POLLUTION PREVENTION ALTERNATIVE 11

Use of alternative work practices to reduce alodine waste



SHOPS

Corrosion Control, Paint Hangar



DESCRIPTION OF ALTERNATIVE



This alternative involves the use of alternative work practices to reduce the amount of wastewater generated from the corrosion treatment of aircraft.



TECHNICAL ANALYSIS



A reduction in the amount of waste conversion coating generated can be achieved through implementation of the following procedural changes:



Sponge off the conversion coating from the aircraft instead of using a water hose.  The water should be saved and reused until it no longer adequately removes the coating.  Although difficult to compute, it is believed that this procedural change may result in a significant reduction in the amount of waste generated.



Retrofit sanding equipment with dust collectors.  This will reduce the amount of solid material mixed with the wastewater and will reduce the amount of sludge produced from the reduction treatment process.  The dust should be analyzed to determine whether it is RCRA-hazardous waste due to metal content or nonhazardous, and therefore disposed as municipal solid waste.



ADVANTAGES/DISADVANTAGES



Advantages



+	The amount of alodine waste generated from the corrosion treatment of aircraft will be reduced.



Disadvantages



-	The sponging off of the conversion coating from aircraft can be more labor 	intensive than 	using a water sprayer.

�COST ANALYSIS 



CAPITAL COSTS��BEFORE alternative �AFTER alternative��Not applicable.�Capital costs of implementing this alternative have not been identified.��

ANNUAL OPERATING COSTS��Supply Costs��BEFORE alternative�AFTER alternative��CS(tot) =	(CS(Alo))(VS(Alo))



Where:

CS(tot) =	Total supply cost per year

CS(Alo) =	Cost of alodine

VS(Alo) =	Supply volume of alodine per year�CS(tot) =	(CS(Alo))(VS(Alo))

��SUPPLY COSTS are equal to the volume of alodine used times the cost of the alodine.

DATA RANGES FOR SUPPLY COSTS (based on available information): alodine supply cost (for the cost example only, assume $0.50/lb); supply volume of alodine per year (for the cost example only, assume 100 55-gallon drums or 46,600 lb).  Implementation of the alternative does not change supply costs.��Waste Disposal Costs��BEFORE alternative�AFTER alternative��CW(tot) =	(CAnal)(DW(Alo)) + 	(CW(Alo))(VW(Alo))(PW)



Where:

CW(tot)   =	Total waste disposal cost per year

CAnal  =	Cost to analyze alodine waste (TCLP)

DW(Alo)  =	Quantity of alodine waste drums per year

CW(Alo) =	Waste disposal cost of alodine waste

VW(Alo) =	Amount of alodine waste per year 

PW =	Percentage of waste analyzed which must 	be disposed as a hazardous waste�CW(tot) =	(R W)(VW(Alo))(CW(Alo))





Where:

RW =	Reduction of alodine waste through 	the use of alternative practices

��WASTE DISPOSAL COSTS.  Before alternative, waste disposal costs are equal to the cost of analyzing alodine waste drums using TCLP, plus the disposal cost of the alodine waste times the volume of alodine waste disposed after being tested.  After the alternative, waste disposal costs are equal to the disposal cost of alodine waste times the reduced volume of alodine waste generated (due to the use of alternative practices).

DATA RANGES FOR WASTE DISPOSAL COSTS  (based on available information): quantity of drums to be analyzed (1 55-gal drum per 466 lb of waste);  cost to analyze each drum of alodine waste using the TCLP ($30 - $60 per drum); disposal costs for alodine waste ($0.44/ lb);  percentage of alodine waste analyzed that is likely to be disposed as RCRA-hazardous waste (80% , PW  = 0.8); reduction of alodine waste through the use of alternative work practices (for the cost example only, assume 2/3 reduction, RW = 0.33).��Total Operating Costs��BEFORE alternative�AFTER alternative��COB(tot)  = CS(tot) + CW(tot)



Where:

COB(tot)  = Total operating costs before alternative�COA(tot) = CS(tot) + CW(tot)



Where:

COA(tot) = Total operating costs after alternative��

INCREASE OR DECREASE IN ANNUAL OPERATING COSTS��CTOTAL = COB(tot) - COA(tot)



Where:

CTOTAL  = Increase or decrease in annual operating costs��

PAYBACK PERIOD ��TPAY = [(CC)]/[(CTOTAL)]  (in years)



Where:

TPAY = Time required for implementation of alternative to pay back any capital costs ��

�COST EXAMPLE*



CAPITAL COSTS��BEFORE alternative �AFTER alternative��Not applicable.�None identified.��

ANNUAL OPERATING COSTS��Supply Costs��BEFORE alternative�AFTER alternative��CS(tot) =	(CS(Alo))(VS(Alo))

CS(tot) =	($0.50/lb)(46,600 lb)

CS(tot) =	$23,300�CS(tot) =	(CS(Alo))(VS(Alo))

CS(tot) =	($0.50/lb)(46,600 lb)

CS(tot) =	$23,300��Waste Disposal Costs��BEFORE alternative�AFTER alternative��CW(tot) =	(DW(Alo))(CAnal) + 	(CW(Alo))(VW(Alo))(PW)

CW(tot) =	(100 drums)($45/drum) + 	($0.44/lb)(46,600)(0.80)

CW(tot) =	$20,903�CW(tot) =	(R W)(VW(Alo)) (CW(Alo))

CW(tot) =	(0.33)(46,600 lb)($0.44/lb)

CW(tot) =	$6,766

��Total Operating Costs��BEFORE alternative�AFTER alternative��COB(tot)  = CS(tot) + CW(tot)

COB(tot)  = $23,300 + $20,903

COB(tot)  = $44,203�COA(tot) = CS(tot) + CW(tot)

COA(tot) = $23,300 + $6,766

COA(tot) = $30,066��

INCREASE OR DECREASE IN ANNUAL OPERATING COSTS��CTOTAL = COB(tot) - COA(tot)

CTOTAL = $44,203 - $30,066

CTOTAL = $14,137 Decrease��

PAYBACK PERIOD ��Payback for this alternative is immediate��

�POLLUTION PREVENTION ALTERNATIVE 12

Use of evaporation to treat alodine waste



SHOPS

Corrosion Control



DESCRIPTION OF ALTERNATIVE



This alternative involves using evaporative techniques to treat alodine wastewater.



TECHNICAL ANALYSIS



Evaporation is a proven and established technology that has long been used in the chemical processing industry and has received increasing acceptance as a treatment for wastewater.  Evaporation reduces the volume of liquid in the wastewater and increases the concentration of contaminants in the solid.  The process of evaporation involves pumping wastewater into a heat transfer vessel and applying a heat source to the surface of the heat exchanger.  Most of the liquid vaporizes, leaving a solid behind.  As the liquid in the wastewater decreases, the boiling point of the liquid increases, which requires an increase in energy input to evaporate the liquids.  Furthermore, the solids may begin to precipitate on the heat transfer surface (scale) and reduce the efficiency of the evaporator.  Operation of the evaporator, therefore, becomes a trade-off among the concentration of the evaporated liquid (concentrate), the amount of scale that can be tolerated, and the energy input that can be afforded.  Although it is possible to evaporate all the liquids in the solution, such as using a film-type evaporator, the capital and operating costs of this type of system usually make it too expensive for wastewater treatment.



