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1. GENERAL PROJECT INFORMATION
1.1. Facility Description and Location
The Florida Power Development, LLC (FPD), Brooksville Power Plant, is an existing 80 megawatt, gross (MWg) electric generating utility categorized under Standard Industrial Classification No. 4911.  The Brooksville Power Plant consists of a woody biomass grate suspension boiler; biomass handling and storage; in-duct sorbent injection system (IDSIS); ash storage and handling facilities; and, fuel oil storage tanks.  The plant is located in Hernando County at 10311 Cement Plant Road in Brooksville, Florida.  The UTM coordinates are Zone 17, 360.0 kilometers (km) East and 3162.5 km North.  This site is in an area that is in attainment (or designated as unclassifiable) for all air pollutants subject to Ambient Air Quality Standards (AAQS).  Figure 1 shows the general location of the plant in Hernando County while Figure 2 shows a satellite view of the plant.
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[bookmark: _Ref446916491][bookmark: _Ref436728398][bookmark: _Ref446916613]Figure 1.  Location of Brooksville Power Plant.	Figure 2.  Aerial View of the Brooksville Power Plant.
The boiler fires woody biomass as the primary fuel with ultralow sulfur distillate (ULSD) fuel oil and natural gas used for startup, shutdown and bed stabilization fuels.  Ammonia (NH3) injection into a selective catalytic reduction (SCR) reactor is used to reduce emission of nitrogen oxide (NOX) and help in the reduction of organic hazardous air pollutants (HAP) including dioxin/furan.  An IDSIS utilizing milled trona, hydrated lime, limestone, or sodium bicarbonate may be used to control sulfur dioxide (SO2), hydrogen chloride (HCl), hydrogen fluoride (HF) and other acid gas HAP emissions if necessary.  An electrostatic precipitator (ESP) is used to reduce emissions of particulate matter (PM), PM with a mean particle diameter of 10 microns or less (PM10) and PM2.5.  The ESP also helps in the control of metal HAP and also removes injected sorbents.  The boiler is equipped with a carbon monoxide (CO), SO2, NOX, carbon dioxide (CO2) and oxygen (O2) continuous emission monitoring systems (CEMS) and a continuous opacity monitoring system (COMS) for visible emissions.
1.2. Primary Regulatory Categories
· The facility is a major source of hazardous air pollutants (HAP).
· The facility does not operate units subject to the acid rain provisions of the Clean Air Act.
· The facility is a Title V major source of air pollution in accordance with Chapter 62-213, F.A.C.
· The facility is a major stationary source in accordance with Rule 62-212.400, F.A.C. for the Prevention of Significant Deterioration (PSD) of Air Quality.
· The facility operates units subject to the National Emissions Standards of Hazardous Air Pollutants (NESHAP) of Title 40, Part 63, of the Code of Federal Regulations (40 CFR 63).  
· The facility operates units subject to the New Source Performance Standards (NSPS) of 40 CFR 60.
1.3. Project Description
FPD applied for an air construction permit subject to the preconstruction review requirements of the PSD of Air Quality pursuant to Rule 62-212.400, F.A.C.  FPD is requesting the following increases to the woody biomass-fired boiler:
· Increase the maximum steam production rate from 490,000 to 540,000 pounds per hour (lb/hour); and 
· Establish a higher CO emissions standard.
This application also includes a request to permanently use a boiler product, BCS-180 ASHVANTAGE (magnesium oxide product), to help reduce ash fusion on the boiler tubes to improve boiler efficiency and ultimately reduce emissions.  The Department issued a Letter of Authorization (Permit No. 0530380-008-AC) to temporarily use the BCS-180 ASHVANTAGE.
The following existing emissions unit (EU) will be affected by this project.
	EU No.
	Description

	002
	Woody Biomass-Fueled Grate Suspension Boiler


1.4. Permitting History
The FPD, Brooksville Power Plant is collocated with the Cemex Brooksville South Cement Plant.  The two plants used to operate under a single Title V air operation permit.  The following air permits were issued to FPD to convert the existing coal-fired boiler to a woody biomass-fired boiler and to operate as a separate facility.  
· Permit No. 0530380-001-AC, issued 01/25/2012.  The Department authorized the separation of the two facilities to operate independently under their own Title V air operation permit.  The existing 125 MWg coal fired boiler with a heat input rate of 1,850 million British thermal units per hour (MMBtu/hour) was converted to an 80 MWg woody biomass-fueled grate suspension boiler with a heat input rate of 900 MMBtu/hour.  The biomass boiler was equipped with a CEMS for CO, SO2 and NOX and a COMS for opacity.  New emissions limits were established through this permitting action.  The permit authorized the following construction activities and emission controls:
· Construct a new exhaust stack;
· Construct a new fuel storage and handling systems and a new multi-pollutant control system;
· Install a new oxidation catalyst to reduce CO, VOC and organic HAP;
· Install an SCR with NH3 injection to control NOX and help in the reduction of organic HAP and dioxin/furan;
· Install an IDSIS utilizing milled trona, lime or sodium bicarbonate to control SO2, HCl, HF and other acid gas HAP; and
· Install an ESP to further control PM/PM10/PM2.5, including metal HAP, and to remove injected sorbents.
· Permit No. 0530380-002-AV, issued 11/24/2014.  The Department issued the initial Title V air operation permit.
· Permit No. 0530380-004-AC, issued 01/08/2015.  Due to particulate dusting and plugging of the oxidation catalyst, the Department issued a letter of authorization for the removal of the oxidation catalyst from the catalyst container so long as the boiler continues to meet the emission standards for CO.  The CO catalyst container is required to be maintained in an operational condition so that the catalyst can be reinstalled in a timely manner if required to meet the permitted CO emission limits.  
· Permit No. 0530380-006-AC, issued 04/26/2016, and Permit No. 0530380-007-AV, issued 07/11/2016.  After the conversion of the boiler in 2013 and a shake down period of approximately two years, it was determined that the initial requested permit limits could not be met.  Therefore, the applicant requested revisions to the initial permit to reflect the as built converted biomass boiler.  The Department processed the air construction and revised Title V air operating permit concurrently to modify and correct several conditions in Permit No. 0530380-001-AC primarily related to:  
· Increasing the woody biomass storage area from 40,000 tons to 75,000 tons; 
· Revise the maximum capacity of the boiler from 900 MMBtu/hour of heat input to 490,000 lb/hour of steam flow;
·  Replace NOX, CO and SO2 lb/hour limits with ton/year limits in accordance with Rule 62-212.400(PSD), F.A.C.;
· Correct the NOX and PM emission limits for the boiler to reflect the requirements of NSPS Subpart Db of 40 CFR 60; and 
· Remove the 10% opacity limit from the boiler.  
· Permit No. 0530380-008-AC, issued 06/17/2016.  The Department issued a letter of authorization for the use a boiler product, BCS-180 ASHVANTAGE, in the biomass boiler to help reduce ash fusion on the boiler tubes to improve boiler efficiency and ultimately reduce emissions.
· Permit No. 0530380-011-AC, issued 11/29/2016.  The Department authorized the installation of 18 additional soot blowers in the back-pass section of the biomass boiler.
1.5. Processing Schedule
09/14/2016	Department received the application for an air pollution construction permit.
09/28/2016	Department requested additional information.
05/05/2017	Department received additional information; application complete.
2. APPLICABLE REGULATIONS
2.1. State Regulations
This project is subject to the applicable environmental laws specified in Section 403 of the Florida Statutes (F.S.).  The Florida Statutes authorize the Department of Environmental Protection to establish rules and regulations regarding air quality as part of the Florida Administrative Code (F.A.C.).  This project is subject to the applicable rules and regulations defined in the following Chapters of the F.A.C.:  62-4 (Permitting Requirements); 62-204 (Ambient Air Quality Requirements, PSD Increments, and Federal Regulations Adopted by Reference); 62-210 (Permits Required, Public Notice, Reports, Stack Height Policy, Circumvention, Excess Emissions, and Forms); 62-212 (Preconstruction Review, and PSD Review and Best Available Control Technology (BACT)); 62-213 (Title V Air Operation Permits for Major Sources of Air Pollution); 62-296 (Emission Limiting Standards); and 62-297 (Test Methods and Procedures, Continuous Monitoring Specifications, and Alternate Sampling Procedures).  PSD applicability and the preconstruction review requirements of Rule 62-212.400, F.A.C. are discussed in Section 2 of this report.  Additional details of the other state regulations are provided in Section 3 of this report.
2.2. Federal Regulations
The Environmental Protection Agency (EPA) establishes air quality regulations in Title 40 of the Code of Federal Regulations (CFR).  Part 60 identifies NSPS for a variety of industrial activities.  Part 61 specifies NESHAP based on specific pollutants.  Part 63 specifies NESHAP provisions based on the Maximum Achievable Control Technology (MACT) for given source categories.  Federal regulations are adopted in Rule 62-204.800, F.A.C.  Additional details of the applicable federal regulations are provided in Section 3 of this report.
3. PSD APPLICABILITY REVIEW
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 Ambient Air Quality Standards (AAQS) or areas designated as “unclassifiable” for these regulated pollutants.  As defined in Rule 62-210.200, F.A.C., a facility is considered a “major stationary source” if it emits or has the potential to emit 5 tons/year of lead (Pb), 250 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.  Commonly addressed PSD pollutants for electrical generating facilities such as the Brooksville Power Plant include:  CO; NOX; SO2; PM; PM10; PM2.5; and VOC. 
Additional PSD pollutants that are more common to certain other industries include: Pb; Fluorides (Fl); sulfuric acid mist (SAM); hydrogen sulfide (H2S); total reduced sulfur (TRS), including H2S; reduced sulfur compounds, including H2S; municipal waste combustor (MWC) organics measured as total tetra- through octa-chlorinated dibenzo-p-dioxins and dibenzofurans; MWC metals measured as PM; MWC acid gases measured as SO2 and HCl; municipal solid waste landfills emissions measured as non-methane organic compounds (NMOC); and mercury (Hg).
For major stationary sources, PSD applicability is based on emissions thresholds known as the “significant emission rates (SER)” as defined in Rule 62-210.200, F.A.C.  Emissions of PSD pollutants from the project meet or exceed these rates are considered “significant” and the BACT must be employed to minimize emissions of each PSD pollutant.  Although a facility may be “major” for only one PSD pollutant, a project must include BACT controls for any PSD pollutant that equals or exceeds the corresponding significant emission rate.  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.
In addition, applicants must provide an Air Quality Analysis that evaluates the predicted air quality impacts resulting from the project for each PSD pollutant.
3.2. PSD Applicability for the Project
The project is located in Hernando County, which is in an area that is currently in attainment with the AAQS or otherwise designated as unclassifiable.  The facility is a biomass-fired electrical generating facility, which emits or has the potential to emit 250 tons/year or more of at least one PSD pollutant.  Therefore, the facility is a major stationary source and the project is subject to a PSD applicability review.  Table 1 identifies the estimated emissions increases based on the initial application.
[bookmark: _Ref466288437]Table 1.  Summary of the Applicant’s PSD Applicability Analysis.
	Pollutant
	Annual Emissions, Tons/Year
	Subject to PSD Review?

