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BACKGROUND
The applicant, Tampa Electric Company (TEC) is responsible for the operation of an existing facility known as the Polk Power Station.  The regulated emissions units at the coal gasification facility include a 260 megawatt (electric) combined cycle combustion turbine which fires syngas or No. 2 fuel oil; an auxiliary boiler which fires No. 2 fuel oil; a sulfuric acid plant; a solid fuel handling system; and a solid fuel gasification system.

As per the original PSD permit, (as well as the Site Certification and Title V permit) the combined cycle combustion turbine is now required to undergo a BACT analysis for NOX only.  Specific Condition H.7. of the Site Certification document reads as follows: “One month after the test period ends (estimated to be by June 1, 2001), the Permittee will submit to the Department a NOX recommended BACT Determination as if it were a new source using the data gathered on this facility, other similar facilities and the manufacturer's research.  The Department will make a determination on the BACT for NOX only and adjust the NOX emission limits accordingly.”  Based upon existing permit conditions, the test period ended during November 2000. 

BACT ANALYSIS:

A BACT analysis was prepared by the applicant’s consultant, Environmental Consulting & Technology, Inc. (ECT) and received by the Department on November 27, 2000.  The proposal is summarized below:

	POLLUTANT
	CONTROL TECHNOLOGY
	BACT PROPOSAL

	NOX
	Syngas firing - N2 diluent

Distillate oil firing – water injection
	25 ppmvd @ 15% O2

42 ppmvd @ 15% O2


This proposal would allow the current (temporary) emission limit to become the BACT determined limit, i.e. would require no major change to the facility configuration.

BACT Determination Procedure:

In accordance with Chapter 62-212, F.A.C., this BACT determination is based on the maximum degree of reduction of each pollutant emitted which the Department of Environmental Protection (Department), on a case by case basis, taking into account energy, environmental and economic impacts, and other costs, determines is achievable through application of production processes and available methods, systems, and techniques.  In addition, the regulations state that, in making the BACT determination, the Department shall give consideration to: 

· Any Environmental Protection Agency determination of BACT pursuant to Section 169, 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 stresses that BACT should be determined using the "top-down" approach.  The first step in this approach is to determine, for the emission unit in question, the most stringent control available for a similar or identical emission unit or emission unit category.  If it is shown that this level of control is technically or economically unfeasible for the emission unit in question, then the next most stringent level of control is determined and similarly evaluated.  This process continues until the BACT level under consideration cannot be eliminated by any substantial or unique technical, environmental, or economic objections.  Since SIP approval has not been given (by the EPA) to Florida for power plants which are subject to the Power Plant Siting Act (PPSA), the Florida Department of Environmental Protection (FDEP) is acting on behalf of the EPA.   

Standards of Performance for New Stationary Sources:
The minimum basis for a BACT determination is 40 CFR 60, Subpart GG, Standards of Performance for Stationary Gas Turbines (NSPS).  The Department adopted subpart GG by reference in Rule 62-204.800, F.A.C.  The key emission limits required by Subpart GG are 75 ppmvd NOX @ 15% O2. (assuming 25 percent efficiency) and 150 ppmvd SO2 @ 15% O2 (or <0.8% sulfur in fuel).  Although this BACT determination is required for NOX only, the applicant’s proposal is consistent with the NSPS, which allows NOX emissions in the range of 110 ppmvd for the unit. 

Determinations by EPA and States:
The following table is a sample of information on some recent determinations by states for combined cycle stationary gas turbine projects.  This particular review has been limited to gas turbines in the United States which are permitted to combust coal or pet-coke produced syngas.  The application of an SCR with a 3.5 ppmvd emission limit represents the typical BACT determination for pipeline natural gas fired combined cycle CT’s.  Additionally, the application of SCR with an emission limit of 0.125 lb/MMBtu has been determined to represent BACT for a (conventional) Florida coal-fired unit.  The applicant’s proposed BACT is included for reference.

Table 1 

recent limits for Nitrogen Oxides for large stationary gas turbine combined cycle projects which combust syngas

	Project Location
	Power Output

Megawatts
	NOX Emission Rate


	Gasification Technology
	Comments

	Pinon Pine;  Sierra Pacific, NV
	100
	0.07 lb/MMBtu
	KRW air-blown pressurized fluidized bed 
	95% SO2 removal

	Wabash River;  Terre Haute, IN
	262
	0.096 lb/MMBtu
	Destec two-stage pressurized oxygen-blown entrained flow
	

	Kentucky Pioneer (proposed)
	580
	0.07 lb/MMBtu
	British Gas / Lurgi slagging fixed bed
	99% SO2 removal

	Motiva;  Delaware City, DE
	          240
	16 ppmvd 
	Texaco pressurized oxygen-blown entrained-flow
	

	TECO POLK; Polk County FL)
	260
	25 ppmvd 

(equiv. 0.126 lb/MMBtu)
	Texaco pressurized oxygen-blown entrained-flow
	96% SO2 removal


IGCC PLANT Information:

Many portions of this discussion are extracted from a paper prepared by Jürgen Karg and Günther Haupt, representing Siemens AG Power Generation.  The main Features of an Oxygen-Blown Integrated-Gasification Combined Cycle (IGCC) plant are:

1) a gasification plant including preparation of the feedstock 
2) raw gas heat recovery systems 
3) a gas purification system with sulfur recovery 
4) an air separation unit (only for oxygen-blown gasification) 
5) a gas turbine-generator with heat-recovery steam generator 
6) a steam turbine-generator 

The gasifier feedstock is more or less completely gasified to so-called synthesis gas (syngas) with the addition of steam and either enriched oxygen or air.  The known fixed-bed, fluidized-bed and entrained-flow gasifiers for coal are basically suited to integration in the combined cycle, as well as the well-proven entrained-flow systems for refinery residues.  The selection of a specific gasifier type to achieve the best cost, efficiency and emission levels depends on the type of fuel and the particular application and must be investigated on a case-by-case basis.

In most gasifier systems applied to coal, the sensible heat of the hot raw gas is used in a syngas cooler to generate steam for the steam turbine.  In some cases, considerable amounts of steam are generated in this way.  This also cools the gas sufficiently that it can be led directly to the gas purification system.  An alternative, primarily applied to the gasification of residues, is direct water quench for cooling the produced hot raw gas.

Dust, soot and heavy metal removal are key issues of the initial raw gas purification downstream of syngas cooler and quench system, respectively.  Subsequently, chemical pollutants such as H2S, COS, HCl, HF, NH3 and HCN are removed, along with the remaining dust.  The separated H2S-rich gas stream, known as acid gas, is processed to recover saleable elemental sulfur.  Downstream of the gas purification system, the clean gas is reheated, saturated with water if necessary (NOX reduction) and supplied to the gas turbine combustion chamber.  In this way, low-level heat can be used and gas turbine mass flow is increased.  
The air separation unit (ASU) generates the more or less enriched oxygen supply necessary for the gasification process.  The inevitably (co-produced) nitrogen from the ASU is preferably used in the gas turbine cycle (e.g. diluent injection), and, in case of coal, smaller amounts for transportation of the solid fuels to the gasifier and for inerting purposes. 

In addition to air for the combustion chambers, the compressor of the gas turbine-generator also supplies all or part of the air for the ASU.  Nitrogen from the air separation unit is mixed with the purified gas to prevent temperature peaks in the low-NOx burners, and to increase the mass flow rate (including MW output) in the gas turbine.  In the case of air-blown gasification, the extracted air is supplied directly to the gasifier following additional compression.

The hot exhaust gases from the gas turbine generate steam for the steam turbine in an unfired heat-recovery steam generator before they are discharged via the stack.  The steam turbine is supplied with steam from the gas turbine heat-recovery steam generator (HRSG).  
  

TEXACO GASIFIER Information:

Much of this information was obtained from a paper presented by William Preston of Texaco in October, 2000.  The Texaco Gasification Process (TGP) is utilized for the conversion of heavy oils, petroleum coke, and other heavy petroleum streams, to valuable products.  According to Texaco, in the year 2000, the commercial acceptance of the technology for the production of power, hydrogen, ammonia, and other chemicals reached a record number of startups and capacity additions.  In all, twelve new commercial TGP plants were or will be started up in six countries.  The feedstocks for these plants include coal, petroleum coke, natural gas, and a wide variety of low-valued heavy oil streams.  The total syngas production capacity from these new projects totals 1375 million standard cubic feet per day, increasing the total operating capacity of the TGP around the world by more than fifty percent.

As noted, in the calendar year 2000, twelve projects using the TGP will (or did) startup.  These break down geographically as follows: In Asia, two projects are in China, and two are in Singapore.  In Europe, three projects are in Italy, and one is in Germany.  Three projects are in the U. S., and the twelfth project is in Australia.  Eight of the projects are fed by some type of heavy oil, three by coal or petroleum coke, and one by natural gas.  Power and steam are the main products of five of the projects.  Three of the projects mainly produce ammonia, two produce syngas for sale to a merchant chemicals market, one produces methanol and one produces hydrogen.  In all, 1375 million standard cubic feet per day (MMscfd) of new syngas capacity will be added to the previously operating 2100 MMscfd capacity of TGP generated syngas worldwide.  The eight new oil fed projects generate 1083 MMscfd, or 79%, of this syngas.  Solid feeds such as coal or petroleum coke generate 262 MMscfd, or 19%.  The remaining 2% is generated by a natural gas fed TGP unit.

