhaust stream would make installation of N 2O catalysts technically infeasible. In comparison,
67

Mainhardt, Heike, “N2O Emissions from Adipic Acid and Nitric Acid Production,” reviewed by Dina Kruger (U.S.
EPA) (from the IPCC document “Background Papers - IPCC Expert Meetings on Good Practice Guidance and
Uncertainty Management in National Greenhouse Gas Inventories”), 2002. https://www.ipccnggip.iges.or.jp/public/gp/bgp/3_2_Adipic_Acid_Nitric_Acid_Production.pdf
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the application of a catalyst in the nitric acid industry sector has been effective due to the high (1,0002,000 ppm) N2O concentration in those exhaust streams. N2O catalysts are eliminated as a technically
feasible option for the proposed project.
With N2O catalysts eliminated, the use of good combustion practices is the only available and technically
feasible control option for N2O reduction from the water bath heater.

6.7.9.2. N2O BACT Evaluation Summary for the Water Bath Heater
Based on the BACT analysis, Graymont proposes to implement good combustion practices as BACT for
the water bath heater. Through these efforts to maximize the unit’s efficiency, N 2O emissions from the
water bath heater are inherently reduced and kept to a minimum. There are no negative environmental
and energy impacts associated with this option.
Graymont believes that a numerical limit for N 2O is unnecessary and believes a work practice standard
will sufficiently assure compliance with BACT, in addition to the aforementioned CO 2e limit as proposed
in Section 6.7.7.2. The N2O portion of the proposed CO2e BACT limit will be calculated based on the
emission factor per fuel type in Table C-2 to 40 CFR 98 Subpart C and the GWP of 298 (per 40 CFR 98
Subpart A, rule effective January 1, 2014).
As previously stated, Graymont is requesting flexibility with respect to compliance demonstrations with
the CO2e emission limit in the initial operating phase of the kilns.

6.8. OPACITY BACT
Per prior applications filed with EGLE, an opacity BACT review is required to be conducted if a project is
significant under PSD for any pollutant. As previously discussed, the proposed project is significant
under PSD for NOX, CO, PM, PM10, PM2.5, and GHGs. As such, all sources listed in Table 6-1 are subject to
an opacity BACT review. Opacity is the obscuring of visible light as it passes through the exhaust plume
from an emission source. Opacity increases as the quantities of criteria pollutants and GHG increase
from an exhaust stack. Therefore, reducing the overall emissions of criteria pollutants and GHG can also
reduce the opacity emissions from a source.

6.8.1. Opacity Emissions from the Lime Kilns
6.8.1.1. Identify Air Pollution Control Technologies (Step 1)
A general review of the RBLC has been performed for opacity emissions (i.e., visible emissions [VE])
from lime kilns. For the RBLC review, determinations including the time period 1/1/2009 through
2/5/2021 were used as the basis for the RBLC database search. The search returned no results on
opacity permitting decisions for vertical lime kilns located within Process Code 90.019 (Lime/Limestone
Handling/Kilns/Storage/Manufacturing). However, the Pete Lien and Sons, Inc. permit (State Permit ID
CT-16003) states that opacity shall be limited to 15%, for which compliance shall be determined by the
installation and operation of a continuous opacity monitoring system (COMS).
The control technologies identified for control of NOX, CO, PM/PM10/PM2.5, and GHG in this application
would also control the opacity emissions from the lime kilns. See the discussion under Step 1 of the
BACT analysis for these pollutants.
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6.8.1.2. Eliminate Technically Infeasible Options (Step 2)
The technical feasibility discussions presented in this application for NO X, CO, PM/PM10/PM2.5, and GHG
are also applicable for the control of opacity from the lime kilns. See discussions under Step 2 of the
BACT analysis for these pollutants.
One additional consideration, specific to opacity, is that there is a greater likelihood of visible emissions
issues for applications using SNCR to control NO X and wet scrubbing to control acid gas HAP. Elevated
opacity using SNCR is driven by potential for ammonia slip (i.e., ammonia in the flue gas stream) that can
lead to formation of ammonia chlorides. Elevated opacity using wet scrubbing is driven by the
generation of particulate matter by the scrubbing process. However, since SNCR and wet scrubbing were
not identified as BACT for the kiln, no further consideration is given in this analysis.

6.8.1.3. Rank Remaining Control Technologies (Step 3)
The control options discussed for control of NOX, CO, PM/PM10/PM2.5, and GHG are also applicable for
the control of opacity from the lime kilns. See discussions under Step 3 of the BACT analysis for these
pollutants.