In general, steam is the most economical source of energy for evaporation for large volumes of liquid.  For small volumes of liquid or if steam is not available, electricity must be used.  Any evaporator is going to be energy-intensive, since converting a liquid to a vapor requires a set quantity of heat.  However, for wastewaters containing hazardous wastes, particularly RCRA-classified wastes, the costs of the energy can be considerably less than disposal costs.



Usually, wastewater evaporators produce a lower volume of concentrated liquid waste, which  must be disposed as a hazardous waste.  Another potential waste stream is the vapor stream driven off.  If the constituents in the wastes are volatile enough, they may carry over and condense with the vapor.  Depending where the process is located (i.e., state or EPA Region), the requirements of the CAA must be considered and determined.  If the vapor contains hazardous components, the vapor may require recovery and treatment of disposal.



Figure A.12-1 illustrates an evaporator system and the general arrangement of equipment required.  In the case of the alodine solutions being recovered and mixed with other waste 

��streams during the aircraft surface preparation operations, the following items must be considered if the solutions are to be evaporated.



The exact chemical characteristics of the waste must be identified before the evaporator is sized.  The evaporator cannot be used for any and every solution in the shop and should be limited to a clearly defined waste stream.  It should not be used to reduce the volume of every liquid waste, because an evaporator is normally designed with limits on the concentrations and chemicals in the liquid.



The recovered solutions must be filtered to remove suspended solids or the interior surface of the evaporator will become fouled.  This will reduce the efficiency of the evaporator and will require increased maintenance.



The performance and fouling of the evaporator will be affected by the complexers and chelating agents in the various surface preparation and cleaning solutions.



The hazardous waste stream will be significantly reduced, although the exact amount cannot be estimated without pilot testing.



It must be determined whether the evaporator will require an air discharge permit.



The evaporator is classified as treatment under the hazardous waste laws and will require a permit if the wastes are classified as RCRA hazardous waste.



ADVANTAGES/DISADVANTAGES



Advantages



+	Evaporation is a proven and established technology.



+	The hazardous waste disposal of alodine will be eliminated.



Disadvantages



-	Energy requirements and capital cost will be significant.



-	Volatile constituents in wastewater can condense with vapor and emit hazardous 	compounds into the atmosphere; therefore, an air discharge permit may be 	required.



-	Solids can precipitate on the heat transfer surface and reduce the efficiency of the 	evaporator.



-	An evaporator is limited to a clearly defined waste stream.



-	Solutions must be filtered prior to entering the evaporator.

�COST ANALYSIS 



CAPITAL COSTS��BEFORE alternative �AFTER alternative��Not applicable.�CC   =	CC(E) 



Where:

CC =	Total capital costs

CC(E) =	Capital costs of equipment��CAPITAL COSTS include the cost of alodine waste treatment equipment.

DATA RANGES FOR CAPITAL COSTS (based on available information):   Batch evaporator system ($15,000  - $25,000, depending on speed of treatment).��

ANNUAL OPERATING COSTS��Supply Costs��BEFORE alternative�AFTER alternative��CS(tot) =	(CS(Alo))(VS(Alo))



Where:

CS(tot) =	Total supply cost per year

CS(Alo) =	Cost of alodine

VS(Alo) =	Supply volume of alodine per year�CS(tot) =	(CS(Alo))(VS(Alo))

��SUPPLY COSTS are equal to the volume of alodine used times the cost of the alodine.

DATA RANGES FOR SUPPLY COSTS (based on available information): alodine supply cost (for the cost example only, assume $0.50/lb), and supply volume per year (for the cost example only, assume 100 55-gallon drums or 46,600 lb).  Implementation of the alternative does not change supply costs.��Waste Disposal Costs��BEFORE alternative�AFTER alternative��CW(tot) =	(CAnal)(DW(Alo)) + 	(CW(Alo))(VW(Alo))(PW)



Where:

CW(tot)   =	Total waste disposal cost per year

DW(Alo)    =	Quantity of alodine waste drums per year CAnal    =	Cost to analyze alodine waste (TCLP)

CW(Alo) =	Waste disposal cost of alodine waste

VW(Alo) =	Amount of alodine waste per year 

PW   =	Percentage of waste analyzed which must 	be disposed as a hazardous waste�CW(tot) =	(RW)(VW(Alo))(CW(Alo))





Where:

RW    =	Reduction of alodine waste through 	evaporation (i.e., solid precipitate)

��WASTE DISPOSAL COSTS. Before alternative, waste disposal costs are equal to the cost of analyzing alodine waste drums using TCLP, plus the disposal cost of the alodine waste times the volume of alodine waste disposed after being tested.  After the alternative, waste disposal costs are equal to the disposal cost of alodine waste times the reduced volume of alodine waste generated (due to the use of evaporation).

DATA RANGES FOR WASTE DISPOSAL COSTS  (based on available information): quantity of drums to be analyzed (1 55-gal drum per 466 lb of waste);  cost to analyze each drum of alodine waste using the TCLP ($30 - $60 per drum); disposal costs for alodine waste ($0.44/lb); volume of waste generated before reduction through evaporation (for cost example only, assume 100 55-gal drums, or 46,600 lb);  percentage of alodine waste analyzed that is likely to be disposed as RCRA-hazardous waste (80% , PW  = 0.8); reduction of alodine waste through evaporation (for the cost example only, assume 50% reduction, RW = 0.50).���

Total Operating Costs��BEFORE alternative�AFTER alternative��COB(tot)  = CS(tot) + CW(tot)



Where:

COB(tot)  = Total operating costs before alternative�COA(tot) = CS(tot) + CW(tot)



Where:

COA(tot) = Total operating costs after alternative��

INCREASE OR DECREASE IN ANNUAL OPERATING COSTS��CTOTAL = COB(tot) - COA(tot)



Where:

CTOTAL  = Increase or decrease in annual operating costs��

PAYBACK PERIOD ��TPAY = [(CC)]/[(CTOTAL)]  (in years)



Where:

TPAY = Time required for implementation of alternative to pay back any capital costs ��

�COST EXAMPLE*



CAPITAL COSTS��BEFORE alternative �AFTER alternative��Not applicable.�CC   =	CC(E) 

CC   =	$25,000��

ANNUAL OPERATING COSTS��Supply Costs��BEFORE alternative�AFTER alternative��CS(tot) =	(CS(Alo))(VS(Alo))