The twelve TGP projects scheduled for year 2000 startups are listed below with pertinent information:

Name
    Country     Output   Thru-put

Feedstock

	ISAB
	Italy
	500 MW
	3174 sTPD
	Deasphalter bottoms from the ISAB Sicily refinery in Priolo Gargallo, Siracusa

	API
	Italy
	250 MW
	1470 sTPD
	Visbreaker residue from the API refinery in Falconara

	Saras

(Sarlux)
	Italy
	250 MW
	3771 sTPD
	Visbreaker residue from the Saras refinery in Sarroch, Cagliari.

	DEA
	Germany
	methanol
	600 sTPD
	Heavy oil from the DEA refinery in Wesseling, Germany

	Huainan
	P.R. China
	ammonia
	990 sTPD
	Coal

	Nanjing
	P.R. China
	ammonia
	850 sTPD
	Heavy Oil

	SSPL
	Singapore
	syngas
	630 sTPD
	Heavy Oil from local Caltex refinery

	Exxon
	Singapore
	160 MW
	1019 sTPD
	Steam cracker tar

	BOC
	Australia
	hydrogen
	15 MMscfd 
	Natural gas

	Baytown
	USA (La.)
	syngas
	1213 sTPD
	Deasphalter bottoms from the adjacent Exxon Mobil refinery

	Farmland
	USA (Kan.)
	ammonia
	1084 sTPD
	Petcoke from Coffeyville refinery

	Motiva
	USA (Del.)
	180
	2300 sTPD
	Petcoke from adjacent refinery


In addition to the above, Repsol and Iberdrola are planning to construct an IGCC facility in Spain, which will be based upon the Texaco gasifier with vacuum column residue feedstock.  The planned 2004 startup of the 1654 MW (thermal) facility will represent the largest single generating facility based upon the TGP. 

Combustion Turbine Information:

The combustion turbine utilized at the Polk Power Station is a General Electric 107FA.  As a result, the Department has elected to incorporate pertinent portions of GE published information relative to their combustion turbine experience in the area of gasified fuels.  

As of June 1998, General Electric had 10 units in operation on synthesis gas from the gasification of coal, petroleum coke and other low-grade fuels.  According to GE, an additional twelve units for gasification applications were on order, or already shipped, with startup dates ranging from 1999 through 2001.  These turbines include the full range of the GE products: one PGTIOB, one Frame 7E, two Frame 7FA's, five Frame 6B's six Frame 6FA's, six Frame 9E's, and one 9FA.

The IGCC projects include various levels of integration with the gasification plant, ranging from steamside integration only on many projects, to nitrogen return (Tampa, Motiva), and full steam and air integration including both air extraction and nitrogen return (EI Dorado, Pinon Pine).  GE turbines are in operation on syngas from gasifier technologies by Texaco (solid fuels and oil), Destec (coal), GSP (coal and waste), Shell (oil), and operation with the Lurgi gasifier (biomass) is scheduled for operation in 2001.

In addition to synthesis gas applications, GE also has numerous turbines in operation on other special fuel gases, including refinery gases containing hydrogen, butane, propane, ethane, and blends of various process gases.  These units include six Frame 3's, seventeen Frame 5's, 19 Frame 6's, and 15 Frame 7EA's.

The table below summarizes these applications, and is followed by a brief description of each project.

TABLE 2  - The following IGCC power plants are operating, under construction or on order:

	Project
	PRIVATE
Location
	COD
	MW
	Power Block
	Fuel

	
	
	
	
	
	

	Cool Water IGCC
	Barstow, California
	1984
	120
	107E
	Coal

	PSI Wabash River
	Terre Haute, Indiana
	1996
	262
	7FA
	Coal

	Tampa Electric
	Polk, Florida
	1996
	250
	107FA
	Coal

	Pinon Pine
	Sparks, Nevada
	1996
	100
	106FA
	Coal

	Texaco El Dorado
	El Dorado, Kansas
	1996
	40
	6B
	Pet Coke

	ILVA ISE
	Taranto, Italy
	1996
	520
	3xI09E
	BFG/COG

	SvZ
	Schwarze Pumpe, Germany
	1996
	40
	6B
	Coal/Waste

	Shell Pernis
	Pemis, Netherlands
	1997
	120
	206B
	Oil

	Fife Energy
	Fife, Scotland
	1999
	109
	106FA
	Coal/Waste

	Motiva Enterprises
	Delaware City, Delaware
	1999
	180
	2-6FA
	Pet Coke

	Sarlux
	Sarroch, Italy
	2000
	550
	3x109E
	Oil

	Fife Electric
	Fife, Scotland
	2000
	350
	109FA
	Coal/Waste

	Exxon Singapore
	Jurong Island, Singapore
	2000
	173
	2-6FA
	Oil

	IBIL Sanghai
	Gujarat, India
	2001
	53
	106B
	Coal

	Bioelettrica TEF
	Cascina, Italy
	2001
	12
	PGT10B/CC
	Wood/Waste


Cool Water
The Cool Water Coal Gasification Program was the first commercial demonstration of integrated coal gasification combined cycle power generation.  The gasification island included a 1200-ton per day, oxygen-blown Texaco gasifier with full heat recovery using both radiant and convective syngas coolers.

Wabash River (PSI)
The Wabash River Coal Gasification Repowering Project is a joint project between the U.S. Department of Energy and a Joint Venture formed in 1990 between Destec Energy Inc. and Public Service of Indiana (PSI).  The gasification island includes a Destec two-stage, oxygen blown gasifier including full heat recovery steam integration with the power island.

Tampa Electric
The Tampa Electric Co. Polk Power coal gasification project is partially funded by the U.S. Department of Energy, and includes a Texaco oxygen blown gasifier with full heat recovery using both radiant and convective syngas coolers.  Process syngas, steam, and nitrogen are integrated with the GE STAG-107FA power block.

Pinon Pine
The Pinon Pine Power Project - Undertaken by Sierra Pacific Power Company at its Tracy station in Sparks, Nevada, with support from the U.S. Department of Energy, includes a KRW air-blown fluidized bed gasifier with hot gas cleanup.  Air extraction from the GE 6FA gas turbine is integrated with the process island to produce high temperature low Btu syngas for the 100 MW combined cycle power block.

Texaco El Dorado
The El Dorado gasification facility, developed by Texaco Alternative Energy Inc., is fully commercial without government subsidies.  The project incorporates a Texaco oxygen blown quench type gasifier fired on a mixture of petroleum coke (approx. 166 tpd), and about 15 tpd of waste streams provided from the Texaco refinery site in El Dorado, Kansas.  A 35 MW GE MS6001B gas turbine is co-fired with syngas and natural gas to meet the refinery's total internal power needs.

ILVA- ISE
The ILVA Sistemi Energia (ISE) cogeneration project is located at the ILVA steelworks in Taranto, Italy. Three GE 109E combined cycle units operate on a variable mixture of compressed steel mill recovery gases (coke oven gas, blast furnace gas, and LD furnace gas), which normally combine to an equivalent low heating value fuel (140 Btu/scf-LHV).  The combined facility output is 520 MW, with 150 tons/hr of steam feed to the steel mill.  Each gas turbine generator unit is directly coupled to a centrifugal fuel gas compressor in a single shaft lineup with a separate steam turbine generator unit.

Schwarze Pumpe
The Sekundarrohstoff-Verwertungszentrum Schwarze Pumpe GmbH (SVZ) is a waste utilization facility, established and privatized in 1995.  The facility contains seven fixed bed gasifiers, which gasify a mixture of waste combustibles with the help of oxygen and hydrogen.  The synthesis gases from these facilities are used for methanol production and to fuel a combined cycle plant built around a MS6001B gas turbine provided by Thomassen under GE license.  The turbine also combusts purge gas from the methanol plant and operates on distillate as backup and startup fuel.

Shell Pernis
The PER+ project is an upgrade of the existing Shell Pernis refinery.  A new hydrocracker unit was added for the conversion of heavy, high-sulfur crudes into light low-sulfur fuels.  Hydrogen required for the conversion process is supplied by the Shell Gasification Hydrogen Process plant, which gasifies heavy residues with oxygen and water to yield syngas.  Most of the hydrogen is then removed to feed the hydrocracker, and the depleted syngas is then used as fuel in a combined cycle cogeneration facility.  The syngas is blended with LPG and/or natural gas when the heating value in combination with the amount of the syngas is insufficient for the desired load of the turbines.  The turbines can also fire 100% natural gas, which is used for startup and as backup fuel.

Fife Energy
Global Energy Inc., as owner of the Westfield Development Center in Fife, Scotland is developing a new Advanced Fuel Technology (AFT)-IGCC power project (Fife Energy), at an existing gasification test facility.  The 109 MW GE 106FA combined cycle power block is fueled by syngas produced from the oxygen-blown British Gas/Lurgi staging gasifier and natural gas.  A wide variety of organic waste feedstocks including MSW and MSP, which can be mixed with petroleum coke or coal, are compressed into briquettes that are gasified under pressure to produce a medium Btu syngas.