	
	BAE a
	Could Have Accommodated b
	PAE c, d
	Net Emissions Increase
	PSD SER
	

	CO
	86.5
	110
	1,955
	1,759
	100
	Yes

	NOX
	254.8
	323.7
	617.5
	39
	40
	No

	SO2
	25.5
	32.3
	96.8
	39
	40
	No

	VOC
	0.6
	0.8
	39.4
	38
	40
	No

	PM
	15.9
	20.2
	160.7
	125
	25
	Yes

	PM10
	15.9
	20.2
	160.7
	125
	15
	Yes

	PM2.5
	15.9
	20.2
	104.2
	68
	10
	Yes

	SAM
	3.3
	4.1
	9.6
	2.2
	7
	No

	Hg
	0.002
	0.002
	0.025
	0.02
	0.1
	No

	GHG (CO2e) f
	303,946
	386,231
	908,599
	218,423
	75,000
	Yes

	a. Baseline actual emissions (BAE) were calculated based on the highest consecutive 2-year average for 2014 and 2015.
b. Could have accommodated emissions were calculated based on the highest 30-operating days during the 24-month baseline period (2014 – 2015), which was determined to be 109,486 tons of steam output in November 2015.
c. Projected actual emissions (PAE) for each pollutant were based on a heat input of 992 MMBtu/hour and the following:  A PSD avoidance limit of 39 TPY for NOX and SO2; 0.45 lb/MMBtu for CO; NESHAP Subpart DDDDD limit of 0.037 lb/MMBtu for PM/PM10; AP-42, Chapter 1.6, size fraction of 0.648 of 0.037 lb/MMBtu for PM2.5; permit limit of 2.2 lb/hour for SAM; permit limit of 9 lb/hour for VOC; NESHAP Subpart DDDDD limit of 5.7E-6 lb/MMBtu for Hg, and carbon dioxide equivalent (CO2e) was based on methane (CH4) and nitrous oxide (N2O) emission factors in 40 CFR 98, Subpart C, Table C-2.
d. The projected actual emissions included the potential annual emission increases in PM/PM10 of 0.24/0.02 tons/year for the use of the boiler product, BCS-180 ASHVANTAGE.
e. The increase from the project is the difference between the PAE and the BAE and could have accommodated emissions.
f. Greenhouse gases (GHG) in carbon dioxide equivalent (CO2e).


As shown in the table, the project is subject to PSD preconstruction review for emissions of:  CO, PM/PM10/PM2.5, and GHG.
4. DEPARTMENT’S PROJECT REVIEW
FPD, Brooksville Power Plant, was converted from a 125 MW coal-fired electrical generating unit to an 80 MWg biomass-fired electrical generating power plant in 2012 - 2013.  The converted plant became operational in 2013 with biomass fuel.  
4.1. Process Description
The FPD, Brooksville Power Plant, operates a woody biomass fueled grate-suspension boiler with water-cooled movable grates generates up to 80 MWg of electricity in an existing steam electric generator.  The facility also includes a biomass handling and storage area, an IDSIS, bottom ash storage and handling facilities, fuel oil storage tanks, and a diesel fired emergency generator.  Figure 3 illustrates the facility process flow diagram. 
4.2. Biomass Handling, Storage and Processing (EU 001)
Biomass fuel is delivered by truck to the facility generally every day of the week, 12 hours/day.  The fuel is unloaded from the trucks with a self-unloading, walking floor design to three receiving hoppers and conveyed to a magnetic separator, sizing screen, and mill for reduction of oversize biomass.  The four open hoppers are designed to receive 150 tons/hour of biomass fuel.  Fuel trucks have an average load of 25 tons of biomass.  The fuel is then conveyed, via an enclosed conveying system, to the nominal 60-foot high biomass (fuel) storage pile, which is designed to accommodate approximately 75,000 tons of biomass fuel.  The fuel pile is managed using a combination of automated stackers and mobile equipment, such as front-end loaders. 
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[bookmark: fig3]Figure 3.  FPD Process Flow Diagram
The fuel is reclaimed from the fuel storage pile by up to two reclaim hoppers.  Each reclaim hopper is designed to process 100 tons/hour of biomass.  Covered conveyors controlled by fabric or bin vent filters are used to reduce emission of PM.  The fuel is then transferred to an enclosed building containing a sizing screen, magnetic separator and hog mill designed to process 200 tons/hour of biomass fuel.  A baghouse is used to control emissions of PM.  The biomass fuel is conveyed to the boiler day bins to provide biomass fuel to the boiler at a design rate of 200 tons/hour. 
4.3. Woody Biomass-Fueled Grate Suspension Boiler
The existing woody biomass boiler has a design steam production capability of 490,000 lb/hour at 2,008 pounds per square inch (psi) and 1,050 degrees Fahrenheit (°F) with a heat input rate of 900 MMBtu/hour.  The primary fuel is clean woody biomass.  Sized fuel is metered to a series of distribution devices which spread it uniformly over the stoker grate surface.  Fine particles of fuel are rapidly burned in suspension, which is assisted by the over-fire air system.  Coarser, heavier fuel particles are spread evenly on the grate forming a thin, fast-burning fuel bed.  The typical Detroit Hydro-Grate stoker includes an automatic ash discharge system and water-cooled grates.  In a single chamber, the following three stages of burning is accomplished:  moisture evaporation; distillation and volatile matter; and the burning of fixed carbon.  The grate suspension boiler has a fast response to load changes, good combustion control and can be operated with multiple fuels.  Secondary fuels fired in the boiler consist of ULSD fuel oil and natural gas, which is used during startup, shutdown and bed stabilization.  The boiler is equipped with multi-clone and ESP to control emissions of PM.  NH3 injection into the SCR reactor is used to control emissions of NOX.  Emissions of CO, SO2, NOX, and CO2 are monitored and recorded by CEMS.  Opacity is monitored and recorded by a COMS.
The combustion of biomass in the converted boiler results in the formation of bottom and fly ash.  Bottom ash is collected from the boiler by a submerged drag-chain conveyor, which delivers the wet ash to a storage area.  The storage area is on a level and impervious surface.  The bottom ash is handled in the storage area using mechanical means, such as front-end loaders.  The bottom ash is sent to the co-located cement plant for use in its kilns or shipped off-site for disposal on a daily basis. 
The fly ash handling system consists of enclosed hoppers, drop points, and conveyors associated with the collection and transfer of fly ash to one storage bin from the ESP.  An enclosed conveyor is used to transport the fly ash from the ESP to the ash storage bin.  The storage bin is equipped with a bin vent filter to minimize any PM emissions from the transfer operations.  The fly ash shipment system consists of drop points and chutes associated with the daily transfer of fly ash from the storage bin to trucks for shipment to the co-located cement plant for use in its kilns or for removal of the ash off-site. 
The IDSIS is used to control acid gas emissions from the boiler, consisting primarily of SO2, HCl, and HF.  In this system, sorbent (hydrated lime, limestone, milled trona, or sodium bicarbonate) is injected in the flue gas ductwork prior to the ESP.  The sorbent is stored in two storage bins prior to use.  The sorbent is withdrawn from the bins and pneumatically conveyed to the ductwork upstream of the ESP.  PM emissions from the bins are controlled by bin vent filters.  The spent sorbent is collected from the ESP when the fly ash is collected as described above.  The sorbent is commingled with the fly ash and bottom ash.
4.4. Current Plant Operating Conditions
As the power plant continued to operate, it became apparent that the annual CO emission limit requested by the applicant in the original air construction permit application was unlikely to be met under current operating conditions.  The oxidation catalyst that was originally installed began to plug and went under substantial repairs until removed.  In addition, the separation of the power plant from the cement plant required changing the configuration of the plant to accommodate new equipment to allow the power plant to operate independently.  The configuration and space constraints limited the options in correcting some of the operating issues.  Figure 4 shows the SCR and the location of the box that contained the oxidation catalyst and Figure 5 shows the configuration of the feed chutes.
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[bookmark: _Ref478392760]Figure 4.  SCR & Oxidation Catalyst Box.	Figure 5.  Woody Biomass-Fired Boiler Feed Chutes.
The plant made enhancements to the existing SCR including having a larger pore size catalyst and expanding the system.  The improvements made to the SCR were done to further reduce emissions of NOX and provide the capability to tune the boiler to reduce CO emissions.  These improvements proved to be successful during normal operations.  As shown in Figure 4, the exhaust would enter the SCR and the pass through the oxidation catalyst prior to exiting the stack.  
The enhancements made to the SCR system required expanding the SCR into a portion of the oxidation catalyst box.  The applicant states that in order to replace the oxidation catalyst, the box that was used to hold the oxidation catalyst would need to be expanded and the structure would also need to be re-engineered to structurally support the equipment.  Relocating the oxidation catalyst is also not an option since the performance of the oxidation catalyst is dependent upon the temperature zone in which the catalyst is located.  Due to temperature requirements, oxidation catalysts are normally located upstream of the PM control device.  However, this location is not practicable in a biomass plant because of the high-material and ash-loading zones, which creates plugging and deactivation of the catalyst.  Temperatures are also reduced due to the high and varying moisture content of the fuel.  Also, a major difficulty in not being able to relocate the oxidation catalyst is due to space constraints.
During high occurrences of rain, high moisture fuel would be transported to the site and placed in the fuel yard with the existing moist fuel prior to being fired in the boiler.  The moist fuel is transferred via conveyors and fed into the chutes.  As shown in Figure 5, due to the configuration (i.e. angles) of the feed chutes, when high moisture fuel is fed into the chutes, the moist fuel would enter the boiler in a large slug rather than spread more evenly across the grate.  The slug of moist fuel fired in the boiler would cause a spike in CO emissions.  Figure 6 shows a graph illustrating the spike in CO emissions during May 2016 rainy season.