CS(tot) =	($0.50/lb)(46,600 lb)

CS(tot) =	$23,300�CS(tot) =	(CS(Alo))(VS(Alo))

CS(tot) =	($0.50/lb)(46,600 lb)

CS(tot) =	$23,300��Waste Disposal Costs��BEFORE alternative�AFTER alternative��CW(tot) =	(CAnal)(DW(Alo)) + 	(CW(Alo))(VW(Alo))(PW)

CW(tot) =	($45/drum)(100 drums) + 	($0.44/lb)(46,600)(0.80)

CW(tot) =	$20,903�CW(tot) =	(RW)(VW(Alo))(CW(Alo))

CW(tot) =	(0.50)(46,600 lb)(0.44/lb)

CW(tot) =	$10,252��Total Operating Costs��BEFORE alternative�AFTER alternative��COB(tot)  = CS(tot) + CW(tot)

COB(tot)  = $23,300 + $20,903

COB(tot)  = $44,203�COA(tot) = CS(tot) + CW(tot)

COA(tot) = $23,300 + $10,252

COA(tot) = $33,552��

INCREASE OR DECREASE IN ANNUAL OPERATING COSTS��CTOTAL = COB(tot) - COA(tot)

CTOTAL = $44,203 - $33,552

CTOTAL = $10,651 Decrease��

PAYBACK PERIOD ��TPAY = [(CC)]/[(CTOTAL)]  (in years)

TPAY = [($25,000)]/[($10,651)]

TPAY = 2.3 years����



�POLLUTION PREVENTION ALTERNATIVE 13

Use of chemical reduction to treat alodine waste



SHOPS

Corrosion Control



DESCRIPTION OF ALTERNATIVE



This alternative involves a review of current chemical reduction procedures and effective chemical reduction and electrochemical treatment methods for handling alodine and other chromium wastes.



TECHNICAL ANALYSIS



Figure A.13-1 illustrates the principle components included in a batch cyanide or chromium treatment system.  This type of treatment removes heavy metals (e.g., hexavalent chrome) from wastewater and reduces the total dissolved solids and total suspended solids.  Any chelating and complexing agents are usually, but not always, broken down during the process.  The principle is to apply an electrical current across iron shavings or consumable carbon steel electrodes to form insoluble iron ions that absorb and precipitate the contaminants.  The insoluble constituents are then precipitated by a clarifier and then dewatered by a filter press.  The treated water, depending on the feed solution, should not contain contaminants and can be discharged to a permitted facility.  Subsequent to treatment, the dewatered solids should be analyzed for metals using TCLP.  If the levels do not exceed the limits, the solids can be disposed as a special waste or as MSW.    Normally, the solid waste generated by this method is not classified as hazardous waste.



The advantages of the electrochemical treatment include the elimination of the disposal of liquids as hazardous wastes and the reduction of the disposal of solid wastes.  Also, since the solid wastes do not have to be disposed as hazardous wastes, a major savings can be realized.  These systems are available for low- or high-treatment rates.  The disadvantages are that the high capital costs of these systems and the operating and maintenance costs are high.  They require regular maintenance and replacements of the consumable iron.   They are also intended to treat heavy metals and may have no affect on other chemicals in the wastewater.



ADVANTAGES/DISADVANTAGES



Advantages



+	Hazardous waste disposal will be significantly reduced.



�Disadvantages



-	Capital cost will be high.



-	Operating and maintenance costs will be significant.



-	The treatments are intended to treat heavy metals and can potentially have no affect o other chemicals in the wastewater.

�COST ANALYSIS 



CAPITAL COSTS��BEFORE alternative �AFTER alternative��Not applicable.�CC   =	CC(E) 



Where:

CC   =	Total capital costs

CC(E) =	Capital costs of equipment��CAPITAL COSTS include the cost of alodine waste treatment equipment.

DATA RANGES FOR CAPITAL COSTS (based on available information):  Chemical reduction batch system ($15,000  - $40,000, depending on speed of treatment);  chemical reduction continuous system ($30,000 - $50,000, depending on speed of treatment);  electrochemical treatment ($50,000 - $75,000, depending on speed of treatment).  For this cost example only, assume a chemical reduction batch system ($30,000) will be used.��

ANNUAL OPERATING COSTS��Supply Costs��BEFORE alternative�AFTER alternative��CS(tot) =	(CS(Alo))(VS(Alo))



Where:

CS(tot) =	Total supply cost per year

CS(Alo) =	Cost of alodine

VS(Alo) =	Supply volume of alodine per year�CS(tot) =	(CS(Alo))(VS(Alo))

��SUPPLY COSTS are equal to the volume of alodine used times the cost of the alodine.

DATA RANGES FOR SUPPLY COSTS (based on available information): alodine supply cost (for the cost example only, assume $0.50/lb); supply volume per year (for the cost example only, assume 100 55-gallon drums or 46,600 lb).  Implementation of the alternative does not change supply costs.��Waste Disposal Costs��BEFORE alternative�AFTER alternative��CW(tot) =	(DW(Alo))(CAnal) + 	(CW(Alo))(VW(Alo))(PW)



Where:

CW(tot)  =	Total waste disposal cost per year

DW(Alo) =	Quantity of alodine waste drums per year CAnal  =	Cost to analyze alodine waste (TCLP)

CW(Alo) =	Waste disposal cost of alodine waste

VW(Alo) =	Amount of alodine waste per year 

PW =	Percentage of waste analyzed which must 	be disposed as a hazardous waste�CW(tot) =	(RW)(VW(Alo))(CW(Alo))





Where:

RW =	Reduction of alodine waste through 	treatment (i.e., solid precipitate)

���

WASTE DISPOSAL COSTS.  Before alternative, waste disposal costs are equal to the cost of analyzing alodine waste drums using TCLP, plus times the disposal cost of the alodine waste times the volume of alodine waste disposed after being tested.  After the alternative, waste disposal costs are equal to the disposal cost of alodine waste times the reduced volume of alodine waste generated (due to the use of chemical treatment).