Motiva Enterprises
The Motiva IGCC project is a cogeneration project located at the Star refinery at Delaware City, Delaware.  This gasification system incorporates the Texaco oxygen-blown high-pressure quench process design, using petroleum coke from the refinery as feedstock.  The 180 MW net power block output is produced from two GE 6FA gas turbine units operating on syngas, with nitrogen return for NOX control.  Power production services the internal IGCC loads, with surplus power being sold into the Delmarva utility system.

Sarlux
The Sarlux IGCC project company will own and operate a 550 MW cogeneration project to be sited at the Saras oil refinery located in Sarroch Italy, on the island of Sardinia.  Three Texaco oxygen blown low-pressure quench gasifiers are used to produce a dry medium Btu syngas from vacuum visbroken residue (tar) feedstock, for the co-production of power and hydrogen.  Three GE 109E single-shaft combined cycle units each gross 186 MW of power on moisturized syngas at 77F, and provide 285-tons/hr total process steam to the refinery.

Fife Electric
Global Energy Inc., is expanding their Environmental Energy Park at the Westfield site to include another Advanced Fuel Technology-IGCC project called Fife Electric, which will provide an additional 350 MW to the facility.  Power block will be fueled by a mixture of natural gas and syngas produced from additional new oxygen-blown British Gas/Lurgi slagging gasifiers.  The combined cycle plant co-fires a mixture of dry syngas, nitrogen, and natural gas, and uses steam injection for NOX control.

Exxon Singapore
The Exxon Singapore IGCC project uses the Texaco oil-gasification process as part of a major expansion program for the existing refinery, to produces syngas feeding two GE 6FA gas turbines coupled with single-pressure supplementary-fired HRSGs.  When natural gas becomes available at the site, the units will be converted to use natural gas for startup, co-firing, and backup fuel operation.  The gas turbines will normally be fired on a combination of the backup fuel and syngas, and the amount of syngas will vary depending on the hydrogen demand of the refinery.

IBIL Sanghi

The project is based on the air blown pressurized fluidized bed gasification of lignite, with hot gas cleanup, and a GE 106B combined cycle system.  Air supply to the gasifier is first extracted from the gas turbine and increased in pressure using a boost compressor.  Raw product gas is cooled after the cyclone separator by a fire tube heat recovery boiler producing high-pressure steam for use in the steam turbine.

Bioelettrica (TEF)
This is a biomass IGCC project initiated by the European Commission in 1994.  This net 12.1 MW project incorporates a Lurgi atmospheric, air blown circulating, fluidized-bed (CFB) gasifier, integrated with a Nuovo Pignone PGTIOB single-shaft, heavy-duty gas turbine.  Fuel supply to the gasifier is a combination of short rotation forestry (SRF) wood, and agricultural and forestry residues.

OTHER INFORMATION AVAILABLE TO THE DEPARTMENT:

Besides the initial information submitted by the applicant, the summary above, and the references at the end of this document, some of the key information reviewed by the Department includes:

· Noell SCR Training Manual for OUC Stanton Energy Center Unit 2

· “Improved SCR Control to Reduce Ammonia Slip”, K. Zammit (EPRI), A. Engelmeyer (OUC) 2000

· Letters from EPA Region IV dated February 2, and November 8, 1999 regarding KUA Cane Island 3

· Polk Power Station reports to DOE (various)

· Pinon Pine reports to DOE (various)

· Wabash River reports to DOE (various)

· E & A Associates report on the application of zinc titanium pellets for coal gasifiers

· Technical reports (several) concerning coal gasification, prepared by Dr. H. Christopher Frey, Associate Professor, North Carolina State University

· Study reviewing a Texaco based IGCC power plant (published in U.K.)

· “Repowering Conventional Coal Plants with Texaco Gasification”, Cynthia Caputo, Paul Wallace and Leslie Bazzoon

· Review of Claus process prepared for the USEPA

· “Status of IGCC” Adapted from a paper presented by Lowe, Benyon, and O'Neill, dated January 1998

· 1999 EPRI Gasification Technologies Conference 

· “A Membrane Reactor for H2S Decomposition”, D. Edlund

· “Phillips Sorbent Development for Tampa Electric...”, Phillips Petroleum Company

· “Development of Disposable Sorbents for Chloride Removal from High Temperature Coal-Derived Gases”; SRI, Research Triangle and GE  

· “Wabash River Coal Gasification Repowering Project”, E.J. Troxclair and Jack Stultz 

· “Clean Coal Technology Evaluation Guide – Final Report”, December 1999, DOE

·  “Microbial Sweetening of Low Quality Sour natural Gas”, Charanjit Rai, Texas A & M University 

· “Technical Guidance – Oil and Gas Processes”, published by U.K. Environment Agency

· BACT proposal prepared for Kentucky Pioneer Energy

· Mitsubishi Documentation on SCR applications 

· Alternative Control Techniques Document - NOX Emissions from Stationary Gas Turbines

· General Electric 39th Turbine State-of-the-Art Technology Seminar Proceedings

· GE Guarantee for Jacksonville Electric Authority Kennedy Plant Project

· “Oil & Gas Journal”, several issues.

· TNRCC NOx Rule Log No. 2000-011H-117

REVIEW OF NITROGEN OXIDES CONTROL TECHNOLOGIES:

Some of the discussion in this section is based on a 1993 EPA document on Alternative Control Techniques for NOX Emissions from Stationary Gas Turbines.  Project-specific information is included where applicable.

Nitrogen Oxides Formation

Nitrogen oxides form in the gas turbine combustion process as a result of the dissociation of molecular nitrogen and oxygen to their atomic forms and subsequent recombination into seven different oxides of nitrogen.  Thermal NOX forms in the high temperature area of the gas turbine combustor.  Thermal NOX increases exponentially with increases in flame temperature and linearly with increases in residence time.  Flame temperature is dependent upon the ratio of fuel burned in a flame to the amount of fuel that consumes all of the available oxygen.

By maintaining a low fuel ratio (lean combustion), the flame temperature will be lower, thus reducing the potential for NOX formation.  Prompt NOX is formed in the proximity of the flame front as intermediate combustion products.  The contribution of Prompt to overall NOX is relatively small in near-stoichiometric combustors and increases for leaner fuel mixtures.  This provides a practical limit for NOX control by lean combustion.  Fuel NOX is formed when fuels containing bound nitrogen are burned.
Uncontrolled emissions range from about 100 to over 600 parts per million by volume, dry, corrected to 15 percent oxygen (ppmvd @15% O2).  The Department estimates uncontrolled emissions as high as 200 ppmvd @15% O2 for the subject TEC combustion turbine.  The proposed NOX control (diluent injection) reduces these emissions significantly.  
NOX Control Techniques

Diluent Injection

Water, steam (or in this case nitrogen) 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.  Nitrogen and steam injection use the same principle, excluding the heat required to vaporize the water.  Therefore, much more diluent is required (on a mass basis) than water to achieve the same level of NOX control (e.g. approximately 6000 TPD at this facility).  However, there is a physical limit to the amount of any diluent that may be injected before flame instability or cold spots in the combustion zone would cause adverse operating conditions for the combustion turbine.  Advanced combustor designs with injection can achieve NOX emissions of 25/42 ppmvd for gas/oil firing, resulting in 60% to 80% control efficiencies.  This is the technology recommended by the applicant.

Combustion Controls

The U.S. Department of Energy has provided millions of dollars of funding to a number of combustion turbine manufacturers to develop inherently lower 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 with air prior to combustion in the primary zone.  Typically, this occurs 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% and 100% of base load and provides the lowest NOX emissions.  Due to the intricate air and fuel staging necessary for dry low-NOX combustor technology, the gas turbine control system becomes a very important component of the overall system.  DLN systems result in control efficiencies of 80% to 95%.  

Selective Catalytic Reduction

Selective catalytic reduction (SCR) is an add-on NOX control technology that is employed in the exhaust stream following the gas turbine.  SCR reduces NOX emissions by injecting ammonia into the flue gas in the presence of a catalyst.  Ammonia reacts with NOX in the presence of a catalyst and excess oxygen yielding molecular nitrogen and water.  The catalysts used in combined cycle, low temperature applications (conventional SCR), are usually vanadium or titanium oxide and account for almost all installations.  For high temperature applications (Hot SCR up to 1100 oF), such as simple cycle turbines, zeolite catalysts are available but used in few applications to-date outside of California.  SCR units are typically used in combination with diluent injection or DLN combustion controls.

