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Hardee Power Station Combustion Turbine Project (Unit 2B)

TECO Power Services

PSD-FL-140A and PA89-25

Hardee County, Florida

1.0  Existing Facility

The Hardee Power Station is an existing electric power generating plant with a nominal capacity of 295 megawatts (MW) located approximately 3.5 miles north of State Road 62 on County Road 663 in Fort Green Springs, Hardee County, Florida.  The plant presently consists of a combined-cycle unit, a simple cycle unit, fuel oil storage, and ancillary support equipment.  The combined-cycle unit includes two General Electric Model 7EA combustion turbines with electrical generators, two unfired heat recovery steam generators (HRSG), and a common steam turbine.  The simple-cycle unit is also a General Electric Model 7EA combustion turbine with electrical generator.  Each combustion turbine is fired primarily with natural gas.  Low sulfur distillate oil is fired as a backup fuel.

The existing facility is a fossil fuel fired steam electric plant with a heat input greater than 250 mmBTU per hour, an industry included in the 28 Major Facility Categories listed in Table 212.400-1, F.A.C.  Because emissions of at least one criteria pollutant are greater than 100 TPY, the facility is considered a “major facility” with respect to Rule 62-212.400, F.A.C. - Prevention of Significant Deterioration (PSD).  Therefore, a PSD review and a Best Available Control Technology (BACT) determination is required for each pollutant that will experience an emissions increase greater than the Significant Emissions Rates specified in Table 62-212.400-2, F.A.C.

2.0  Project Description

The applicant, TECO Power Services, proposes to add one General Electric Model No. PG7121 7EA dual-fuel simple cycle combustion turbine with electrical generator set having a nominal power production of 75 MW.  The new unit will use the existing infrastructure including oil storage and support equipment.  Dry low-NOx (DLN) combustion technology will be used to control nitrogen oxide emissions when firing the primary fuel of pipeline natural gas.  Water injection will be used to control nitrogen oxide emissions when firing low sulfur distillate oil as a backup fuel for up to 876 hours per year.  Combustion design and clean fuels will be used to minimize emissions of carbon monoxide, particulate matter, sulfuric acid mist, sulfur dioxide, and volatile organic compounds.  Emissions will exit the combustion turbine at through a rectangular stack that is 85 feet in height.  The applicant identifies the new combustion turbine as “Unit 2B”.

As a result of fuel combustion, this project will emit significant emissions of carbon monoxide (CO), nitrogen oxides (NOx), particulate matter (PM/PM10), and sulfur dioxide (SO2) as well as minor emissions of sulfuric acid mist (SAM), volatile organic compounds (VOC).  Therefore, the project is subject to review for the Prevention of Significant Deterioration (PSD) of Air Quality and a determination of the Best Available Control Technology (BACT) must be made for CO, NOx, PM/PM10, and SO2 in accordance with Rule 62-212.400, F.A.C.  A detailed description of the PSD applicability analysis and BACT determination follows.  Additional information regarding the overall project, air quality impacts, and rule applicability are provided in the Department’s Technical Evaluation and Preliminary Determination.

3.0  Application Processing Schedule

06/18/99
The Department received PSD application prepared by the applicant’s consultant, Environmental Consulting & Technology (ECT).

07/15/99
The Department requested additional information.

07/23/99
The Department received additional information from the applicant.

08/19/99
The Department received additional information from the applicant modifying the proposed standards for CO emissions; application deemed complete.

08/30/99
The Department mailed the Intent to Issue Permit package to the applicant and affected parties.

09/04/99
The applicant published notice in the Tampa Tribune.

09/09/99
The Department received proof of the Public Notice.

09/16/99
The Department notified DEP’s Power Plant Siting office of minor changes that would be made to the final permit.

4.0  PSD Applicability Review

The Department regulates major air pollution sources in accordance with Florida’s Prevention of Significant Deterioration (PSD) program as approved by the EPA and defined in Rule 62-212.400, F.A.C.  A PSD review is only required in areas that are currently in attainment with a National Ambient Air Quality Standard (AAQS) for a given pollutant or areas designated as “unclassifiable” for the pollutant.  An existing facility is considered “major” with respect to PSD if the facility emits:

· 250 tons per year or more of any regulated air pollutant, OR

· 100 tons per year or more of any regulated air pollutant and it falls under one of the 28 Major Facility Categories listed in Table 62-212.400-1, F.A.C.

Once a facility is classified as a PSD major source, new projects are reviewed for PSD applicability based on lower thresholds known as the Significant Emission Rates listed in Table 212.400-2, F.A.C.  Pollutant emissions from the project exceeding these rates are considered “significant” and the applicant must employ the Best Available Control Technology (BACT) to minimize emissions of each significant pollutant.  Although a facility may be “major” with respect to PSD for only one regulated pollutant, it may be required to implement BACT for several “significant” regulated pollutants.

This project will be located in Hardee County, an area that is currently in attainment, or designated as unclassifiable, for all air pollutants subject to a National Ambient Air Quality Standard (AAQS).  The existing facility is considered a fossil fuel fired steam electric plant with a heat input greater than 250 mmBTU per hour, an industry included in the 28 Major Facility Categories listed in Table 212.400-1, F.A.C.  Because existing facility emissions of at least one criteria pollutant are greater than 100 TPY, the facility is considered a major facility with respect PSD in accordance with Rule 62-212.400, F.A.C.  The following table summarizes the potential emissions increases and PSD applicability for this new project.

