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1 GENERAL PROJECT INFORMATION
1.1 Facility Description and Location
Jacksonville Lime LLC (Carmeuse Lime & Stone and Keystone Properties Joint Venture) will construct and operate a lime manufacturing facility at 1915 Wigmore Street in the Port of Jacksonville, Duval County, Florida.  Link to Jacksonville Lime LLC  The facility will be a categorized under Standard Industrial Classification No. 3274.  Refer to Figure 1 and Figure 2.  
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[bookmark: _Ref342763998][bookmark: _Ref342765125][bookmark: _Ref343235969][bookmark: _Ref373218943]Figure 1 – Jacksonville, Duval County, Florida.	Figure 2 – Jacksonville Lime Site.
Figure 3 shows an aerial view of the Jacksonville Lime site.  The UTM coordinates are Zone 17, 439.330 kilometers (km) East, and 3,359.622 km North.
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[bookmark: _Ref373219635]Figure 3 – Keystone Property and Future Jacksonville Lime Site.
The project consists of the construction of two vertical lime kilns and associated material and fuel handling equipment on a rehabilitated brownfield site (former pulp and paper plant).  Each kiln will have a maximum lime production rate of 396 tons per day (tons/day) and will be fueled with natural gas, coal (including lignite), petroleum coke (petcoke) and wood chips. 
1.2 Project Description
1.2.1 How a Lime is Made
Limestone rock, in the form of calcium carbonate (CaCO3) or dolomite (CaCO3MgCO3), is selectively extracted and sorted according to its physical and chemical characteristics.  Limestone rock used to make lime is usually light to dark grey and has a pure mineral content of about 98%.  The rocks are transported and unloaded in crushers where they are washed, screened, crushed, ground and stored according to their use and customer specification.  For the proposed project, the source rock will be obtained from quarries located outside of Florida.
Part of the extracted stone, selected according to its chemical composition and size distribution, is calcinated at about 1,000 Celsius (°C), or 1,832 Fahrenheit (°F).  Carbon dioxide (CO2), a Greenhouse Gas (GHG), is released from the stone to produce quicklime (CaO) or dolomitic quicklime (CaOMgO).  The reactions are:
CaCO3 (100 grams)+ Heat 	CaO (56 grams) + CO2 (44 grams)
CaCO3MgCO3 (184.4 grams) + Heat	CaOMgO (96.4) + 2CO2 (88 grams)
The necessary temperatures are achieved in different types of kiln, fired by such fuels as natural gas, coal, petcoke, fuel oil, biomass, etc.  The fuels are burned using air, which consists primarily of nitrogen (N2) and oxygen (O2).  Combustion of these fuels produces water (H2O), CO2 and pollutants such as nitrogen oxides (NOX), sulfur dioxide (SO2), carbon monoxide (CO), particulate matter (PM) and small amounts of hazardous air pollutants (HAP).  The generalized reaction producing the heat is:
Fuel + Air (N2, O2) 	 CO2, H2O, N2, CO, O2, NOX, SO2, N2, ash + Heat 
The lime thus produced is screened, crushed or ground and stored according to the characteristics demanded by the customers.  
Quicklime can be hydrated (slaked), i.e. combined with water.  Depending on the quantity of water added and the intended use, hydrated lime [calcium hydroxide – Ca(OH2)] is obtained either in the form of very fine dry powder, or as a “putty lime”, or as “lime milk” in different concentrations.  The reaction is:
CaO + H2O	Ca(OH)2
The proposed facility will not produce hydrated lime.  A video depicting the process is available at the following link:  www.carmeusena.com/process 
1.2.2 Limestone Handling
Refer to Figure 4.  Unprocessed limestone will be delivered to the Keystone property from an offsite quarry and will be conveyed via stacker conveyor to a surge hopper on the project site.  Material will then be diverted to a series of belt conveyors and sent to live storage piles.  From this point, an enclosed (tunnel) belt conveyor will be fed from the live storage piles with pan feeders to deliver the stone to a transfer conveyor and enclosed screen.  The screen will segregate the limestone according to size; with finer material being delivered to a 65-ton reject bin and kiln feed stone delivered to two enclosed 120-ton charging bins.  
From the charging bins, the kiln feed will be transferred via belt conveyors and skip hoists to the enclosed kiln feed surge bins.  From the surge bins, kiln feed stone will be delivered directly to the kilns.  The surge bins and associated material transfer points will be enclosed.  The surge bins will feed limestone to the two proposed vertical kilns.
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[bookmark: _Ref373220118]Figure 4 – Simplified Process flow Diagram for the Jacksonville Lime Facility.
1.2.3 Fuel Handling
The applicant proposes to use petcoke as the primary fuel and also to use coal (including lignite), natural gas, and wood chips.  Petcoke/coal will be loaded into a dump hopper by truck and/or front-end loaders and sent to a 500-ton coke/coal bin via belt conveyor.  The petcoke/coal in the coke bin will be unloaded onto a weighing belt feeder that will send the petcoke to a bowl mill to dry and size the fuel prior to being combusted in the limestone kilns. 
Air for the mill to dry the petcoke/coal will be preheated by a small natural gas-fired heater, rated at 3.5 million British thermal units per hour (MMBtu/hr).  The milled petcoke/coal and air will be sent through a classifier and collected in a dust collector.  The milled petcoke/coal collected in the dust collector is transferred via a pneumatic conveyor to a 50-ton petcoke/coal bin.  The milled fuel is combined and pressurized in smaller bins for feed into the vertical lime kilns. 
Wood-derived fuel will be loaded into a dump hopper by front-end loaders and/or dump trucks and sent to a 168-ton raw storage bin via a belt conveyor. The wood-derived fuel in the raw storage bin is transferred via a drag chain conveyor to a mill.  The milled wood fuel is collected in a dust collector and pneumatically conveyed to a 50-ton ground chip storage bin. The milled fuel is combined and pressurized in smaller bins for feed into the vertical lime kilns.  Emissions from the proposed wood-derived fuel storage bins and processing equipment are controlled by three fabric filter dust collectors.
1.2.4 Lime Product Handling
Details of the lime kilns are provided further below.  The lime exiting the vertical kilns will be released into one of the two dedicated 18-ton hoppers per kiln (two per kiln chamber). The hoppers transfer the product to a drag chain conveyor.  From the product belt conveyor, the lime will be transferred through a series of transfer chutes and additional conveyors.  The lime product will then be directed to a screen and roll crusher located within an enclosed building prior to transfer to enclosed storage silos.  
Reject material from product lime processing will be routed to the reject material handling system.  The reject material handling system is comprised of a reject bin belt conveyor, 230-ton reject bin, and associated equipment including load-out, roll crusher, crusher product screw conveyor, and bucket elevators.  The segregated final product is directed to one of four 500-ton product storage bins, each equipped with a self-contained dustless truck loading spout.
1.2.5 How a Lime Kiln Works
The following two paragraphs are extracted from EPA document AP-42, Section 11.17, Lime Manufacturing (1998 update).  Link to EPA Lime Manufacturing Description  
The heart of a lime plant is the kiln.  The prevalent type of kiln is the rotary kiln, accounting for about 90 percent of all lime production in the United States.  This kiln is a long, cylindrical, slightly inclined, refractory-lined furnace, through which the limestone and hot combustion gases pass counter currently.  Coal, oil, and natural gas may all be fired in rotary kilns. Product coolers and kiln feed preheaters of various types are commonly used to recover heat from the hot lime product and hot exhaust gases, respectively.
The next most common type of kiln in the United States is the vertical, or shaft, kiln.  This kiln can be described as an upright heavy steel cylinder lined with refractory material.  The limestone is charged at the top and is calcined as it descends slowly to discharge at the bottom of the kiln.  A primary advantage of vertical kilns over rotary kilns is higher average fuel efficiency.  The primary disadvantages of vertical kilns are their relatively low production rates and the fact that coal cannot be used without degrading the quality of the lime produced.  There have been few recent vertical kiln installations in the United States because of high product quality requirements.
There have been improvements and innovations in recent years that serve as updates to EPA’s comments about vertical kilns.  The following excerpt is from a publication by Maerz, a manufacturer of lime kilns:  
Link to Large Maerz Kilns 