In the past, sulfur was found to poison the catalyst material.  Sulfur-resistant catalyst materials are now becoming commonplace and have recently been specified for CPV Gulf Coast (PSD-FL-300).  In that review, the Department determined that SCR was cost effective for reducing NOX emissions from 9 ppmvd to 3.5 ppmvd on a General Electric 7FA unit burning natural gas in combined cycle mode.  This review additionally concluded that the unit would be capable of combusting 0.05%S diesel fuel oil for up to 30 days per year while emitting 10 ppmvd of NOX.  Catalyst formulation improvements have proven effective in resisting sulfur-induced performance degradation with fuel oil in Europe and Japan.  These newer catalysts (versus the older alumina-based catalysts) are resistant to sulfur fouling at temperatures below 770(F (EPRI).  In fact, Mitsubishi reports that as of 1998, SCR’s were installed on 61 boilers which combust residual oil (40 of which are utility boilers) and another 70 industrial boilers, which fire diesel oil.  Likewise, B & W reports satisfactory results with the installation of SCR to several large Taiwan Power Company utility boilers, which fire a wide range of coals, as well as heavy fuel oil with sulfur contents up to 2.0% and 50 ppm vanadium.  Catalyst life in excess of 4 to 6 years has been achieved, while 8 to 10 years catalyst life has been reported with natural gas.

As of early 1992, over 100 gas turbine installations already used SCR in the United States.  Only one combustion turbine project in Florida (FPC Hines Power Block 1) currently employs SCR.  The equipment was installed on a temporary basis because Westinghouse had not yet demonstrated emissions as low as 12 ppmvd by DLN technology at the time the units were to start up in 1998.  Seminole Electric will install SCR on a previously permitted 501F unit at the Hardee Unit 3 project and Kissimmee Utility Authority will install SCR on newly permitted Cane Island Unit 3.  New combined cycle combustion turbine projects in Florida are normally considered to be prime candidates for SCR and today are routinely permitted as such (as noted on page 2).

Figure B is a photograph of FPC Hines Energy Complex.  The magnitude of the installation can be appreciated from the relative size compared with nearby individuals and vehicles.  Figure C below is a diagram of a HRSG including an SCR reactor with honeycomb catalyst and the ammonia injection grid.  The SCR system lies between low and high-pressure steam systems, where the temperature requirements for conventional SCR can be met.
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           Figure B 
        Figure C 

Permit limits as low as 2 to 3.5 ppmvd NOX have been specified using SCR on combined cycle F Class projects throughout the country.  Permit BACT limits of 3.5 ppmvd NOX are being routinely specified using SCR for F Class projects (with large in-line duct burners) in the Southeast and even lower limits in the southwest.  This technology will be further reviewed for this specific application.

Selective Non-Catalytic Reduction

Selective non-catalytic reduction (SNCR) reduction works on the same principal as SCR.  The differences are that it is applicable to hotter streams than conventional SCR, no catalyst is required, and urea can be used as a source of ammonia.  Certain manufacturers, such as Engelhard, market an SNCR for NOX control within the temperature ranges for which this project will operate (700 – 1400(F).  The process also requires a low oxygen content in the exhaust stream in order to be effective.  Although SNCR may be applicable for this project, a top-down review requires a further evaluation of more stringent technologies.   

Emerging Technologies: SCONOxTM and XONONTM
SCONOxTM is a catalytic technology that achieves NOX control by oxidizing and then absorbing the pollutant onto a honeycomb structure coated with potassium carbonate.  The pollutant is then released as harmless molecular nitrogen during a regeneration cycle that requires dilute hydrogen gas.  The technology has been demonstrated on small units in California and has been purchased for a small source in Massachusetts.  California regulators and industry sources have permitted the La Paloma Plant near Bakersfield for the installation of one 250 MW block with SCONOx TM.  The overall project includes several more 250 MW blocks with SCR for control.  According to industry sources, the installation has proceeded with a standard SCR due to schedule constraints.  Recently, PG&E has been approved to install SCONOxTM on two F frame units at Otay Mesa, approximately 15 miles S.E. of San Diego, California.  Additionally, USEPA has identified an “achieved in practice” BACT value of 2.0 ppmvd over a three-hour rolling average based upon the recent performance of a Vernon, California natural gas-fired 32 MW combined cycle turbine (without duct burners) equipped with the patented SCONOxTM system.

SCONOxTM technology (at 2.0 ppmvd) is considered to represent LAER in non-attainment areas where cost is not a factor in setting an emission limit.  It competes with less-expensive SCR in those areas, but has the advantages that it does not cause ammonia emissions in exchange for NOX reduction.  Advantages of the SCONOx TM process include (in addition to the reduction of NOX) the elimination of ammonia and the control of VOC and CO emissions.  SCONOxTM has not been applied on any major sources in ozone attainment areas, apparently only due to cost considerations.  The Department is interested in seeing this technology implemented in Florida and intends to continue to work with applicants seeking an opportunity to demonstrate ammonia-free emissions on a large unit.  The applicant estimates that the application of this control technology to the Polk Power Station results in cost-effectiveness of $10,820 per ton of NOX removed.  Although there are specific items within the applicant’s analysis that the Department does not support, on balance the Department concurs with the conclusion that SCONOX is likely not cost-effective for this project.  However, given the applicant’s concerns for ammonia bisulfate formation (see pages that follow) the Department believes that it may very well be an appropriate control technology for this application and is not opposed to reconsidering the cost effectiveness, given the opportunity.       

Catalytica Combustion Systems, Inc. develops, manufactures and markets the XONONtm Combustion System.  XONONTM, which works by partially burning fuel in a low temperature pre-combustor and completing the combustion in a catalytic combustor.  The overall result is low temperature partial combustion (and thus lower NOX combustion) followed by flameless catalytic combustion to further attenuate NOX formation.  The technology has been demonstrated on combustors on the same order of size as SCONOxTM has.  XONONTM avoids the emissions of ammonia and the need to generate hydrogen.  It is also extremely attractive from a mechanical point of view.

On February 8, 2001, Catalytica Energy Systems, Inc. announced that its XONONTM Cool Combustion system had successfully completed an evaluation process by the U.S. Environmental Protection Agency (EPA), which verified the ultra-low emissions performance of a XONONTM-equipped gas turbine operating at Silicon Valley Power.  The performance results gathered through the EPA's Environmental Technology Verification (ETV) Program provide high-quality, third party confirmation of XONONTM 's ability to deliver a near-zero emissions solution for gas turbine power production.  The verification, which was conducted over a two-day period on a XONONTM-equipped Kawasaki M1A-13A (1.4 MW) gas turbine operating at Silicon Valley Power, recorded nitrogen oxides (NOX) emissions of less than 2.5 parts per million (ppm) and ultra-low emissions of carbon monoxide and unburned hydrocarbons.

The XONONTM-equipped Kawasaki M1A-13A gas turbine has operated for over 7400 hours at Silicon Valley Power (SVP), a municipally owned utility, supplying essentially pollution-free power to the residents of the City of Santa Clara, California, with NOX levels averaging under 2.5 ppm.  Enron Energy Services North America, Kawasaki and Catalytica recently signed contracts for the installation of three XONONTM-equipped 1.4MW Kawasaki GPB15X gas turbines in Massachusetts, at a healthcare facility of a U.S. Government agency.   These turbines will enter service in late 2001.

In a definitive agreement signed on November 19, 1998, GE Power Systems and Catalytica agreed to cooperate in the design, application, and commercialization of XONONTM systems for both new and installed GE E and F-class turbines used in power generation and mechanical drive applications.  This appears to be an up-and-coming technology, the development of which will be watched closely by the Department for future applications.  However, the technology cannot (at this time) be recommended for the attendant project.  

PLANT SPECIFIC ANALYSIS 

Based upon the information presented thus far, an initial BACT determination for a new IGCC facility would likely result in either the application of an SCR or the imposition of a NOX emission rate between 0.07 lb/MMBtu and 0.096 lb/MMBtu (approximately 14 ppmvd and 19 ppmvd respectively).  Either of these outcomes is more stringent than what the applicant had proposed.  The following arguments have been made by the applicant in support of its conclusion to reject the use of an SCR on this project.

Applicant Comment:  Although EPA has established BACT for NOX emissions on combined cycle combustion turbines as 3.5 ppmvd, Polk Unit 1 fires syngas.  The fuel differences are adequately significant to consider Polk as a separate and unique facility. 