Pollutant
Project Potential

Emissions

(Tons Per Year)
Significant

Emissions Rate

(Tons Per Year)
Significant?

(Table 212.400-2)
Subject

To BACT?

CO
237 / 188a
100
Yes
Yes

NOx
199b
40
Yes
Yes

Pb
0.03b
0.60
No
No

PM/PM10
50b
15
Yes
Yes

SAM
5b
7
No
No

SO2
44b
40
Yes
Yes

VOC
10b
40
No
No

a  -
“237 TPY” is based on 25 ppmvd for gas during the first 12 months.  “188 TPY” is based on 20 ppmvd for gas firing after the first 12 months.  Both calculations include 876 hours of oil firing.

b  -
Based on worst case of 7884 hours per year of gas firing and 876 hours per year of oil firing and GE data.  Assumes all particulate matter is PM10.

Therefore, the proposed combustion turbine project is subject to PSD review and a Best Available Control Technology (BACT) determination for CO, NOx, PM10, and SO2.

5.0  BACT Determination Procedure

For projects subject to PSD review, it is the Department’s responsibility to determine the Best Available Control Technology (BACT) for each regulated pollutant emitted in excess of a Significant Emission Rate.  The BACT determination must be based on the maximum degree of emissions reduction that the Department determines is achievable through application of production processes and available methods, systems, and techniques for control of each such pollutant.  The Department’s determination is made on a case-by-case basis for each proposed project, taking into account energy, environmental and economic impacts.  In addition to the information submitted by the applicant, the Department may rely upon other available information in making its BACT determination and shall also give consideration to:

· Any Environmental Protection Agency determination of BACT pursuant to Section 169 of the Clean Air Act, and any emission limitation contained in 40 CFR Part 60 (Standards of Performance for New Stationary Sources) or 40 CFR Part 61 (National Emission Standards for Hazardous Air Pollutants).

· All scientific, engineering, and technical material and other information available to the Department.

· The emission limiting standards or BACT determination of any other state.

· The social and economic impact of the application of such technology.

The EPA currently directs that BACT should be determined using the "top-down" approach.  In this approach, available control technologies are ranked in order of control effectiveness for the emissions unit under review.  The most stringent control option is evaluated first and selected as BACT unless it is technically infeasible for the proposed project or rejected due to adverse energy, environmental or economic impacts.  If the control option is eliminated, the next most stringent alternative is considered.  This top-down approach continues until BACT is determined.

The BACT evaluation should be performed for each emissions unit and pollutant under consideration.  In general, EPA has identified five key steps in the top-down BACT process:  identify alternative control technologies;  eliminate technically infeasible options;  rank remaining technologies by control effectiveness;  evaluate the most effective controls considering energy, environmental, and economic impacts;  and select BACT.  A BACT determination must not result in the selection of control technology that would not meet any applicable emission limitation under 40 CFR Part 60 (Standards of Performance for New Stationary Sources) or 40 CFR Part 61 (National Emission Standards for Hazardous Air Pollutants).  The combustion turbine project is subject to 40 CFR 60, Subpart GG, a New Source Performance Standards (NSPS) which regulates Stationary Gas Turbines, adopted by reference in Rule 62-204.800, F.A.C.  There are no applicable NESHAP regulations. 

The Department will consider the control or reduction of "non-regulated" air pollutants when determining the BACT limit for regulated pollutants, and will weigh control of non-regulated air pollutants favorably when considering control technologies for regulated pollutants.  The Department will also favorably consider control technologies that utilize pollution prevention strategies.  These approaches are consistent with EPA’s consideration of environmental impacts and EPS’s stated policy for pollution prevention.

6.0  Project ANALYSiS AND BACT Determinations

For this project, the following pollutants are subject to a BACT determination:  CO, NOx, PM10, and SO2.  The applicant proposed control strategies for these pollutants in the PSD permit application.  Besides the information submitted by the applicant, the Department also relied on the following information:

· Comments from the National Park Service dated July 8, 1999;

· Comments from EPA Region 4 dated August 16, 1999;

· DOE web site information on Advanced Turbine Systems Project;

· Alternative Control Techniques Document – NOx Emissions from Stationary Gas Turbines;

· General Electric technical product literature regarding the DLN-1 combustor design, CO/NOx performance curves vs. load, and the SpeedtronicTM Mark V Gas Turbine Control System.

· Emissions stack test results (September/October 1996) for a similar GE Model 7EA combustion gas turbine located at the Panda-Brandywine Cogeneration Facility in Brandywine, Maryland.

· Letter from General Electric guaranteeing proposed CO and NOx emissions standards dated July 22, 1999.

· Goal Line Environmental Technology Website:  http://www.glet.com;

· TEC Website – www.teco-energy.com;

· Catalytica Website – www.catalytica-inc.com
· ARMS compliance data for similar General Electric 7EA units located at Gainesville Regional Utilities’ Deerhaven Station and Kissimmee Utilities Authority’s Cane Island Plant.