[bookmark: _Ref478459285]Figure 6.  May 2016 Biomass Boiler CO Emissions
The hourly CEMS data shows an average concentration of CO emissions of 266.44 parts per million at 3% oxygen (ppm @ 3% O2) with a minimum concentration of 10.2 ppm @ 3% O2.  Spikes of CO emissions would reach 5,569.5 ppm @ 3% O2 from firing high moisture fuel during the rainy season.  During this time, not only was the fuel yard containing high moisture biomass, but biomass brought on site was also high in moisture.  The applicant states that the higher CO emission rates are due to physical process factors, including retrofit configuration and control technology issues.  Therefore, based on the additional operational experience gained after the conversion of the boiler, FPD is proposing modifications to the PSD permit to allow for higher CO emissions from the facility.
4.5. FPD Application Request
4.5.1. Biomass Boiler Steam Capacity Increase
FPD has determined that the boiler is able to achieve a higher steam capacity after its conversion when operated on biomass fuel.  Therefore, the applicant is requesting to increase the steam production rate from the woody biomass boiler from 490,000 to 540,000 lb/hour and heat input rate from 900 to 992 MMBtu/hour.  The application states that the boiler can achieve a higher steam production capability of 540,000 lb/hour with no modification of the boiler.
The applicant is requesting the following BACT emission limits for CO, PM/PM10/PM2.5 and GHG:
· CO Emissions - 575 ppmvd @ 3% O2 and 446.4 lb/hour based on a 30-day rolling average, using over-fired air and good combustion practices to control emissions of CO
· PM/PM10/PM2.5 Emissions - 0.037 lb/MMBtu using a multi-cyclone and ESP to control emissions; and 
· GHG (CO2e) Emissions - 3,300 lb/MW-hour (gross) on a 12-month average, rolled monthly.  
The biomass boiler is currently required to meet the requested PM emission limit of 0.037 lb/MMBtu pursuant to the NESHAP Subpart DDDDD, NESHAP for Major Sources: Industrial, Commercial, and Institutional Boilers and Process Heaters, of 40 CFR 63.  The Maximum Achievable Control Technology Standards (MACT standards) was developed in the 1990 Clean Air Act by the EPA to reduce the effects of HAP generated by industry.
EPA extensively reviewed what emission levels can be achieved by this source category.  By definition, a MACT standard represents the “best-performing” boilers, generally the top 12% of all units in the category.  The Boiler MACT divides affected units into 15 subcategories of boilers based on the design and type of fuel burned, with different emission standards for existing and new/reconstructed units.  The Brooksville Power Plant is an 80 MWg electric power plant that utilizes a woody biomass grate suspension “stoker boiler.”  The PM and CO emission standards from the Boiler MACT for an existing boiler (Table 2, Category 7, Stokers/sloped grate/others designed to burn wet biomass fuel) are:
· PM - 0.037 lb/MMBtu; and
· CO - 1,500 ppm by volume, dry (ppmvd) @ 3% O2, three test runs, or 720 ppmvd @ 3% O2, 30-day rolling average, excluding startup and shutdown.
Of the subcategories, biomass boilers are allowed higher CO emission rates than boilers with other fuel types (EPA, 2013).
4.5.2. Project Emissions
As shown in Table 1, the increase in steam production will result in an emission increases above the PSD SER for CO, PM/PM10/PM2.5, and GHG; therefore, the project is subject to PSD review for these pollutants and the applicant provided a BACT analysis and modeling for these pollutants.  Based on the analysis provided in the application, other pollutants of concern include NOX, SO2 and VOC.
NOX Emissions
The current emission limit for NOX is 0.20 lb/MMBtu, which is equivalent to 868.99 tons/year based on the new requested maximum heat input rate of 992 MMBtu/hour.  The applicant is requesting a PSD avoidance limit of 39 tons/year (PAE of 617.5 tons/year) for NOX to avoid the requirements of subsection 62-212.400(4) through (12), F.A.C.  Therefore, the applicant will be required to report actual emissions of NOX for 10 years pursuant to Rule 62-212.300(1)(e), F.A.C. for the increase in steam production from the biomass boiler.
The applicant states the boiler will continue to meet the currently permitted hourly rate of 0.20 lb/MMBtu in accordance with NSPS Subpart Db of 40 CFR 60.44b at the higher steam capacity.  The boiler is equipped with an SCR to control emissions of NOX and a CEMS to continuously monitor NOX emissions.
SO2 Emissions
The current emission limit for SO2 is 591.3 tons/year.  The applicant is requesting a PSD avoidance limit of 39 tons/year for SO2 (PAE of 96.8 tons/year) to avoid the requirements of subsection 62-212.400(4) through (12), F.A.C.  Therefore, the applicant will be required to report actual emissions of SO2 for 10 years pursuant to Rule 62-212.300(1)(e), F.A.C. for the increase in steam production from the biomass boiler.  The boiler is equipped with an IDSIS utilizing milled trona, hydrated lime, limestone, or sodium bicarbonate is used to control emissions of SO2 and a CEMS to continuously monitor SO2 emissions.
VOC Emissions
The current emission limit for VOC is 9 lb/hour (PAE of 39.4 tons/year).  The PSD analysis showed an increase of 38 tons/year of VOC emissions based on the increase in steam production.  To provide reasonable assurance that VOC emissions will not trigger PSD, the applicant will report actual emissions of VOC for 10 years.  
4.5.3. BCS-180 ASHVANTAGE
The application also requests to permanently inject magnesium oxide (BCA-180 ASHVANTAGE) with the biomass fuel feed.  This product is a naturally occurring mineral in granular form, mostly consisting of magnesium oxide.  The product will be added to the wood fuel at an injection rate of approximately 1,000 to 1,500 lb/day (41.7 to 62.5 lb/hour) at the location of the combustor.  The purpose of injecting the magnesium oxide is to reduce ash fusion on the boiler tubes and to improve boiler efficiency.  The ASHVANTAGE reacts with the ash generated during the combustion process and lowers the ash fusion temperature.  The primary effect of this reaction is that the ash particles do not stick to the boiler tubes and are more likely to be removed by the ESP.
Emission increase from the use of the boiler product will be minimal.  Emissions of PM from the stack was estimated to be 0.164 TPY and 0.078 TPY from handling operations (0.242 TPY of PM, total) and 0.02 TPY of PM10 emissions from the stack.  Emission of PM from the stack are reduced by the ESP with an efficiency of 99.7%.
5. BACT DETERMINATIONS FOR CO, PM/PM10/PM2.5 AND GHG (CO2e)
The project is subject to PSD preconstruction review for CO, PM/PM10/PM2.5, and GHG (CO2e) emissions.  As previously described, the Department will impose annual reporting and recordkeeping of actual emission of NOX, SO2 and VOC for 10 years in accordance with Rule 62-212.300(1)(e), F.A.C. for the project to avoid triggering PSD review for these pollutants.
5.1. General Discussion of CO, PM/PM10/PM2.5 and GHG Emissions
The increase in the steam production from the wood fired boiler is the primary source for the increase in emission of CO, PM/PM10/PM2.5, and GHG emissions for this project.  The applicant provided data from the EPA’s RACT/BACT/LAER Clearinghouse (RBLC) to identify emission limits and control technology determinations for emissions of CO and PM/PM10/PM2.5 from biomass boilers.  Table 2 summarizes the RBLC BACT determinations information.
[bookmark: _Ref472694422]TABLE 2.  FPD RBLC BACT DETERMINATIONS FOR CO AND PM/PM10/PM2.5.
	Facility
	Date
	Boiler Type
	Boiler Size
(MMBtu/hour)
	Pollutant Limit (lb/MMBtu)
	Averaging Period
	Control Method

	Virginia Electric & Power, VA-0316-0318 b
	05/23/12
	Stoker
	394
	CO
	0.30
	30-Day Rolling
	OFA-GCP

	Mt. Poso Cogeneration Company, CA-1210 c
	07/21/10
	FB
	650
	CO
	0.08
	---
	GCP

	
	
	
	
	PM/PM10
	---
	---
	Baghouse

	Sierra Pacific Industries, CA-1203
	08/30/10
	Stoker
	335.7
	CO d
	2.04
	8-HR Rolling
	OFA

	Springs Global US, Inc., SC-0117 b
	11/06/10
	Stoker
	260
	CO
	0.45
	30-Day Rolling
	OFA-GCP

	
	
	
	
	PM/PM2.5
	0.059/0.043
	
	ESP-MC

	Beaver Wood Energy Fair Haven, LLC, VT-0037 e, f
	02/10/12
	Stoker
	482
	CO
	0.075
	24-HR Rolling
	Ox-Cat

	
	
	
	
	PM/PM10
	0.019/0.012
	Hourly
	ESP-MC

	Ogethorpe Power Corporation, GA-0141
	12/17/10
	FB
	1,399
	CO g
	0.08
	30-Day Rolling
	GCP

	
	
	
	
	PM10/PM2.5
	0.01/0.018
	30-HR Avg.
	Baghouse

	Georgia Power Company, GA-0140 b
	12/03/10
	Stoker
	1,100
	CO
	0.45
	30-Day Rolling
	GCP

	
	
	
	
	PM10
	0.04
	3-Test Run
	ESP-MC

	NRG Energy Montville Power, LLC, CT-0156 e, h
	04/06/10
	Stoker
	600
	CO
	0.10
	8-HR Block
	Ox-Cat

	
	
	
	
	PM
	0.026
	---
	ESP

	Lindale Renewable, LLC, TX-0553
	01/08/10
	Stoker
	1,140
	CO
	0.31
	30-Day Rolling
	GCP

	
	
	
	
	PM
	0.02
	
	ESP

	Aspen Power, LLC, 
TX-0555 e
	10/26/09
	Stoker
	693
	CO
	0.075
	30-Day Rolling
	Ox-Cat

	
	
	
	
	FPM/TPM
	0.012/0.025
	
	ESP

	Yellow Pine Energy Company, GA-0132
	12/03/08
	FB
	1,529
	CO
	0.149
	30-Day Rolling
	GCP

	
	
	
	
	PM/PM10
	0.01/0.018
	3-Test Run
	Baghouse

	Simpson Paper Company, WA-0335
	05/22/07
	Stoker
	595
	CO i
	0.35
	---
	OFA-GCP

	
	
	
	
	PM10 j
	0.02
	Calendar Day
	ESP

	Koda Energy, 
MN-0074
	08/23/07
	Stoker
	Unknown
	CO
	0.43
	30-Day Rolling
	GCP

	
	
	
	
	PM10 fk
	0.01
	---
	

	Archer Daniels Midland Company, ND-0022
	05/01/06
	Stoker
	Unknown
	CO
	0.63
	---
	GCP

	
	
	
	
	PM
	0.08
	---
	ESP

	Biomass Energy
OH-0307 e
	04/04/06
	Stoker
	318
	CO l
	0.10
	---
	Ox-Cat

	
	
	
	
	PM10 m
	0.01
	---
	Baghouse

	Sierra Pacific Industries, WA-0327
	01/25/06
	Stoker
	430
	CO n
	0.35
	---
	GCP

	
	
	
	
	PM10 o
	0.02
	24-HR
	ESP

	a. Abbreviations:  Hour = HR; Average = Avg.; Fluidized Bed (FB); good combustion practices (GCP); Over-Fired Air (OFA); Oxidation Catalyst (Ox-Cat); Multi-Clone (MC); Cyclone (Cyc); Filterable PM (FPM); and Total PM (TPM).
b. These facilities are boilers that were retrofits from coal-fired boilers to biomass fired boilers.
c. CO emissions:  50.3 lb/hour, 3-hour average stack test and 1-hour average CEMS.  PM/PM10:  0.01 grains/dry standard cubic feet at 12% CO2 stack test and 1-hour CEMS.
d. 1,443 ppm @ 12% O2 and 550 lb/hour.  Transient period limit to 1,998 ppm @ 12% O2, 8-hour rolling average and 772.42 lb/hour, 8-hour rolling average.
e. Permitted but not built as of the date of review.
f. CO2 BACT limit of 2,993 lb/MW, 30-day rolling average.
g. 625 tons/year.
h. CO2 BACT limit of 590,103 tons/year and 15,564 Btu/KW-Hour, 12 month rolling average.
i. 913 tons/year.
j. 99 tons/year.
k. When firing natural gas.
l. 31.8 lb/hour (equivalent to 0.1 lb/MMBtu) and 139.28 tons/year.
m. 3.97 lb/hour (equivalent to 0.01248 lb/MMBtu) and 17.39 tons/year.
n. 400 lb/hour and 659 tons/year 12 month rolling average.
o. 37.7 tons/year, 12 month rolling average.
p. Not listed in this table since not in the RBLC, but the DTE Stockton biomass power plant is also a coal to biomass conversion with an ESP and Multi-clone for a PM limit of 0.030 and a PM10 limit of 0.0214 lb/MMBtu; however, it does not have the same space limitations as Brooksville and is located in a California PM10 and a federal PM2.5 nonattainment area.


[bookmark: _Ref474744936]The Department reviewed data in the EPA’s RBLC and found the following additional facilities that identified control technology determinations for the operation of biomass boilers greater than 250 MMBtu/hour that included GHG BACT determinations.  Table 3 summarizes the RBLC BACT determinations.
TABLE 3.  DEPARTMENT RBLC BACT/LAER DETERMINATIONS
	Facility
	Date
	Boiler Type
	Boiler Size
(MMBtu/hour)
	Pollutant Limit (lb/MMBtu)
	Averaging Period
	Control Method

	US Sugar Corporation, FL-0359
	11/29/16
	FB
	1,077
	PM2.5
	0.0268
	3-Test Run
	ESP

	
	
	
	
	GHG
	---a
	12-Month Roll
	GCP

	Sierra Pacific Industries, CA-1225
	04/25/14
	Stoker
	468
	CO b
	0.23
	3-HR Block
	GCP

	
	
	
	
	PM
	0.02 c
	
	ESP-MC

	
	
	
	
	GHG
	---d
	12-Month Roll
	None

	Seneca Sustainable Energy, OR-0051
	01/11/14
	---
	352.8
	PM e
	0.01
	3-Test Run
	ESP-MC

	North Springfield,
VT-0039
	04/19/13
	FB
	464
	CO f
	0.075
	12-month Roll
	GCP

	
	
	
	
	PMg/PM10h
	0.019/0.01
	Hourly Avg.
	Baghouse

	
	
	
	
	GHG
	---i
	12-Month Roll
	Thermal

	Beaver Wood Energy Fair Haven, LLC, VT-0037
	02/10/12
	Stoker
	482
	GHG
	---j
	30-Day Roll
	GCP

	VERSO Bucksport, LLC, ME-0037
	11/29/10
	---
	814
	CO k
	0.30
	30-Day Rolling
	GCP