Department Response:  A review of the estimated differences for SCR inlet streams follows (based upon one 1760 MMBtu/hr turbine).  Shaded areas represent those parameters where syngas emissions appear to be an area of possible concern for the application of an SCR when compared to other fuels:

	Pollutant
	Syngas a
	Natural gas b,c
	Refinery Gas f
	#2 Fuel Oil b,d
	Coal e

	SO2 – lb/MMBtu
	0.032 – 0.146
	0.0006
	0.029 – 3.31
	0.051
	3.5

	H2S, SO2 or SO3
	40 ppm S02
	< 4 ppmvd H2S
	< 200 ppmvd H2S
	
	25 ppmvd SO3g

	Trace metal
	106 lb/MMBtu
	106 lb/MMBtu
	106 lb/MMBtu
	106 lb/MMBtu
	106 lb/MMBtu

	Arsenic
	6.0
	0.20
	0.85
	11
	16

	Beryllium
	0.60
	0.012
	0.257
	0.31
	0.81

	Cadmium
	5.0
	1.1
	0.99
	4.8
	2.0

	Chromium
	1.1
	1.4
	2.17
	11
	10

	Cobalt
	12
	0.08
	ND
	ND
	3.8

	Lead
	10
	ND
	4.89
	14
	16

	Manganese
	4.0
	0.37
	6.81
	790
	19

	Mercury
	0.70
	0.25
	0.18
	1.2
	3.2

	Nickel
	310
	2.1
	9.42
	52
	11

	Selenium
	1.4
	0.024
	0.012
	ND
	50


 a Emission factors from Kentucky Pioneer PSD permit application; sulfur compounds obtained from TEC publications and Acid Rain website

 b Emission factors from AP-42, Section 3.1

 c Trace Metal emission factors from AP-42, Section 1.4

 d Sulfur Factor was multiplied by sulfur wt% in fuel (0.05);  Nickel emission factor from

    MEMORANDUM: HAP Emission Control Technology for New Stationary Combustion Turbines

 e Factors from AP-42 Section 1.1: PC, dry-bottom, tangentially fired, sub-bituminous, pre-NSPS and from DOE Conference on SCR, May 1997

 f Factors from CARB report dated August 14, 1998;  SO2 and H2S factors from reports by the European Environment Agency; 

 g Obtained from OUC Stanton Energy Center; not a fuel quality, but represents SO3 design-basis at SCR inlet   

The Department finds that fuel differences do exist, yet predominantly in the area of nickel and (perhaps) cobalt.  However, SCR has been applied to coal facilities (Indiantown Cogeneration and Orlando Utilities Stanton Energy Center) as well as to the combustion of refinery gas where BAAQMD has set SCR as BACT (re: Tosco Refining Co., Wilmington, CA; Mobil Oil refinery, Torrance, CA; Scanraff refinery, Lysekil Sweden, and at least 7 Japanese refineries).  In fact, an IGCC facility with SCR is currently proposed at a Polish refinery (Gdansk) with a varied feedstock of oils and refinery resids.  It is noteworthy that BP Amoco is sponsoring a project to investigate next generation LNB technology, as SCR is one of the few control technologies that can reduce refinery NOX emissions to levels required in the Houston-Galveston area.  This review suggests that the application of an SCR cannot be rejected purely on technical grounds.  This has been confirmed (and reconfirmed at the Department’s request) by the ability of TEC to obtain performance guarantees from at least one manufacturer (Engelhard).  

Applicant Comment:  Other collateral environmental impacts should be considered for this installation when performing a BACT evaluation.  Draft guidance from John S. Seitz, director of the Office of Air Quality Planning and Standards dated August 4, 2000 allows for the consideration of collateral environmental impacts associated with the use of SCR on dry low NOX natural gas fired combined cycle combustion turbines.  Although Polk Unit 1 is a syngas fired combined cycle combustion turbine utilizing multinozzle quiet combustors, TEC feels that collateral environmental impacts should also be considered for this installation when performing a BACT evaluation.  Several parties have commented on this draft guidance including the Department of Energy (DOE) and the Utility Air Regulatory Group (UARG).  In an enclosed written opinion, DOE supports the draft guidance noting that, among other things, the establishment of the use of SCR as BACT for natural gas fired combined cycle facilities will:

1) Slow research and development of efficiency and performance improvement in advanced combustion turbines;

2) Slow the development of other non-ammonia based NOX control technologies; and

3) Create a situation in which the units containing SCR become more expensive to operate, thus lowering their position in a system dispatch order and allowing dirtier plants to operate higher in the dispatch order.  This will have the effect of increasing overall emissions despite the use of SCR on an already relatively clean unit.

Integrated Gasification Combined Cycle (IGCC) Technology is still in the early stages of development and provides a mechanism for the combustion of coal while minimizing air emissions.  In fact, Polk Unit 1 was constructed as part of the Department of Energy's Clean Coal Technology program.  If SCR is established as BACT for Polk Unit 1, it could impact the further development of this technology.  Furthermore, if SCR becomes BACT for this type of installation, it could slow the development of further advances in combustion technology for clean coal facilities such as Polk Unit 1 by increasing the cost of an already high cost technology.  In addition, although SCR has never been applied to a domestic IGCC facility, there is no evidence or operating experience that indicates that the application of SCR to an IGCC facility can be successfully accomplished as described in Section 8 of the BACT Analysis.  If this occurs, Tampa Electric Company could be forced to operate other coal fired units in lieu of Polk Unit 1, resulting in an actual overall increase in NOX emissions in the Tampa Bay area.

Department Response:  Concerning the draft guidance and related comments, the Department offers no review within this BACT determination.  However, in response to those issues raised in the final paragraph (which are specific to Polk), the Department has the following responses.  

(1) Under the presumption that the application of SCR to the Polk Station offers no technical issues beyond those encountered at other facilities, added cost would have the most likely potential to impact the development of IGCC technology.  To evaluate the cost impacts that would result from the installation of SCR as BACT, the Department will utilize TEC’s estimated costs minus the “annual electrical loss penalty”, which the Department believes is inappropriate.   

Capital Cost impact:        Approximately 1.5% ($4.5M as compared to $303M)

Production Cost impact:  < 3.0% (4.58 cents/kWh as compared to 4.46 cents/kWh) 

Although these are not insignificant, the Department believes that the increases are not likely to represent a major impediment in the further deployment of the technology.

(2)
TEC suggests that the application of an SCR may result in it being forced to operate other coal-fired units in lieu of Polk 1, causing an overall increase in NOX emissions in the Tampa Bay area.  Although the Department’s analysis does not support this conclusion, the most likely cause of this occurrence would seem to be SCR-induced, unscheduled shutdowns.  In order to accommodate TEC’s concern, the permit conditions will be structured to allow for this type of unexpected problem.       

Applicant Comment:  It is extremely important to draw the distinction between a natural gas fired combustion turbine and a syngas fired combustion turbine when applying the EPA determination; as the fuels are completely different.  While natural gas is mainly composed of methane and almost completely free of sulfur and sulfur containing compounds, syngas is mostly composed of hydrogen and carbon monoxide, and also contains some carbonyl sulfide as well as hydrogen sulfide.  Upon combustion, these sulfur-containing compounds are oxidized to form SO2, and upon passage through an SCR system, most of the SO2 is further oxidized to SO3.  When combined with water and the excess ammonia required by the SCR system for optimal NOX removal, the sulfur oxides in the exhaust gas form ammonium bisulfate and ammonium sulfate.  According to a paper authored by General Electric (within the TEC submittal), these compounds are responsible for plugging in the HRSG, tube fouling, and increased emissions of PM.

Department Response:  Although these concerns are understandable, they are the similar in nature to past concerns related to coal firing.  During the mid-1990’s, DOE sponsored testing such as “Demonstration of SCR Technology for the Control of NOX Emissions from High-Sulfur Coal-fired Utility Boilers” for the combustion of coals with sulfur contents ranging from 2.5 – 3.0%.  Currently, the actual field use of SCR’s for high-sulfur coal has been able to show that with a careful examination of catalyst characteristics suited to the specific application, the technology may be properly applied.  In fact, with respect to catalyst SO2 oxidation, W.S. Hinton & Associates have concluded that in practice, all SCR suppliers would likely be able to meet a customer's specific SO2 oxidation requirements.    

Given that an SCR supplier has proposed guarantees for this project, there is little reason for the Department to question the ability of the equipment to reduce NOX to a limit of 3.5 ppmvd at the Polk Power Station.  Of remaining concern is the applicant’s contention (supported by a paper from General Electric) that the use of sulfur bearing fuels in conjunction with SCR may lead to fouling of downstream components such as the back passes (lower temperature regions) of the HRSG (walls and associated heat transfer surfaces).  According to the GE paper, the cause of this is due to ammonium bisulfate formation, which is supported by the aforementioned DOE work as well as actual practice.  

In order for ammonium bisulfate to form, excess ammonia (referred to as slip) must be present in conjunction with sulfur compounds.  Minimization of NH3 slip is also a major operational and design concern in the application of SCR to coal-fired boilers, as U.S. high-sulfur coal may form much more SO3 in the boiler.  The condensation of NH4HSO4 is a sticky, corrosive material that can cause corrosion problems.  Factors that contribute to NH4HSO4 formation are the temperature, catalyst composition and the concentration of NH3 and NOX in the flue gas.  The influence of temperature and catalyst composition is interdependent.  The amount of SO3 present is due to two factors: the amount formed in the boiler itself and the amount that formed by the catalytic oxidation of SO2 to SO3 in the SCR unit.  Higher flue gas SO2 content will likely cause more SO2 to be converted to SO3 in the SCR reactor, thereby aggravating the NH4HSO4 formation problems.  Of course, if there is no ammonia slip, the compound may not form.  According to the GE paper cited by TEC, “The only effective way to limit the formation ammonia salts appears to be to limit the sulfur content of the fuel to very low levels (or switch to a sulfur free fuel such as butane) and/or limit the excess ammonia available to react with the sulfur oxides.”  The paper additionally suggests that “Limiting the ammonia that is available to react with the sulfur oxides to negligible levels does not appear practical at NOX removal efficiencies above 80%…(but) may work at lower NOX removal efficiencies”.  Since Mitsubishi reports that SCR’s are in use on 40 utility boilers firing residual oil (with average sulfur content > 1%), the latter GE recommendation appears more logical for Polk Power Station.  In consideration of these concerns, the Department will restrict the ammonia slip to < 5ppm, and set the NOX emission limit at 80% removal (5 ppmvd syngas and 9 ppmvd oil).