DATA RANGES FOR WASTE DISPOSAL COSTS  (based on available information): quantity of drums to be analyzed (1 55-gal drum per 466 lb of waste);  cost to analyze each drum of alodine waste using the TCLP ($30 - $60 per drum); disposal costs for alodine waste ($0.44/lb); the volume of waste generated before treatment reduction (for cost example only, assume 100 55-gal drums, or 46,600 lb);  percentage of waste analyzed to be disposed as RCRA-hazardous waste (80% , PW  = 0.8); reduction of alodine waste through treatment (for the cost example only, assume 75% reduction, RW = 0.25).��Total Operating Costs��BEFORE alternative�AFTER alternative��COB(tot)  = CS(tot) + CW(tot)



Where:

COB(tot)  = Total operating costs before alternative�COA(tot) = CS(tot) + CW(tot)



Where:

COA(tot) = Total operating costs after alternative��

INCREASE OR DECREASE IN ANNUAL OPERATING COSTS��CTOTAL = COB(tot) - COA(tot)



Where:

CTOTAL  = Increase or decrease in annual operating costs��

PAYBACK PERIOD ��TPAY = [(CC)]/[(CTOTAL)]  (in years)



Where:

TPAY = Time required for implementation of alternative to pay back any capital costs ��

�COST EXAMPLE*



CAPITAL COSTS��BEFORE alternative �AFTER alternative���CC   =	CC(E) 

CC   =	$30,000��

ANNUAL OPERATING COSTS��Supply Costs��BEFORE alternative�AFTER alternative��CS(tot) =	(CS(Alo))(VS(Alo))

CS(tot) =	($0.50/lb)(46,600 lb)

CS(tot) =	$23,300�CS(tot) =	(CS(Alo))(VS(Alo))

CS(tot) =	($0.50/lb)(46,600 lb)

CS(tot) =	$23,300��Waste Disposal Costs��BEFORE alternative�AFTER alternative��CW(tot) =	(DW(Alo))(CAnal) + 	(CW(Alo))(VW(Alo))(PW)

CW(tot) =	(100 drums)($45/drum) + 	($0.44/lb)(46,600)(0.80)

CW(tot) =	$20,903�CW(tot) =	(R W)(VW(Alo))(CW(Alo))

CW(tot) =	(0.25)(46,600 lb)($0.44/lb)

CW(tot) =	$5,126��Total Operating Costs��BEFORE alternative�AFTER alternative��COB(tot)  = CS(tot) + CW(tot)

COB(tot)  = $23,300 + $20,903

COB(tot)  = $44,203�COA(tot) = CS(tot) + CW(tot)

COA(tot) = $23,300 + $5,126

COA(tot) = $28,426��

INCREASE OR DECREASE IN ANNUAL OPERATING COSTS��CTOTAL = COB(tot) - COA(tot)

CTOTAL = $44,203 - 28,426

CTOTAL = $15,777 Decrease��

PAYBACK PERIOD ��TPAY = [(CC)]/[(CTOTAL)]  (in years)

TPAY = [($30,000)]/[($15,777)]

TPAY = 1.9 years����



�POLLUTION PREVENTION ALTERNATIVE 14

Use of an abrasive bead blast unit 



SHOPS

Corrosion Control, Structural Maintenance



DESCRIPTION OF ALTERNATIVE



This alternative involves the use of an abrasive bead blast unit to strip paint from small parts of aircraft.



TECHNICAL ANALYSIS



An abrasive bead blast unit could be used to strip paint off of small parts.  The beads can be plastic or glass depending on the part being stripped.  Bead blasting has been successfully implemented at many Air Force Corrosion Control Facilities to eliminate the use of chemical strippers.  A bead blast unit will also reduce volatile organic compound emissions.



ADVANTAGES/DISADVANTAGES



Advantages



+	The use of chemical strippers will be eliminated.



+	Volatile organic compound emissions will be reduced.



Disadvantages



None identified.

�COST ANALYSIS 



CAPITAL COSTS��BEFORE alternative �AFTER alternative��Not applicable.�CC   =	CC(E)



Where:



CC =	Total capital costs

CC(E) =	Capital costs of equipment��CAPITAL COSTS include the cost of  an abrasive beadblast unit.

DATA RANGES FOR CAPITAL COSTS (based on available information):  plastic media blast unit ($8,000).��

ANNUAL OPERATING COSTS��Supply Costs��BEFORE alternative�AFTER alternative��CS(tot) =	(CS(Str))(VS(Str))



Where:

CS(tot) =	Total supply cost per year

CS(Str) =	Cost of chemical stripper

VS(Str) =	Supply volume of chemical stripper per 	year�CS(tot) =	(CS(Plas))(VS(Plas))



Where:

CS(Plas)  =	Cost of plastic media

VS(Plas)  =	Supply volume of plastic media used per 	year��SUPPLY COSTS are equal to the volume of chemical stripper or plastic media used times the cost of the chemical stripper or plastic media.

DATA RANGES FOR SUPPLY COSTS (based on available information):  cost of chemical stripper ($5 - $10/gal); cost of plastic media ($2/lb); supply volume of plastic media is dependent upon the number of parts being blasted (for the cost estimate only, assume 500 lb used per year).��Waste Disposal Costs��BEFORE alternative�AFTER alternative��CW(tot) =	(CW(Str))(VW(Str))



Where:

CW(tot)   =	Total waste disposal cost per year

CW(Str) =	Waste disposal cost of chemical stripper

VW(Str) =	Waste disposal volume of chemical 	stripper per year�CW(tot) =	(VW(Plas))(CW(Plas)) + CAnal



Where:

VW(Plas) =	Waste disposal volume of plastic media 	per year

CW(Plas) =	Waste disposal cost of plastic media

CAnal =	Cost to analyze plastic media��WASTE DISPOSAL COSTS.  Before the alternative, waste disposal costs are equal to the disposal cost of chemical stripper times the waste disposal volume of chemical stripper generated per year.  After the alternative, waste disposal costs are equal to the cost to analyze the plastic media for lead and chromium, plus the disposal cost of the plastic media times the volume of plastic media used per year.

DATA RANGES FOR WASTE DISPOSAL COSTS  (based on available information):  Disposal cost of chemical stripper (for the cost estimate only, assume hazardous waste disposal cost of $0.50/lb); cost to dispose of plastic media (for this cost estimate only, assume hazardous waste disposal cost of $0.50/lb); cost to analyze plastic media for lead and chromium (for this cost estimate only, assume $1,000 per year) (analytical costs depend on the volume of plastic media disposed).���

Total Operating Costs��BEFORE alternative�AFTER alternative��COB(tot)  = CS(tot) + CW(tot)



Where:

COB(tot)  = Total operating costs before alternative�COA(tot) = CS(tot) + CW(tot)



Where:

COA(tot) = Total operating costs after alternative��

INCREASE OR DECREASE IN ANNUAL OPERATING COSTS��CTOTAL = COB(tot) - COA(tot)



Where:

CTOTAL  = Increase or decrease in annual operating costs��

PAYBACK PERIOD ��TPAY = [(CC)]/[(CTOTAL)]  (in years)



Where:

TPAY = Time required for implementation of alternative to pay back any capital costs ��

�COST EXAMPLE*



CAPITAL COSTS��BEFORE alternative �AFTER alternative���CC   =	CC(E)

CC   =	$8,000��

ANNUAL OPERATING COSTS��Supply Costs��BEFORE alternative�AFTER alternative��CS(tot) =	(CS(Str))(VS(Str))

CS(tot) =	($5/gal)(500 gal)

CS(tot) =	$2,500�CS(tot) =	 (CS(Plas))(VS(Plas))

