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Pinal Power, LLC is providing this Technical Memorandum to provide information on the emission calculations for the Pinal Biomass Facility in Maricopa, Arizona.  
Pinal Power, LLC submitted its original Application for Authority to Construct to the Pinal County Air Quality Control District on July 14, 2010.  A copy of the application is attached.  The Application was based on engineering information available at the time of filing, including information on boiler operations and emissions, and fuel and ash handling.  Since the time of submittal, and in response to requests for additional information from the District, Pinal Power, LLC has obtained additional information from the boiler and equipment vendors, and has implemented revisions to the design of the facility.  Accordingly, Pinal Power is providing this Technical Memorandum to summarize current emission estimates for the facility.
Emission Sources
Emission sources at the Pinal Biomass Facility include the biomass boiler; fugitive particulate emissions from fuel handling and transfer and from bottom and fly ash handling and transfer; the cooling tower; and insignificant sources including an emergency generator.  Emission calculations for each source are provided as an attachment to this Technical Memorandum.  Emissions are presented in the discussion below.
Biomass Boiler.  The biomass boiler will combust biomass materials.  The boiler will utilize natural gas as a supplemental fuel as needed during startup and shutdown activities, and may be used on occasion as a supplemental fuel during very wet weather.  The annual capacity factor for natural gas is anticipated to be less than 1%.  Emissions from the biomass boiler are calculated based on vendor guarantees, assuming an annual average heat input of 389.65 MMBTU/hr, a maximum hourly heat input of 410 MMBTU/hr, and annual operating hours of 8,235 hours, excluding startup and shutdown.  Emission estimates are summarized in Table 1.
Table 1.  Biomass Boiler Emissions
	
Pollutant
	Emission Estimates1
	Proposed Control
Technology

	
	(lb/MMBtu)
	Maximum
(lb/hour)
	Annual Average
(tons/year)
	

	NOX
	0.14
	57.4
	224.61
	SNCR

	CO
	0.14
	57.4
	224.61
	Good Combustion Practices

	SO2
	0.06
	24.6
	96.26
	Low-Sulfur Fuel

	PM10
	0.020
	8.2
	32.08
	Electrostatic Precipitator

	VOC
	0.017
	6.97
	27.27
	Good Combustion Practices


1 Emission estimates are based on a 24-hour block average, and would not apply during startup and shutdown

Pinal Power has agreed to an annual emission limit of 240 tons per year for all criteria pollutants, which will include emissions during startup and shutdown.  During startup and shutdown periods, Two 62.5 MMBtu/hr heat input capacity natural gas-fired auxiliary burners will be used to reduce event duration and stabilize combustion as necessary.  The proposed burners will be a low-NOX design.  Pinal Power proposes that, during startup and shutdown periods, emissions will be controlled by limiting the frequency and duration of startups, shutdowns and periods of upset through the implementation of best practices and training.  Table 2 presents an estimate of maximum hourly emissions associated with combustion of natural gas in the boiler during startup and shutdown periods.  Emissions are based on the NSPS emission limit for NOx emissions, and AP-42 emission factors for combustion of natural gas in large boilers for other pollutants.
Table 2.  Biomass Boiler Emissions – Natural Gas Usage
	Natural Gas
	 Heat Input:
	62.5 MMBTU/hr (2 burners)

	Emissions
	lb/MMBTU
	lb/hour

	NOX
	0.1
	12.5

	CO
	0.082
	10.25

	SO2
	0.0006
	0.075

	PM10
	0.0075
	0.9375

	VOCs
	0.055
	6.875



As discussed in responses to questions from the District, Pinal Power anticipates the facility would undergo no more than 12 startups and shutdowns annually, for a total duration of 12 hours each.  Startup and shutdown emissions were calculated on a worst-case basis, assuming 12 hours of natural gas auxiliary firing, and 10 hours of uncontrolled emissions from biomass combustion during startup.  Based on these assumptions, the emissions were calculated for biomass and natural gas combustion.  Emissions of NOx and CO will be monitored using the CEMS such that the total annual emissions will not exceed the permit limit of 240 tons per year.  Startup and shutdown emissions, based on worst case assumptions, are presented in Table 3.
Table 3.  Biomass Boiler Emissions – Startup and Shutdown
	Biomass Emissions
	lb/MMBTU
	lb/hour
	tons/year