Applicant Comment:  The cost to control NOX emissions through the use of an SCR system on Polk Unit 1 presented in the analysis submitted to FDEP was based on a limited number of estimated costs.  Since SCR has not been required for any IGCC installation in the United States, it is not possible to compare the cost of installing an SCR at the Polk facility to the cost of installing an SCR at another IGCC facility.  The conclusion that SCR must be applied to Polk Unit 1 simply because the cost of NOX control is lower than what the cost of NOX control might be at the CPV Gulf Coast facility does not seem to take into account environmental, energy, and other costs as prescribed in the definition of BACT.  In addition, this conclusion does not seem to consider the operation of 'other similar facilities' or 'manufacturer's research' as called for in Specific Condition A.50 of the Polk Power Station Title V Permit.

Department Response:  It does not seem unreasonable to review the cost of applying an SCR to TEC’s Polk Unit 1 (an IGCC unit) as it compares to the cost of applying an SCR to a gas/oil fired combined cycle unit.  In fact, such a review leads to an initial conclusion that there is little difference in these costs.  

TEC has submitted an analysis concluding that the annualized cost of applying SCR to Polk Power Station is $4,061,000.  As mentioned earlier in this Determination of BACT, one line item within that analysis lists an annualized cost of $1,934,400 for “Unscheduled Outages”.  According to the submittal, the majority of this figure ($1,814,400) is attributable to replacement power costs of $20/MWH for an assumed 12 days annually of unscheduled outages.  Two similar line items exist ($363,000 each) for lost power costs due to the pressure drop across the catalyst in a clean configuration and an additional cost for when the catalyst is assumed to be fouled.  Although it is appropriate to calculate the costs of using additional natural gas to compensate for the power consumption resulting from pressure drops across the catalyst bed, lost revenue should not be included in the analysis and should be omitted.  Since the basis of these costs was $0.04/kwh, the Department presumes that each cost was developed based upon some measure of lost revenue and not increased natural gas costs.  Accordingly, the Department will reject these line items, as inappropriate, which is consistent with EPA comments on previous analyses and in line with the Department’s view in calculating cost effectiveness.  The resulting annualized cost of applying SCR to Polk Unit 1 ($1,520,600) yields a cost effectiveness of under $2,000 per ton of NOX removed.  This is less than similar recent analyses submitted by other applicants for other projects (approximately $2500/ton for OUC’s Stanton new combined cycle unit and $4,400/ton for JEA’s Brandy Branch “repowering”).  According to Polk Power Station’s Title V permit (Specific Condition A.50.):


A.50.  One month after the test period ends (estimated to be by June 1, 2001), the permittee shall submit to the Department a NOX recommended BACT Determination as if it were a new source, using the data gathered on this facility, other similar facilities and the manufacturer’s research.  The Department will make a determination of BACT for NOX only and adjust the NOX emission limits accordingly.
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Lastly then, an analysis of the data gathered from the facility is in order.  Two sets of data exist: one which represents seven “full load tests” which were completed between October 1999 and October 2000, and the other is comprised of data from continuous emission monitoring systems (CEMS).  Regarding the former, the data is represented on the chart below:

TEC has cautioned against an analysis of NOX emissions as compared to diluent flow, noting that “although the diluent flow is an important parameter for controlling NOX emissions, a more appropriate measure is the ratio of diluent flow to syngas flow.  On an overall basis, this ratio represents the proportional flows of NOX controlling diluent and the syngas flow.  Additional complicating factors that prevent a straightforward linear analysis of diluent flow rate or ratio and the NOX emissions rate include the varying composition of the syngas, and the heating value of the fuel.  Although these data are presented, TEC recommends against using these data to establish firm operating ranges due to the variability in other factors that significantly contribute to NOX emissions from this combustion turbine.”  

Since diluent flow will likely increase with generating load (up to some load point) and since syngas flow is directly proportional to unit load, it is likely that a measure of diluent flow to syngas flow (which the applicant purports is more appropriate) makes some sense, as in the case of reviewing the entire load range of a combustion turbine.  However, the Department wishes to better understand the impact of diluent flow on NOX emissions, given that the diluent is the control media for NOX.  Since the tests are at a similar load point, the syngas flow and its associated variability can be effectively ignored.  This yields a chart similar to the one above, indicating some level of correlation (albeit with 7 data points) between the diluent flow and NOX emissions.  Given the very limited amount of tests, one initial conclusion which might be drawn is that NOX emissions are likely to be less than 19 ppmvd if the diluent flow is held to 120 lb/sec or higher. 

Regarding the latter set of data (from the CEMS), 14 months of data was reviewed, with the month of March 2000 ignored due to low operating time.  In order to understand the range of data with respect to syngas NOX emissions, only days where daily hours of operation firing syngas equaled 24 (all day) were analyzed.  From this data set, the 5 highest and lowest daily average NOX emission rates (in lb/MMBtu) were computed.  This led to the chart below, with the lowest values during the months of December 1999 and January 2000 excluded due to calculated values around 0.01 lb/MMBtu.  The following preliminary conclusions are drawn from this analysis:

1) There seems to be an increasing variability over the latter months, with highs increasing and lows decreasing. 

2) The average of the monthly highs is just under 0.10 lb/MMBtu and the average of the monthly lows is just under 0.085 lb/MMBtu.

3) The facility should be able to easily comply with its current limit of 25 ppmvd (approximately 0.126 lb/MMBtu) and likely will operate closer to 0.09 lb/MMBtu (approximately 18 ppmvd) on a monthly average basis.

Each analysis of the facility data referred to herein suggests that a NOX limit of 0.09 lb/MMBtu (approximately 18 ppmvd) via full load testing or monthly average would likely be reasonable (given that certain operational changes may be required), even if the Department had alternately concluded that more stringent controls should be rejected.  Barring these operational changes, 25 ppmvd may be reasonable.


 




     CEMS DATA
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Additional SCR-related cost information received from the applicant after the application was complete:  

As noted above, the application was received by the Department on November 27, 2000.  Within the applicant’s submittal was a cost analysis for the installation of an SCR, which included a vendor quote (Engelhard) dated October 25, 2000.  The vendor quoted the SCR system cost at $1,738,000 with a three-year catalyst life guaranty, an expected life of 5-7 years and a 3.5 ppmvd NOX output.  TEC annualized the NOX removal costs at $4660 per ton of NOX removed, which is discussed in more detail above.  

On December 4th, 2000 the Department requested additional information from TEC.  Included within this request was a confirmation that Engelhard had provided a guarantee for the catalyst life at 3 years, and expected the catalyst life to be 5 to 7 years.  Additionally, the Department stated that the application of an SCR (even with cost effectiveness costs as high as $6000 per ton) would “represent the Department’s determination for this project, unless Tampa Electric Company can demonstrate to the Department’s satisfaction (absent fuel quality issues) why this installation is significantly different”.  On February 15th, 2001 the Department received the requested information (which has been analyzed in the foregoing pages), including the requested Engelhard confirmation.  The application was deemed complete that day. 

On April 3rd, 2001 FDEP officials met with TEC officials at the request of the applicant.  TEC indicated that the purpose of the meeting was to ensure that FDEP’s questions were satisfactorily answered and to understand FDEP’s intentions.  At the prompting of TEC officials, FDEP indicated a very preliminary intention (pending the detailed review as required by a BACT Determination) to require SCR for the attendant project, although it may be at some control level above 3.5 ppmvd of NOX.  FDEP additionally noted that certain costs (such as replacement power) contained within the TEC cost analysis (see page 16 above) would likely be rejected, improving the cost effectiveness below the $4660/ ton value.  At the meeting conclusion, TEC indicated a desire to provide additional submittals to the Department, and FDEP officials indicated that TEC was welcome to do so, however that no additional information was either requested or required by the Department in order to complete the BACT Determination.  [Note:  As can be seen herein, the Department had estimated that the annualized cost of an SCR was likely less than $2M]. 

On April 16th, 2001 FDEP received a voice-mail from the applicant indicating that TEC had contacted several catalyst vendors and expected responses by the week of April 23rd.  TEC stated that they would be sending additional information to FDEP by the first week in May.  No indication was provided as to the intent or the reasoning behind the forthcoming submittals.  A follow-up phone call was received on April 24th at approximately 1:15 p.m., with the applicant indicating that the nature of the submittals was related to the applicant’s concern over the formation of ammonia sulfates and that the information would be forthcoming soon.  The applicant additionally inquired as to the Determination status, requesting to know whether the conclusion reached within the Department’s BACT Determination (albeit unfinished) had changed in any way.   

Although a draft BACT Determination would normally be issued well before day 74, the Department awaited the TEC submittal for several additional days.  On May 2nd, 2001 (Day 76 on the DEP permit clock), the Department received a “Notice of Waiver of 90-Day Period” from TEC.  This waiver was offered by the applicant as a means to allow more time for the additional information, which the applicant wished to submit.  Inasmuch as this additional information was not requested by the Department in order to take action, the Department had no reason to accept TEC’s waiver to be allowed until July 1st to submit the additional (unrequested) information.     