“Until recently rotary kilns were considered to be first choice whenever high lime production capacity was an issue despite the comparatively high fuel consumption.  The higher fuel consumption was widely accepted as the respective high production rates could only be realized by installing two or more parallel flow regenerative shaft (PFR) shaft kilns.  Therefore, at high capacities PFR kilns had a disadvantage because of higher overall investment costs.  This situation has completely changed due to the sharp increase of fuel costs and the recent development in PFR kiln technology regarding the maximum capacity per kiln unit.
“To meet today’s requirements for large capacity lime plants two options reflect the state of the art of technology:  
1. Shaft preheater rotary kilns equipped with a controllable sulfur bypass system to allow for low cost (high sulphur) fuels satisfying highest quality demands for low sulfur lime, or 
2. High capacity PFR kilns operating at the lowest fuel consumption of all modern lime kilns and consequently producing significantly lower CO2 emissions.” 
1.2.6 Project Lime Kiln
Carmeuse Lime & Stone is the largest producer of lime and limestone products in North America.  Their selection of the PFR technology reflects the shift towards the very energy efficient design of the latest PFR vertical shaft kilns.  Kiln manufacturer, Cimprogetti, recently announced “Jacksonville Lime (Carmeuse North America Group, USA) has ordered two regenerative twin shaft vertical kilns Model Cim-Reversy-FS 6, pulverized coal + natural gas fired.”  Link to Cimprogetti  
The nomenclature used by Cimprogetti for their PFR kilns is “Twin-Shaft Regenerative” (TSR).  Their line of TSR kilns is called Cim-Reversy.  Figure 5 is a diagram of a Cim-Reversy Model NS or FS kiln with direct cross over channels.  Link to Cimprogetti Models  
The diagram is from the Cimprogetti site and is representative of a Cim-Reversy TSR kiln (Model lines NS or FS) with direct cross over channels.  Figure 6 is a representation of the process flows in a Cim-Reversy TSR kiln taken from a Cimprogetti brochure.  Link to Cimprogetti 2010 TSR Brochure 
When one shaft operates in the burning mode, the other shaft operates in the regeneration (nonburning) mode.  Each shaft operates for an equal amount of time in the burning and regeneration modes.  According to Cimprogetti:
“The Cim-Reversy Twin Shaft kiln belongs to the group of vertical twin-shaft furnaces and also works on the PFR system ……. The combustion and waste gases are passed through the limestone to be de-acidified (i.e. calcinated) alternately in parallel or counter-current flow through the cyclic alternation of the burning and regenerative periods between the two shafts.  This burning ensures optimal utilization of the energy applied when de-acidifying the limestone.  Cim-Reversy Twin shaft kilns are primarily employed for production of highly reactive quicklime.
“The two shafts are alternately loaded from the top, with pre-weighted limestone charges.  The fuel is introduced to only one of the two shafts at a time, at the upper side of the burning zone where the material is still un-calcined and can absorb most of the heat released by the combustion.
“The combustion gases travel downwards, in parallel flow with the material and leave the burning shaft through the crossover channel, entering the non-burning shaft travelling upwards in counter flow with the stone.  The off-gases then cross the freshly loaded limestone in the pre-heating zone located in the upper part of the non-burning shaft, where they transfer most of their residual heat, before being vented off at temperatures around 100 °C on average.
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[bookmark: _Ref373220573][bookmark: _Ref373220595]Figure 5 – Cim-R Model NS or FS.	Figure 6 – Process Flows in a Cimprogetti TSR Kiln.
“The heat transferred by the hot gases to the fresh limestone in the non-burning shaft, is then recovered in the next cycle, from the combustion air entering that shaft from the top, when that given shaft will shift to burning mode.  The shifting between burning and non-burning modes is called “inversion” and it takes place at set intervals.  In the lower part of the TSR kiln, the hot lime lumps are progressively cooled down to temperatures below 100 °C by means of cooling air introduced from the bottom of both shafts so as to be handled with standard conveying equipment.”
Parallel flow of hot gases and stone in the burning zone allows a mild burning of the limestone without over-burning.  Regenerative preheating of all combustion air is accomplished using the limestone contained in the preheating zone of the kiln (in the non-burning shaft) as a heat accumulator.  


Figure 7 is the approximate temperature profile within a Maerz PFR kiln.  Link to Maerz Technical Document  The diagram is consistent with the Cimprogetti discussion.  	Figure 8 is a diagram available at the York University web page regarding limestone and lime.  It shows the introduction of the fuel burners (lances) well into the raw materials within a Maerz PFR kiln.  Link to York U CaCO3 
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[bookmark: _Ref373221043][bookmark: _Ref373221059][bookmark: _Ref373223605]Figure 7 - Temperature Profile in a Maerz PFR Kiln.	Figure 8 - Lime Manufacture in PFR Kiln.
In the Maerz PFR and Cimprogetti TSR designs, the difference between the material temperature and gas temperature is minimized.  This is in contrast with the countercurrent designs, such as rotary kilns, where high peak combustion temperatures and large material/gas temperature differentials occur.  The ramifications include of the PFR/TSR design include low thermal nitrogen oxide (NOX) production and excellent energy efficiency.
1.2.7 Emissions and Controls
The principal project emissions sources are the two lime kilns and material handling equipment.  The project results in emissions NOX, CO, SO2, PM, PM with a mean diameter of 10 microns or less (PM10), PM with a mean diameter of 2.5 microns or less (PM2.5), volatile organic compounds (VOC), sulfuric acid mist (H2SO4 also called SAM) and GHGs reported as CO2-equivalent (CO2e).  The applicant also projects emissions of hydrogen chloride (HCl) and very minor emissions of mercury (Hg) and lead (Pb).  The details for all but the GHG emissions are discussed in the Technical Evaluation and Preliminary Determination for Permit 0310583-001-AC 
(PSD-FL-426) that was issued on February 20, 2014.  Technical Evaluation PSD-FL-426    Permit PSD-FL-426 
Emissions of GHGs will be controlled by employment of the energy efficient PFR kiln design to minimize fuel use and thus emissions of CO2.

Table 1 is a listing of the emissions units (EUs) that comprise this project.  (GHG sources highlighted in red)
[bookmark: _Ref342763747]Table 1 – Listing of Emissions Units.
	EU No.
	Emission Unit Description

	Limestone Calcination

	001
	Vertical Lime Kiln No. 1

	002
	Vertical Lime Kiln No. 2

	Limestone Raw Material Handling Operations

	003
	Limestone Screening Building

	004
	Kiln No. 1 Surge Building

	005
	Kiln No. 2 Surge Building

	006
	Baghouse (DC-904) - Multiple Belt Conveyors, Charging Bins and Skip Hoists

	007
	Limestone Belt Conveyor 110

	008
	Limestone Belt Conveyor 120

	009
	Limestone Belt Conveyor 125

	010
	Limestone Belt Conveyor 200

	011
	Limestone Truck Loadout (SP-901C)

	Lime Product Material Handling Operations

	012
	Lime Product Baghouse 410 – Drag Chain

	013
	Lime Product Baghouse 435 – Bucket Elevator

	014
	Lime Product Baghouse 450 - Lime Bins, Screen, Screw Conveyors

	015
	Lime Product Baghouse 485 - Kiln Reject Bin, Belt Conveyor

	Wood Fuel Handling Operations

	016
	Stack ST-901 – Wood Grinding Mill, Conveyor and Conveyor Blower through Baghouse 725

	017
	Baghouse 715 – Conveyors, Raw Storage Bin

	018
	Baghouse 735 – Chip Storage Bin, Ribbon Mixer, Dosing Bin, Blower

	Coal and Petcoke Handling Operations

	019
	Stack ST-902 – Bowl Mill, Classifier, Feeder, Heater and Conveyor through Baghouse 630

	020
	Baghouse 605 – Bucket Elevator, Belt Conveyor, Dump Hopper

	021
	Baghouse 608 – Coal/Coke Bin, Weigh Belt feeder

	022
	Baghouse 906 – Coal/Coke Storage Bin, Mixer, Pneumatic Conveyor, Blower

	Unconfined Sources of Particulate Matter

	023
	Fugitive Dust From Storage Piles, Paved Roads, and Unpaved Roads

	Miscellaneous Nuisance Collectors


2 AIR POLLUTION REGULATIONS
2.1 Department Regulations
Projects at stationary sources with the potential to emit air pollution are subject to the applicable environmental laws specified in Section 403 of the Florida Statutes (F.S.).  The statutes authorize the Department of Environmental Protection (Department) to establish air quality regulations as part of the Florida Administrative Code (F.A.C.), which includes the applicable chapters contained in Table 2:
[bookmark: _Ref343241113]Table 2 - Applicable Department Air and Permitting Rules
	Chapter
	Description

	62-4
	Permits 

	62-204
	Air Pollution Control – General Provisions 

	62-210
	Stationary Sources of Air Pollution – General Requirements 

	62-212
	Stationary Sources – Preconstruction Review (including greenhouse gases)

	62-213
	Operation Permits for Major Sources (Title V) of Air Pollution 

	62-296
	Stationary Sources – Emission Standards 

	62-297
	Stationary Sources – Emissions Monitoring 


2.2 Federal Rules
The U.S. Environmental Protection Agency (EPA) establishes air quality regulations in Title 40, Code of Federal Regulations, Part 60 (40 CFR 60) that identifies New Source Performance Standards (NSPS) for a variety of industrial activities.  40 CFR 61 specifies National Emission Standards for Hazardous Air Pollutants (NESHAP).  40 CFR 63 specifies NESHAP provisions based on the Maximum Achievable Control Technology (MACT) for given source categories.  
Federal regulations adopted by reference are given in Rule 62-204.800, F.A.C.  State regulations approved by EPA are given in 40 CFR 52, Subpart K; also known as the State Implementation Plan (SIP) for Florida.  On May 1, 2014, the EPA Administrator approved the Department’s SIP submittal related to regulation of GHGs, effective upon publication (May 19) in the Federal Register.  Link to GHG SIP Approval  GHGs is defined at section 40 CFR 86.1818-12(a) as the aggregate group of gases including CO2, nitrous oxide (N2O), methane CH4, hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride (SF6).  GHGs is expressed as CO2-equivalent (CO2e).  CO2, N2O and CH4 are relevant for the lime industry.   Link to GHGs Definition  
2.3 Overview of Key Regulations Applicable to the Jacksonville Lime Project
The proposed facility (project) is:
· A major source of hazardous air pollutants (HAP);
· A “Major Source of Air Pollution”, also known as a “Major Source”, or “Title V Source”, as defined in Rule 62-210.200, F.A.C. and is subject to Chapter 62-213, F.A.C.;
· A “Major Stationary Source” as defined in Rule 62-210.200, F.A.C.; 
· Subject to Prevention of Significant Deterioration (PSD) review and a Best Available Control Technology (BACT) determination pursuant to Rule 62-212.400, F.A.C.;
· This proposed project includes units subject to the NSPS of 40 CFR 60; and
· This proposed project includes units subject to the NESHAP of 40 CFR 63.
2.4 New Source Performance Standards (NSPS) Applicable to the Project
2.4.1 40 CFR 60, Subpart A – General Provisions   Link to NSPS Subpart A 
Several sections from NSPS Subpart A, such as notifications and reporting, apply to this project.  This regulation has no requirements applicable to GHGs from lime manufacturing plants.