CS(tot) =	($2/lb)(500 lb)

CS(tot) =	$1,000��Waste Disposal Costs��BEFORE alternative�AFTER alternative��CW(tot) =	(CW(Str))(VW(Str))

CW(tot) =	(10,000 lb)($0.50/lb)

CW(tot) =	$5,000�CW(tot) =	(VW(Plas))(CW(Plas)) + CAnal

CW(tot) =	(500 lb)($0.50/lb) + $1,000

CW(tot) =	$1,250��Total Operating Costs��BEFORE alternative�AFTER alternative��COB(tot) = CS(tot) + CW(tot)

COB(tot) = $2,500 + $5,000

COB(tot) = $7,500�COA(tot) = CS(tot) + CW(tot)

COA(tot) = $1,000 + $1,250

COA(tot) = $2,250��

INCREASE OR DECREASE IN ANNUAL OPERATING COSTS��CTOTAL = COB(tot) - COA(tot)

CTOTAL = $7,500 - 2,250

CTOTAL = $5,250 Decrease��

PAYBACK PERIOD ��TPAY = [(CC)]/[(CTOTAL)]  (in years)

TPAY = ($8,000)/($5,250)

TPAY = 1.5 years��

�POLLUTION PREVENTION ALTERNATIVE 15

Recycling of bead blast media



SHOPS

Bead Blasting, COMM/NAV, Chemical Cleaning, Engine, Maintenance, Metals Technology, Paint Hangar, Structural Maintenance, Welding, Wheel and Tire



DESCRIPTION OF ALTERNATIVE



This alternative involves the use of a plastic abrasive media leasing program from a supplier with a proven recycling process.



TECHNICAL ANALYSIS



The leasing program involves delivery of new plastic media for use in the blasting process.  After the plastic media have been broken into particles too small for effective coating removal, the resulting dust product is collected and transported to a recycling facility.  One company introduces the dust product into an industrial process to produce methylmethacrylate monomer (MMA), which is used to make acrylic sheets.  This process involves heating the material in a reactor, which decomposes the organics to water, carbon dioxide, and MMA.  The inorganics are collected in ash form from the reactor.  The leasing/recycling program eliminates the hazardous waste generation from the plastic media blasting the airframes.



Composite Leasing Corporation developed and demonstrated a workable plastic abrasive lease program, as described above.  Headquarters of the Air Force Materiel Command, Composite Leasing Corporation, and State of Utah Department of Environmental Quality, Division of Solid and Hazardous Waste, all reviewed the program.  As long as the recycling path is carefully maintained, public interests are better served by recycling this dust product rather than adding thousands of pounds of waste to landfills.



ADVANTAGES/DISADVANTAGES



Advantages



+	Bead blast material will be recycled to make acrylic sheets.



+	Landfill space will be conserved.



Disadvantages



None identified.

�COST ANALYSIS 



CAPITAL COSTS��BEFORE alternative �AFTER alternative��Not applicable.�Capital costs of implementing this alternative have not been identified.��

ANNUAL OPERATING COSTS��Supply Costs��BEFORE alternative�AFTER alternative��CS(tot) =	(CS(Plas))(VS(Plas))



Where:

CS(Plas)  =	Cost of plastic media used

VS(Plas)  =	Supply volume of plastic media per year�CS(tot) =	(CS(Plas))(VS(Plas))



��SUPPLY COSTS are equal to the volume of  plastic media used times the cost of the plastic media.

DATA RANGES FOR SUPPLY COSTS (based on available information):  cost of plastic media ($2/lb); supply volume of plastic media is dependent upon the number of parts being blasted (for the cost estimate only, assume 500 lb used per year).  Implementation of the alternative does not change supply costs.��Waste Disposal Costs��BEFORE alternative�AFTER alternative��CW(tot) =	(VW(Plas))(CW(Plas)) + CAnal



Where:

VW(Plas) =	Volume of plastic media waste per year

CW(Plas) =	Cost to dispose plastic media

CAnal =	Cost to analyze plastic media�CW(tot) =	(VW(Plas))(CW(Rcy))



Where:

CW(Rcy) =	Cost to recycle plastic media

��WASTE DISPOSAL COSTS.  Before the alternative, waste disposal costs are equal to the cost to analyze plastic media for lead and chromium, plus the disposal cost of the plastic media times the volume of plastic media used.  After the alternative, waste disposal costs are equal to the cost of recycling the plastic media times the volume of plastic media used.

DATA RANGES FOR WASTE DISPOSAL COSTS  (based on available information): disposal cost of plastic media (for this cost estimate only, assume hazardous waste disposal cost of $0.50/lb); cost to analyze plastic media for lead and chromium (for this cost estimate only, assume $1,000 per year); cost to recycle plastic media ($3/lb).��Total Operating Costs��BEFORE alternative�AFTER alternative��COB(tot)  = CS(tot) + CW(tot)



Where:

COB(tot)  = Total operating costs before alternative�COA(tot) = CS(tot) + CW(tot)



Where:

COA(tot) = Total operating costs after alternative��

�

INCREASE OR DECREASE IN ANNUAL OPERATING COSTS��CTOTAL = COB(tot) - COA(tot)



Where:

CTOTAL  = Increase or decrease in annual operating costs��

PAYBACK PERIOD ��TPAY = [(CC)]/[(CTOTAL)]  (in years)



Where:

TPAY = Time required for implementation of alternative to pay back any capital costs ���COST EXAMPLE*



CAPITAL COSTS��BEFORE alternative �AFTER alternative��Not applicable.�None identified.��

ANNUAL OPERATING COSTS��Supply Costs��BEFORE alternative�AFTER alternative��CS(tot) =	(CS(Plas))(VS(Plas))

CS(tot) =	($2/lb)(500 lb)

CS(tot) =	$1,000�CS(tot) =	(CS(Plas))(VS(Plas))

CS(tot) =	($2/lb)(500 lb)

CS(tot) =	$1,000��Waste Disposal Costs��BEFORE alternative�AFTER alternative��CW(tot) =	 (VW(Plas))(CW(Plas)) + CAnal

CW(tot) =	(500 lb)($0.50/lb) + $1,000

CW(tot) =	$1,250�CW(tot) =	(VW(Plas))(CW(Est))

CW(tot) =	(500 lb)($3/lb)

CW(tot) =	$1,500��Total Operating Costs��BEFORE alternative�AFTER alternative��COA(tot) = CS(tot) + CW(tot)

COA(tot) = $1,000 + $1,250

COA(tot) = $2,250�COA(tot) = CS(tot) + CW(tot)

COA(tot) = $1,000 + $1,500

COA(tot) = $2,500��

INCREASE OR DECREASE IN ANNUAL OPERATING COSTS��CTOTAL = COB(tot) - COA(tot)

CTOTAL = $2,250 - $2,500

CTOTAL = $250 Increase��

PAYBACK PERIOD ��No payback is achieved with this alternative.