6.8.1.4. Evaluation of the Most Stringent Controls (Step 4)
The economic feasibility of the technologies evaluated for control of NO X, CO, PM/PM10/PM2.5, and GHG
is also used to determine feasibility for opacity controls. Due to the difficulty in quantifying the percent
reduction of opacity provided by each control, the economic feasibility discussions under Step 4 of the
BACT analysis for these pollutants are applied to the control of opacity from the lime kilns.

6.8.1.5. Selection of Opacity BACT (Step 5)
Based on this information, BACT is determined to be control of NOX, CO, PM/PM10/PM2.5, and GHG to
their respective BACT emission levels and the operation of a fabric filter baghouse. Additionally,
Graymont is proposing an opacity limit of 15% calculated on a 6-minute block average for the kilns.

6.8.2. Opacity Emissions from the Emergency Engines
Visible emissions occur when exhaust exits the emergency engines as smoke. Poorly maintained engines
result in higher levels of opacity, the degree to which light is blocked by particulate emissions.

6.8.2.1. Opacity BACT Stepwise Evaluation
The BACT discussion that follows applies to the three proposed kiln blower emergency engines. The
RBLC searches conducted for this analysis including the time period 1/1/2009 through 2/5/2021 and
were based on:


RBLC Process Code 17.210 – Small Internal Combustion Engines less than or equal to 500 hp –
Fuel Oil

The lists were further refined to include only engines of sizes similar to the proposed engines. There was
only one opacity permitting action under Code 17.210 that resulted in a 20% opacity limit using stateof-the-art combustion designs for an emergency fire pump engine (140 hp).
Potential controls for opacity include:
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Proper engine design,
Good combustion practices, and
Restricted hours of operation.

All options are technically feasible for the emergency engines. Note that the proposed kiln blower
emergency engines are Tier 4 certified engines.

6.8.2.2. Opacity BACT Evaluation Summary for the Emergency Engines
Based on the control technology evaluation outlined above, proper engine design, limited operation
consistent with the definition of emergency engines, and good combustion practices are determined as
BACT for the proposed emergency engines. Efficient engine design is inherent to the proposed engines
per NSPS Subpart IIII requirements, and Graymont is required to operate and maintain the engines
according to the manufacturers’ guidelines.

6.8.3. Opacity Emissions from the Water Bath Heater
Opacity emissions levels from the water bath heater are mainly the result of the combustion efficiency of
the water bath heater and the fuel source used for the water bath heater.

6.8.3.1. Opacity BACT Stepwise Evaluation
The BACT discussion that follows applies to the proposed 1.25 MMBtu/hr water bath heater. The
control technologies identified, the technical feasibility discussions, the economic feasibility discussions,
and the selection of BACT for control of NOX, CO, VOC, SO2, PM/PM10/PM2.5, and GHG in this application
would also apply to opacity emissions from the water bath heater. See the applicable discussion under
the stepwise evaluation for each of these pollutants.
One additional consideration, specific to opacity, is that there is a greater likelihood of visibility issues
for applications using SNCR to control NO X. Elevated opacity using SNCR is driven by potential for
ammonia slip (i.e., ammonia in the flue gas stream) that can lead to formation of ammonia chlorides.
However, since SNCR was not identified as BACT for the water bath heater, no further consideration is
given in this analysis.

6.8.3.2. Opacity BACT Evaluation Summary for the Water Bath Heater
Based on this information, BACT is determined to be control of NOX, CO, VOC, SO2, PM/PM10/PM2.5, and
GHG to their respective BACT emission levels, good combustion practices, and clean fuel (i.e., natural
gas). Additionally, Graymont is proposing an opacity limit of 20% calculated on a 6-minute block
average, with the exception of one 6-minute average per hour of 27% opacity, which is consistent with
the opacity limits established by EGLE Rule 301.

6.8.4. Opacity Emissions from the Roadways
Opacity emissions are generated from both paved and unpaved roadways. The main cause of opacity
emissions from roadways is the wear and tear from vehicle abrasion. Most of the roadways at the
proposed Rexton Facility will be paved. There will be one unpaved roadway.
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6.8.4.1. Opacity BACT Stepwise Evaluation
The BACT discussion that follows applies to the proposed roadways. The control technologies identified,
the technical feasibility discussions, the economic feasibility discussions, and the selection of BACT for
control of PM in this application would also apply to opacity emissions from the roadways. See the
applicable discussion under the stepwise evaluation for PM from the roadways.