2.4.2 40 CFR 60, Subpart OOO – Non-Metallic Mineral Processing Plants   Link to NSPS Subpart OOO
Lime and limestone are non-metallic minerals.  The provisions of NSPS Subpart OOO are applicable to crushers, grinding mills, screening operations, bucket elevators, belt conveyors, bagging operations, storage bins and enclosed truck or railcar loading station.  This regulation has no requirements applicable to GHGs from lime manufacturing plants.
2.5 National Emission Standards for Hazardous Air Pollutants (NESHAP) Applicable to the Project
2.5.1 40 CFR 63 Subpart A   Link to NESHAP Subpart A
Several sections from NESHAP Subpart A, such as notifications and reporting, apply to this project.  This regulation has no requirements applicable to GHGs from lime manufacturing plants.
2.5.2 40 CFR 63 Subpart AAAAA – Lime Manufacturing Plants   Link to NESHAP AAAAA
According to NESHAP Subpart AAAAA, “this subpart applies to each existing or new lime kiln(s) and their associated cooler, and processed stone handling operations system(s) located at a lime manufacturing plant that is a major source (of HAP).  This regulation has no requirements relative to GHGs from lime manufacturing plants.
2.6 Mandatory Greenhouse Gas Reporting
2.6.1 40 CFR 98, Mandatory Greenhouse Gas Report  Link to 40 CFR 98    
The project is subject to reporting requirements contained in 40 CFR 98, Subpart–General Provisions; 
Subpart C-General Stationary Fuel Combustion Sources; and Subpart S-Lime Manufacturing. 
Link to 40 CFR 98, Subpart A  Link to 40 CFR 98, Subpart C  40 CFR 98, Subpart S 
3 PSD APPLICABILITY
3.1 General PSD Applicability
The Department regulates major stationary sources in accordance with Florida’s PSD program pursuant to Rule 62-212.400, F.A.C.  PSD preconstruction review is required in areas that are currently in attainment with the state and federal ambient air quality standards (AAQS) or areas designated as “unclassifiable” for these regulated pollutants.  
Commonly addressed PSD pollutants include: CO, NOX, PM, PM10, PM2.5, SO2, VOC, SAM, Pb, fluorides (F), and Hg.  Additional PSD pollutants that are more common to certain other industries include: hydrogen sulfide (H2S), TRS including H2S, reduced sulfur compounds (RSC) including H2S, municipal waste combustor (MWC) organics measured as total tetra- through octa-chlorinated dibenzo-p-dioxins and dibenzofurans (dioxin/furan), MWC metals measured as PM; MWC acid gases measured as SO2 and HCl, and municipal solid waste (MSW) landfill emissions as non-methane organic compounds (NMOC).  
As defined in Rule 62-210.200(Definitions), F.A.C., a stationary source is a “major stationary source” (major PSD source) if it emits or has the potential to emit (PTE):
· 250 tons per year (tons/year) or more of any PSD pollutant; or 
· 100 tons/year or more of any PSD pollutant and the facility belongs to one of the 28 listed PSD major facility categories.  
The list given in the citation includes the category of “lime plants”.  The Jacksonville Lime project is a major stationary source based on the PTE of 100 tons/year or more of several individual PSD pollutants.  
Once a new facility is considered a major stationary source based on one PSD pollutant, then other PSD pollutants are reviewed for PSD applicability based on the respective Significant Emission Rate (SER) defined and specified in Rule 62-210.200, F.A.C.  Each pollutant projected to be emitted at a rate equal to or greater than its respective SER is also considered to be “significant” and subject to PSD preconstruction review, including a BACT determination.  
Although a new stationary source may be “major” for only one PSD pollutant, the project must include BACT controls for any PSD pollutant that exceeds the corresponding significant emission rates (SERs) in Table 3.
[bookmark: _Ref342763901]Table 3 – List of Significant Emission Rates by PSD-Pollutant. 1
	Pollutant
	SER (TPY)
	Pollutant
	SER (TPY)

	CO
	100
	NOX
	40

	PM/PM10/PM2.5
	25/15/10
	Ozone (VOC) 2
	40

	PM2.5 (NOX)
	40
	PM2.5 (SO2)
	40

	Ozone (NOX) 2
	40
	SAM
	7

	SO2
	40
	Pb
	0.6

	Hg
	0.1 
	GHGs
	0 3

	1. Excluding fluoride and pollutants specific to the Pulp and Paper industry, MWCs, MSW landfills.
1. Ozone (O3) is regulated by its precursors (VOC and NOX).  PSD for PM2.5 can be triggered by its precursors (NOX and SO2).
1. Pursuant to 40 CFR 52.21(b)(23)(ii), pollutants with no SER listed at 40 CFR 52.21(b)(23)(i) have a SER of zero tons/year.


The project is located in Duval County, which is in an area that is currently in attainment with the state and federal AAQS or otherwise designated as unclassifiable.  The project will emit the following PSD-pollutants SO2, NOX, CO, PM, PM10, PM2.5, SAM, VOC, GHGs (CO2e) and small amounts of Hg and Pb.  
On February 20, 2014 the Department issued a PSD permit and BACT determinations to Jacksonville Lime for emissions of SO2, NOX, CO and PM/PM10/PM2.5.  The emissions and air quality impact of the project were reviewed prior to issuance of that PSD permit.  Link to PSD Permit  Link to Technical Evaluation 
3.2 GHG PSD Applicability
As defined in Rule 62-210.200(Definitions), F.A.C., a PSD pollutant also includes any “‘Regulated New Source Review (NSR) Pollutant’ as defined at 40 CFR 52.21(b)(50) and as adopted and incorporated by reference in Rule 62-204.800, F.A.C.”  Link to Amended PSD-Pollutant Definition 
According to 40 CFR 52.21(b)(50)(iv), the definition of NSR-Pollutant (and thus the Department’s definition of PSD-Pollutant) includes “any pollutant that otherwise is subject to regulation under the Act as defined in paragraph (b)(49) of this section”.  
Based on Section 3.1 above, the project is already a new major stationary source for several regulated NSR pollutants that are not GHGs.  Pursuant to section 40 CFR 52.21(b)(49), GHGs from this source is subject to regulation if it also will emit or will have the potential to emit 75,000 tons/year or more of GHGs (CO2e) and if it will emit or have the potential to emit “0” tons/year or more of GHGs (mass basis) to satisfy the SER listed above.  Link to 40 CFR 52.21 
Table 4 provides the GHG PSD applicability analysis based on the applicant’s estimates of GHGs as CO2e at a 95% capacity factor, exclusive manufacture of dolomitic lime and 1.3 tons CO2e/ton dolomitic lime.  The Department conservatively estimates the potential to emit of GHGs at 369,000 CO2e tons/year assuming a 100% capacity factor, exclusive use of solid fuels and exclusive manufacture of dolomitic lime.
For this project, the GHGs on a mass basis will be nearly equal to GHGs on a CO2e basis so that clearly the mass basis emissions will be much greater than zero.
[bookmark: _Ref373221670][bookmark: _Ref380387466]Table 4 – Emissions of GHGs (tons/year) Estimated by the Applicant and PSD Applicability.
	Pollutant
	Kilns
(tons/year)
	Fuel Dryer
(tons/year)
	Total
(tons/year)
	Subject to Regulation
Threshold (tons/year)
	SER
(tons/year)
	Triggers PSD?

	GHGs (CO2e basis)
	~357,014
	1,795
	358,809
	75,000 CO2e
	0 (mass)
	Yes


The result is that Jacksonville Lime will need to obtain a PSD permit for GHGs because it emits GHGs in amounts greater than the 75,000 tons/year of GHGs on a CO2e basis and much greater than zero tons/year of GHGs on a mass basis.  A BACT determination is required for GHGs.  However, an air quality impact evaluation is not required for GHGs because no applicable ambient air quality standard exists.