	
	
	
	
	PM l
	0.03
	---
	ESP-MC

	Montville Power, LLC CT-0156
	04/06/10
	Stoker
	600
	GHG
	2,245.5 m
	---
	None

	Laidlaw Berlin Biopower, NH-0018
	07/26/10
	FB
	1,013
	CO n
	0.075
	Calendar Day
	GCP

	
	
	
	
	PM/PM10/2.5
	0.01
	3-Test Run.
	Baghouse

	Sappi Fine Paper PLC MN-0078
	10/28/09
	---
	430
	PM2.5
	0.031 o
	3-HR
	ESP-MC

	a. 0.49 lb CO2/lb steam, 12-month rolling Average, rolled monthly.
b. Second Limit:  107.7 lb/MMBtu, 3-hour block Average.  During startup and shutdown:  108 lb/hour, 8-hour average.
c. Second Limit:  9.4 lb/hour, corrected to 12% CO2.  During startup and shutdown:  8.93 lb/hour, 24-hour average.
d. CO2 RACT of 0.36 lb/lb of steam produced, 12-month rolling average.
e. LAER; testing every 5-years using EPA CTM-039.
f. Second Limit:  0.075 lb/MMBtu, 24-hour not including startup.
g. Second Limit:  9.5 lb/hour, hourly average.
h. Second Limit:  5 lb/hour, hourly average.
i. 2,668 lb/MW-H, 12-month rolling average for the 1st 2 years then 2,675 lb/MW-H, 12-month rolling average, Control method includes energy efficient design and the use of a thermal district heat loop.
j. 2,993 lb/MW Gross, 30-day rolling average.
k. Second Limit:  435 lb/hour on a 24-hour block.
l. Averaging period not given; 2nd Limit:  24.4 lb/hour.
m. 590,103 tons/year converted to 2,245.5 lb/MMBtu; and 2nd Limit:  15,564 Btu/kW-Hour (gross, 12-month rolling average.
n. Second Limit:  307.3 tons/year including startup and shutdown.
o. 13.5 lb/hour (equivalent to 0.0313 lb/MMBtu).


The specified BACT/LAER determinations for CO, PM/PM10/PM2.5, and GHG are applicable to the operation of biomass/wood fired stoker and fluidized bed boilers.  As shown in the tables, these biomass boilers have a heat input rate between 260 and 1,529 MMBtu/hour.  The FPD biomass boiler is a stoker boiler that was converted from firing coal to a biomass/wood.  Stoker boilers in the above table range between 260 to 1,140 MMBtu/hour.  
5.1.1. CO BACT Determinations
In comparing the stoker boilers, control technology used in controlling CO emissions were good combustion practices, over-fired air and an oxidation catalyst.  CO BACT determinations were established between 0.075 lb/MMBtu and 2.04 lb/MMBtu.  The BACT determinations were based on the following various averaging periods:  3-hour test run average, 3-hour block, 8-hour block, 24-hour rolling average, 24-hour block, and a 30-day rolling average.  
As shown in Table 2, four of the facilities use an oxidation catalyst to control emissions of CO.  However, none of these facilities are operating as of the date of this review.  These facilities consist of:
· Montville Power, LLC (CT-0156); 
· Beaver Wood Energy, LLC, Fair Haven Energy Center (VT-0037); 
· Biomass Generation, LLC, South Point Biomass Generation Plant (OH-0307); and 
· Aspen Power’s Lufkin Generating Station (TX-0555).  
Table 4 compares the 30-day rolling averages for stoker boilers with CO BACT determinations ranging between 0.075 lb/MMBtu and 0.45 lb/MMBtu.  The Department used the following equation to convert the lb/MMBtu CO BACT determinations to determine the equivalent CO concentration at 3% O2.

(Where: Fd (wood) = 9,240)
[bookmark: _Ref477349628]TABLE 4.  RBLC BACT DETERMINATIONS FOR STOKER BOILERS FIRING BIOMASS
	Facility
	Boiler Size
(MMBtu/hour)
	CO Limit
30-day Rolling Average
lb/MMBtu
	CO ppm @ 3% O2
(F-Factor Conversion)
	Control Method

	Lindale Renewable, LLC, TX-0553
	1,140
	0.31
	396
	GCP

	Georgia Power Company, GA-0140
	1,100
	0.45
	574
	GCP

	Aspen Power, LLC, 
TX-0555
	693
	0.075
	96
	Ox-Cat

	Virginia Electric & Power, VA-0316-0318
	394
	0.30
	383
	OFA-GCP

	Koda Energy, 
MN-0074
	372
	0.43
	549
	GCP

	Springs Global US, Inc., SC-0117
	260
	0.45
	574
	OFA-GCP


The CO BACT determination of 0.075 lb/MMBtu identified an oxidation catalyst as control technology.  CO BACT determinations ranged between 0.30 lb/MMBtu and 0.45 lb/MMBtu identified over-fired air and good combustion practices as control technology.  The RBLC database identified three of the facilities converted their stoker boilers from coal fired to biomass/wood fired boilers which is like the Brooksville boiler, see gray highlighted facilities in Table 4.  The CO BACT determinations for these facilities ranged between 0.30 and 0.45 lb/MMBtu based on a 30-day rolling average using good combustion practices or over-fired air and good combustion practices. 
5.1.2. PM/PM10/PM2.5 BACT/LAER Determinations
In comparing the stoker boilers, control technology used in controlling PM/PM10/PM2.5 emissions were multi-clones, ESP and baghouses.  PM/PM10/PM2.5 BACT and one LAER determinations in Table 2 and Table 3 ranged between 0.01 - 0.08/0.01 – 0.04/0.02 – 0.043 lb/MMBtu.  The PM/PM10/PM2.5 BACT/LAER determinations were based on the following various averaging periods:  hourly, 24-hour average, 30-hour average, and 30-day rolling average.  In comparing the 3-hour test runs which identified multi-clone and an ESP as control technology, the PM/PM10/PM2.5 BACT/LAER determinations ranged between 0.02 – 0.08 lb/MMBtu for PM emissions, 0.01 – 0.04 lb/MMBtu of PM10 emissions and 0.02 lb/MMBtu of PM2.5 emissions. 
5.1.3. GHG (CO2e) BACT Determinations
In comparing the biomass boilers, GHG BACT determinations and control technology used in controlling CO2e emissions consisted of: 
· 0.49 lb CO2/lb steam, 12-month rolling average
Control Technology:  Good Combustion Practices
· 0.36 lb/lb steam, 12-month rolling average
Control Technology:  Good Combustion Practices
· 2,668 lb/MW-hour, 12-month rolling average for the first 2 years 
2,675 lb/MW-hour, 12-month rolling average, thereafter
Control Technology:  Energy efficient design and the use of a thermal district heat loop.
· 2,993 lb/MW Gross, 30-day rolling average
Control Technology:  Good Combustion Practices
· 590,103 tons/year 
Control Technology:  Good Combustion Practices
5.1.4. Applicant Proposed BACT
The applicant is proposing the following BACT emission standards and control technology to increase the maximum steam production rate from 490,000 to 540,000 lb/hour. 
[bookmark: _Ref482601931]Table 5.  BACT Emission Limits Proposed by applicant
	Pollutant
	Emission Limit
	Control Technology

	CO a,b
	575 ppmvd @ 3% O2 and 446.4 lb/hour, 
30-day rolling average
	OFA and GCP

	PM/PM10/PM2.5 b
	0.037 lb/MMBtu
	Multi-Clone and ESP

	GHG (CO2e)
	3,300 lb/MW-hour (gross), 
12-month rolling average
	GCP

	a. Equivalent to 0.45 lb/MMBtu.
b. Including startup, shutdown and malfunction.


5.2. BACT for CO
The operating conditions of the furnace is important when firing wood residue in the boiler[footnoteRef:1].  The high moisture content present in wood residue often requires a larger refractory surface to dry the fuel before combustion.  In addition, sufficient secondary air must be supplied over the fuel bed to burn the volatiles that account for most of the combustible material in the residue.  Significant variations in the fuel moisture content can cause short term increases in CO emissions.   [1:  AP-42 Section 1.6, Wood Residue Combustion in Boilers.] 