6.1  Nitrogen Oxides (NOx)

6.1.1
Discussion of NOx Emissions
{Much of the discussion in this section is based on a 1993 EPA document on Alternative Control Techniques for NOx Emissions from Stationary Gas Turbines.  Specific project information is included where applicable.}

A gas turbine is sometimes referred to a “heat engine”.  In operation, hot combustion gases are diluted with additional air from the compressor section and directed to the turbine section at temperatures up to 2350°F.  During simple cycle operation, electrical power is produced directly from the hot expanding exhaust gases in the form of shaft horsepower.  Because of the high temperatures, the primary pollutant of concern for combustion turbines is nitrogen oxides or NOx.  Uncontrolled NOx emissions from small turbines may range from 100 to 600 parts per million by volume, dry, corrected to 15 percent oxygen (ppmvd @ 15% oxygen).  For large modern turbines, the Department estimates uncontrolled emissions to range from 100 to 200 ppmvd @ 15% oxygen.  The New Source Performance Standard regulating NOx emissions from stationary gas turbines is 75 ppmvd @ 15% oxygen corrected to ISO conditions, which must then be corrected for the fuel-bound nitrogen content and heat rate of the given unit.

Nearly all of the NOx is emitted as nitric oxide (NO) which is then readily oxidized in the exhaust system or the atmosphere to the more stable NO2 molecule.  Emissions of NOx are a result of the oxidation of nitrogen available in the combustion air (thermal and prompt NOx) and conversion of chemically-bound nitrogen in the fuel (fuel-bound NOx).  Thermal NOx forms in the high temperature area of the gas turbine combustor, increases exponentially with increasing flame temperature, and increases linearly with increasing residence time.  Prompt NOx forms near the flame front as intermediate combustion products and is a relatively small fraction of total NOx in lean, near-stoichiometric combustors.  However, prompt NOx may become an important consideration for units using dry low-NOx combustors and lean fuel mixtures.  Fuel-bound NOx forms from the combustion of fuels containing bound nitrogen.  This phenomenon is not important when combusting natural gas or distillate fuel oil, which contain negligible fuel-bound nitrogen.  Other factors that may also increase NOx emissions are combustion turbine loads and ambient conditions.

6.1.2
Applicant’s Proposed NOx Controls
The following summarizes the applicant’s list of potential control alternatives and identifies those alternatives that are not technically feasible for this project.

Dry Low-NOx Combustor Design (DLN):  The U.S. Department of Energy has provided millions of dollars of funding to a number of manufacturers of combustion turbines to develop low pollutant-emitting units.  Efforts over the last ten years have focused on reducing the peak flame temperature for natural gas fired units by staging combustors and premixing fuel and air prior to combustion in the primary zone.  The combustor design for this project is the General Electric DLN-1 that operates in four distinct modes:  primary, lean-lean, secondary, and premix.  In the primary mode, fuel is supplied only to the primary nozzles to ignite, accelerate, and operate the unit over a range of low- to mid-loads and up to a set combustion reference temperature.  Once the first combustion reference temperature is reached, operation in the lean-lean mode begins when fuel is also introduced to the secondary nozzles to achieve the second combustion reference temperature.  After the second combustion reference temperature is reached, operation in the secondary mode begins by shutting off fuel to the primary nozzle and extinguishing the flame in the primary zone.  Finally, in the premix mode, fuel is reintroduced to the primary zone for premixing fuel and air.  Although fuel is supplied to both the primary and secondary nozzles in the premix mode, there is only flame in the secondary stage.  The premix mode of operation occurs at loads between 50% to 100% of base load and provides the lowest NOx emissions.  A very important aspect of DLN technology is the control and staging of these modes of operation, which are automatically controlled by the General Electric SpeedtronicTM Mark V Gas Turbine Control System.  For this project, the manufacturer has guaranteed NOx emissions levels of 9 ppmvd @ 15% oxygen when firing natural gas and employing DLN controls.  Another control method must be employed when firing fuel oil.

Wet Injection (WI):  Water or steam is injected into the primary combustion zone to reduce the flame temperature, resulting in lower NOx emissions.  Water injected into this zone acts as a heat sink by absorbing heat necessary to vaporize the water and raise the temperature of the vaporized water to the temperature of the exhaust gas stream.  Steam injection uses the same principle, excluding the heat required to vaporize the water.  Therefore, much more steam is required (on a mass basis) than water to achieve the same level of NOx control.  However, there is a physical limit to the amount of water or steam that may be injected before flame instability or cold spots in the combustion zone would cause adverse operating conditions for the combustion turbine.  Standard combustor designs with wet injection can generally achieve NOx emissions of 42/65 ppmvd for gas/oil firing.  Advanced combustor designs generate lower NOx emissions to begin with and can tolerate greater amounts of water or steam injection before causing flame instability.  Advanced combustor designs with wet injection can achieve NOx emissions of 25/42 ppmvd for gas/oil firing.

Conventional Selective Catalytic Reduction (SCR):  This is an add-on control technology in which ammonia is injected into the exhaust gas stream in the presence of a catalyst bed to combine with NOx in a reduction reaction forming nitrogen and water.  For this reaction to proceed satisfactorily, the exhaust gas temperature must be maintained between 450° F and 850°F.  SCR is a commercially available, demonstrated control technology currently employed on several combined cycle combustion turbine projects capable of very low NOx emissions (< 3.5 ppmvd).  However, conventional SCR is not technically feasible because the combustion turbine exhaust temperature of 1100°F is too high for standard catalysts and the oxidation reaction would not occur.

“Hot” Selective Catalytic Reduction (SCR):  Due to the temperature limitation of conventional SCR catalysts, manufacturers have developed specially formulated zeolite catalysts designed to further the reduction reaction at temperatures up to 1025°F which is within the range of the exhaust gas temperature (1100°F) of this project.  Typical NOx removal efficiencies for a hot SCR system would be 70% to 90% removal.  Hot SCR is technically feasible for this project.