6.8.4.2. Opacity BACT Evaluation Summary for the Roadways
BACT for fugitive road dust is to pave roadways where practicable, including areas where the extra
heavy vehicles (greater than 50 tons in weight) will not cause damage to pavement. For the paved roads,
Graymont will also use good housekeeping to keep the roads clear. Good housekeeping involves, but is
not limited to, cleaning up spills promptly, sweeping, wet suppression, and setting of speed limits to
minimize fugitive dust emissions. The RBLC search proves that paving and good housekeeping are
widely accepted as BACT for paved roadways.
There will be one unpaved road at the Rexton Facility. Watering the unpaved haul roads, where
appropriate, reduces fugitive emissions by binding the soil particles together, reducing free silt particles
available to be picked up by wind or vehicles. Additional watering of the unpaved haul roads will occur
when heavy traffic and changing traffic patterns are expected. Water will be applied on a scheduled
basis, with consideration to weather68, and will be supplemented as needed based on driver observation
of dust conditions. The RBLC search proves that watering is widely accepted as BACT for unpaved
roadways.
Graymont proposes BACT for roadways to be maintaining a 20% opacity or less on site and a 10%
opacity or less at the property boundary.

6.8.5. Opacity Emissions from the Stockpiles
Opacity emissions from stockpiles are caused by wind erosion. The wind blows particles on the outside
of piles and sends the particulate matter into the air. Another common cause of opacity is movement of
the piles from one location to another.

6.8.5.1. Opacity BACT Stepwise Evaluation
The BACT discussion that follows applies to the proposed stockpiles. The control technologies identified,
the technical feasibility discussions, the economic feasibility discussions, and the selection of BACT for
control of PM in this application would also apply to opacity emissions from the stockpiles. See the
applicable discussion under the stepwise evaluation for PM from the stockpiles.

6.8.5.2. Opacity BACT Evaluation Summary for the Stockpiles
Based on the BACT analysis, Graymont proposes the following as BACT:


Water suppression for the outdoor storage piles

Graymont proposes BACT for outside storage piles to be maintaining a 10% opacity or less.

68

Watering will not be conducted on days when rainfall occurs in amounts that provide natural dust suppression or
on days when temperatures are low enough to cause formation of ice on the roads, leading to unsafe driving
conditions.
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6.8.6. Opacity Emissions from Material Handling
Material handling includes conveyor discharges/transfers, screening building, silos, truck/rail loadout,
etc. Opacity emissions from conveyor discharges and transfers occur because the movement of the
material causes particles to be released into the atmosphere. For material handling controlled by a dust
collector, small amounts of particulate matter are not captured by the dust collector and released to the
atmosphere, which may decrease visibility.

6.8.6.1. Opacity BACT Stepwise Evaluation
The BACT discussion that follows applies to the proposed stockpiles. The control technologies identified,
the technical feasibility discussions, the economic feasibility discussions, and the selection of BACT for
control of PM in this application would also apply to opacity emissions from the stockpiles. See the
applicable discussion under the stepwise evaluation for PM from the stockpiles.

6.8.6.2. Opacity BACT Evaluation Summary for the Conveyor Transfers
Based on the BACT analysis, Graymont proposes best practice methods for operating the open
conveyors as BACT. Graymont proposes the installation of a dust collector as BACT on buildings, silos,
gallery conveyors, truck/rail loadout, etc. where material handling takes place. The RBLC search proves
that best practice methods for operating the open conveyors and dust collectors for other material
handling operations are accepted as BACT for material handling.
Graymont proposes BACT for all material handling to be maintaining a 5% opacity or less.

6.9. MAINTENANCE, STARTUP, AND SHUTDOWN (MSS) BACT
6.9.1. MSS Emissions from the Lime Kilns
Graymont has proposed a baghouse for particulate matter control for the kilns, which will operate at all
times, including periods of startup or shutdown. Therefore, the BACT evaluation of MSS emissions
addresses CO and NOX.
It is important to note that startup of each kiln is limited to cold startups, which is expected to occur
only when major maintenance of the kiln is required. During cold shutdown for extended maintenance,
the fuel source is eliminated before lime is removed. Generally, the kiln will be maintained as near
operating temperature as possible during periods of idling for routine maintenance by containing the
heat within the kiln. During this idling mode, no fuel will be fired and no lime production will occur. The
kiln can be maintained in this state for two to three days.
The proposed kilns will use natural gas as a startup fuel to reach the desired operating temperature. It
is anticipated that a cold startup could last up to several days. Use of natural gas during cold startups
will minimize emissions during startup. Therefore, Graymont proposes the use of natural gas during
cold startups as BACT.
Due to the conservative nature of the emission factors used for estimating emissions from normal
operations, no additional MSS emissions have been quantified. Graymont will operate all emission
sources and control technologies at the Rexton Facility in a manner to reduce the likelihood of an
emissions event. If an emissions event were to occur, Graymont will comply with all applicable
reporting, recordkeeping, and corrective action requirements.
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6.10. SELECTED BACT SUMMARY
Table 6-24 below lists the selected BACT per emission unit and pollutant, the corresponding emission or
operating limits, and the method that will be used to determine compliance with the specified limit. Note
that the BACT emission limits are per emission unit.
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Table 6-24. Selected BACT Summary
Unit