	NOX
	0.25
	102.5
	12.30

	CO
	0.25
	102.5
	12.30

	SO2
	0.06
	24.6
	2.95

	PM10
	0.02
	8.2
	0.98

	VOCs
	0.017
	6.97
	0.84

	Natural Gas
	 
	62.5
	 

	Emissions
	lb/MMBTU
	lb/hour
	 

	NOX
	0.1
	12.5
	1.80

	CO
	0.082
	10.25
	1.48

	SO2
	0.0006
	0.075
	0.01

	PM10
	0.0075
	0.9375
	0.14

	VOCs
	0.055
	6.875
	0.99



The biomass boiler will also be a minor source of HAPs.  HAPs were estimated based on the boiler heat input, and calculation of HAPs except HCl are attached.  
HCl will be controlled through the injection of trona.  The trona system will be calibrated based on chlorine content of fuels.  Pinal Power will be required to conduct an initial source test for HCl.  The initial source test will provide data to use in a parametric equation based on boiler load to indicate the amount of trona that will be injected to control HCl.  The trona injection is based on the assumption that chlorine in the fuel will be converted to HCl by as much as 50%; due to alkali in the fuels, conversion will be lower than 50% and using this assumption to set forth trona injection amounts will provide a conservative basis to ensure proper controls.  Weekly testing of fuels is required and will be conducted to verify the amount of chlorine in the fuels.  Biannual testing for HCl is also required.  Table 4 summarizes the HAPs emission estimates.

	Table 3.  Biomass Boiler HAPs Emissions 

	HAPs
 
 
	Emission Factors
	 
	Emissions, lbs/hr
	Emissions, tons/year

	
	Wood-Waste Boiler
	 
	Wood-Waste Boiler
	Wood-Waste Boiler

	
	Emission Factor, lb/MMBTU
	Source
	Maximum Hourly
	Annual Average

	 
	 
	 
	410
	389.65

	 
	 
	 
	 
	Hours/year

	TAC
	 
	 
	 