5.2.1. Identification of Control Technologies
The term “control technology” can mean measures, processes, methods, systems, or techniques that are used to limit emissions.  The applicant provided the following control technologies:
· Oxidation Catalysts:  The basic principle in the operation of the oxidation catalyst is the chemical reaction (oxidation) of CO in the presence of excess O2, heat and a catalyst to form CO2.  The primary design is a flow through exhaust device that contains a honeycomb structure covered with a layer of chemical catalyst that operates at high temperatures.  This layer contains small amounts of precious metal that promote the complete oxidation of pollutants in the exhaust stream.  This control device will reduce CO emissions as well as VOC emissions, depending on the type and concentration.  Destruction efficiencies for CO and VOC emissions can be greater than 90%.
· Over-Fired Air:  Over-fired air designs are used to complete the combustion occurring in suspension and reduce the unburned carbon furnace carryover.  As solid fuel burns, it goes through a progression.  First, any moisture within the fuel evaporates.  Once dry, the fuel will start to release volatile gasses.  As more air is introduced, the gasses ignite and release energy.  The goal is to achieve stoichiometric combustion; that is, where every available fuel molecule released is matched by an O2 molecule from the fan resulting in a flue gas analysis which reveals low CO and O2.
· Good Combustion Practices:  The biomass stoker combustion system relies upon combustion-time, temperature and turbulence for efficiency in good combustion.  Proper design and operation practices can limit the amount of CO that is generated by the boiler.  Operating the boiler by controlling the fuel feed and distribution across the grate, combustion air distribution, over-fire air system, and mixing of fuel and air by the use of grate oscillation/vibration ensures more complete combustion of the fuel and reduces CO emissions (which is a by-product of incomplete combustion).
5.2.2. Discussion of Technically Infeasible Control Options and Ranking of Remaining Options
The Brooksville Power Plant previously included an oxidation catalyst and demonstrated initial compliance; however, the months of operating data at the facility have shown that its operation was challenging.  The performance of the oxidation catalyst is dependent upon the temperature zone in which the catalyst is located.  Normally, an oxidation catalyst would be located upstream of the PM control device because of the temperature requirements, but in a biomass plant this upstream location is not feasible since it is in a high-material and ash-loading zone, which creates plugging and deactivation of the catalyst.  Locating the catalyst downstream of the PM control device has also been proven unsuccessful at the facility due to temperature drop and catalyst plugging.  Temperatures are also reduced due to the high and varying moisture content of the fuel.  
The boiler and the oxidation catalyst at Brooksville have undergone substantial troubleshooting, optimizing, and several repairs during the attempts to bring the performance up to the guaranteed levels at all operating conditions while maintaining sustainable operations.  However, after the initial compliance demonstration, sustained operations have shown these attempts were unsuccessful, and the oxidation catalyst was removed.  The facility does continue to operate the SCR system to control NOX emissions with a larger pore size catalyst, as well as the other control systems.  In addition, it appears that the ammonia salts formed in the SCR may poison and/or otherwise reduce the effectiveness of the CO oxidation catalyst (e.g. fouling of the catalyst) which was downstream of the SCR.  Based on a phone conversation with DTE Stockton, LLC, two biomass plants had installed a CO oxidation catalyst and SCR catalyst and the CO oxidation catalyst were being removed due to non-performance issues (less than 2% CO reduction) and their permits had been revised or were in the process of being revised to remove the requirement for utilizing a CO oxidation catalyst.  The estimated cost of removal for the CO emission reduction was $99,700/ton of CO removed.
FPD has spent approximately $1.2 million dollars on the failed oxidation catalyst.  A new catalyst would cost approximately $900,000, which is similar to the original cost of the oxidation catalyst.  However, the installation costs and operating costs of a new oxidation catalyst are expected to be increased because the space in the current Multi-Pollutant Catalyst Reactor (MPCR) was eliminated when the new SCR catalyst was installed.  Thus, the MPCR would need to be increased in size to accommodate the new and larger CO catalyst.  There is also the potential that the weight of the new structure and larger catalyst could not be safely handled by the existing supports.  The following additional design work and a fairly extensive construction effort would be necessary to remove the existing MPCR:
· Remove the existing support structure, 
· Re-pour the concrete footings and support, 
· Rebuild the MPCR, 
· Reinstall the catalysts, and 
· Reconnect the ducting to the boiler exhaust and the stack.
The work would take three months and require that the boiler be shut down during that time.  According the applicant, total cost for the new CO oxidation catalyst, including installation, is $3.5 million.  In addition, the back pressure on the boiler should be expected to be higher, due to the additional catalyst depth of the new SCR catalyst and the new oxidation catalyst, which would reduce the efficiency of the boiler and the electrical generation capability.
FPD has provided an itemized list of projects performed to repair the boiler system and achieve the design parameters guaranteed by the various vendors and/or consultants in addition to the CO catalyst.  The estimated cost of these projects was $7,275,872.  The estimated costs for the loss of revenue due to the additional cleaning outages required and the additional cleaning costs were not included in the amount estimated for these projects and repairs.  Additionally, the Brooksville Power Plant has significant space constraints since the boiler is located in and amongst equipment used by the adjacent cement kilns.  This adds to the disadvantage in adding or replacing the oxidation catalyst due to configuration intermingled with the cement plant. 
The applicant provided a cost effectiveness analysis showing a total Capital Investment, including the original equipment, to be $4,845,000.  The total annualized cost for the installation of the oxidation catalyst and new MPCR was estimated to be $1,170,955.  Based on an estimated 25% control efficiency, the CO catalyst would reduce 1,955 tons/year of total uncontrolled CO emissions by 489 tons/year resulting in a cost of approximately $2,396 per ton of CO removed ($2,396/ton).  The applicant contends that due to the clogging and other issues with previous oxidation catalyst the control efficiency could be reduced to as low as 2% resulting in a reduction of 39 tons/year of CO at a removal cost of $29,948/ton.  
The Department does not agree with this cost removal efficiencies given in the preceding paragraph.  The Department reached out to several oxidation catalyst manufacturers regarding issues and possible solutions regarding oxidation catalysts clogging when a boiler fires woody biomass.  One of the manufacturers, Clariant International, Ltd, stated that their company offers oxidation catalyst with larger pore openings.  However, the larger the pore opening lowers the reduction efficiency, which can range between 50 – 75% reduction in CO emissions depending on the size of the opening.  Also, the process used at the facility can also contribute to the efficiency of an oxidation catalyst, such as using a cyclone-baghouse combination vs an ESP.  A cyclone-baghouse combination reduces the fire risk and improves particulate collection efficiencies.  Therefore, the caking of particulates on the oxidation catalyst is reduced and this improves efficiency.  The facility currently uses an ESP with lower efficiencies and no fire risk.  Due to its low height, the ESP is installed inside the boiler room/existing structure.  Space constraints at the facility limits the location and type of equipment that can be used at the site.  According to the manufacturer, a larger pore size catalyst could provide an approximate 50% control efficiency which would reduce CO emissions by 978 tons/year resulting in a removal efficiency of $1,198/ton.
Based on the operating experience at the Brooksville Power Plant and prior extensive efforts to resolve operational issues, as well as considering restricted space, unusual location constraints (located inside an operating cement kiln facility), and the difficulties encounter at similar facilities operating stoker boilers and oxidation catalysts, it is determined that an oxidation catalyst is not technically feasible in this case.  Consequently, a CO catalyst is removed from the list of technically feasible options.  Consequently, the remaining control option is over-fired air and good combustion practices.  As previously shown by the applicant, data in the RBLC database (2006 – 2016) supports the over-fired air design and good combustion practices as BACT for operating stoker boilers firing biomass fuels.  It should be noted however, that the Department believes that a CO catalyst would be technically feasible for a new greenfield biomass boiler where the constraints/difficulties with respect to the FPD boiler listed previously in this paragraph would not be present.
To promote good combustion practices, the facility implemented new work practice standards to ensure that the fuel feed and fuel yard is managed and operated to reduce impacts of the moisture content of the fuel during environmental events such as high amounts of rainfall.  The new work practice standards include the following:
1. The facility uses a continuous oxygen trim system that maintains an optimum air-to-fuel ratio for automatic fan control with the ability to provide manual control, as needed, to minimize emissions from combustion operations.
2. A camera is installed inside the furnace at the grate level, providing the control room operator with a continuous view of fuel flow into each combustion zone to allow for combustion optimization.
3. During heavy rains, under-grate air is increased to aid in combustion by changing the air-to-fuel flow ratio to provide more air flow through the grate during high fuel moisture conditions.  Additionally, over-fire air dampers are used to control air flow as necessary, providing control over each combustor zone to optimize burning during high fuel moisture conditions.
4. Access ports are located on each side of the combustor to troubleshoot conditions during fuel distribution upsets and to aid in proper allocation of air into each combustor zone.
The stoker boiler at Brooksville is already equipped with an over-fired air system and good combustion practices; therefore, no further control-effectiveness analysis is needed.
5.2.3. Selection of BACT and Rationale
As shown in Table 2 and Table 3, previous CO BACT determinations for biomass stoker boilers range from 0.30 lb/MMBtu and 0.45 lb/MMBtu identified over-fired air and good combustion practices as control technology.  FPD is requesting a BACT limit for CO using over-fired air and good combustion practices to meet 575 ppmvd at 3% O2 (equivalent to 0.45 lb/MMBtu) and 446.4 lb/hour at all times based on a 30-day rolling average.  Compliance with this limit will be determined through the use of a CO CEMS.  
The applicant states that this value is less than the applicable limits of the Boiler MACT, 40 CFR 63, Subpart DDDDD, for boilers of this size, which requires a CO level of 1,500 ppmvd at 3% O2 on a 3-run average (approximately 1.45 lb/MMBtu) or 720 ppmvd at 3% O2 (equivalent to 0.70 lb/MMBtu) excluding periods of startup and shutdown, based on a 30-day rolling average.
The Department establishes the following CO BACT standards:  
· 575 ppmvd at 3% O2 and 446.45 lb/hour, based on a 30-day rolling average including periods of startup, shutdown and malfunction;
· Over-fired air system and good combustion practices shall be used to control emissions of CO;
· Compliance with the CO BACT standards will be determined through the use of a CO CEMS; and  
· Revise the facility Best Management Plan to include work practice standards that are used during environmental impacts such as high amounts of rainfall to ensure that the fuel yard is managed and operated to control the moisture content of the fuel and to optimize the combustion of the boiler by controlling the air-to fuel flow ratio to provide more air flow through the grate during high fuel moisture conditions.
5.3. BACT for PM/PM10/PM2.5
Particulate emissions from wood-fired boilers may be either solid or liquid, primarily solid matter.  PM consists of inorganic materials, unburned hydrocarbons, and unburned carbon[footnoteRef:2].  Size of the particles can range from submicron “smoke” particles to pieces of wood or char, half inch or larger.  Filterable emissions are emissions that exit the stack in either solid or liquid state and is referred to as non-condensable emissions.  The solid emissions are typically captured on a filter.  Condensable PM is the portion of PM emissions that exit the stack in gaseous form and condense upon mixing with cooler ambient air to form PM.  These emissions are most likely from chemical reactions from the fuels.  For this project, NOX and SO2 are important precursors of secondary PM (PM2.5) formed in the atmosphere, frequently in the form of nitrate and sulfate.   [2:  U.S. EPA, Control of Particulate Emissions from Wood-Fired Boilers.] 

Emissions of PM are a concern from wood-fired boilers.  PM emissions is dependent upon the control device as well as other factors:  composition of the fuel, drying conditions, in complete combustion, combustion temperatures, and variations in the fuel moisture content and the control device.  Combustion byproducts are generally controlled by multi-clone, ESP, and fabric filters, but wet scrubbers are available for reducing emissions of PM.
5.3.1. Identification of Control Technologies
The applicant provided the following control technologies:
· Multi-Clone:  The use of multi-tube cyclone (or multi-clone) mechanical collectors provides particulate control for many wood-fired boilers.  A centrifugal force separates filterable PM from a gas stream.  The exhaust gas enters a cylindrical chamber on a tangential path and is forced along the outside wall of the chamber at a high velocity causing the filterable PM to impact collectors on the outer wall of the unit and fall into a hopper for collection.  The efficiency of the arrangement varies from 25 to 65%.
· ESP:  An ESP removes filterable PM from a gas stream through the use of electric fields.  The incoming exhaust gas is ionized, which negatively charges the filterable PM and causes it to be attracted to and collected on electrodes.  At preset intervals, the electrodes are rapped to mechanically dislodge the PM, which is appropriately collected and disposed.  Filterable PM removal efficiencies of up to 98% are achievable for PM in the range of 0-5 microns.
· Fabric Filters:  Fabric filters, which are commonly referred to as a baghouse, use long cylindrical bags or tubes made of woven or felted fabric as a filter medium.  Dust laden gases enters the baghouse through hoppers and is directed into the baghouse compartment.  The gas is drawn through the bags and a layer of dust accumulates on the filter media surface until air can no longer move through it.  When sufficient pressure drop occurs, the cleaning process begins.  The three most common types of cleaning methods consist of mechanical shakers, reverse gas and pulse jet.  Particle collection efficiencies are typically 98% or higher.
· Wet Scrubber:  Wet scrubbing devices remove PM from a gas stream through a process called impaction.  A scrubbing liquid (typically water with an anticorrosion agent) is sprayed into the exhaust gas stream.  Contact between the atomized scrubbing liquid and the suspended PM removes the PM from the gas stream and passes it through a mist eliminator (demister pads) to remove the water droplets.  Wet scrubbers have a typical removal efficiency of up to 85% for emissions of PM/PM10 and significantly lower for PM2.5.
5.3.2. Discussion of Technically Infeasible Control Options and Ranking of Remaining Options
According to Section 1.6 in EPA AP-42 (Wood Residue Combustion in Boilers) and data posted in the RBLC database, ESP, ESP with multi-clone, and baghouses have been used as control technology for reducing emissions of PM.  As shown in Table 2 and Table 3, the RCLC database identified only one facility (OH-0307, not constructed yet) that used a baghouse as BACT to control emissions of PM.  Baghouses were mainly used with fluidized bed boilers.  Stoker boilers identified either an ESP or an ESP with multi-clone or cyclone were identified as BACT.
Use of a baghouse at facilities with stoker boilers is considered challenging as a safety issue, see for example excerpt below from EPA AP-42 Section 1.6, Wood Residue Combustion in Boilers: 
“ESPs are employed when collection efficiencies above 90% are required.  When applied to wood-fired boilers, ESPs are often used downstream of mechanical collector pre-cleaners which remove larger-sized particles. 
Collection efficiencies of 90 to 99% for PM have been observed for ESP operating on wood-fired boilers…… 
Fabric filters (i.e., baghouses) have had limited applications to wood-fired boilers.  The principal drawback to fabric filtration, as perceived by potential users, is a fire danger arising from the collection of combustible carbonaceous fly ash.  Steps can be taken to reduce this hazard, including the installation of a mechanical collector upstream of the fabric filter to remove large burning particles of fly ash (i.e., ‘sparklers’). …”
The wet scrubber has demonstrated up to 85% or more for venture scrubbers, typically used for wood fired boilers, for emissions of PM/PM10 and significantly lower for PM2.5.  The remaining control options for control of PM emissions are multi-clone which has demonstrated up to 65% efficiency and an ESP with a filterable PM removal efficiency up to 98% are achievable for PM in the range of 0-5 microns.  As previously shown by the applicant, data in the RBLC database (2006 – 2016) supports the multi-clone and ESP as BACT for operating stoker boilers firing biomass fuels.
The stoker boiler at Brooksville is already equipped with a multi-clone and ESP; therefore, no further control-effectiveness analysis is needed.