NOTE:  An annual savings may be achieved depending on analytical and disposal costs.��

�POLLUTION PREVENTION ALTERNATIVE 16

Use of vinyl stencil adhesives or paint markers to replace aerosol spray painting



SHOPS  

AGE, Air Field Systems, Avionics, COMM/NAV, Corrosion Control, Egress, Electrical, Engine, Flightline Maintenance, Fuel Systems Repair, Life Support, Maintenance, Paint Hanger, Pneudraulics, Scheduled Maintenance, Test Cell, Trainer Fabrication, Trainer Maintenance, Unscheduled Maintenance, Wheel and Tire



DESCRIPTION OF ALTERNATIVE



A number of shops currently use spray paint for equipment touch-ups and stenciling.  As an alternative, vinyl stencil adhesives and paint markers are available.



TECHNICAL ANALYSIS



Many shops stencil identification markings on equipment with aerosol spray paint cans.  This requires large quantities of aerosol spray cans, which generate VOC emissions, hazardous waste, and solid waste.  An alternative to stenciling would be to use vinyl adhesive labels or paint markers.  This substitution would eliminate the volume of spray cans disposed as MSW and/or hazardous waste and would reduce VOC emissions.



As a conservative estimate, 50 percent of spray painting is due to stenciling operations.  Use of vinyl lettering or paint markers will eliminate the use of spray paints for stenciling operations.  Eliminating 50 percent of spray paint usage will also eliminate solid waste and hazardous waste associated with that usage.  For most bases, the reluctance to use vinyl lettering is based on the belief that the letters cannot be removed easily once applied.  However, there are non-VOC based solvents with no EPA 17 ITP chemicals that will remove vinyl lettering easily.  Non-VOC terpene-based solvents, such as Tarksol, will remove vinyl lettering.  The solvents are also effective as paint removers.  Furthermore, spray painting operations are less desirable than other coating processes due to high VOC/ODC content and inefficient coating application with 50 percent of the material lost to the atmosphere.



Vinyl stencils are currently used at several Air Force bases, including bases in Alaska which have harsh winters.  The vinyl stencils are guaranteed for outdoor use for five to seven years and should be used for applications that require long term durability and aesthetic quality.  Paint markers can be used for stenciling applications that do not require the quality and durability of vinyl adhesive labels.



�ADVANTAGES/DISADVANTAGES



Advantages



+	The reduction in the use of aerosol spray cans will reduce VOC emissions, 	hazardous waste, and solid waste.



+	Vinyl lettering can be easily removed with  a solvent which has no EPA 17 ITP 	chemicals or volatile organic compounds.



+	The vinyl stencils are guaranteed to be effective for outdoor use.



Disadvantages



-	There will be instances when spray painting will be more effective than vinyl 	stencil adhesives and markers



�COST ANALYSIS.



CAPITAL COSTS��BEFORE alternative �AFTER alternative��Not applicable.�CC =  CC(E)



Where:

CC    =	Total capital costs

CC(E) =	Capital costs of equipment 

CC(Mat) =	  Capital costs of materials��CAPITAL COSTS.  It is likely that capital costs of vinyl stencil production equipment ($5,950 - $38,000) are not incurred (for cost example only, assume supply of vinyl stencils is purchased from contractor).��

ANNUAL OPERATING COSTS��Supply Costs��BEFORE alternative�AFTER alternative��CS(tot) =	(CS(A))(VS(A))



Where:

CS(tot) =	Total supply cost per year

CS(A) =	Supply cost of aerosol spray cans 

VS(A) =	Supply volume of spray cans per year�CS(tot) =	(RS)(CS(A))(VS(A)) + (CS(V/M))(VS(V/M)) + 	(CS(rmv))(VS(rmv))



Where:

RS =	Reduction in supply of aerosol cans

CS(V/M) =	Cost of vinyl adhesive or markers

VS(V/M) =	Supply volume of vinyl adhesive or 	markers per year

CS(rmv) =	Cost of non-VOC removal solvent

VS(rmv) =	Supply volume of non-VOC removal 	solvent per year��SUPPLY COSTS are equal to the volume of aerosol spray cans used times the cost of the spray cans, plus the cost of any additional supplies such as vinyl adhesives, markers or adhesive-removal solvent.

DATA RANGES FOR SUPPLY COSTS (based on available information):  reduction in supply (50%, 

RS = 0.50); supply cost of aerosol spray paint ($1.40/lb); vinyl stencils (if purchased), markers and adhesives (for the cost example only, assume these items cost the same aerosol paint spray use).��Waste Disposal Costs��BEFORE alternative�AFTER alternative��CW(tot) =	(CW(MSW))(VW(A))



Where:

CW(tot) =	Total waste disposal cost per year

CW(MSW) =	Municipal solid waste disposal cost

VW(A) =	Waste disposal volume of spray cans per 	year�CW(tot) =	(RW)(CW(MSW))(VW(A))



Where:

RW = 	Reduction in aerosol can waste disposal��WASTE DISPOSAL COSTS are equal to the volume of aerosol spray cans disposed times the disposal cost of the spray cans.  Disposal of adhesives, markers and non-VOC solvent is assumed to be negligible.

DATA RANGES FOR WASTE DISPOSAL COSTS  (based on available information): reduction in municipal solid waste (RW = RS = 0.50);  municipal solid waste disposal cost of aerosol spray cans (for the cost example only, assume $80/ton).���

Total Operating Costs��BEFORE alternative�AFTER alternative��COB(tot)  = CS(tot) + CW(tot)



Where:

COB(tot)  = Total operating costs before alternative�COA(tot) = CS(tot) + CW(tot)



Where:

COA(tot) = Total operating costs after alternative��

INCREASE OR DECREASE IN ANNUAL OPERATING COSTS��CTOTAL = COB(tot) - COA(tot)



Where:

CTOTAL  = Increase or decrease in annual operating costs��

PAYBACK PERIOD ��TPAY = [(CC)]/[(CTOTAL)]  (in years)



Where:

TPAY = Time required for implementation of alternative to pay back any capital costs ��

�COST EXAMPLE*



CAPITAL COSTS��BEFORE alternative�AFTER alternative��Not applicable.�CC  =	$0��

ANNUAL OPERATING COSTS��Supply Costs��BEFORE alternative�AFTER alternative��CS(tot) =	(CS(A))(VS(A))

CS(tot) =	($1.40/lb)(400 lb)

CS(tot) =	$560



�CS(tot) =	(RS)(CS(A))(VS(A)) + (CS(V/M))(VS(V/M)) + 	(CS(rmv))(VS(rmv))

CS(tot) =	(0.50)($1.40/lb)(400 lb) + ($1.40)(150 lb) 	+ ($1.40/lb)(50 lb)

CS(tot) =	$560��Waste Disposal Costs��BEFORE alternative�AFTER alternative��CW(tot) =	(CW(MSW))(VW(A))