Selective Non-Catalytic Reduction (SNCR):  In the SNCR process, ammonia or urea is injected at high temperatures without a catalyst to reduce NOx emissions to nitrogen and water vapor.  However, the exhaust temperature must be maintained above 1600°F to allow the reaction to occur, otherwise uncontrolled NOx will be emitted as well as unreacted ammonia.  In addition, the exhaust temperature must not exceed 2000°F or ammonia will actually be oxidized creating additional NOx emissions.  SNCR is not feasible because the combustion turbine exhaust temperature of 1100°F is too low.

Non-Selective Catalytic Reduction (NSCR):  NSCR uses a platinum/rhodium catalyst to reduce NOx to nitrogen and water vapor in exhaust gas streams containing less than 3% oxygen.  This technology has only been applied to automobiles and stationary reciprocating engines.  NSCR is not technically feasible because the oxygen content of the combustion turbine exhaust (13% to 15% oxygen) is too high.

SCONOxTM: SCONOxTM is a NOx and CO control system exclusively offered by Goal Line Environmental Technologies.  Specialized potassium carbonate catalyst beds reduce CO and NOx emissions using an oxidation/absorption/regeneration cycle.  The required operating temperature range is between 300°F and 700°F which requires a HRSG for use with a gas turbine.  SCONOxTM is not technically feasible because the combustion turbine exhaust temperature of 1100°F is too high.

XONONTM:  XONONTM is an emerging technology that partially burns fuel in a low temperature pre-combustor and completes combustion in a catalytic combustor.  The result is partial combustion with a lower temperature and NOX formation followed by flame-less catalytic combustion to further inhibit NOX formation.  The technology has been demonstrated on only a few gas turbines that are much smaller than the proposed project.  However, General Electric has teamed with Catalytica and plans to develop a combustor for gas turbines in the 80-90 MW range.  XONONTM is rejected as an emerging technology that has not yet been demonstrated for this size gas turbine.

Of the control alternatives discussed, only DLN combustor technology, wet injection, and hot SCR remain as viable control options.  Because DLN is not really a control option when firing oil, DLN and wet injection were combined to form a single option for evaluation purposes.  The following table ranks these options in order of control effectiveness.

Control

Option
Fuel
Controlled

Emissions

ppmvd, @ 15% O2
Control

Efficiency
Reduction

TPY
Totals

TPY
Cost per

Ton of NOx

Removed

Hot SCR
Gas
3.5
65.5%a
82.6
130.5
$10,189/ton NOxb


Oil
16
65.5%
47.9



DLN
Gas
9.0
Baseline
Baseline
Baseline
Baseline

Wet Injection
Oil
42.0
Baseline
Baseline



Table Notes:

a
Based on emissions from DLN-controlled level to hot SCR-controlled level.  Assumes similar level of control for gas or oil firing.

b
Based on estimated installed capital cost of $4,644,270 and a total annualized cost of $1,240,955 per year from the application and a vendor quote.

Hot selective catalytic reduction (SCR) with ammonia injection is recognized as the top control option for this project and would result in an overall NOx reduction of 130.5 tons per year.  The applicant reviewed SCR for the following additional adverse impacts.

Energy Impacts:  Installation of hot SCR would result in an energy penalty due to the pressure drop across the catalyst bed of nearly 3.5 inches of water.  This equates to nearly 4 million kWh per year of potential lost power generation.  Based on a power cost of $0.030/kWh, this results in a lost energy cost of $118,260 per year.

Environmental Impacts:  Hot SCR requires the injection of ammonia at slightly above the stoichiometric rate which inevitably results in ammonia “slip” or emissions of unreacted ammonia.  The applicant estimates as much as 25 tons of unreacted ammonia could slip by the SCR system.  During startups, upsets, malfunctions, or as a result of catalyst degradation, ammonia emissions could exceed the odor threshold and cause ambient odor problems.  Ammonia may react with sulfur to generate up to additional 50% more PM10 emissions in the form of ammonium sulfates and bisulfates.  Ammonia has been designated as an Extremely Hazardous Substance under federal SARA Title III regulations.  Finally, the spent catalyst could be considered hazardous requiring handling and disposal subject to RCRA regulations.

Economic Impacts:  For purposes of comparison, DLN technology (and wet injection) was selected as the baseline because General Electric offers no other combustor design for this model combustion turbine.  The applicant estimated the incremental, annualized cost of hot SCR with respect to DLN technology (and wet injection) to be nearly $10,189 per ton of NOX removed based on 100% base load operation.  These costs are the result of substantial costs related to installation, equipment, catalyst replacement, energy consumption, and ammonia usage.

The applicant rejected hot SCR primarily based on unreasonable costs associated with controlling low NOx emissions.  The applicant proposed the following as the best available controls:

Gas Firing:  DLN technology with a NOx emissions standard of 9.0 ppmvd @ 15% oxygen; and

Oil Firing:  Wet injection with a NOx emissions standard of 42.0 ppmvd @ 15% oxygen.

The applicant indicated that this proposal is consistent with recent Department BACT determinations for similar simple cycle combustion turbines in Florida as well as the determination made by other states for similar units.