5.3.3. Selection of BACT and Rationale
To control emissions of PM2.5 and precursors, the boiler is equipped with an IDSIS utilizing milled trona, hydrated lime, limestone, or sodium bicarbonate to control SO2 emissions and an SCR with NH3 injection to control emissions of NOX.  
FPD is requesting a BACT standard for PM of 0.037 lb/MMBtu, which is achievable using the existing multi-clone and ESP to control emissions of PM.  Compliance with this limit is to be determined with an annual source test for filterable particulates.  
Considering all available information, the Department establishes a PM BACT standard of 0.037 lb/MMBtu, demonstrated through quarterly stack testing for one-year using EPA Methods 5, 5B, or 17.  After one year of demonstrating compliance with the quarterly stack test, the testing requirements may be reduced to annual stack testing.  Emissions of PM will be controlled by using the existing multi-clone and ESP.  Demonstrating compliance with the PM BACT standard will demonstrate compliance with emissions of PM10 and PM2.5.
5.4. BACT for GHG (CO2e)
Greenhouse gases are categorized and compared on an “equivalency” basis according to their global warming potential (GWP).  GWP is a relative measure of how much heat a GHG traps in the atmosphere.  It compares the amount of heat trapped by a certain mass of the gas in question to the amount of heat trapped by a similar mass of CO2.  GWP is calculated over a specific time interval, the most commonly used time period is 100 years.  
Wood-fired boilers produce GHG consisting primarily of CO2, CH4, and N2O during fuel combustion.  CO2 enters the atmosphere through burning wood products and also as a result of certain chemical reactions.  During the combustion process approximately 99% of the fuel carbon in wood residue is converted to CO2.  The majority of the fuel carbon not converted to CO2, due to incomplete combustion, is entrained in the bottom ash.  
N2O is created during the combustion process by a series of reactions and is influenced by multiple factors.  Creating N2O can be minimized when combustion temperatures are kept high (above 1475°F) and excess air is kept to a minimum (less than 1%).  During periods of low-temperature combustion or incomplete combustion (startup or shutdown), CH4 emissions are highest.  Typically, conditions that favor formation of N2O also favor emissions of CH4.  Small amounts of CH4 and N2O are expected to increase from this project.  Good combustion practices are used on the boiler, so formation of CH4 and N2O is expected to be minimal.  
5.4.1. Identification of Control Technologies
The applicant provided the following control technologies:
· Carbon Capture and Sequestration (CCS):  CCS involves capturing the CO2 from flue gas, transporting it to an appropriate location for storage, and sequestering it underground.  There are several different technologies used to capture the CO2 and subsequently sequestering it underground.  The different technologies that can be used to separate and capture CO2 from the effluent stream includes absorption, adsorption, low-temperature distillation, gas separation membranes, or mineralization and bio-mineralization.  Potential locations for long-term underground storage of CO2 include depleted oil and gas reservoirs, un-mineable coal seams, and underground saline formations.
· Good Combustion Practices:  The biomass stoker combustion system relies upon combustion-time, temperature and turbulence for efficiency in good combustion.  Proper design and operation practices can limit the amount of CO2 that is generated by the boiler.  Operating the boiler by controlling the fuel feed and distribution across the grate, combustion air distribution, over-fired air system, and mixing of fuel and air by the use of grate oscillation/vibration ensures more complete combustion of the fuel.
5.4.1. Discussion of Technically Infeasible Control Options and Ranking of Remaining Options
There have only been a few CCS demonstration projects performed by coal fired power plants to capture CO2 from flue gas.  These projects have utilized coal as their primary fuel.  Additionally, three U.S. Department of Energy-funded projects at chemical plants (methanol, ethanol, and hydrogen) have begun work; however, these projects were initially funded in 2010 and have only recently moved into the construction/demonstration phases.
Transportation and storage of the CO2 has also shown to be challenging.  To transport the CO2, the CO2 would have to be compressed to approximately 2000 psi which would require the generation of a large amount of heat, which necessitates additional demand for cooling water, or cooling through electrical means.  The transportation infrastructure (i.e. pipeline) required to move compressed CO2 from the project site to an appropriate place for storage does not exist.  Currently, there are no demonstrated permanent CO2 sequestration locations in Florida, nor are there already any CO2 pipelines in place in the state.  Regardless, five formations with potential for geologic sequestration were considered, based on a 2015 report from the US Geological Survey[footnoteRef:3].  This study indicated that while there is potential for carbon sequestration in a few formations in the southern part of Florida, no studies have yet demonstrated industrial-scale usage or suitability of these formations for carbon sequestration. [3:  Roberts‐Ashby, T.L., Brennan, S.T., Merrill, M.D., Blondes, M.S., Freeman, P.A., Cahan, S.M., DeVera, C.A., and Lohr, C.D.,
2015, Geologic framework for the national assessment of carbon dioxide storage resources—South Florida Basin, chap. L
of Warwick, P.D., and Corum, M.D., eds., Geologic framework for the national assessment of carbon dioxide storage resources: U.S. Geological Survey Open‐File Report 2012-1024-L.  Available at http://pubs.usgs.gov/of/2012/1024/l/ofr20121024l.pdf.] 

Based on the facts that there are currently no means of transportation or storage for CO2, and there are no CO2 sequestration locations in Florida, the applicant states that CCS is technically infeasible.
5.4.2. Selection of BACT and Rationale
The EPA RBLC database identified four of five facilities with BACT determinations that identified good combustion practices to control emissions of GHG.  One of the facilities used energy efficient design and the use of a thermal district heat loop to control GHG.  All five units are fueled primarily with biomass (wood/bagasse).  The three large units all had output-based GHG BACT limits, in units such as lb/MW-hour ranging between 2,668 and 2,993 lb/MW-hour, gross.  
The Department agrees that carbon capture and sequestration is not technically feasible for this project.  Only a handful of projects have successfully captured CO2 from power (or steam) generation.  Based on the available information, the Department establishes a GHG (CO2) BACT standard of 3,300 lb/MW-hour, based on a 12-month-day rolling average, rolled monthly.  GHG will be controlled with good combustion practices.  Compliance with this GHG (CO2) BACT standard will be determined through the use of a CO2 CEMS. 
6. AIR QUALITY ANALYSIS
As a part of this review, Rules 62-212.400(7) and 62-212.400(5), F.A.C., require the applicant to perform a current air quality analysis and a source impact analysis for each PSD applicable pollutant. The emission rates in Table 1 are based on the worst-case operating scenario for each pollutant and indicate that CO and PM/PM10/PM2.5 are subject to review.
6.1. Current Air Quality Analysis 
6.1.1. State Level 
[bookmark: _Ref390759480]The State of Florida has generally good ambient air quality and is currently in attainment of all national ambient air quality standards (NAAQS) near the project site.  Air pollutant emissions of CO and PM from stationary (industrial) and mobile sources have seen a significant decrease in the past 15 years as is shown in Figure 7 and Figure 8.  Statewide actual annual emissions from stationary sources of CO have decreased 50% since 2000 and annual emissions from mobile sources of CO (estimated with MOVES2014a) have decreased 60% since 2000.  Statewide actual annual emissions from stationary sources of PM have decreased 66% since 2000 and annual emissions from mobile sources of PM10 (estimated with MOVES2014a) have decreased 41% since 2000.  These emission decreases have occurred in spite of the increase in the population of Florida of over four million, or nearly 27%, through the same period.  A variety of national rules that are currently being implemented are expected to maintain these lower levels or even reduce them further in the foreseeable future.

[bookmark: _Ref478563728]Figure 7.   Annual emissions of CO from stationary sources (actual) and mobile sources (estimated from MOVES2014a) in Florida from 2000 to 2015.

[bookmark: _Ref473298667]Figure 8. Annual emissions of PM from stationary sources (actual) and PM10 from mobile sources (estimated from MOVES2014a) in Florida from 2000 to 2015.
6.1.2. County Level
Hernando County, 2015 population of 178,439, is rural in nature where the project is located.  The project is located in the northwest corner of the city of Brooksville, Florida, 2015 population of 7,854.  Table 6 below includes emissions of CO and PM from stationary sources in Hernando County in 2006 and 2015.  As shown, the downward trend in statewide stationary source emissions is reflected in this area. 
[bookmark: _Ref479232607]Table 6 – ACTUAL ANNUAL EMISSIONS OF co and PM BY STATIONARY 
SOURCES IN Hernando COUNTY, FLORIDA IN 2006 AND 2015.
	Pollutant
	2006 Actual Emissions (tons)
	2015 Actual Emissions (tons)
	Percent Change

	CO
	1172.63
	925.66
	-21%

	PM
	548.57
	167.86
	-69%


6.1.3. Nearby Sources
The area surrounding the project site contains very few significant stationary sources of air pollutants.  Table 7 and Table 8 provide some perspective on the relative size of the project and nearby sources by comparing its maximum potential future emissions of CO and PM10 with the actual 2015 emissions from the five largest sources within 50 km.  Two of these sources are located very close to the project, but the rest are at least 30 to 40 km away (Figure 9).
[bookmark: _Ref473298836]Table 7 – Actual 2015 Emissions of CO from the Largest Stationary Sources near the Project Site.
	Owner
	Facility Name
	County
	2015 CO Emissions (tons)

	Florida Power Development
	This Project
	Hernando
	1126.1

	Duke Energy Florida
	Crystal River Power Fossil Plant
	Citrus
	885.5

	Cemex Construction Materials Florida
	Cemex Brooksville South Cement Plant
	Hernando
	699.3

	American Cement Company
	Sumterville Cement Plant
	Sumter
	425.0

	Quantum Pasco Power
	Quantum Pasco Power
	Pasco
	37.5

	Pasco County
	Pasco County Resource Recovery Fac
	Pasco
	23.2


[bookmark: _Ref473298846]Table 8 – Actual 2015 Emissions of PM10 from the Largest Stationary Sources near the Project Site.
	Owner
	Facility Name
	County
	2015 PM10 Emissions (tons)

	Duke Energy Florida
	Crystal River Power Fossil Plant
	Citrus
	1122.5

	American Cement Company
	Sumterville Cement Plant
	Sumter
	84.3

	Cemex Construction Materials Florida
	Cemex Brooksville South Cement Plant
	Hernando
	82.2

	Florida Power Development
	This Project
	Hernando
	79.1

	LHOIST North American of Alabama
	LHOIST – Brooksville Plant
	Hernando
	23.7

	Robbins Manufacturing Co.
	Robbins Manufacturing Co.
	Hillsborough
	17.8


6.1.4. Monitors
Florida has a robust ambient air monitoring network operated by the Florida Department of Environmental Protection (DEP) and its partners (local air pollution control programs).  The network monitors concentrations of each of the criteria pollutants and includes monitors in Florida counties containing 92% of the population (Figure 10, Figure 11, and Figure 12).  The monitor shown in Figure 9 is representative of the project site and is used to evaluate the existing air quality in the area with respect to CO, PM10, and PM2.5.  The representative monitor is described in Table 9 and is used to satisfy the preconstruction monitoring requirements for PSD review contained in Rule 62-212.400(7), F.A.C.  This is the nearest CO monitor to the project site.  While there is a PM2.5 and PM10 monitor located closer to the project site, that monitor is located by the coast and so is likely less representative than the more inland monitor chosen.  Other nearby monitors are located within the urban area of Tampa and so are also less representative of the more rural area of the project location.  While the selected monitor may have higher estimates than the actual ambient air quality where the project is located due to influence from the nearby urban area of Tampa, it is the most representative monitor in the region and will provide conservative estimates.  The design values and concentrations of CO, PM10, and PM2.5 at this monitor are well below the applicable NAAQS.
6.2. Source Impact Analysis
A source impact analysis is required by Rule 62-212.400(5), F.A.C. to demonstrate that allowable emission increases from the proposed project will not cause or contribute to a violation of any NAAQS or PSD increment as defined in 40 CFR Part 50 and 40 CFR 52.21(c) respectively.  This analysis is performed using approved air quality models and analysis techniques as described in Appendix W (Guideline on Air Quality Models) of 40 CFR 51. 
[image: ]
[bookmark: _Ref473298937][bookmark: _Ref473298935]Figure 9.  Reference map for the Brooksville Power Plant including monitors used to characterize the air quality and meteorology near the project site.
[image: ]
[bookmark: _Ref473299156]Figure 10. Florida ambient air monitoring network design values for 2013-2015 for CO.
[image: ]
[bookmark: _Ref473299167]Figure 11. Florida ambient air monitoring network design values for 2013-2015 for PM10.
[image: ]
[bookmark: _Ref473299174]Figure 12. Florida ambient air monitoring network design values for 2013-2015 for PM2.5.
[bookmark: _Ref473299252]Table 9 – CRITERIA POLLUTANT DESIGN VALUES FOR FLORIDA DEP AMBIENT AIR MONITOR CHOSEN TO CONSERVATIVELY CHARACTERIZE THE PROJECT AREA.
	Location
(Site Number)
	Pollutant
	Averaging
Period
	Ambient Concentration