CW(tot) =	($80/2,000 lb)(400 lb)

CW(tot) =	$16�CW(tot) =	(RW)(CW(MSW))(VW(A))

CW(tot) =	(0.50)($80/2,000 lb)(400 lb)

CW(tot) =	$8��Total Operating Costs��BEFORE alternative�AFTER alternative��COB(tot) = CS(tot) + CW(tot)

COB(tot) = $560 + $16

COB(tot) = $576�COA(tot) = CS(tot) + CW(tot)

COA(tot) = $560 + $8

COA(tot) = $568��

INCREASE OR DECREASE IN ANNUAL OPERATING COSTS��CTOTAL = COB(tot) - COA(tot)

CTOTAL = $576 - $568

CTOTAL = $8 Decrease



NOTE:  Additional disposal costs may be saved if the cost of punching and recycling aerosol cans can be saved by reducing the size of aerosol cans.  ��

PAYBACK PERIOD ��Payback is immediate.��

 

�POLLUTION PREVENTION ALTERNATIVE 17

Use of contractor-provided punch plates to reduce aerosol spray painting



SHOPS  

AGE, Air Field Systems, Avionics, COMM/NAV, Corrosion Control, Egress, Engine, Flightline Maintenance, Fuel Systems Repair, Life Support, Maintenance, Paint Hangar, Scheduled Maintenance, Test Cell, Trainer Maintenance, Wheel and Tire



DESCRIPTION OF ALTERNATIVE



Several shops currently use aerosol paints for stenciling identification codes and numbers on equipment.  This alternative involves using a punch plate system for equipment identification.



TECHNICAL ANALYSIS



A number of shops currently use spray paint for equipment touch-ups and stenciling.  Spray painting operations are less desirable than other coating processes due to high VOC/ODC content and inefficient coating application with 50 percent of the material lost to the atmosphere.  This alternative involves replacing the current practice of stenciling identification numbers with aerosol paints with using a contractor to make punch plates to identify equipment.  This substitution would reduce VOC emissions and would eliminate the volume of spray cans disposed as municipal solid waste and/or hazardous waste.



The plates can be produced by an outside vendor, and when bolted or riveted onto equipment, can serve as a one-time equipment identification.  It is proposed that the plates have either sunken or raised letters or numbers to permit easy identification when the equipment is painted.  The benefits of this alternative are reduced VOCs and ODCs and reduction of MSW or hazardous waste stream.  A disadvantage to this alternative is that all equipment may not be able to accommodate a plate due to size or lack of space for the plate to be attached.



ADVANTAGES/DISADVANTAGES



Advantages



+	VOC and ODC emissions from painting operations will be reduced.



+	Municipal solid waste and/or hazardous waste will be reduced.



+	The letters and/or numbers written on the punch plates are either sunken or raised to permit easy identification when the equipment is painted.









Disadvantages



-	Some equipment may not be able to accommodate a punch plate, due to size or 	lack of space for the plate to be attached.





�

COST ANALYSIS



CAPITAL COSTS��BEFORE alternative �AFTER alternative��Not applicable.�CC =	(CC(PP))(VC(PP))



Where:

CC =	Total capital costs

CC(PP) =	Cost per punch plate

VC(PP) =	Initial number of punch plates��CAPITAL COSTS are equal to the volume of punch plates needed for the initial replacement times the cost per punch plate.

DATA RANGES FOR CAPITAL COSTS (based on available information):  cost per punch plate (contractor will create for $5/ea.);  volume of punch plates initially required (for this cost example, assume punch plates are applicable for each item currently stenciled; however, use of a punch plate may be limited depending on the size and the type of object).��

ANNUAL OPERATING COSTS��Supply Costs��BEFORE alternative �AFTER alternative��CS(tot) =	(CS(A))(VS(A))



Where:

CS(tot) =	Total supply cost per year

CS(A) =	Cost per unit of aerosol spray can

VS(A) =	Supply volume of spray cans per year�CS(tot) =	(RS)(CS(A))(VS(A)) + (CS(PP))(VS(PP))



Where:

RS =	Reduction in supply of paint

CC(PP) =	Cost per punch plate

VC(PP) =	Number of punch plates used per year��SUPPLY COSTS are equal to the volume of aerosol spray cans used times the cost of the spray cans, plus the supply volume of any punch plates used times the cost of the punch plates.

DATA RANGES FOR SUPPLY COSTS (based on available information):  reduction in supply of aerosol cans (90%-100%, RS = 0.10-0);  supply cost of aerosol spray paint ($1.40/lb);  volume of punch plates (estimate 1 punch plate will replace 14 oz of paint).��Waste Disposal Costs��BEFORE alternative �AFTER alternative��CW(tot) =	(CW(MSW))(VW(A))



Where:

CW(tot) =	Total waste disposal cost per year

CW(MSW) =	Municipal solid waste disposal cost

VW(A) =	Waste disposal volume of spray cans per 	year�CW(tot) =	(RW)(CW(MSW))(VW(A))



Where:

RW =	Reduction in paint waste���WASTE DISPOSAL COSTS are equal to the volume of aerosol spray cans disposed times the disposal cost of the spray cans.  Disposal of punch plates is assumed to be negligible.

DATA RANGES FOR WASTE DISPOSAL COSTS (based on available information): reduction in waste (RW = RS = 0.10-0); municipal solid waste disposal cost of spray cans (for this cost example, assume a municipal solid waste disposal cost of $80/ton).��

�

Total Operating Costs��BEFORE alternative �AFTER alternative��COB(tot) = CS(tot) + CW(tot)

Where:

COB(tot) = Total operating costs before alternative�COA(tot) = CS(tot) + CW(tot)

Where:

COA(tot) = Total operating costs after alternative��

INCREASE OR DECREASE IN ANNUAL OPERATING COSTS��CTOTAL = COB(tot) - COA(tot)



Where:

CTOTAL  = Increase or decrease in annual operating costs��

PAYBACK PERIOD ��TPAY = [(CC)]/[(CTOTAL)]  (in years)



Where:

TPAY = Time required for implementation of alternative to pay back any capital costs���COST EXAMPLE*



CAPITAL COSTS��BEFORE alternative �AFTER alternative��Not applicable.�CC =	(CC(PP))(VC(PP))

CC =	($5/plate)(200 plates)

CC =	$1,000��

ANNUAL OPERATING COSTS��Supply Costs��BEFORE alternative �AFTER alternative��CS(tot) =	(CS(A))(VS(A))

CS(tot) =	($1.40/lb)(800 lb)

CS(tot) =	$1120�CS(tot) =	(RS)(CS(A))(VS(A)) + (CS(PP))(VS(PP))

CS(tot) =	(0.10)($1.40/lb)(800 lb) + ($5)(50)