6.1.3
Department’s NOx BACT Determination
In general, the Department agrees with the applicant that DLN combustion technology for gas firing and wet injection for oil firing represents BACT for this simple cycle combustion turbine.  The Department recognizes hot SCR as the top control option, but likewise rejects it due to adverse energy, environmental, and primarily economic impacts.  Energy and environmental impacts are relatively minimal.  The Department gives no consideration to potential odor problems due to malfunctions or catalyst degradation, as these are compliance issues.  There appears to be a typo or calculation error in the applicant’s estimated incremental cost per ton of NOx removed for the hot SCR option because $1,240,955 per year ( 130.5 tons per year of NOx removed equals $9509 per ton.  Using the applicant’s vendor cost proposals, the Department roughly estimates the incremental cost for the hot SCR control option to be $9211 per ton of NOx removed.  This estimate considers a capital recovery factor of 7% and a credit of $25 per ton of NOx removed for Title V fees.  The Department similarly rejects hot SCR primarily based on unreasonable costs associated with controlling very low NOx emissions.  Therefore, the Department determines that the Best Available Control Technology for this project is the following.

Gas Firing:  DLN technology with a NOx emissions standard of 9.0 ppmvd @ 15% oxygen; and

Oil Firing:  Wet injection with a NOx emissions standard of 42.0 ppmvd @ 15% oxygen.

This BACT determination is much more stringent than the standards of NSPS, Subpart GG.  Compliance with the BACT emissions limiting standards shall be demonstrated by conducting initial and annual performance tests in accordance with EPA Method 20.  Compliance shall be demonstrated with separate performance tests conducted for the firing of natural gas as well as for the firing of low sulfur distillate oil.  In addition, a certified continuous emissions monitor shall be used to demonstrate compliance with these BACT limits based on a 24-hour block average for gas firing and a 3-hour block average for oil firing.  The CEMS RATA results may be used demonstrate compliance provided the capacity, notice, and reporting requirements for the annual test are met.

6.2  Carbon Monoxide (CO)

6.2.1
Discussion of CO Emissions

Emissions of carbon monoxide (CO) will result from incomplete fuel combustion while operating the combustion turbine.  Typically, CO emissions are inversely proportional to NOx emissions.  However, new advanced combustor designs have been able to also lower CO emissions while reducing NOx emissions.  The project will generate significant emissions of CO (> 100 tons per year) and must therefore apply the best available control technology (BACT).

6.2.2
Applicant’s Proposed CO BACT

The applicant identifies two control options that are technically feasible and commercially available for combustion turbines:  an oxidation catalyst and combustion process design.  Noble metal oxidation catalysts may be incorporated into the combustion turbine exhaust.  These catalysts promote the oxidation of CO to carbon dioxide (CO2) at much lower temperatures (650°F to 1150°F) than possible for oxidation without the catalyst.  For this project, the exhaust gas temperature of 1100°F is in the proper design range and at this temperature, the control efficiency is primarily a function of gas residence time.  Increasing the catalyst bed depth will increase the gas residence time, but will also increase the pressure drop across the catalyst bed causing an undesirable energy loss.  This leads to the following simplified analysis.

Control

Option
Fuel
Controlled

Emissions

ppmvd, @ 15% O2
Control

Efficiency
Reduction

TPY
Totals

TPY
Cost per

Ton of CO

Removedc

Oxidation
Gas
2.0
90%
153.2a
170.2
$1900/ton COb

Catalyst
Oil
2.0
90%
17.0a



Combustion 
Gas
20.0c
Baseline
Baseline
Baseline
Baseline

Design
Oil
20.0
Baseline
Baseline



Table Notes:

a
Based on emissions from DLN-controlled level to oxidation catalyst-controlled level.  Assumes similar level of control for gas or oil firing.

b
Based on estimated installed capital cost of $1,368,919 and a total annualized cost of $323,438 per year.

c
Initially, the applicant requested a CO emissions limit of 25 ppmvd when firing natural gas.  An oxidation catalyst would reduce the corresponding annual CO emissions by nearly 210 tons per year with a cost of $1550 per ton removed which the Department was considering for cost effectiveness.  For an identical unit, the applicant also provided CO emissions test reports that indicated much lower emissions levels were achievable for DLN with the GE 7EA.  Although unable to secure a guarantee from General Electric, the applicant requested a lower CO emission standard of 20 ppmvd which is reflected in this table.

An oxidation catalyst is recognized as the top control option and the applicant reviewed this option for the following additional adverse impacts.

Energy Impacts:  Installation of an oxidation catalyst would result in an energy penalty due to the pressure drop across the catalyst bed of nearly 1.0 inch of water.  This equates to about 1.3 million kWh per year of potential lost power generation.  Based on a power cost of $0.030/kWh, this results in a lost energy cost of $39,420 per year.

Environmental Impacts:  An oxidation catalyst would also readily oxidize other compounds as well as CO.  For example, when firing distillate oil, SO2 would be oxidized to SO3 which would combine with moisture to form additional sulfuric acid mist as well as PM10.  An oxidation catalyst does not remove CO, but simply accelerates the natural atmospheric oxidation process of CO to CO2.  Further reduction of CO beyond levels inherent to the DLN design would not result in any additional environmental benefits or improved ambient air quality.

Economic Impacts:  For purposes of comparison, DLN technology (and wet injection) was selected as the baseline because General Electric offers no other combustor design for this model combustion turbine.  The applicant estimated the incremental, annualized cost of an oxidation catalyst with respect to the baseline (DLN/wet injection) to be nearly $1900 per ton of CO removed.  These costs are the result of substantial costs related to installation, equipment, catalyst replacement, and energy consumption.