3.3 Previous GHG PSD Application Submittal to EPA Region 4
Jacksonville Lime submitted an application for a GHG PSD permit to EPA Region 4 on June 11, 2012.  By letter dated August 27, 2013 EPA determined that the application was complete.  Link to EPA Completeness Letter  Thereafter they evaluated the GHG PSD application during the approximate time frame that the Department processed the application from Jacksonville Lime for the non-GHG pollutants.  Link to EPA Jax Lime Project
On February 17, 2014 Jacksonville Lime withdrew the application from Region 4.  They explained that “In view of the upcoming delegation of the GHG permitting program to Florida DEP (actually approval of Florida’s GHG program by EPA), it appears sensible to have Florida DEP issue the GHG permit, since Florida DEP will ultimately be responsible for administering the GHG permit, once issued”.  (Parenthetical note included by the Department).  Link to Jacksonville Lime Withdrawal Letter  
The application was submitted by the applicant on March 18 2014.  Link to GHG PSD Application  The application was deemed to be received and complete on May 19, following review by the Department of additional information submitted by the applicant and approval by EPA of the Department’s GHG PSD program.
4 DEPARTMENT’S BACT REVIEW
4.1 Definition of BACT
Rule 62-210.200, F.A.C. defines “BACT” as:
An emission limitation, including a visible emissions standard, based on the maximum degree of reduction of each pollutant emitted which the Department, on a case by case basis, taking into account: 
1.	Energy, environmental and economic impacts, and other costs; 
2.	All scientific, engineering, and technical material and other information available to the Department; and 
3.	The emission limiting standards or BACT determinations of Florida and any other state;
determines is achievable through application of production processes and available methods, systems and techniques (including fuel cleaning or treatment or innovative fuel combustion techniques) for control of each such pollutant.
If the Department determines that technological or economic limitations on the application of measurement methodology to a particular part of an emissions unit or facility would make the imposition of an emission standard infeasible, a design, equipment, work practice, operational standard or combination thereof, may be prescribed instead to satisfy the requirement for the application of BACT.  Such standard shall, to the degree possible, set forth the emissions reductions achievable by implementation of such design, equipment, work practice or operation. 
Each BACT determination shall include applicable test methods or shall provide for determining compliance with the standard(s) by means which achieve equivalent results. 
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, 61, and 63.
The Department conducts its case-by-case BACT determinations in accordance with the requirements given above.  Additionally the Department generally conducts its reviews in such a manner that the determinations are consistent with those conducted using the Top/Down Methodology described by EPA.  These determinations are provided in the following sections and are organized and presented by emission unit.  
40 CFR Parts 60, 61 and 63 do not include emission standards for GHGs.
4.2 BACT for GHGs from the Parallel Flow Regenerative Kilns
4.2.1 Possible CO2 Controls
On April 22 2014 the Virginia Department of Environmental Quality (DEQ) issued a final PSD permit to 
O-N Chemicals d.b.a. Carmeuse (one of the partners in the Jacksonville Lime venture).  The permit authorized construction of two new PFR lime kilns using the same fuels as specified for the Jacksonville Lime project.  The permit specified BACT for GHGs and other pollutants.  The GHG BACT determination is the one and only such BACT determination made for a lime project in the U.S.
The BACT determination conducted by the Virginia DEQ as well as the Jacksonville Lime applications to EPA and the Department summarized the same possible GHG controls.  These include:
1. CO2 Capture and Storage (CCS);
2. Clean Fuels (i.e. Lower Carbon Fuels); and
3. Energy Efficiency in Kiln Design/Operation.
4.2.1.1 Carbon Capture and Storage
According to a key EPA website on the subject, “CCS is a set of technologies that can greatly reduce CO2 emissions from new and existing coal- and gas-fired power plants and large industrial sources.  CCS is a three-step process that includes:
· Capture of CO2 from power plants or industrial processes
· Transport of the captured and compressed CO2 (usually in pipelines).
· Underground injection and geologic sequestration (also referred to as storage) of the CO2 into deep underground rock formations. These formations are often a mile or more beneath the surface and consist of porous rock that holds the CO2.  Overlying these formations are impermeable, non-porous layers of rock that trap the CO2 and prevent it from migrating upward.
“After capture, CO2 is compressed and then transported to a site where it is injected underground for permanent storage (also known as “sequestration”).  CO2 is commonly transported by pipeline, but it can also be transported by train, truck, or ship.  Geologic formations suitable for sequestration include depleted oil and gas fields, deep coal seams, and saline formations.  The U.S. Department of Energy (DOE) estimates that anywhere from 1,800 to 20,000 billion metric tons of CO2 could be stored underground in the United States.  That is equivalent to 600 to 6,700 years of current level emissions from large stationary sources in the United States”. 
The same website includes a brief synopsis ascribed to the Department of Energy (DOE) regarding the possibility of geologic storage.  According to the EPA website, “CCS could also viably be used to reduce emissions from industrial process such as cement production and natural gas processing facilities.  
“Potential sequestration sites must undergo appropriate site characterization to ensure that the site can safely and securely store CO2.  After being transported to the sequestration site, the compressed CO2 is injected deep underground into solid, but porous rock, such as sandstone, shale, dolomite, basalt, or deep coal seams.  Suitable formations for CO2 sequestration are located under one or more layers of cap rock, which trap the CO2 and prevent upward migration.  These sites are then rigorously monitored to ensure that the CO2 remains permanently underground.  The safety and security of CO2 geologic sequestration is a priority for EPA.
“The figure (Figure 9) below illustrates the general CCS process and shows a typical depth at which CO2 would be injected”.  Depths typically cited are on the order of a mile.  Figure 10 is an illustration of areas in the U.S. believed to contain sites where it may be possible to store CO2.  Further information regarding sites with “geologic validation phase” and “development phase” CO2 storage projects is available at the following site:  www.natcarbviewer.com  
The only investigation anywhere near the Jacksonville Lime site is a “Geologic Characterization of the South Georgia Rift Basin for Source Proximal CO2 Storage”.  The area of interest is in the southernmost part of South Carolina.  According to the description, “this project will contribute to the understanding of CO2 injectivity, containment mechanisms, rate of dissolution and mineralization, and storage capacity of the onshore portion of the South Georgia Rift Basin and associated analog basins.”  Further information is available at the following link:  www.dnr.sc.gov/SCO2/ 
[image: Schematic image of the carbon capture and sequestration process and typical depth at which carbon dioxide would be injected. It shows a cross section of the earth, from the surface down to eight thousand feet. On the surface, pipelines run from a power plant to injection wells that deposit the carbon dioxide seven thousand feet into the earth, below an impermeable layer of rock. To illustrate the scale, images of familiar tall buildings are superimposed underground. This visually shows that the injection zone for the carbon dioxide, at seven thousand feet deep, is far deeper in distance than the height of Earth's tallest buildings. For example, the distance between the surface of the earth and the injection zone is over five Empire State Buildings deep.] [image: Assessment of Potential Storage in the United States (Source: NATCARB)]
[bookmark: _Ref386826810][bookmark: _Ref386836665]Figure 9 – CCS Schematic  	Figure 10 - Potential Sequestration Sites (DOE)
A CCS demonstration project in Florida is described summarized at the DOE site.  According to the original description, “the site for this project is the Tampa Electric Company (TECO) Integrated Gasification and Combined Cycle (IGCC) facility at Polk Power Station located near Tampa, Florida, which is fueled by a blend of petroleum coke and coal.  Data on thermal efficiency, emissions, and cost benefits will be gathered during 8,000 hours of testing the high-temperature syngas cleanup system.  Operation of the CCS system will entail capture of 90% of the CO2 present in syngas and subsequent sequestering of 210,000 tons of CO2”.  
The project affects an exhaust gas stream representing only about 50 megawatts (MW) of the 300 MW capacity of the TECO IGCC facility.  The expected cost is approximately $178,000,000, almost all of which is to be provided as a grant by DOE.  It originally included demonstration of a hot gas cleanup system and CCS.  Interestingly, the amount of CO2 to be captured and injected is equal to about 2/3 of the CO2 that will be generated by Jacksonville Lime.  Link to DOE-TECO Project  TECO recently advised that it will function only as a capture and release project due to cancellation of the sequestration portion.  Link to TECO Permit Correction 
For reference, the Jacksonville Lime project will cost approximately $53 million.  Link to Jacksonville Lime Site An on-site CCS project at the Jacksonville Lime site would cost several times the value of the lime production project and would render the project economically unviable without massive government assistance.  Additionally, the characteristics of the nearest promising deep saline aquifer in Georgia are only now being assessed.  It is clear from the foregoing, that the concept of CCS is not feasible for the Jacksonville Lime project.  This conclusion is made without considering the further obstacles related to: permitting and drilling a Geologic Class VI Underground Injection Control (UIC) well through a deep confining formation; ownership of the pore space; subsequent compliance monitoring; etc.  Link to EPA Class VI Well Description 
EPA Region 4 staff prepared (but did not distribute) a preliminary evaluation of the CCS option for the project prior to withdrawal of the application by Jacksonville Lime.  According to the EPA Region 4 pre-draft document:
“EPA recognizes the significant logistical hurdles that the installation and operation of a CCS system presents and that set it apart from other add on controls that are typically used to reduce emissions of other regulated pollutants.  It should also be noted that while CCS may be available, all current CCS projects for lime manufacturing facilities are primarily in the demonstration stage.  It has not been commercially demonstrated and available for full-scale lime manufacturing facilities.  Logistical hurdles for CCS may include obtaining contracts for offsite land acquisition (including the availability of land), the need for funding (including, for example, government subsidies), timing of available transportation infrastructure, developing a site for secure long term storage and environmental permitting for underground GHG sequestration”. 