EPA Comments regarding Kentucky Pioneer:  

EPA commented adversely over Kentucky’s Draft BACT Determination, which would authorize Kentucky Pioneer to emit NOX at 15 ppmvd.  TEC’s submittal requests a BACT Determination at 25 ppmvd NOX. 

The best available control technology (BACT) question of most concern to us is BACT for the control of NOx emissions from the combined cycle combustion turbines…  The NOx emission rates proposed as BACT for the combined cycle combustion turbines are an emission rate of 15 ppmvd (at 15% oxygen) when burning syngas and an emission rate of 25 ppmvd (at 15% oxygen) when burning natural gas (and a weighted average when burning both fuels simultaneously).  All of the recent combined cycle combustion turbine projects throughout the U.S. that are known to us and that involve large natural gas-fired combustion turbines comparable in size to the Kentucky Pioneer Energy turbines have been permitted with a NOx emission rate for natural gas combustion of 3.5 ppmvd or less to be achieved by a combination of combustor design and use of post-combustion controls.  While we recognize that IGCC combustion turbines differ from standard natural gas-fired combined cycle combustion turbines, we are still concerned that the NOx BACT levels proposed for Kentucky Pioneer Energy are four to seven times higher than the emission rates approved for all other recently permitted natural gas-fired combined cycle combustion turbines of comparable size. 

EPA was not persuaded by Kentucky’s argument that ammonia bisulfate salts would “cause serious plugging, loss of heat transfer and corrosion in the downstream portions of the heat recovery steam generator”.  What follows are selected EPA comments about this issue.

The sulfur content of syngas is much less than the sulfur content of post‑combustion air streams in coal-fired boilers where SCR technology has been successfully applied despite initial concerns that the technology would not be feasible in the high-sulfur environment of such air streams  

Most recent dual-fuel (natural gas and No. 2 fuel oil) combined cycle combustion turbine projects have been permitted to require use of SCR for NOx control when burning fuel oil as well as when burning natural gas.  The typical sulfur content of the fuel oil proposed for such projects is 0.05 percent by weight, which should yield exhaust gas sulfur compound concentrations comparable to those resulting from combustion of syngas. 

Furthermore, in conventional SCR systems, proper operation of the ammonia feed system along with proper sizing and selection of the catalyst components can serve to minimize the amount of ammonia that slips through the SCR reaction zone.  We recommend that the applicant or KDAQ investigate means of reducing residual ammonia before concluding that SCR is not a technically feasible option due to formation of ammonium bisulfate salts. 

EPA did not accept the cost figures provided for the Kentucky project, which formed the basis of SCR being rejected at cost effectiveness values of $8516/ton or higher.

The preliminary determination and the original permit application contain two SCR cost evaluations, one based on a U.S. Environmental Protection Agency (EPA) publication (Alternative Control Techniques Document - NOx Emissions from Stationary Gas Turbines, 1993) and one based on Engelhard vendor data with additional costs to allow for modifications of the HRSG to counteract the potential harmful effects of ammonium bisulfate salts.  We have concerns about both evaluations…. The cost estimate … appears to be based on a procedure in the 1993 EPA document cited above, a document that we have indicated is out of date.

The purchased equipment cost based on the Engelhard quote is a total of approximately $12,000,000 for both combustion turbines, or about $6,000,000 for each turbine.  This cost is far higher than the typical equipment costs reported in other permit applications for F-class combustion turbines.  

In summary, we have serious concerns about the cost evaluations for SCR.  A further evaluation of costs coupled with use of a higher “uncontrolled” baseline emission rate is likely to show that the cost of SCR for the Kentucky Pioneer Energy combustion turbines is within the range of NOx control costs considered acceptable for recent combined cycle combustion turbine projects involving combustion of conventional fuels.

It seems clear that EPA is not in agreement with the Draft BACT proposed by Kentucky.  That Draft BACT rejects the application of an SCR for the proposed IGCC facility based upon costs.  The excessive costs cited, find root in the applicant’s concern that ammonia bisulfate formation will be a significant issue, which would affect the project.  EPA does not accept the premise that ammonia bisulfate is a serious issue for the Kentucky project, nor do they accept the conclusion that SCR is not cost-effective, indicating a notion that the cost effectiveness is likely closer to that of a natural gas fired combined cycle unit.  

Department analysis of related concerns as they may apply to TEC Polk:  

A further review of concerns related to ammonia sulfate and ammonia bisulfate for this specific project follows.  Much of the information presented is derived from published reports, which are itemized.  From an October 1998 article in Pollution Engineering, written by Michael Sandell:

There is a concern about the use of SCR with high-sulfur fuels because sticky ammonium bisulfate can be deposited on the catalyst, air heater and other downstream surfaces. This compound is formed through the reaction of ammonia with SO3, which in turn is formed primarily through the oxidation of SO2 by the SCR catalyst. By minimizing ammonia slip and suppressing the oxidation of sulfur dioxide, the amount of ammonium bisulfate may be kept to a level that does not affect boiler operation. Ammonia slip, the emission of unreacted ammonia, is caused by the incomplete reaction of injected ammonia with NOx present in the flue gas. A system designed to achieve good distribution and mixing of the injected ammonia with the flue gas, as well as proper catalyst sizing and selection, will ensure ammonia slip is controlled to levels low enough that effects on plant operation, ash properties and health will be insignificant.
From an article entitled “Properly Apply Selective Catalytic Reduction for NOX Removal” authored by Dr. Soung M. Cho, January 1994 Chemical Engineering (note the specific references to industrial gas and low sulfur oil, which the author relates as being similar to natural gas):

…The other important reason for limiting the ammonia slip to a low value is to reduce the chances of forming ammonium sulfates in the presence of SO3.  Sulfur containing fuels produce SO2 and a small quantity of SO3.  A small fraction of SO2 is also converted to SO3 by the SCR catalyst.  When combined with excess ammonia and water vapor, SO2 may form ammonium sulfates.  Ammonium sulfate (NH4)2SO4 is powdery and contributes to the quantity of particulates in the flue gas.  Ammonium bisulfate NH4HSO4 is a sticky substance that can deposit in the catalyst layers and/or downstream equipment, causing flow blockage and equipment deterioration.  Temperature is an extremely important factor in the formation of sulfates.  The lower the temperature, the higher the probability of sulfate formation.  When natural or industrial gas or low sulfur oil is used as the combustion fuel, the deteriorating effects discussed above are not likely to occur if the ammonia slip is limited to less than 10 ppm and the SO3 concentration is less than 5 ppm (unless the gas temperature is very low).  

From a March 1998 paper “Estimating Sulfuric Acid Aerosol Emissions from Coal-Fired Power Plants” authored by R. Hardman, R. Stacy (of Southern Company Services) and E. Dismukes (SRI):

...In the literature, varying and sometimes conflicting estimates exist regarding the conversion of SO2 to SO3.  For example, in one publication the conversion rate is estimated to vary from 3 to 5 percent, from 1.25 to 5 percent, and from 1 to 4 percent, depending on the section of the book being read.  In other reports, which focus on the performance of cold-side ESP’s, the ratio of SO2 to SO3 at the air heater are presented.  These ratios are lower since a portion of the SO3 generated during the coal combustion process condenses onto the cold sections of the air heater baskets as the flue gas temperature drops.  For example, in one evaluation average flue gas SO3 concentrations dropped from 25 ppm to 11 ppm (56 percent) across a hot-side ESP and an air heater.  Other reports (such as an EPA-documented SO2 to SO3 ratio of 0.4 percent) confirm these pilot scale results.  The same EPA study reports that the SO3 levels from six different power stations vary from undetectable levels to 0.67 percent of the SO2 concentration.  Other full-scale experimental results based on measurements during 16 field tests showed concentrations from 0.1 to 0.41 percent of the SO2 levels.  In both of these examples, the SO3 concentrations when burning western coals were lower than the SO3 concentrations when burning eastern coals.  Laboratory results have confirmed the direct proportional relationship between the SO2 to SO3 conversion rate and the sulfur content of the fuel. 

EPA’s Acid Rain information system shows that typical flue gas SO2 values for this emissions unit are less than 40 ppm.  Therefore, according to the technical literature above, it is extremely likely that the amount of SO3, which will be converted from the available SO2, will be less than 2 ppm (5% of 40 ppm), and may very well be less than 1 ppm.  This published information (referred to above) supports the conclusion that a well-designed ammonia injection system along with proper catalyst selection will minimize or eliminate concerns related to ammonia bisulfate formation, given a low ammonia slip level and low SO3 values.  It additionally supports EPA’s comments on Kentucky: “…proper operation of the ammonia feed system along with proper sizing and selection of the catalyst components can serve to minimize the amount of ammonia that slips through the SCR reaction zone.  We recommend that the applicant or KDAQ investigate means of reducing residual ammonia before concluding that SCR is not a technically feasible option due to formation of ammonium bisulfate salts.”   