The applicant rejected SCR primarily based on unreasonable costs associated with controlling inherently low CO emissions.  The applicant proposed the following as the best available controls:

Gas Firing:  Combustion design with a CO emissions standard of 20.0 ppmvd @ 15% oxygen; and

Oil Firing:  Combustion design with a CO emissions standard of 20.0 ppmvd @ 15% oxygen.

In addition, the applicant requested a permit condition be added if unable to comply with the lower CO emission standard during any annual test.  The condition would allow the permittee to request a compliance schedule and establish final compliance within 12 months of such a request.

6.2.3
Department’s CO BACT Determination
In general, the Department agrees with the applicant that the good combustion characteristics of the General Electric Model 7EA represent BACT for this project.  However, the Department rejects the applicant’s argument that the further reduction of CO emissions would have negligible ambient impacts.  Ambient impacts are evaluated in the modeling analysis and are not considered in the BACT determination.  The Department gives further consideration to the following items:

· At the requested CO emissions standards of 20/20 ppmvd for gas/oil firing, the Department believes an oxidation catalyst is not quite cost effective at $1900 per additional ton of CO removed, relative to the significant emissions rates for other regulated pollutants.

· The Department is aware of two similar GE 7EA units permitted in Florida.  The Gainesville Regional Utilities’ Deerhaven Station operates a simple cycle peaking unit with a NOx limit of 15 ppmvd and a CO limit to remain under 100 tons per year.  Stack tests indicate CO emissions of 7.1 ppmvd with NOx emissions at 7.9 ppmvd.  Kissimmee Utilities Authority’s Cane Island Plant operates a combined cycle unit with a CO limit of 20 ppmvd and a NOx emissions limit of 25 ppmvd.  However, this unit has tested at a rate of 9.7 ppmvd for CO and 10.5 ppmvd for NOx.  

· Stack test information submitted by the applicant for an identical unit in Brandywine, Maryland indicates actual tested CO emissions levels of less than 10 ppmvd for firing natural gas and less than 5 ppmvd for firing distillate oil.

· The Department is aware that General Electric guarantees CO/NOx limits for the DLN-1 combustor dependent on the tuning for NOx.  In other words, GE is able to tune the DLN-1 combustor for very low NOx emissions at the expense (or possibility) of increasing CO emissions.  However, based on the available stack test information, these guarantees appear very conservative.

· Conversations with the applicant indicate that General Electric is unwilling to guarantee a lower CO limit due to some site-specific problems with other installations.  However, GE was able to make specific modifications to the combustor to lower the CO emissions for these sites.

· The RACT/BACT/LAER Clearinghouse database identifies only a few projects where an oxidation catalyst was required as BACT.  In each of these projects, the units were either much larger or much smaller than the General Electric Model 7EA.

The Department rejects the oxidation catalyst primarily based on the costs associated with controlling low CO emissions.  The Department believes the applicant has provided reasonable assurance that the proposed combustion turbine is capable of complying with the lower emissions standards of 20/20 ppmvd for gas/oil firing.  Therefore, the Department determines that the Best Available Control Technology for this project is the following.

Gas Firing:  Combustion design with a CO emissions standard of 25.0 ppmvd @ 15% oxygen during the first 12 months after initial startup and 20.0 ppmvd @ 15% oxygen thereafter; and

Oil Firing:  Combustion design with a CO emissions standard of 20.0 ppmvd @ 15% oxygen.

The higher emission rate will allow sufficient time for the installation, tuning, and perhaps combustor modification, if necessary.  Initial and annual compliance with the BACT standards shall be demonstrated by conducting individual performance tests in accordance with EPA Method 10 for firing natural gas and low sulfur distillate oil.

6.3  Particulate Matter (PM/PM10), Sulfuric Acid Mist (SAM) and Sulfur Dioxide (SO2)

6.3.1
Discussion of PM/PM10, SAM, and SO2 Emissions
Emissions of particulate matter, sulfur dioxide, and sulfuric acid mist will result from the combustion of the gas turbine fuels.  Particulate matter emissions increase with incomplete fuel combustion as well as with higher concentrations of ash, sulfur, and trace elements in the fuel.  Most of the particulate matter emitted from these types of processes will be less than 10 microns in diameter (PM10).  Similarly, emissions of sulfur dioxide and sulfuric acid mist are a function of the amount of fuel sulfur.  Gas turbines are subject to the following New Source Performance Standards for sulfur dioxide in 40 CFR 60, Subpart GG:

No owner or operator subject to the provisions of this subpart shall burn in any stationary gas turbine any fuel which contains sulfur in excess of 0.8 percent by weight.

6.3.2
Applicant’s Proposed PM/PM10, SAM, and SO2 BACT

The applicant identified several available control technologies for particulate matter removal including centrifugal collectors, electrostatic precipitators, fabric filters, and wet scrubbers.  General Electric, the combustion turbine manufacturer, guarantees PM10 emissions for the Model 7EA unit of no more than 10 pounds per hour for natural gas firing and 26 pounds per hour for low sulfur distillate oil firing, including filterable and condensable fractions of the sampling train.  Based on the design flow rate, this equates to approximately 0.002 grains per dry standard cubic feet of exhaust gas or roughly the emissions concentrations to be expected after control by a fabric filter.  This level of emissions would be difficult to control with add-on equipment as well as measure during a performance test.