	8235

	Acetaldehyde
	4.71E-05
	MACT Test
	1.93E-02
	7.56E-02

	Acetophenone
	3.20E-09
	AP-42
	1.31E-06
	5.13E-06

	Acrolein
	9.78E-06
	MACT Test
	4.01E-03
	1.57E-02

	Benzene
	1.11E-05
	MACT Test
	4.55E-03
	1.78E-02

	bix-(2-Ethylhexyl phthalate)
	4.70E-08
	AP-42
	1.93E-05
	7.54E-05

	2-Butanone
	5.40E-06
	AP-42
	2.21E-03
	8.66E-03

	Carbon tetrachloride
	4.23E-06
	MACT Test
	1.73E-03
	6.79E-03

	Chlorine
	2.80E-04
	MACT Test
	1.15E-01
	4.49E-01

	Chlorobenzene
	7.54E-06
	MACT Test
	3.09E-03
	1.21E-02

	Chloroform
	5.13E-06
	MACT Test
	2.10E-03
	8.23E-03

	2,4-Dinitrophenol
	3.65E-05
	MACT Test
	1.50E-02
	5.86E-02

	Ethylbenzene
	5.73E-07
	MACT Test
	2.35E-04
	9.19E-04

	Formaldehyde
	1.77E-04
	MACT Test
	7.26E-02
	2.84E-01

	Hydrogen Chloride1
	1.90E-02
	AP-42
	7.79E+00
	6.10E+00

	Naphthalene
	9.70E-05
	MACT Test
	3.98E-02
	1.56E-01

	4-Nitrophenol
	3.50E-05
	MACT Test
	1.44E-02
	5.62E-02

	Pentachlorophenol
	2.16E-07
	MACT Test
	8.86E-05
	3.47E-04

	Phenol
	4.18E-05
	MACT Test
	1.71E-02
	6.71E-02

	Propionaldehyde
	6.11E-05
	MACT Test
	2.51E-02
	9.80E-02

	Styrene
	5.60E-07
	MACT Test
	2.30E-04
	8.98E-04

	Tetrachloroethene
	5.41E-06
	MACT Test
	2.22E-03
	8.68E-03

	Toluene
	4.60E-06
	MACT Test
	1.89E-03
	7.38E-03

	Trichloroethene
	3.00E-05
	MACT Test
	1.23E-02
	4.81E-02

	2,4,6-Trichlorophenol
	2.16E-07
	MACT Test
	8.86E-05
	3.47E-04

	Vinyl Chloride
	3.13E-06
	MACT Test
	1.28E-03
	5.02E-03

	Xylene
	4.06E-06
	MACT Test
	1.66E-03
	6.51E-03

	 
	 
	 
	 
	7.49E+00

	PAHs
	 
	 
	 
	 

	Acenaphthene
	9.10E-07
	AP-42
	3.73E-04
	1.46E-03

	Acenathphylene
	5.00E-06
	AP-42
	2.05E-03
	8.02E-03

	Anthracene
	3.00E-06
	AP-42
	1.23E-03
	4.81E-03

	Benzo(a)anthracene
	6.50E-08
	AP-42
	2.67E-05
	1.04E-04

	Benzo(a)pyrene
	2.60E-06
	AP-42
	1.07E-03
	4.17E-03

	Benzo(b)fluoranthene
	1.00E-07
	AP-42
	4.10E-05
	1.60E-04

	Benzo(e)pyrene
	2.60E-09
	AP-42
	1.07E-06
	4.17E-06

	Benzo(g,h,i)perylene
	9.30E-08
	AP-42
	3.81E-05
	1.49E-04

	Benzo(j,k)fluroanthene
	1.60E-07
	AP-42
	6.56E-05
	2.57E-04

	Benzo(k)fluoranthene
	3.60E-08
	AP-42
	1.48E-05
	5.78E-05

	Chyrsene
	3.80E-08
	AP-42
	1.56E-05
	6.10E-05

	Dibenzo(a,h)anthracene
	9.10E-09
	AP-42
	3.73E-06
	1.46E-05

	Fluoranthene
	1.60E-06
	AP-42
	6.56E-04
	2.57E-03

	Fluorene
	3.40E-06
	AP-42
	1.39E-03
	5.45E-03

	Perylene
	5.20E-10
	AP-42
	2.13E-07
	8.34E-07

	Phenanthrene
	7.00E-06
	AP-42
	2.87E-03
	1.12E-02

	Pyrene
	3.60E-06
	AP-42
	1.48E-03
	5.78E-03

	 
	 
	 
	 
	4.43E-02

	Dioxins/Furans
	 
	 
	 
	 

	Heptachlorodibenzo-p-dioxins
	2.00E-09
	AP-42
	8.20E-07
	3.21E-06

	Heptachlorodibenzo-p-furans
	2.40E-10
	AP-42
	9.84E-08
	3.85E-07

	Hexachlorodibenzo-p-dioxins
	1.60E-06
	AP-42
	6.56E-04
	2.57E-03

	Hexachlorodibenzo-p-furans
	2.80E-10
	AP-42
	1.15E-07
	4.49E-07

	Octachlorodibenzo-p-dioxins
	6.60E-08
	AP-42
	2.71E-05
	1.06E-04

	Octachlorodibenzo-p-furans
	8.80E-11
	AP-42
	3.61E-08
	1.41E-07

	Pentachlorodibenzo-p-dioxins
	1.50E-09
	AP-42
	6.15E-07
	2.41E-06

	Pentachlorodibenzo-p-furans
	4.20E-10
	AP-42
	1.72E-07
	6.74E-07

	Tetrachlorodibenzo-p-dioxins
	8.60E-12
	AP-42
	3.53E-09
	1.38E-08

	Tetrachlorodibenzo-p-furans
	4.70E-10
	AP-42
	1.93E-07
	7.54E-07

	 
	 