Accordingly, HRSG modifications and additional costs proposed for an IGCC project such as Polk are also deemed to be unwarranted costs and are rejected.  The Department concludes that the cost effectiveness for installation of an SCR is less than $4,660 per ton and is within the range of reasonableness for prior natural gas combined cycle determinations.  This value should be ample to ensure that the SCR will be designed with the proper catalyst sizing and selection, as well as to provide for an ammonia injection system capable of achieving good distribution and mixing of the injected ammonia, with a resulting low level of slip.       

DEPARTMENT BACT DETERMINATION:
In summary, the application of SCR to the subject Polk generating unit as if it were a new source cannot be rejected based upon technical, economic, energy or environmental impacts.  The determination that a control alternative is inappropriate involves a demonstration that unusual circumstances exist that distinguishes the source from other sources where the technology may have been required.  The applicant has failed to meet this test.  In this case, the Department has compensated for the shortage of IGCC specific data through a reasonable extrapolation of SCR and fuel data from utility units and refineries.  Accordingly, SCR is deemed to be BACT.  Following are the BACT limits determined for the Polk Power project for NOX corrected to 15% O2.

	Pollutant
	CONTROL TECHNOLOGY
	BACT DETERMINATION

	NOX  (syngas - all operating modes)

NOX  (oil - all operating modes)
	SCR
	5.0 ppmvd (SCR) – 24 hour block average

9.0 ppmvd (SCR) – 24 hour block average 

5 ppm ammonia slip at SCR outlet

	Pollutant
	Compliance Procedure

	NOX 24-hr block average
	NOX CEMS, O2 or CO2 diluent monitor, and flow device as needed

	NOX (performance)
	Annual Method 20 or 7E

	Ammonia Slip
	CTM-027 initial and annual (The test and analyses shall be conducted so that the minimum detection limit is 1 ppmvd).  


Details of the Analysis May be Obtained by Contacting:

Michael P. Halpin, P.E.  Review Engineer    


Department of Environmental Protection

Bureau of Air Regulation

2600 Blair Stone Road

Tallahassee, Florida  32399-2400
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Sheet1

		Month		date (24 hr)		NOx lb/hr		daily ht input		lb/mmbtu		date (24 hr)		NOx lb/hr		daily ht input		lb/mmbtu		Mo HIGH		Mo LOW

		Oct-99		1		212.3		48638		0.1047575969		20		164.3		45616.4		0.0864425952		0.0973725862		0.0833152814

				2		207.1		47571.9		0.1044818475		23		164.5		47115.5		0.0837940805

				12		186		47755.1		0.0934769271		24		164		47330.4		0.0831600832

				14		182.7		48158.9		0.0910485912		28		163.1		47962		0.0816146116

				19		181.6		46815.2		0.0930979682		29		163.3		48050		0.0815650364

		Nov-99		7		174.1		47911.3		0.087211159		23		154		44381.4		0.08327813		0.0913685307		0.0825185146

				8		174.4		48381.2		0.086512943		24		152.8		43981		0.0833814602

				9		177.2		48894.8		0.0869785744		25		153.4		44476.4		0.0827764837

				11		203		49369.2		0.0986850101		28		150.9		44536.7		0.0813172058

				14		201.8		49696.8		0.0974549669		29		153.3		44956.4		0.0818392932

		Dec-99		2		163.9		43798.6		0.0898110899		22		25.2		39573.1		0.015283109		0.085475598		0.0121601928

				3		156.8		43585.4		0.0863408389		24		17.6		39620.4		0.0106611745

				4		156.9		43610.4		0.0863463761		25		14.7		39696.1		0.008887523

				6		157.4		44053.9		0.0857495023		26		22.5		39228.1		0.0137656425

				7		145.8		44220.8		0.0791301831		28		19.8		38939.6		0.0122035152

		Jan-00		22		177.9		48265.2		0.0884612516		2		18.1		37425.2		0.0116071524		0.0945474301		0.0106886295

				23		190		47870.2		0.0952575924		4		17.6		39212.2		0.0107721576

				25		165.2		43738.3		0.0906482419		5		13		38903.2		0.0080199058

				27		187.9		44653.7		0.1009905114		6		17.9		38964.4		0.0110254489

				28		169.1		41676.1		0.0973795533		14		19.8		39539.1		0.012018483

		Feb-00		7		181.3		44439.6		0.0979126725		12		139.4		43140		0.0775521558		0.0993573226		0.0864924306

				16		195.2		45067		0.1039518938		14		156		42396		0.0883102179

				19		190.6		46241.8		0.0989234848		23		158.3		46015		0.0825643812

				20		184.6		45188.4		0.0980428606		24		170.5		44912		0.0911115069

				22		183.7		45008.1		0.0979557013		25		167.1		43157.9		0.0929238911

		Apr-00		17		170.8		46949.8		0.0873102761		4		153.9		41216.1		0.0896154658		0.0964861531		0.0897554909

				19		171.8		45248.8		0.0911228585		5		151.7		39131.2		0.0930408472

				23		207.3		44478.9		0.1118552842		20		155.2		39721.4		0.0937731298

				24		189.9		45362.3		0.100471096		29		161.9		45290.3		0.0857932052

				28		172.9		45266.1		0.0916712507		30		162.3		45002.7		0.0865548067

		May-00		13		174.4		41297.4		0.1013526275		9		152.8		41715.4		0.0879099805		0.1065478896		0.0860419201

				21		216.2		40569.5		0.1278990375		10		151.8		41203.5		0.0884196731

				22		184		41836.3		0.1055542675		20		136.7		38090.6		0.0861314865

				23		176.6		41811		0.1013704528		28		128.1		39455.5		0.0779206955

				31		166.9		41481.7		0.0965630627		29		148.9		39782.8		0.0898277648

		Jun-00		14		184.1		45516.9		0.0970716371		2		135.6		33544.9		0.0970162379		0.1035228895		0.0996921813

				15		198.9		44720		0.106744186		3		128.4		30967.7		0.0995101348

				16		195.9		44715		0.1051459242		6		147.8		36562.5		0.0970174359

				18		188.2		43549.4		0.1037166987		8		132.7		30833.8		0.1032892475

				19		190.2		43500.8		0.1049360012		12		134.2		31692.1		0.1016278505

		Jul-00		4		191.2		44242.6		0.10371904		15		146.2		42719.3		0.0821361773		0.1010602828		0.0788750703

				5		193.1		43679.3		0.1061006014		16		144		43069.7		0.0802420263

				6		190.7		43606		0.1049580333		25		135		43214.9		0.0749741409

				7		175.5		43379.8		0.0970958833		26		143.6		43413.4		0.0793856275

				12		168.8		43361.8		0.0934278559		27		140.6		43463.6		0.0776373793

		Aug-00		13		172.2		42662.3		0.0968724143		1		133.3		42603.6		0.0750922457		0.0929715125		0.080321828

				14		167.8		42653.9		0.094415751		2		137.9		42883.1		0.0771772563

				15		158.6		42852.5		0.0888256228		3		148.2		42631.5		0.0834312656

				16		163.2		42774.7		0.0915681466		4		149.9		43466		0.0827681406

				17		165.2		42551.9		0.0931756279		19		148.6		42896.2		0.0831402315

		Sep-00		5		202.7		42478.4		0.1145240875		24		157.4		41987		0.0899707052		0.109084996		0.079075883

				8		189.3		42891.6		0.105922838		25		136.4		42682.7		0.076696179

				10		193.5		43088.3		0.1077786777		26		130.9		42554.8		0.0738248094

				14		196.2		42860.8		0.1098626251		27		134.9		42500		0.0761788235

				15		189.8		42438.4		0.1073367516		30		140.6		42871.9		0.0787088979

		Oct-00		16		199.3		42939.7		0.1113934191		3		131		42513.8		0.0739524578		0.1123259453		0.0732135164

				17		189.2		42798.1		0.1060981679		4		130.6		42808		0.0732199589

				27		222.7		43023.7		0.1242292039		5		132.6		43124.3		0.0737959805

				29		197.1		43192.7		0.1095185066		6		129.7		43164.4		0.0721149836

				31		197		42829.8		0.1103904291		8		131.1		43110.7		0.0729842011

		Nov-00		1		191.2		42972.8		0.106783826		17		145.7		39534.5		0.0884493291		0.108270343		0.0876654339

				2		197.4		42621.5		0.1111551682		18		141.9		39614.2		0.0859691727

				3		180.7		40822.8		0.1062347512		19		139.1		39616		0.0842689822

				22		183.2		40356.9		0.1089479123		20		148.7		39587.2		0.0901503516

				28		178.3		39538		0.1082300572		25		148.1		39718.7		0.0894893337

		avg				183.8230769231		44269.7246153846		0.0998762676				126.9092307692		41524.4384615385		0.0730627979

		std dev				15.5145170851		2368.4014202642		0.0094392204				47.7633545562		3606.977640746		0.0273861163
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		Date		NOx ppm		N2 diluent lb/hr				what TECO reported 2001

		10/14/99		16.7		118				16.7		118

		12/7/99		14.6		124.08				14.6		124.1

		2/7/00		19		117.2				19		117.3

		4/17/00		17		118.2				17		126.8

		6/14/00		18.1		117.9				18.1		118

		8/15/00		16.6		124.9				16.6		124.7

		10/17/00		22.5		112.58				22.5		116.6
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