The applicant indicated that wet or dry flue gas desulfurization and fuel treatment could be applied to this project to remove sulfur compounds.  Although no cases of flue gas desulfurization applied to combustion turbines were identified, this option is technically feasible.  Fuel treatment involves the desulfurization of natural gas and distillate oil by the fuel vendor prior to delivery to the user.  For this project, the applicant has requested the use of pipeline quality natural gas containing less than 2 grains of sulfur per 100 SCF and distillate oil containing no more than 0.05% sulfur by weight.  Limiting the sulfur content of the fuels also establishes the maximum potential SAM and SO2 emissions.  At these already very low levels, the control efficiency of an add-on technology would be unreasonably low and cost prohibitive.

The applicant proposed the following low sulfur, clean fuels as the best viable controls for this project.

Gas Firing:  Pipeline quality natural gas containing no more than 2 grains of sulfur per 100 SCF, and

Oil Firing:  No. 2 distillate oil containing no more than 0.05% sulfur by weight.

The applicant provided information collected from EPA’s RACT/BACT/LAER Clearinghouse indicating low-sulfur, clean fuels to be the predominant BACT control for these pollutants for combustion turbines.  Typically, BACT has been established as pipeline-grade natural gas containing negligible sulfur as the primary fuel and low sulfur (< 0.05% sulfur by weight) distillate oil as a backup fuel.

6.3.3
Department’s PM/PM10, SAM, and SO2 BACT Determination

The Department agrees with the applicant.  It would be cost prohibitive to add equipment to control already very low emissions of particulate matter, sulfur dioxide, and sulfuric acid mist.  A top-down BACT determination was not required.  The specification of fuels containing low concentrations of sulfur constitutes a pollution prevention technique, is given favorable consideration by the Department, and remains consistent with EPA direction.  Therefore, the Department determines that the Best Available Control Technology for this project is the combustion design of the GE Model 7EA unit and the following fuel specifications.

Gas Firing:  The combustion turbine shall be fired primarily by pipeline natural gas containing no more than 2 grains of sulfur per 100 standard cubic feet of natural gas.

Oil Firing:  The combustion turbine may be fired with No. 2 (or a superior grade) distillate fuel oil containing no more than 0.05% sulfur by weight and for no than 876 hours per consecutive 12 month period.

Limiting the sulfur content of the fuels to the above levels is clearly more stringent than the NSPS limit for sulfur dioxide.  In addition, the measurement of particulate matter at these very low concentrations is uncertain.  Therefore, the Department will specify the following permit condition as a surrogate for particulate matter.  

Visible Emissions:  Visible emissions from the combustion turbine exhaust shall not exceed 10% opacity.

Compliance with the fuel specifications shall be demonstrated by keeping records of the sulfur contents of the fuels delivered.  Compliance with the visible emissions standard shall be demonstrated by conducting initial and annual performance tests in accordance with EPA Method 9.

6.4  Volatile Organic Compounds

Based on the manufacturer’s guaranteed emissions rates, maximum VOC emissions will be less than 10 tons per year, well below the Significant Emissions Rate.  Therefore, no BACT determination is required for this pollutant.  However, the Department determines the following VOC emissions standards are necessary to ensure emissions levels are actually minor for purposes of this PSD review.

Gas Firing:  2.0 ppmvd measured as methane, 3-hour test average

Oil Firing:  4.0 ppmvd measured as methane, 3-hour test average

Initial compliance with the VOC emissions limits shall be demonstrated by conducting performance tests in accordance with EPA Methods 18, 25, and/or 25A.  Thereafter, compliance with the VOC emissions rates shall be assumed if compliance is demonstrated for the emissions standards for carbon monoxide and visible emissions.  Compliance shall also be demonstrated during the fiscal year prior to renewing each operation permit.

7.0  SUMMARY OF DEPARTMENT’S BACT DETERMINATION

7.1  BACT Emission Limits

Following are the BACT limits determined by the Department for this project.  The emission limits or their equivalents in terms of pounds per hour and NSPS units, as well as the applicable averaging times, will be given in the specific conditions of the permit.

EU-004:  GE Model 7EA Combustion Turbine

Pollutant
Controlsb
Emission Standard

CO
Gas Firing W/DLN, First 12 Months After Initial Startup
25.0 ppmvd @ 15% oxygen

54.0 pounds per hour


Gas Firing W/DLN, After First 12 Months After Initial Startup
20.0 ppmvd @ 15% oxygen

43.0 pounds per hour


Oil Firing W/Wet Injection
20.0 ppmvd @ 15% oxygen

43.0 pounds per hour

NOx
Gas Firing W/DLN
9.0 ppmvd @ 15% oxygen

32.0 pounds per hour


Oil Firing W/Wet Injection
42.0 ppmvd @ 15% oxygen

167.0 pounds per hour

PM/PM10
Fuel Sulfur Specifications and Combustion Design
Visible emissions ( 10% opacity

SAMa/SO2
Natural Gas Sulfur Specification
2 grain per 100 SCF of gas


Low Sulfur Distillate Oil Sulfur Specification
0.05% sulfur by weight

VOCa
Gas Firing W/Combustion Design


2.0 ppmvd as methane

2.0 pounds per hour


Oil Firing W/Combustion Design
4.0 ppmvd as methane

5.0 pounds per hour

a
The VOC and SAM standards are synthetic (PSD) minor limits - not BACT limits.

b
DLN means dry low-NOx controls.  Oil firing is limited to 876 hours during any consecutive 12 months.

7.2  BACT Compliance Demonstration

Following is a brief summary of the methods required to demonstrate compliance with the BACT limits specified above.

Pollutant
Compliance Methods*

CO
EPA Method 10 for initial and annual tests concurrent with NOx.