	
	
	
	Compliance Period
	Value
	Standard
	Unitsa

	Tampa, FL
(057-3002)
	CO
	1-Hour
	2015
	0.5f
	35b
	ppm

	
	
	8-Hour
	2015
	0.4f
	9b
	ppm

	
	PM10
	24-Hour
	2015
	35f
	150c
	µg/m3

	
	PM2.5
	24-hour
	2013 – 2015
	15
	35d
	µg/m3

	
	
	Annual
	2013 – 2015
	6.9
	12e
	µg/m3

	1. Units are in: micrograms per cubic meter (µg/m3); or parts per million (ppm).
1. Not to be exceeded more than once per year.
1. Not to be exceeded more than once per year on average over a three-year period.
1. Three-year average of the annual 98th percentile, daily 24-hour average concentrations.
1. Three-year average of the arithmetic annual means.
1. Exceedance based standard – Second highest 2015 concentration given for comparison.


6.2.1. Dispersion Modeling Approach
Dispersion modeling for the source impact analysis typically occurs in six steps:
a. Class II SIL Analysis:  Initial modeling is performed to determine if the maximum predicted concentrations due to the new source(s) alone are likely to cause a significant impact on ambient air quality.  Modeling is performed using five years of actual meteorological data and the highest resultant concentrations are compared to the EPA suggested significant impact levels (SILs) for each pollutant that is subject to PSD review.  For each pollutant that is less than the SIL, steps two and three are skipped.  For all others, refined NAAQS and Class II increment analyses are required.
b. NAAQS Analysis:  Cumulative source modeling is performed for each pollutant and averaging time that exceeded the Class II SIL.  This analysis includes modeled emissions from all nearby sources that are considered to have a significant impact and a non-modeled background concentration intended to represent all other sources of pollutants.  The resulting concentrations are evaluated on a receptor-by-receptor basis for comparison to the NAAQS using the following metrics:
· CO 1-Hour Average: Highest of yearly second-high 1-hour average concentrations;
· CO 8-Hour Average: Highest of yearly second-high 8-hour average concentrations;
· PM2.5 24-Hour Average: 5-year average of the yearly 8th-high 24-hour average concentration;
· PM2.5 Annual Average: 5-year average of the annual mean;
· PM10 24-Hour Average: 6th-high 24-hour concentration over five years;
c. Class II Increment Analysis:  Cumulative source modeling is performed with nearby PSD increment consuming or expanding sources.  For annual averaging periods, the highest five-year annual average is compared to the increment.  For all other short-term averaging periods, the 2nd-highest concentration from each of five years is compared. 
d. Class I SIL Analysis:  A Class I analysis is typically required if a source is within 200 km of a Federal Class I area, and is sometimes advisable for greater distances.  Almost all of Florida is within, or close to this distance of at least one Class I area and therefore an analysis is always required.  This analysis is identical to the Class II SIL analysis except that the SILs are smaller and only evaluated within the boundaries of the Class I area.
e. Class I Increment Analysis:  For those pollutants that exceed the applicable Class I SIL, an increment analysis is required.  Again this analysis mirrors the Class II increment analysis except with smaller increments that are only evaluated within the Class I area.
f. Class I AQRV Analysis:  An Air Quality Related Values (AQRV) analysis is required for any Class I area that does not pass a specific screening criteria.
6.2.2. Models 
The AERMOD (AMS (American Meteorological Society)/EPA Regulatory Model) modeling system is an EPA-approved near-field, Gaussian, steady-state plume dispersion model that simulates pollutant dispersion methods based on planetary boundary layer turbulence structure and scaling concepts, including the treatment of both surface and elevated sources, and both simple and complex terrain.  The system is comprised of the AERMET meteorological processor, the AERMAP terrain processor, and the actual AERMOD model.  AERMOD was commissioned by EPA for regulatory use and was developed by AERMIC (AMS/EPA Regulatory Model Improvement Committee) from 1991 to 2005 when EPA officially promulgated it as the preferred regulatory model.  Between 2005 and 2014 the program has undergone ten major updates.  It is the recommended model for assessing air quality impacts up to 50 km from the source. 
The VISCREEN modeling system is a plume visual impact screening model which calculates potential plume impacts on visibility against both a sky background and a terrain background.  VISCREEN is the model required by the Federal Land Managers (FLMs) in the FLMs’ 2010 Air Quality Related Values Work Group guidance (FLAG guidance) for assessing visibility impacts from sources within 50 km of a Class I area.
For this project, AERMOD was used to evaluate the Class II SILs and Class I SILs for CO, PM10, and PM2.5.  VISCREEN was used for the Class I AQRV analysis, because the project is located within 50 km of the Class I area.
6.2.3. Class II SIL Analysis
The general modeling approach for the SIL analyses followed current EPA and DEP modeling guidance. Emission parameters used in modeling were based on worst-case operating conditions that were determined to have the highest ambient impact.  The applicant used a series of specific model features recommended by EPA that are referred to as the regulatory options and the latest version of each model component available at the time of the analysis.  It should be noted that ambient concentrations of modeled pollutants in the area near the project site are significantly below the applicable NAAQS for each and therefore use of SILs in this case satisfies Section 165(a)(3) of the CAA. 
a. Meteorological Data
The AERMET v.14134 meteorological input used with the AERMOD v.14134 model consisted of a concurrent 5-year period of hourly surface-weather observations from the National Weather Service (NWS) Automated Surface Observing System (ASOS) station at the Hernando County Airport (BKV) and upper air sounding (RAOB) data from the Tampa International Airport (Figure 9). This data was compiled by DEP for the period 2011 - 2015 and included land cover and land use parameters derived from the 1992 National Land Cover Database (NLCD) by AERSURFACE v.13016 and 1-minute ASOS wind data extracted by AERMINUTE v.11059 with a minimum wind speed threshold of 0.5 meters per second (m/s).  The ASOS station at BKV is located approximately 12 km south of the project site and is the closest primary weather station.  Table 10 summarizes the annual average land use parameters for the project site and the ASOS location, derived seasonally and for twelve 30-degree wind direction sectors using AERSURFACE.  Given the similarity of the land surrounding both sites, the ASOS data are representative of the project site.
[bookmark: _Ref473299370]Table 10 – ANNUAL AVERAGE LAND USE PARAMETER COMPARISON BETWEEN THE BKV ASOS STATION AND THE PROJECT SITE.
	Location
	Albedo
	Bowen Ratio
	Surface Roughness

	BKV ASOS Station
	0.16
	0.68
	0.115

	Brooksville Project Site
	0.15
	0.61
	0.230


b. Building Downwash
Building downwash effects were simulated for 28 structures at the facility.  For each stack, direction-specific building heights and maximum projected widths were calculated by the Building Profile Input Program (BPIP v.04274) incorporating the Plume Rise Model Enhancement (PRIME) algorithm.  This wind direction-specific information was then output to AERMOD which simulates aerodynamic downwash based on stack and building locations and heights. 
c. Receptors and Terrain
A combination of fence line, near-field, and far-field receptors was chosen for predicting maximum concentrations in the vicinity of the project for comparison to the Class II SILs.  Receptor locations used in the modeling analysis were based on Universal Transverse Mercator (UTM) coordinates from Zone 17 North, North American Datum 1983 (NAD83).  The modeling domain was set as a 15 km X 15 km grid centered at UTM 17N east and north coordinates of 360,027.2 and 3,162,556.7 meters (m), respectively.  A discrete Cartesian grid of 3,044 receptors was located at the following intervals and distances:
· 50 m spacing along the property boundary and fence line;
· 100 m spacing from the fence line to 2,000 m from the domain origin;
· 250 m spacing from 2,000 m to 5,000 m from the domain origin;
· 500 m spacing from 5,000 m to 7,500 m from the domain origin.
This receptor placement is sufficient to resolve the areas of highest concentration in Florida’s flat terrain.
Base elevations were extracted from the US Geological Survey’s (USGS) 1-second National Elevation Dataset (NED) by AERMOD’s terrain processor AERMAP v.11103 for all receptors and sources.


d. Onsite Modeled Sources
The SIL analysis evaluates whether the increase in potential emissions from the project alone are capable of significantly contributing to a NAAQS exceedance.  The applicable SILs for this analysis are the 1-hour and 8-hour CO, 24-hour and annual PM10, and 24-hour and annual PM2.5 SILs.  To assess all applicable SILs, the source emission rate was modeled in AERMOD as 1 g/s to get the maximum impact in units of (μg/m3)/(g/s).  This maximum impact was then multiplied by the net increase in the maximum permitted hourly emission rate for that pollutant (the proposed hourly emission rate minus the previously permitted hourly emission rate) to get the resulting maximum ground-level concentration.  For the annual standards, the maximum annual impact out of the 5 years of meteorology, which occurred in Year 5 (2015), was used to calculate the maximum ground-level concentration.  Table 11 compares the currently permitted emission rates with the proposed emission rates and lists the net increase emission rates used to calculate the maximum concentrations for the SIL analysis.  There is currently no permitted emission rate for PM2.5, so for the purposes of modeling, the rate is estimated to be 64.8% of the PM/PM10 rate, based on the EPA AP-42 emission factors for PM and PM2.5 that apply to this source (combustion of woody biomass and use of an electrostatic precipitator).  
The applicant performed a load analysis to determine the operating conditions resulting in the maximum ground-level concentrations.  The applicant chose to compare ground-level concentrations occurring from an 80% load and a 100% load.  A 100% load condition was chosen to represent maximum operation of the boiler.  The 80% load condition was chosen because it represents how the boiler actually operated during the first two years of operation.  The applicant demonstrated with additional modeling that operation at 100% load results in higher ground-level concentration than operation at 80% load.  Therefore, the SIL analysis is based on 100% load conditions, which provides more conservative results.  Table 12 lists the unit stack parameters used in the modeling, as specified in the permit.
[bookmark: _Ref473299752]Table 11 – Comparison between the currently permitted emission rates and the proposed emission rates from this project.
	Pollutant
	Emission Rate
	(lb/hour)
	(g/s)

	CO
	Current
	40.50
	5.11

	
	Proposed
	446.45
	56.25

	
	Net Increase
	405.95
	51.15

	PM10
	Current
	11.70
	1.48

	
	Proposed
	29.80
	3.75

	
	Net Increase
	18.06
	2.28

	PM2.5
	Current
	7.58
	0.96

	
	Proposed
	19.28
	2.43

	
	Net Increase
	11.70
	1.48


[bookmark: _Ref473299769]Table 12 – Unit stack parameters used in modeling.
	Parameter
	Value

	Release Height
	165 ft

	Stack Diameter
	12 ft

	Gas Exit Temperature
	334°F

	Gas Exit Flow Rate
	403,683 acfm





e. Results
The results of the SIL modeling that are summarized in Table 13 indicate that refined cumulative source modeling is not required for this project, as all impacts were below the Class II SILs. 
[bookmark: _Ref473299820]Table 13 – Maximum predicted air quality impacts for the Project, compared to the Class II SILs.
	Pollutant
	Averaging Time
	Max Concentration (μg/m3)
	SIL (μg/m3)
	Percent of SIL
	Significant Impact?