“The applicant submitted information that the conditions of the exhaust from a vertical kiln yields CO2 in the flue gas at atmospheric pressure and relatively low concentrations.  The use of a post combustion system on a vertical kiln is problematic since the low pressure and dilute concentration would require that an extremely high volume of gas would need to be treated.  Additional challenges stem from the impurities in the flue gas that tend to negatively affect the ability to absorb CO2 (See U.S. DOE 
Link to DOE CCS Research ).  Therefore, EPA agrees with the applicant that CCS is not considered technically feasible for this project”.  (Emphasis added by the Department)
Virginia DEQ reviewed the economic analysis that was prepared by Carmeuse for the similar project under the premise that CCS is technically feasible.  After review of the information provided, the Virginia DEQ concluded “based on the foregoing, DEQ agrees that CCS is economically infeasible for the proposed vertical lime kilns at Carmeuse’s Winchester facility”.  The basis was that even after (very expensive) capture, it would cost several hundred millions of dollars to build a pipeline to connect with a pipeline already conveying CO2 from a natural CO2 field in Mississippi to oil industry customers in Louisiana and Texas.  
The Department has determined that CCS is not feasible for the Jacksonville Lime project.  The finding is consistent with the issued BACT analysis conducted by Virginia DEQ and the preliminary (undistributed) assessment by EPA Region 4 for the Jacksonville Lime project
4.2.1.2 Lower Carbon Fuels
Many different fuels are used in lime kilns.  The most common fuels are coal, natural gas, fuel oil, petroleum coke (petcoke), and biomass.  Most kilns can operate on more than one fuel, but some fuels cannot be used in certain kilns.  Furthermore, fuel characteristics directly affect the quality of the resulting lime depends directly on fuel quality.  Coal (including lignite), petcoke, natural gas and biomass (wood chips) are proposed as fuels for the Jacksonville Lime project.  
Table 5 contains the most recent annual GHG emissions estimates submitted by the applicant for different combinations of fuels and stone.  (Electronic Mail received May 17, 2014).  For example the greatest GHG emissions would occur by continuously using dolomitic limestone in conjunction with solid fuels.  In making these particular estimates, the applicant assumed a 95% annual capacity factor.  
[bookmark: _Ref383454581][bookmark: _Ref383454566]Table 5 - Potential GHG Annual Emissions for Each Fuel and Limestone Feed @95% Capacity Factor
	Fuel
	GHG Emissions (tons CO2e/year)

	
	High Calcium Limestone
	Dolomite

	Natural gas
	272,480
	300,470

	Coal
	320,560
	348,550

	Lignite
	318,795
	346,785

	Petcoke
	319,505
	347,495

	Wood
	318,009
	345,999


The applicant assessed the feasibility of using the lowest carbon fuel (which would produce the least CO2e/ton of product) as follows:
“Jacksonville Lime is proposing to combust petcoke as the primary fuel with the option to combust coal, lignite, natural gas, and wood chips as secondary fuels …..  the combustion of natural gas would result in the lowest total amount of GHG emissions.  However, due to the possibility of curtailment and the need to meet the demands and specifications for several markets (e.g., high- and low-sulfur product for the commodity and specialty markets), natural gas cannot be relied upon as the sole fuel for the kilns.  The limiting of the fuel to natural gas alone will limit the intended markets for the kiln, which fundamentally changes the scope of the project.  Therefore, the use of natural gas exclusively or as the primary fuel is infeasible for this project.  In addition, it can be shown that using natural gas as a method to control GHG would be economically infeasible as discussed in the following paragraphs.
“Even though the exclusive use of natural gas is considered to be infeasible for the Jacksonville Lime project, an analysis was performed to compare the cost of using the generally higher-priced natural gas to control GHG emissions.  Since natural gas results in the lowest GHG emissions among the alternative fuels, the differential between costs and emissions were compared. Appendix E contains the detailed calculations.  The following Table (Table 6) summarizes the cost estimates for using natural gas to control GHG emissions.  (Department note:  In terms of cost per ton of CO2e avoided)
[bookmark: _Ref384636005][bookmark: _Ref383374346]Table 6 - Cost Estimates for Natural Gas Control of GHGs (cost per ton avoided)
	Fuel Comparison: Natural Gas Versus
	Lime Option ($ per ton CO2e)
	Comparison Basis Average Cost:
Natural Gas Versus

	
	High-Calcium
	Dolime
	

	Petcoke 
	40.48
	41.06
	High-sulfur petcoke 

	Petcoke 
	43.12
	43.74
	Low-sulfur petcoke 

	Coal 
	36.06
	36.73
	Average cost coal for Florida 

	Lignite 
	30.21
	30.68
	Average cost lignite for Florida 

	Wood chips 
	63.48
	65.77
	Average cost wood chips for Florida 


“The cost for using natural gas to control CO2e emissions is the lowest when compared to lignite (approximately $30 per ton of CO2e).  The cost of using natural gas in place of the other fuels for controlling CO2e ranges from approximately $36 to $66 per ton of CO2e.  To put these costs in perspective, the European GHG cap-and-trade system cost is currently approximately $5 Euro per metric ton of CO2e ($5.93 per short ton).  Also, since June 14, 2011, the more than 300 trading transactions reported by the Chicago Climate Exchange for several countries including the United States showed most costs to be less than $1 per metric ton of CO2e.  Since a reasonable cost for controlling industrial sources of GHGs under the PSD program for BACT has not been established, these trading costs are a logical benchmark to consider in the evaluation. Therefore, exclusive use of natural gas to control GHG emissions can also be rejected on economic grounds”.
EPA Region 4 evaluated the possibility of using only natural gas for the project prior to withdrawal of the application by Jacksonville Lime.  According to the EPA Region 4 pre-draft document:
“The use of natural gas as the sole fuel source, while most desirable, may present challenges for Jacksonville’s product quality.  The combustion of natural gas would result in the lowest amount of GHG emissions.  However, due to the need to meet customer and market demands (e.g. high and or low sulfur products or specialty markets), natural gas as a sole fuel source may limit the intended market for the kiln.  Consequently, EPA has determined that the sole use of natural gas is technically infeasible for this project”.  (Emphasis added by the Department)
Virginia DEQ reviewed the economic analysis that was prepared by Carmeuse for the similar Winchester, VA project based on comparisons similar to those shown in Table 6.  In its final engineering evaluation issued April 22, 2014 for the approved Winchester project, Virginia DEQ stated:
“Carmeuse provided an economic analysis of the use of natural gas as compared to coal/petcoke.  The company calculates that the cost of replacing coal/petcoke with natural gas is approximately $80/ton of CO2e.  Carmeuse asserts that this cost renders this option economically infeasible even taking into account the superior fuel efficiency of the vertical kiln design.
“DEQ agrees that BACT does not require Carmeuse to select one fuel over other alternatives, given the company’s intent to produce multiple grades of lime having different sulfur content.  DEQ also agrees that the estimated cost of the fuel restriction of $80/ton of CO2e is economically infeasible.  Accordingly, and for both reasons, DEQ rejects fuel restrictions as an element of BACT”.
Assuming a GHG emission factor of roughly 1.0 to 1.3 tons CO2e/ton of lime produced and that the values in Table 6 are correct, then a limitation to natural gas at times when other fuels are indicated would cost $25 to 55/ton of lime produced for the Jacksonville Lime project.  
The Department does not dispute nor necessarily concur with the all of the assumptions and the rationales provided by the applicant, EPA Region 4 or Virginia DEQ.  The Department’s conclusion is that BACT limits for an efficient PFR kiln (as discussed below) can be specified for each fuel without causing inordinately greater total project emissions when burning one fuel compared with another in such a kiln.  
The project emissions while using solid fuels will only be 15-18% greater compared with natural gas while at the same time providing flexibility in product slate and fuel sources.  By comparison, total emissions from a power project can be 100-200% greater when using solid fuels compared with natural gas.  The Department expects that the applicant will actually use much more natural gas than other fuels under foreseeable market conditions.
4.2.1.3 Energy Efficiency in Kiln Design/Operation
Very few PFR lime kilns have been built in the U.S.  Furthermore, most of the kilns built in the U.S. are not particularly energy efficient by today’s standards.  Few data are readily available from operating kilns in the U.S. that can be used to determine BACT. 
Assuming perfect efficiency, producing a ton of pure high lime from pure calcium carbonate requires 2.77 million Btu.  In practice, the process is less efficient.  EPA Lime Industry Profile  There are heat losses via the exhaust gases, temperature of the product, kiln wall losses and lime kiln dust.  Figure 11 –is a generalized depiction of most of the heat requirements and losses within a particular type of vertical kiln called a Mixed Feed Shaft (MFS).  It is also useful for visualizing the same processes within a PFR kiln.
[image: ]
[bookmark: _Ref383356206]Figure 11 – Chemical Reactions and Energy Use in a Mixed Feed Shaft Kiln (Boudouard Reaction)