Vertical Lime Kilns

Emission/Operating Limit (per unit)
Value
Unit
9.36
lb/hr/kiln (3-hour average)
8.32
lb/hr/kiln (3-hour average)

Pollutant
NOX
CO

Selected BACT
Low NOx Burner System, Good Combustion Practices
Good Combustion Practices

PM
PM10

Baghouse (filterable), Good Combustion Practices (condensable)
Baghouse (filterable), Good Combustion Practices (condensable)

2.31
1.95

lb/hr/kiln (3-hour average)
lb/hr/kiln (3-hour average)

Method 5, 202
Method 201/201A, 202

PM2.5

Baghouse (filterable), Good Combustion Practices (condensable)

lb/hr/kiln (3-hour average)

Method 201/201A, 202

MSS

Natural Gas During Startup

1.60
Equal to Normal
Ops.

--

--

GHG (as CO2e)

Kiln Design and Good Combustion Practices/
Energy Efficient Options

3.9

MMBtu/ton of lime

Production and Fuel Monitoring and
Record Keeping, 40 CFR 98 Subpart C

Opacity
NOX

Pollutant Specific BACT Selection
Certified engines, limited operation, and good combustion practices

15
4.0

% (6-min block average)
g/kW-hr

Method 9
Compliance with NSPS Subpart IIII

CO
PM/PM10/PM2.5

Certified engines, limited operation, and good combustion practices
Certified engines, limited operation, and good combustion practices

5.0
0.30

g/kW-hr
g/kW-hr

Compliance with NSPS Subpart IIII
Compliance with NSPS Subpart IIII

GHG (as CO2e)

Limited operation and good combustion practices

376

tpy

Compliance with NSPS Subpart IIII, Fuel
Monitoring and Record Keeping, 40 CFR 98
Subpart C

Opacity
NOX

Proper engine design, limited operation, and good combustion practices
Good Combustion Practices

20
0.12

%, 6-min average
lb/hr

Compliance with NSPS Subpart IIII
Tune-up every 5 years

CO
PM/PM10/PM2.5

Good Combustion Practices
Clean Fuel and Good Combustion Practices

0.10
9.31E-03

lb/hr
lb/hr

Tune-up every 5 years
Tune-up every 5 years

GHG (as CO2e)

Good Combustion Practices

641

Tune-up every 5 years

Opacity

Same as the Pollutant Specific BACT Selection

20

tpy
% (6-min block average);
(one 27% 6-min block average
readying allowed under Rule 301)

PM/PM10/PM2.5

Pave roads where practical, good housekeeping;
Sweep and water suppression on paved roads and water suppression on
unpaved roads

20
10

% (onsite)
% (near the property boundary)

Opacity

Same controls as PM/PM10/PM2.5

20
10

PM/PM10/PM2.5

Best practice methods for limestone and fines piles

10

% (onsite)
% (near the property boundary)
% opacity

Method 22, if required

Opacity
PM/PM10/PM2.5

Same controls as PM/PM10/PM2.5
Best practice methods

10

% opacity
% opacity

Method 22, if required
Method 22, if required

Opacity
PM

Best practice methods
Dust collector

5
5
0.004

% opacity
gr/dscf

Method 22, if required
--

PM10
PM2.5

Dust collector
Dust Collector

0.003
0.002

gr/dscf
gr/dscf

---

Opacity

Same controls as PM/PM10/PM2.5

5

% opacity

Method 22, if required

Kiln Blower Emergency Engines (75 hp each)

Water Bath Heater

Roadways

Stockpiles
Material Handling (open conveyor discharges and transfers)

Material Handling (each dust collector)
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Method 22 (annual observation), Tune-up
every 5 years
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APPENDIX B: FACILITY PLOT PLANS AND PROCESS FLOW DIAGRAMS
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APPENDIX C: EMISSION CALCULATIONS
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APPENDIX D: MANUFACTURER’S SPECIFICATION SHEETS
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APPENDIX E: BACT SUPPORTING DOCUMENTATION
Cost Analyses
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APPENDIX F: DISPERSION MODELING REPORT
Dispersion Modeling Report for

NAAQS

PSD Increment

Rule 225
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