	CO
	1-Hour
	259.45
	2000
	13.0%
	No

	
	8-Hour
	95.77
	500
	19.2%
	No

	PM10
	24-Hour
	1.83
	5
	36.6%
	No

	
	Annual
	0.11
	1
	11.0%
	No

	PM2.5
	24-Hour
	1.19
	1.2
	98.9%
	No

	
	Annual
	0.07
	0.3
	23.8%
	No


6.2.4. Class I Analysis 
All areas not explicitly designated as Class I in 40 CFR 81 Subpart D (such as national parks and wilderness areas) are considered Class II areas.  While the NAAQS apply to all areas equally, more stringent SILs and increments exist for Class I areas.  A Class I analysis is required for any project that may affect a Federal Class I area.  The Class I area closest to the project site is Chassahowitzka National Wilderness Area (CNWA), 20 km to the WNW (Figure 9). 
Class I SIL Analysis
A SIL analysis was performed using AERMOD to evaluate the PM2.5 and PM10 SILs.  A Class I PSD increment has not yet been established for the 1-hour and 8-hour CO standards; therefore, a Class I Increment analysis is not required for CO for this project.  Because the project is within 50 km of the entire CNWA Class I area, AERMOD was used to directly analyze the SILs at receptors within CNWA.  The applicant used a pre-made receptor grid for CNWA available on the U.S. Fish & Wildlife Service website.  The receptor grid contains 113 discrete receptors placed 800 m apart throughout CNWA.  The results in Table 14 show that the maximum concentration was less than the SIL for all pollutants; therefore, refined cumulative source modeling is not required for this project.
[bookmark: _Ref473299917][bookmark: _Ref391037597]Table 14 – Maximum predicted air quality impacts in cnwa compared to the Class I SIL.
	Pollutant
	Averaging Time
	Max Concentration (μg/m3)
	SIL (μg/m3)
	Percent of SIL
	Significant Impact?

	PM10
	24-Hour
	0.074
	0.3
	24.8%
	No

	
	Annual
	0.005
	0.2
	2.3%
	No

	PM2.5
	24-Hour
	0.048
	0.07
	68.9%
	No

	
	Annual
	0.003
	0.06
	4.9%
	No


6.3. Additional Impacts Analysis
The applicant is required by Rule 62-212.400(8), F.A.C. to provide an analysis of the project’s potential impacts on visibility, soils, vegetation, and wildlife due to the proposed project or any general commercial, residential, or industrial growth associated with the project. 


6.3.1. [bookmark: _GoBack]Growth
This project does not involve any construction and is therefore not expected to result in any commercial or industrial growth in the area. 
6.3.2. Soils, Vegetation, and Wildlife
Emissions of pollutants have the potential to negatively affect soils, vegetation and wildlife near sources. The project’s maximum predicted air quality impacts are less than the NAAQS which were established to protect both public health and welfare. In addition, secondary NAAQS have been set to protect against visibility impairment and damage to animals, crops, vegetation, and buildings. All ambient air quality impacts from the project have been predicted to remain well below the applicable secondary NAAQS as well and therefore the impact on soils, vegetation, and wildlife is expected to be negligible. 
6.3.3. Class I AQRV
The Federal Land Manager (FLM) for every Class I area that may be affected by a source is charged with protecting all air quality related values (AQRV), including visibility and deposition, in that area.  An AQRV analysis is generally required for all PSD projects and the applicant completed such an analysis for this project.  Specifically, the FLM requested that the applicant complete a visibility analysis and discuss the impacts of the net emissions increases on the flora and fauna within the CNWA Class I area.
a. Visibility Analysis
For distances within 50 km, visibility impairment may take the form of a distinct plume from the source.   FLAG guidance requires the use of VISCREEN to assess plume impacts on visibility against a sky background and a terrain background, both looking into and out from the Class I area.
In interpreting results from VISCREEN for CNWA, results looking out from the Class I area can be excluded because these results are only applicable in areas where an integral vista is being protected, and Florida has no integral vistas.  The VISCREEN Workbook also indicates that it is reasonable to exclude results against a terrain background if there is no possibility of viewing distant terrain in the Class I area.  As seen in Figure 9, CNWA is in a coastal area with no terrain features, with most receptor points having an elevation ranging from zero to only five feet.  Therefore, it was determined that views of distant terrain are not possible at CNWA, and plume impacts against a terrain background are excluded.
The applicant performed two levels of screening with VISCREEN to determine if there could be any significant impacts in the Class I area.  Inputs to VISCREEN are listed in Table 15.  The particulates and NOx emissions are calculated assuming the source was running at the maximum net increase hourly emission rate for the entire year.
The Level 1 analysis assumes the worst possible dispersion condition (combination of wind speed and stability class), regardless of actual meteorology at the site.  Level 1 also assumes a conservative background visual range based on pristine conditions and the scattering angle and line of sight that would maximize plume impacts.  The Department reviewed and verified all Level 1 analysis inputs.  Results of the Level 1 analysis are shown in Table 17.  Because there was an exceedance of the visibility criteria against a sky background, a Level 2 analysis was required.
The Level 2 analysis also assumes the scattering angle and line of sight that would maximize plume impacts, but uses a more realistic background visual range based on actual annual average natural conditions at CNWA, as provided in FLAG guidance, and uses worst case dispersion conditions that are based on actual meteorology data.  The applicant used the same five years of meteorology data that were used in the AERMOD SIL analysis modeling to find the worst case dispersion condition when winds were blowing from the source towards the Class I area (E and ESE winds), for hours 0-6, 6-12, 12-18, and 18-24.  First, the dispersion conditions were ranked in order of decreasing severity, and then the frequency of occurrence of each was calculated.  The dispersion condition with a cumulative probability of 1% was used in the VISCREEN modeling.  As seen in Table 16, the first dispersion condition to qualify was the worst possible, stability class F and wind speed of 1 m/s.
The Department reviewed all Level 2 inputs and calculations and found that the applicant neglected to include nighttime dispersion conditions in the meteorological data analysis (hours 0-6 and 18-24).  Therefore, the applicant used the first dispersion condition to qualify during daytime hours only (stability class F, wind speed 2 m/s).  The Department re-ran VISCREEN with the correct dispersion condition of stability class F and wind speed of 1 m/s.  Results of the Level 2 analysis are in Table 17.  Because there is no exceedance of the screening criteria against a sky background, this project will not have a significant impact on visibility at CNWA.
[bookmark: _Ref473300069]Table 15 – Inputs used in VISCREEN for the Level 1 and Level 2 visibility analysis
	Model Input
	Units
	Level 1
	Level 2

	Particulates
	TPY
	80
	80

	NOX
	TPY
	39
	39

	Primary NO2
	TPY
	0
	0

	Soot
	TPY
	0
	0

	Primary SO4
	TPY
	0
	0

	Distance to observer
	km
	20
	20

	Distance to closest point
	km
	20
	20

	Distance to farthest point
	km
	27
	27

	Background Visual Range
	km
	170
	101.2

	Wind speed
	m/s
	1
	1

	Stability Index
	-
	6 (F)
	6 (F)

	Ozone Background
	ppm
	0.04
	0.04

	Plume Offset Angle
	degrees
	11.25
	11.25

	Delta E threshold
	-
	2.00
	2.00

	Green contrast threshold
	-
	0.05
	0.05


[bookmark: _Ref473300102]Table 16 –dispersion conditions in order of decreasing severity when winds were blowing from the source towards the class i area. 
	Dispersion Condition
	Cumulative Frequency of Occurrence
Hours of Day

	Stability Class
	Wind Speed (m/s)
	0-6
	6-12
	12-18
	18-24

	F
	1
	2.329%
	0.511%
	0.000%
	1.269%

	F
	2
	6.183%
	1.041%
	0.000%
	1.269%

	E
	1
	6.183%
	1.041%
	0.000%
	1.269%

	F
	3
	6.183%
	1.452%
	0.000%
	1.269%

	E
	2
	6.183%
	1.452%
	0.000%
	1.269%

	D
	1
	6.183%
	1.452%
	0.000%
	1.269%

	E
	3
	6.183%
	1.452%
	0.000%
	1.269%

	E
	4
	6.183%
	1.452%
	0.000%
	1.269%

	D
	2
	6.183%
	1.452%
	0.055%
	1.269%

	E
	5
	6.183%
	1.452%
	0.055%
	1.269%

	D
	3
	6.183%
	1.452%
	0.237%
	1.269%

	D
	4
	6.183%
	1.452%
	0.530%
	1.269%

	D
	5
	6.183%
	1.452%
	0.877%
	1.269%

	D
	6
	6.183%
	1.452%
	1.406%
	1.269%

	D
	7
	6.183%
	1.452%
	1.406%
	1.269%

	D
	8
	6.183%
	1.452%
	1.406%
	1.269%


[bookmark: _Ref473300087]Table 17 – Level 1 and Level 2 viscreen results.
	
	Delta E
	Contrast

	Analysis
	Background
	Thetaa
	Azib
	Distance
	Alphac
	Threshold
	Plume
	Threshold
	Plume

	Level 1 Results
	Sky
	10
	141
	27
	28
	2
	2.517
	0.05
	0.048

	
	Sky
	140
	141
	27
	28
	2
	0.619
	0.05
	-0.021

	Level 2 Results
	Sky
	10
	141
	27
	28
	2
	1.579
	0.05
	0.027

	
	Sky
	140
	141
	27
	28
	2
	0.442
	0.05
	-0.016

	a. Scattering angle.
b. Azimuthal angle between line connecting source and observer, and line of sight.
c. Angle between line of sight and plume centerline.


b. [bookmark: _Ref453587710]Flora and Fauna Discussion
The main impact of concern to flora and fauna in CNWA, as well as to soils and waters, is deposition of nitrogen and sulfur.  Nitrogen deposition can lead to eutrophication in water, which can lead to excess algae growth.  Both nitrogen and sulfur deposition can lead to acidification of waters.
Because the project’s net increase in emissions of NOX and SO2 are less than the SER thresholds, no significant deposition of nitrogen or sulfur in CNWA is expected to occur due to this project.  Also, the ambient air quality impacts from the project have been predicted to remain well below the applicable secondary NAAQS, which are in place to protect against damage to flora and fauna; therefore, no adverse impacts are expected for flora and fauna in CNWA from this project.
6.4. Conclusion
Based on the results presented in the air quality impact analysis, the Department has reasonable assurance that the increased pollutant emissions associated with the project will not cause or significantly contribute to any violation of a NAAQS or PSD increment; in addition, the Department finds that there will be no adverse impact on soils, vegetation, wildlife, or AQRVs in Class I areas. 
7. PRELIMINARY DETERMINATION
[bookmark: lastpage]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.  Tammy McWade is the project engineer responsible for reviewing the application and drafting the permit changes.  Ashley Kung is the meteorologist responsible for reviewing and approving the ambient air quality analyses.  Additional details of this analysis may be obtained by contacting the project engineer at the Department’s Office of Permitting and Compliance at Mail Station #5505, 2600 Blair Stone Road, Tallahassee, Florida 32399-2400 at 850/717-9086 or by email Tammy.McWade@dep.state.fl.us..
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Florida Stationary and Mobile Source Total Annual Air Emissions  
of Carbon Monoxide (2000-2015)
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Stationary Source CO Emissions (TPY)
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PM Emissions (TPY)





Florida Power Development, LLC	Project No. 0530380-010-AC (PSD-FL-090G)
Brooksville Power Plant	Increase Steam Capacity
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