Table 7 contains typical energy consumption characteristics for different types of lime kilns located in Europe.
[bookmark: _Ref384634554]Table 7 – Typical Fuel and Electric Energy Use for Different Types of Lime Kilns.  
	Kiln Type
	Energy Consumption 1, 2

	
	Heat use/consumption
(MMBtu/ton lime) 3, 4, 5
	Kiln Electricity
(kilowatt-hours/ton lime)

	Long Rotary (LR) Kilns
	5.2 – 7.9
	16 – 23

	Preheater Rotary (PR) Kilns 
	4.4 – 6.7
	15 – 41

	Parallel Flow Regenerative (PFR) Kilns
	2.8 – 3.6
	18 – 36

	Annular Shaft (AS) Kilns
	2.8 – 4.2
	  16 – 32 5

	Mixed Feed Shaft (MFS) Kilns
	2.9 – 4.0
	4.5 – 14

	Other Shaft (OS) Kilns
	3.0 – 6.0
	18 – 36

	1. Heat use/consumption represents about 80% of the total energy consumption to produce lime.
2. Energy consumption depends on type of product, product quality, process conditions and raw materials.
3. Basis is net calorific value (NCV), also known as the lower heating value (LHV).
4. Values in the lower range can only be achieved with high residual CO2 content of the quicklime.
5. For limestone grain sizes of between 40 and 150 mm.  Up to 45 kilowatt-hours (kWH) for limestone grain sizes 
of <40 mm.


This review will only consider the fuel heat input for calcination.  However, for a more thorough understanding of the overall picture it is useful to consider the heat input at a typical power plant that supplies electricity to the lime plant for pumps, motors, conveyance equipment, etc.  Assuming a power plant heat rate of 10,000 Btu/kWH (typical for Jacksonville), then the heat input required at the power plant would equal approximately 0.18 to 0.36 MMBtu/ton lime produced at a PFR lime kiln.  A MFS lime kiln would require about 0.05 to 0.14 MMBtu/ton lime.  Clearly, fuel heat input at the lime kiln is more than 90% of all heat input required to make lime, including that required to produce the electricity used in making lime. 
After rejecting CCS and limitation to lower carbon fuels the applicant assessed the use of efficient kiln design as follows:
“This project will use a state-of-the-art, PFR vertical lime kiln.  The primary advantage of a PFR vertical lime kiln, as compared to a rotary lime kiln, is the higher average fuel efficiency.  Comparison of rotary kilns with vertical kilns constitutes a redefinition of the source and is not an acceptable practice for the purposes of BACT analysis.  Preheating of the limestone with the exhaust gas results in increased thermal efficiency for a PFR vertical lime kiln as compared to a rotary kiln.  Therefore, the amount of fuel needed per ton of lime produced is less for a PFR vertical lime kiln as compared to a rotary lime kiln.  Also, a vertical lime kiln typically operates under pressure, which reduces the residence time and temperature necessary for calcining the limestone.  A typical heat consumption figure for a vertical PFR lime kiln is approximately 2.8 to 3.6 million British thermal units per ton (MMBtu/ton), as compared to 4.4 to 7.9 MMBtu/ton for a rotary lime kiln”. 
For reference, the Department does not agree with the statement in the application “comparison of rotary kilns with vertical kilns constitutes a redefinition of the source and is not an acceptable practice for the purposes of BACT analysis”.  Such comparisons are well within the definition of BACT which allows the Department to take into account techniques, including fuel cleaning or treatment or innovative fuel combustion techniques.  However, it is clear that PFR kilns are far superior to the rotary kilns with respect to energy efficiency.  The difference of opinion is stated only for the record.
EPA Region 4 evaluated energy efficiency for the project prior to withdrawal of the application by Jacksonville Lime.  According to the EPA Region 4 pre-draft document:


“When the efficiency of the lime manufacturing process is increased, less fuel is burned to produce the same amount of lime.  This provides the benefits of lower fuel costs and reduced air pollutant emissions (including CO2). 
“The PFR kiln vertically feeds in parallel flow limestone and hot gases in one shaft (the burning shaft), which also preheats combustion air.  Simultaneously in the other shaft (the nonburning shaft), the combustion gases and lime product cooling air preheat the limestone.  These shafts cycle between burning and nonburning modes every 10 to 15 minutes.  The preheating of the limestone with the exhaust gas results in increased thermal efficiency for vertical kilns when compared to rotary kilns.  The amount of fuel needed per ton of lime product is less when compared to a rotary kiln and therefore the most efficient type of lime kiln manufacturing process available.  
“The vertical kilns operate under pressure, which reduces the residence time and temperature necessary for calcining the limestone.  Parallel flow results in lower burning zone temperatures, also results in less thermal NOX formation.  By routing the calcining chamber exhaust gases through the limestone feed preheating chamber, additional control of SO2 can be obtained as the SO2 is adsorbed onto the limestone raw material.  The use of a more efficient parallel flow (PFR) vertical lime kiln is technically feasible for this project”.
Virginia DEQ reviewed the option of efficient kiln design that was prepared by Carmeuse for the similar Winchester, VA project.  In its final engineering evaluation issued April 22, 2014 for the approved Winchester project, Virginia DEQ stated:
“DEQ recognizes and agrees that the vertical kiln design is more efficient than the existing rotary kiln (already located at the site) and therefore has low CO2 emissions on a unit of production basis.  As described above (the project NOX BACT determination), efficient kiln design has been an element of the NOX BACT determination for several lime kilns, and is also part of the NOX BACT determination for this project.  As CO2 BACT determinations become more frequent, DEQ expects that efficient kiln design will be a common element of CO2 BACT determination.
“Accordingly, DEQ agrees that efficient kiln design is an element of the BACT determination for CO2”.
The Department concurs with the applicant, EPA Region 4 and Virginia DEQ that efficient kiln design is a feasible method to apply in the BACT determination for GHGs.  In fact, the Department (like Virginia DEQ) made efficient kiln design part of the NOX BACT determination included in the previous PSD permit for the Jacksonville project.  The rationale was that less NOX is generated when using less fuel and that less thermal NOX is generated from the lower temperature PFR kilns.  The merits of the PFR kiln design selected for the project are thoroughly discussed in Section 1.2.6 above.
4.2.2 Specification of GHG BACT for the PFR Lime Kilns
Given that the PFR design represents the technology that will be employed to achieve BACT for GHGs, it is then necessary to derive BACT emissions limits.  There are two main sources for the formation of CO2; Process CO2 and Fuel CO2.  Refer to Table 8 from the European Union Best Available Technologies (EU BAT) document.  Link to EU BAT Document 
Given complete calcination (evolution of all available CO2) and a specific type of lime, all kilns types emit the same amount of process CO2 for a ton of pure product.  More CO2 is produced per ton of dolime than per ton of lime because the MgO has a lower molecular weight than CaO.  By contrast, fuel CO2 varies greatly depending upon the type of kiln and type of fuel used.  E.g., a long rotary kiln using coal can produce even more fuel CO2 than process CO2, whereas a PFR kiln using natural gas will produce much less fuel CO2 than process CO2. 
The minimum total CO2 emissions factor (assuming perfect combustion, highly efficient heat transfer, use of natural gas, no heat losses, no LKD production and complete conversion to high lime) is calculated as follows:
0.785 tons/ton lime + (117 lb CO2/MMBtu)*(2.77 MMBtu/ton lime)*(1 ton/2000 lb) = 0.95 lb CO2/ton lime

[bookmark: _Ref380343770]Table 8 – CO2 Emissions Factors from Different Kiln Types in the European Lime Industry.  
	Type of kiln
	Process CO2
tons/ton lime 2
	Process CO2
tons/ton dolime
	Fuel CO2
tons/ton lime or dolime
	Total CO2
tons/ton lime
	Total CO2
tons/ton dolime

	LR Kilns
	0.785
	0.913
	0.37 – 1.06
	1.15 – 1.85
	1.28 – 1.98

	PR Kilns
	0.785
	0.913
	0.27 – 0.62
	1.05 – 1.40
	1.18 – 1.53

	PFR Kilns
	0.785
	0.913
	0.20 – 0.43
	0.99 – 1.21
	1.11 – 1.34

	AS Kilns
	0.785
	0.913
	0.22 – 0.47
	1.01 – 1.25
	1.14 – 1.38

	MFS Kilns
	0.785
	0.913
	0.22 – 0.71
	1.01 – 1.49
	1.14 – 1.62

	Other Kilns 
	0.785
	0.913
	0.22 – 0.51
	1.01 – 1.29
	1.14 – 1.42


The benefits of the PFR with respect to lowest CO2 emissions are clear from the information in Table 8.  
Table 9 is reproduced from a similar table provided by Cimprogetti for the project.  Their preliminary guarantee for specific energy consumption for the PFR kilns at the Jacksonville Lime project is equivalent to 3.49 MMBtu/ton lime based on the Higher Heating Value (HHV), which is also known as the Gross Calorific Value (GCV).  The basis for the guarantee is solid fuels; specifically, petcoke.
[bookmark: _Ref386897618]Table 9 – Basic Cimprogetti Proposal Data - Plant Input Data and Performance Characteristics 2
	Characteristic
	Value