NOx
EPA Method 20 for initial and annual tests concurrent with CO; continuous compliance shall be demonstrated with data from the certified continuous emissions monitor;  annual RATA results may be substituted for annual tests if all capacity, notification, and reporting requirements are met.

PM/PM10
EPA Method 9 for initial and annual visible emissions tests as a surrogate standard for PM/PM10.

SO2/SAM
Record keeping for the sulfur content of fuels delivered to the site.

VOC
Method 18, 25, or 25A for initial tests and prior to renewal of the operation permit, thereafter compliance is assumed IF compliance is maintained with the CO and VE standards.

*  Compliance shall be demonstrated for each fuel type.

7.3  BACT Excess Emissions Allowed

Pursuant to the Rule 62-210.700, F.A.C., excess emissions are permitted as follows.

Excess Emissions Allowed:  Excess emissions resulting from startup, shutdown, or malfunction of the combustion turbine shall be permitted provided that best operational practices are adhered to and the duration of excess emissions shall be minimized.  Excess emissions resulting from startup to simple cycle mode shall not exceed one (1) hour.  In no case shall excess emissions from startup, shutdown, and malfunction exceed two hours in any 24-hour period.  If excess emissions occur due to malfunction, the owner or operator shall notify the Compliance Authority within one (1) working day of:  the nature, extent, and duration of the excess emissions;  the cause of the excess emissions;  and the actions taken to correct the problem.  [Applicant Request, Vendor Data and Rule 62-210.700(1),(5), and (6), F.A.C.]

Excess Emissions Prohibited:  Excess emissions caused entirely or in part by poor maintenance, poor operation, or any other equipment or process failure that may reasonably be prevented during startup, shutdown or malfunction, shall be prohibited.  These emissions shall be included in the calculation of the 24-hour NOx averages for compliance determinations.  [Rule 62-210.700(4), F.A.C.]

8.0  Comments from NPS and EPA Region 4

8.1  NPS Comments

The National Park Service commented that they were pleased to see the project proposed a new simple-cycle gas turbine that will meet a 9-ppmvd NOx limit when firing natural gas.  NPS also agreed that there is little potential for this project to impact the Chassahowitza Class I Area due to low emissions and distance (130 km).  The Department has no response.

8.2
EPA Region 4 Comments

The Department has the following response to EPA Region 4’s comments.

1. EPA commented that the Department should also include the emission rate of 0.002 grains per dscf corresponding to the surrogate standard of 10% opacity.  The Department established the surrogate standard because of the uncertainty of the test method measuring such low emissions.  However, the Department will include the emissions rate as a reference in the emissions standards summary table.

2. EPA commented on an inconsistency regarding the cost analysis for a CO oxidation catalyst.  The Department also discovered this error when performing its own review of the cost effectiveness.

3. EPA commented that a similar DEP project (KUA Cane Island) allowed only one hour of excess emissions.  In addition, EPA states that it is their policy not to grant automatic exemptions for excess emissions and that BACT applies during all normal operations.  The Draft Permit includes conditions that limit excess emissions due to startup, shutdown, and malfunction to no more than 2 hours in any 24-hour period.  In addition, the permit specifically limits excess emissions due to startup to no more than one hour in any 24-hour period.  The Department justifies the periods of allowed excess emissions by a technical consideration of the physical operation of the combustor technology being employed.  The dry-low NOx system requires a series of combustion stages to achieve the lean, premixed conditions that allow very low NOx emissions.  During these relatively brief periods, emissions of CO and NOx are not yet stable.  However, this is true for many combustion processes.  The Department is authorized to grant these excess emissions conditions based on state Rule 62-210.700, F.A.C., as part of the EPA-approved State Implementation Plan.

4. EPA commented that the potential use of distillate oil would cause a small increase in the potential VOC emissions from the existing fuel storage tank.  The Department agrees and will include the increased potential emissions in the state’s database.

5. EPA notes that the OAQPS Cost Control Manual suggests an interest rate of 7% and not 7.5% as used by the applicant.  The Department concurs.

6. EPA notes that SCR control efficiencies for NOx approach 90% and not the 61% used by the applicant.  The Department notes that a 90% control efficiency for this project (9 ppmvd) would result in SCR-controlled emissions of less than 1 ppmvd.  Due to problems with ammonia slip, catalyst fouling, and reagent stratification, the Department does not believe that this level of control is reliably measurable or consistently achievable.  The Department concedes that a 90% control efficiency with SCR is possible when the uncontrolled NOx emissions are in the range of 25 ppmvd or greater.

7. EPA recommended changing the applicant’s proposed permit conditions using the phrase “tons per year” to “tons per consecutive 12 months”.  The Department is aware of the requirements regarding practicable enforceability.  The Draft Permit includes such language when appropriate.

9.0  Recommendation and Approval

The permit project engineer and reviewing Professional Engineer is Jeff Koerner, P.E.  The New Source Review Section recommends the above BACT determinations for this project.  Additional details of this analysis may be obtained by contacting the project engineer at 850/414-7268 or the following address:

Department of Environmental Protection

Bureau of Air Regulation

New Source Review Section

Mail Station #5505

2600 Blair Stone Road

Tallahassee, Florida  32399-2400

Recommended By:

__________________________________

C. H. Fancy, P.E., Chief

Bureau of Air Regulation

Date:  _______________
Approved By:

__________________________________

Howard L. Rhodes, Director

Division of Air Resources Management

Date:  _______________
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