	 
	 
	6.94E-02




As shown in Table 3, emissions will remain below the major source threshold of 25 tons per year for a combination of HAPs.  The Pinal Biomass Facility will also control emissions of HCl such that emissions will be below the major source threshold of 10 tons per year for a single HAP.

Fugitive Emissions.  Fugitive particulate emissions will arise from handling and transfer of fuel and from handling and transfer of bottom and fly ash generated in the boiler.  It is anticipated that the fuel moisture content will be, on average, 30 percent.  Biomass fuel will be handled in manner to minimize generation of fugitive dust.  Table 5 presents a summary of the fuel handling emissions, based on maximum hourly conditions and annual average conditions.

Table 5.  Fuel Receiving, Handling, Storage, and Processing Equipment

	Process
	Maximum Hourly Emissions, lbs/hr
	Annual Emissions, tons/year

	
	PM10
	PM2.5
	PM10
	PM2.5

	Dozer Use – Biomass Fuel Receiving and Handling
	0.001999
	0.00028
	0.008755
	0.001226

	Storage Pile Erosion
	-
	-
	0.3504
	0.0526

	Fuel Handling
	1.37
	0.208
	0.223
	0.0337

	Total
	1.37
	0.208
	0.582
	0.088



Bottom and fly ash handling will be in enclosed conveyors with enclosed transfer points.  The ash silo will be equipped with a baghouse.  Transfer to trucks for shipment will also be conducted in an enclosed system.  Table 6 presents a summary of the maximum hourly and annual average emissions from ash handling.  Emissions are based on an estimated moisture content of bottom ash of 5 percent, and an estimated average moisture content of fly ash of 1 percent.  Ash can be conditioned to increase moisture content as necessary.  To address the District’s comment regarding low moisture content of fly ash, maximum hourly emissions were calculated on the basis of 0.1 percent moisture as a worst case.


Table 6.  Ash Handling, Storage, and Shipment

	Process
	Maximum Hourly Emissions, lbs/hr
	Annual Emissions, tons/year

	
	PM10
	PM2.5
	PM10
	PM2.5

	Bottom Ash Handling
	0.0218
	0.00331
	0.011
	0.00167

	Fly Ash Handling
	7.85
	1.19
	0.157
	0.0238

	Fly Ash Storage
	8.71
	1.32
	0.175
	0.0265

	Fly Ash Shipment
	106.49
	16.13
	0.534
	0.0809

	Total
	123.07
	18.64
	0.88
	0.13




Cooling Tower Emissions.  The cooling tower will be a source of particulate emissions due to cooling tower drift and the total dissolved solids within the cooling tower water.  Emissions were calculated based on the methodology developed by Reisman and Frisbie, provided as an attachment to this Technical Memorandum.  Based on the methodology, particulate matter emissions are dependent on the TDS, cycles of concentration, and drift rate.  The cooling tower will be equipped with drift eliminators that will reduce drift to 0.001%.  As shown in the attachment, it is estimated that cooling tower drift will be no more than 0.38 lbs/hour of PM10 and 0.23 lbs/hour of PM2.5.  These emission estimates have been included in the permit as emission limitations.   Based on these emission estimates, the total emissions of particulate matter from the cooling tower will be 1.66 tons/year of PM10 and 1.01 tons/year of PM2.5.  

Based on the updated emission estimates provided in this Technical Memorandum and supporting information, emissions of criteria pollutants will be within the permit limits specified in the Draft Authority to Construct.
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