	Kiln Type
	CIM-REVERSY-TD-FS 6

	Shaft cross section of the kiln 
	2 x 6.5 meters squared (m2)

	Fuel to be burnt 
	pulverized fuels [*]

	Raw material size range fed to the kiln 
	50÷100 millimeters (mm)

	Kiln nominal capacity (each unit) 
	300 metric ton quicklime per day

	CO2 residual 1
	less than 2 % (bulk average)

	Specific Power Consumption
when burning solid fuels 1
	< 3.75 Gigajoules/metric ton of quicklime, NCV (LHV)

	
	< 3.49 MMBtu/short ton of quicklime, GCV (HHV)
~ < 3.22 MMBtu/short ton of quicklime, NCV (LHV) 3

	Specific Power Consumption
when burning solid fuels 1
	< 30 kilowatt-hours/kilogram of quicklime (kWh/kg)

	Quicklime reactivity (ASTM C-110) 1
	∆40°C, < 3 minutes 

	1. For the kiln proper, from the skip loading the kiln to the vibrating extractor of the quicklime at the kiln bottom, including the kiln filter and tail fan, including the kiln firing system from the buffer silo bottom flange for the pulverized petcoke.  
2. More accurate evaluations and issuing of final performance guarantee data are subject to tests and analysis carried out in Cimprogetti’s laboratory on a representative sample (approx. 5 kg with the actual size) of the raw material to be burnt in the plant.
3. Converted by Department from cited value of 3.75 Gigajoules/metric ton of quicklime based on the net calorific value (NCV or LHV) to 3.22 MMBtu/short ton of quicklime based on the NCV (LHV).




According to the application submitted by Jacksonville Lime:
“Based on the use of energy efficient technology, Jacksonville Lime proposes a GHG BACT emissions limit for the vertical lime kilns of 1.30 ton of CO2e per ton of lime produced based on a 12-month rolling average. This GHG BACT emissions limit was derived based on the total GHG emissions from both lime kilns (based on the process CO2 emissions and the GHG emissions resulting from the combustion of the worst-case fuel, i.e., lignite) divided by the corresponding total amount of lime produced.
“While the calculated GHG BACT emissions limit is 0.9 ton of CO2e per ton of lime produced, based on actual field experience, measurement uncertainty, variances in final equipment design, and vendor selection, a GHG BACT emissions limit of 1.3 tons of CO2e per ton of lime produced is proposed”.
Actually, field experience documents greater emissions than 0.9 tons CO2e/ton lime based on the values shown in Table 8.  The higher value of 1.3 tons CO2e/ton lime requested by the applicant would reflect use of solid fuels in addition to the factors mentioned by the applicant.
Virginia DEQ specified a heat input limit as BACT for the similar Winchester, VA project.  In its final engineering evaluation issued April 22, 2014 for the approved Winchester project, Virginia DEQ stated:
“Based on the foregoing BACT determinations for the three individual GHGs (i.e. CO2, N2O and CH4), the permit includes two conditions that limit GHG emissions from the vertical kilns.  Condition 27 establishes an annual emission limit for all GHGs emitted from the kilns of 362,010 tons/year expressed as CO2e.  Condition 28 establishes a fuel usage limitation of 3.65 MMBtu (HHV) of fuel per ton of lime produced”.
EPA Region 4 evaluated developed a set of emission factors for the project prior to withdrawal of the application by Jacksonville Lime.  According to the EPA Region 4 pre-draft document:
“Jacksonville Lime proposed an output based GHG BACT limit of 1.30 lb CO2e/ton lime produced on a 12-month rolling average regardless of fuel source or limestone feedstock.  However, given the variability of emissions from the multiple fuel types and two different feedstocks, the EPA determined that having a single BACT limit is not appropriate for this project.  Therefore, the EPA proposes output based GHG BACT limits of 0.96 and 1.10 lb CO2e/ton lime produced when using High Calcium limestone feedstock on a 12-month rolling basis and output based GHG BACT limits of 1.05 and 1.22 lb CO2e/ton lime produced when using Dolomitic limestone feedstock on a 12-month rolling basis.  
“These limits (summarized in Table 10 below) correlate to the use of natural gas and solid fuels, respectively.  The permit will allow use of solid the following solid fuels: coal, petcoke, lignite, and wood chips.  The BACT limits are based on an annual average kiln exit temperature 384°F, a kiln efficiency of 3.2 MMBtu/ton lime produced, 8,760 hours/year of operation, 289,080 tons lime annual production, and a heat input of 462,528 MMBtu/yr. 
[bookmark: _Ref384732215]Table 10 – BACT GHG Emission Standards Suggested by EPA’s Unpublished Preliminary Draft 
	Type of Limestone Feedstock
	Solid Fuels
(12-month rolling average)
	Natural Gas
(12-month rolling average)

	High Calcium
	1.10 tons CO2e/ton lime
	0.96 tons CO2e/ton lime

	Dolomitic 
	1.22 tons CO2e/ton lime
	1.05 tons CO2e/ton lime


It is not clear how EPA performed the calculations.  A fuel CO2 factor (lb/MMBtu) and a kiln efficiency factor (MMBtu/ton) must be each expressed on a consistent basis of LHV or HHV.  E.g., the fuel CO2 factor for petcoke is 223 lb CO2/MMBtu (basis HHV).  The kiln efficiency factor given in the Cimprogetti preliminary guarantee is 3.49 MMBtu/ton lime (basis HHV) when burning solid fuels (3.22 MMBtu/ton, LHV).  The fuel CO2e component from petcoke would be (223*3.49/2000) = 0.39 tons CO2e/ton lime.  The contribution from dolomite rock would be would be approximately 0.87 tons CO2e/ton lime for a total of ~1.26 tons CO2e/ton lime.
Carmeuse accepted a kiln efficiency factor of 3.65 MMBtu/ton lime (basis HHV) as a BACT limit for the Winchester, VA project.  However, they confirmed their preference for a ton CO2e/ton lime limitation for the Jacksonville project.  On May 17 the applicant provided the information contained in Table 11 in support of a set of CO2e emission factors based on fuel use and product.  
[bookmark: _Ref387058906]Table 11 – Emission Factors Calculated by Carmeuse for the Jacksonville Lime Project
	Product/Fuel Option
	Emissions
(tons CO2e/year)
	Calcination Factor
(tons CO2e/ton lime)
	Combustion Factor
(tons CO2e/ton lime)
	Total Factor
(tons CO2e/ton lime)

	High Calcium Lime
	@95% Capacity, 3% lime kiln dust

	Natural Gas
	272,480
	0.7712
	0.2210
	0.99

	Coal
	320,560
	0.7712
	0.3981
	1.17

	Lignite
	318,795
	0.7712
	0.3896
	1.16

	Pet Coke
	319,505
	0.7712
	0.4406
	1.16

	Wood
	318,008
	0.7712
	0.3867
	1.16

	Dolomitic Lime
	@95% Capacity, 3% lime kiln dust

	Natural Gas
	300,470
	0.8731
	0.2210
	1.09

	Coal
	348,550
	0.8731
	0.3961
	1.27

	Lignite
	346,785
	0.8731
	0.3896
	1.26

	Pet Coke
	347,495
	0.8731
	0.3922
	1.27

	Wood
	345,999
	0.8731
	0.3868
	1.26


The Department will adopt the set of values provided by Jacksonville Lime as the basis for the continuous BACT determination rather than the single BACT proposal of 1.3 tons CO2e/ton lime.  A kiln efficiency design value of 3.25 MMBtu/ton lime or less will also be required (basis LHV, high calcium lime and either petcoke or natural gas).  BACT will also require determination of a rolling 12-operating month emission limit as follows:
[(0.99 tons CO2e/ton NHLime)*(tons NHLime) + (1.17 CO2e/ton SHLime)*(tons SHLime) + 
(1.09 CO2e/ton NDLime)*(tons NDLime) + (1.27 SDLime)*(tons SDLime)] ÷ [total tons lime produced]
Where:
tons NHLime = tons of high calcium lime produced when using natural gas;
tons SHLime = tons of high calcium lime produced when using solid fuels - coal, lignite, petcoke or wood;
tons NDLime = tons of dolimitic lime produced when using natural gas; and
tons SDLime = tons of dolimitic lime produced when using solid fuels - coal, lignite, petcoke or wood.
The present Jacksonville Lime PSD permit includes a production limit of 396 tons lime/day/kiln, which equates to 289,080 tons lime/year.  If Jacksonville Lime manages to operate both kilns at full capacity and makes an equal amount of high calcium lime and dolime while using equal amounts of natural gas and solid fuels, the applicable emission limit will be as follows:
[(0.99 tons CO2e/ton NHL)*(72,270 tons NHL)+(1.17 CO2e/ton SHL)*(72,270 tons SHL)+(1.09 CO2e/ton NDL)*(72,270 tons NDL) +(1.27 CO2e/ton SDL)*(72,270 tons SDL)]÷[289,080 tons] = 1.184 lb CO2e/ton lime
Maximum emissions on a 12-month rolling average = (1.184 lb CO2e/ton lime)*(289,080 tons) = 342,270 tons.
The lime kilns will be subject to mandatory GHG and production reporting to the EPA pursuant to 40 CFR 
Part 98, Subpart S - Lime Manufacturing.  Link to Subpart S  The entire subpart is included as Appendix C of the enclosed draft permit.  The lime kilns do not meet the conditions specified in §98.33(b)(4)(ii) or (iii) that would otherwise require the applicant to calculate and report the combined process and combustion CO2 emissions by operating and maintaining continuous emissions monitoring systems (CEMS).  Link to 40CFR98.33  As previously mentioned, the kilns are also subject to certain provisions in 40 CFR 98, Subparts A and C.
The Department will not require installation of a CO2 CEMS and will specify compliance determinations using the non-CEMS methodology given in Subpart S, coupled with the 12-month rolling emission limit described above.  The results calculated using Subpart S (on a 12-operating month basis instead of annual basis) will be used to calculate the actual tons CO2e emitted per ton of product lime.  There is no numerical difference between calculations on a short ton CO2e/short ton of lime compared with metric tons CO2e/metric ton of product lime.  Some of the key requirements from Subpart S for the non-CEMS option are renumbered and summarized below.  The operator must report or determine:
(a) CO2 process emissions from lime kilns.
(b) CO2 emissions from fuel combustion at lime kilns.
(c) N2O and CH4 emissions from fuel combustion at each lime kiln.  You must report these emissions under 
40 CFR part 98, subpart C (General Stationary Fuel Combustion Sources).
(d) CO2, N2O, and CH4 emissions from each stationary fuel combustion unit other than lime kilns.  You must report these emissions under 40 CFR part 98, subpart C (General Stationary Fuel Combustion Sources).
(e) Process and combustion CO2 emissions from all lime kilns separately using the procedures specified in paragraphs (b)(2)(i) through (v) of this section (i.e. Subpart S).
(f) The total quantity of each type of lime product that is produced and each calcined byproduct or waste (such as lime kiln dust) that is sold.  The quantities of each should be directly measured monthly with the same plant instruments used for accounting purposes, including but not limited to, calibrated weigh feeders, rail or truck scales, and barge measurements.  The direct measurements of each lime product shall be reconciled annually with the difference in the beginning of and end of year inventories for these products, when measurements represent lime sold.
(g) The annual quantity of each calcined byproduct or waste generated that is not sold by either direct measurement using the same instruments identified in paragraph (a) of this section or by using a calcined byproduct or waste generation rate.
(h) The information listed below.
(1) Annual CO2 process emissions from all lime kilns combined (metric tons).
(2) Monthly emission factors (metric ton CO2/ton lime product) for each lime product type produced.
(3) Monthly emission factors for each calcined byproduct or waste by lime type that is sold.
(4) Standard method used (ASTM or NLA testing method) to determine chemical compositions of each lime type produced and each calcined lime byproduct or waste type.
(5) Monthly results of chemical composition analysis of each type of lime product produced and calcined byproduct or waste sold.
(6) Annual results of chemical composition analysis of each type of lime byproduct or waste that is not sold.
(7) Method used to determine the quantity of lime produced and/or lime sold.
(8) Monthly amount of lime product sold, by type (tons).
(9) Method used to determine the quantity of calcined lime byproduct or waste sold.
(10) Monthly amount of calcined lime byproduct or waste sold, by type (tons).
(11) Annual amount of calcined lime byproduct or waste that is not sold, by type (tons).
(12) Monthly weight or mass of each lime type produced (tons).
(13) Beginning and end of year inventories for each lime product that is produced.
(14) Beginning and end of year inventories for calcined lime byproducts or wastes sold.
(15) Annual lime production capacity (tons) per facility.
(16) Number of times in the reporting year that missing data procedures were followed to measure lime production (months) or the chemical composition of lime products sold (months).
4.3 BACT for the Fuel Dryer
As described in Section 1.2.3 above, air for the petcoke/coal mill will be preheated by a small natural gas-fired heater, rated at 3.5 MMBtu/hr.  Refer to Figure 12 below.  Combustion air will be blown into the natural gas fired heater.  The hot air from the heater will dry and sweep the contents of the bowl mill that is used to grind petcoke and coal.  The exhaust will enter a classifier that will return the finer fraction to the mill.  The exhaust gas will be filtered through a dust collector (Baghouse 630) and emitted via Stack ST-920. 
[image: ]
[bookmark: _Ref387254639]Figure 12 – Petcoke and Coal Drying and Grinding System with baghouse and Exhaust Stack
Jacksonville Lime proposes exclusive use of natural gas and efficient combustion techniques and operation as BACT for GHGs from the small fuel dryer.  EPA Region 4 evaluated the proposed BACT for the fuel dryer prior to withdrawal of the application by Jacksonville Lime.  Using a 5-step top/down approach to BACT, EPA concluded that the proposal constitutes BACT for the fuel dryer.  According to the EPA preliminary draft document (that was not formally distributed):
“When the efficiency of the lime manufacturing process is increased, less fuel is burned to produce the same amount of lime.  This provides the benefits of lower fuel costs and reduced air pollutant emissions (including CO2).  The fuel dryer is utilized to remove moisture from the petcoke and coal before it enters the kiln.  The use of a fuel dryer decreases time to produce the required heat input for the lime manufacturing process, which improves the overall energy efficiency of the facility. 
“The fuel dryer will follow good combustion/maintenance work practice standards to maximize energy efficiency and ensure good combustion as well as use natural gas as its sole fuel source to minimize GHG emissions.  Given that the use of the fuel dryer is intermittent and limited to when the kiln is burning petcoke and coal, the EPA has determined that for the fuel dryer an annual ton per year (TPY) BACT emission limit is more appropriate than an output based BACT limit, such as those established for the kilns.  
“The EPA has established 1,794 TPY of GHGs (CO2e) on a rolling 12-month basis as the BACT limit for the fuel dryer.  Additionally, the draft permit will limit the operation to times when coal or petcoke is being used in the kiln and require use of natural gas as the sole fuel source of the dryers.”
Virginia DEQ also evaluated a 3.5 MMBtu/hour fuel dryer for the similar Carmeuse Winchester, VA project.  In its final engineering evaluation issued April 22, 2014 for the approved Winchester project, Virginia DEQ stated:
“Fuel-burning units firing natural gas with a heat input rating less than or equal to 50 MMBtu/hour are exempt from DEQ’s minor NSR permitting regulations per 9 VAC 5-80-1320 B.1.d.  The proposed dryer is well below this permitting threshold and its maximum emissions are very low: 1.25 tons/year CO and 0.75 tons/year NOX.  However, this unit is subject to PSD permitting.
“Carmeuse proposes BACT (including GHGs) to consist of limiting the approved fuel to natural gas and the use of good combustion practices.  In light of the small size and limited emissions from this unit, DEQ agrees that BACT for this unit consists of the suggested fuel limitation, good combustion practices, and the use of a dedicated baghouse to control PM/PM-10/PM-2.5.  (Note added by Department).
The Virginia DEQ document also includes the identical estimate of 1,794 tons CO2e that was provides in the Jacksonville Lime application and cited in the undistributed EPA Region 4 evaluation and permit for the Jacksonville Lime project.
The Department will adopt the same 1,795 tons limit on a 12-month rolling basis that was proposed by the applicant and cited by EPA Region 4 in its uncirculated preliminary evaluation and draft permit.  The Department will adopt compliance methods as suggested by Region 4 that are based on the required annual reporting requirements contained in 40 CFR 98, Subpart C - General Stationary Fuel Combustion Sources.  
Link to Subpart C 
The permittee will be required to install a certified natural gas meter; monitor the natural gas heat content; determine the carbon content of the fuel; and calculate the heat input to the dryer.  The permittee shall use the procedure contained in 40 CFR 98, Subpart C to determine GHG emissions as CO2e based on the combination of calculated CO2 emissions and calculated CO2e of other GHG pollutants. 
[bookmark: _GoBack]For the purposes of calculating GHG as CO2e for emissions other than CO2, the permittee shall use the Global Warming Potential (GWP) values listed in 40 CFR 98, subpart A, Table A-1 as of May 30, 2014.  The current GWP factors for the GHG that are relevant to this project are:  CO2 = 1; CH4 = 25; and N2O = 298.  The mentioned pollutants that are relevant for the dryer are the same as those relevant for GHG emissions from combustion of fuel in the lime kilns. 
5. PRELIMINARY DETERMINATION
The Department makes a preliminary determination that the proposed project will comply with all applicable state and federal air pollution regulations as conditioned by the Draft Permit.  This determination is based on a technical review of the complete application, reasonable assurances provided by the applicant, and the conditions specified in the Draft Permit.  Alvaro Linero, P.E. is the project engineer responsible for reviewing the application and drafting the permit.  Additional details of this analysis may be obtained by contacting Mr. Linero at alvaro.linero@dep.state.fl.us or 850-717-9076 or by written mail at the Department’s Office of Permitting and Compliance at Mail Station #5505, 2600 Blair Stone Road, Tallahassee, Florida  32399-2400.
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