CS(tot) =	$362��Waste Disposal Costs��BEFORE alternative �AFTER alternative��CW(tot) =	(CW(MSW))(VW(A))

CW(tot) =	($80/2,000 lb)(800 lb)

CW(tot) =	$32�CW(tot) =	(RW)(CW(MSW))(VW(A))

CW(tot) =	(0.10)($80/2,000 lb)(800 lb)

CW(tot) =	$3.20��Total Operating Costs��BEFORE alternative �AFTER alternative��COB(tot) = CS(tot) + CW(tot)

COB(tot) = $1120 +$32

COB(tot) = $1,152�COA(tot) = CS(tot) + CW(tot)

COA(tot) = $362 +$3

COA(tot) = $365��

INCREASE OR DECREASE IN ANNUAL OPERATING COSTS��CTOTAL = COB(tot) - COA(tot)

CTOTAL = $1,152 - $365

CTOTAL = $787 Decrease��

PAYBACK PERIOD ��TPAY = [(CC)]/[(CTOTAL)]  (in years)

TPAY = [($1,000)]/[($787)]  (in years)

TPAY = 1.3 years��





�POLLUTION PREVENTION ALTERNATIVE 18

Use of refillable air-powered spray paint containers to replace aerosol spray cans



SHOPS  

AGE, Avionics, Balance, COMM/NAV, Corrosion Control, Electrical, Engine, Fuel Systems Repair, Machine, Maintenance, NDI, Paint Hangar, PMEL, Structural Maintenance, Test Cell, Trainer Fabrication, Trainer Maintenance, Unscheduled Maintenance



DESCRIPTION OF ALTERNATIVE



This alternative involves the use of refillable spray paint containers pressurized with compressed air to reduce the volume of aerosol spray can waste and propellants containing ODCs.



TECHNICAL ANALYSIS



This process involves filling spray containers with the material to be dispensed (paints, lubricants, degreasers, solvents, etc.) and then pressurizing the system using compressed air.  The systems have built-in safety valves to prevent over-pressurization.  Implementing this alternative offers several benefits.  First, it would eliminate aerosol cans, some of which use ODCs as propellants.  Second, it would reduce the volume of MSW going to the landfills.  Third, it would eliminate the need to puncture and drain all the waste aerosol cans.  However, the need for storage of bulk materials and compressed air makes this system better suited for shops that use large quantities of aerosol cans or several shops which are in close proximity and use large quantities of aerosol cans.



ADVANTAGES/DISADVANTAGES



Advantages



+	Aerosol can usage will be eliminated or reduced.



+	The volume of municipal solid waste going to the landfills will be reduced.



+	This alternative would save the time spent puncturing the cans and disposing the 	waste generated from the punctured cans.



+	The cost of refillable air-powered spray paint containers is low.



Disadvantages



-	The need for storage of bulk materials and compressed air makes this system better 	suited for shops that use large quantities of aerosol cans or several shops that are in close proximity and use large quantities of aerosol cans.

�COST ANALYSIS



CAPITAL COSTS��BEFORE alternative �AFTER alternative��Not applicable.�CC = (CC(Spr))(VC(Spr))



Where:

CC =		Total capital costs

CC(Spr) =	Capital costs of spray container

VC(Spr) =	Number of spray containers��CAPITAL COSTS include the cost of spray containers.

DATA RANGES FOR CAPITAL COSTS (based on available information):  spray container ($10 - $30/ea.);  number of spray containers (for cost example only, assume 2/shop).��

ANNUAL OPERATING COSTS��Supply Costs��BEFORE alternative �AFTER alternative��CS(tot) =	(VS(A))(CS(A))



Where:

CS(tot) = 	Total supply cost per year

VS(A)  =	Supply volume of aerosol cans per year

CS(A)  =	Cost per unit of aerosol can�CS(tot) =	(CS(Pnt))(VS(Pnt)) + (CS(T))( VS(T)) + 	(CS(Mat))(VS(Mat))



Where:

CS(Pnt) =	Cost per unit of paint

VS(Pnt) =	Supply volume of paint per year

CS(T) = 	Cost per unit of thinner

VS(T) = 	Supply volume of thinner per year

CS(Mat) =	Cost of materials

VS(Mat) =	Number of spray containers per year��SUPPLY COSTS before the alternative are equal to the supply volume of aerosol spray cans times the cost of the aerosol spray cans.  Supply costs after the alternative are equal to the volume of paint and thinner purchased times their costs, plus the cost of materials needed for spray container maintenance (compressed air, solvent, and degreaser);  volume of aerosol cans, paint and thinner (for cost example only, assume that 1 lb weight of aerosol cans will require 0.25 lb of paint and 0.25 lb of thinner replacement).

DATA RANGES FOR SUPPLY COSTS (based on available information): cost of aerosol cans (for cost example only, assume $1.40/lb);  cost for paint ( $1.40/lb);  cost of thinner ($5/gal, or $0.63/lb); cost of materials (for cost example only, assume $100/spray container).��Waste Disposal Costs��BEFORE alternative �AFTER alternative��CW(tot) =	(VW(MSW))(CW(A))



Where:

CW(tot)  =	Total waste disposal cost

VW(A) =	Waste disposal volume of aerosol cans 	per year

CW(MSW) =	Municipal solid waste disposal cost�CW(tot) =	(CW(Mat))(VW(Mat))



Where:

CW(Mat) =	Waste disposal cost of materials

VW(Mat) =	Number of spray containers��WASTE DISPOSAL COSTS before the alternative are equal to the waste disposal volume of aerosol spray cans times the waste disposal cost of the aerosol spray cans.  Waste disposal costs after the alternative are equal to the waste disposal costs of maintenance materials (solvent and degreaser).

DATA RANGES FOR WASTE DISPOSAL COSTS (based on available information): municipal solid waste disposal cost of aerosol cans (for cost example only, assume $80/ton); waste disposal cost of materials (for cost example only, assume $100 annually/spray container).���

Total Operating Costs��BEFORE alternative �AFTER alternative��COB(tot) = CS(tot) + CW(tot)



Where:

COB(tot) = Total operating costs before alternative�COA(tot) = CS(tot) + CW(tot)



Where:

COA(tot) = Total operating costs after alternative��

INCREASE OR DECREASE IN ANNUAL OPERATING COSTS��CTOTAL = COB(tot) - COA(tot)



Where:

CTOTAL = Increase or decrease  in annual operating costs��

PAYBACK PERIOD ��TPAY = (CC)]/[(CTOTAL)  (in years)



Where:

TPAY = Time required for implementation of alternative to payback any capital costs ��

�COST EXAMPLE*



CAPITAL COSTS��BEFORE alternative �AFTER alternative��Not applicable.�CC = (CC(Spr))(VC(Spr))

CC = ($15)(2)

CC = $30��

ANNUAL OPERATING COSTS��Supply Costs��BEFORE alternative �AFTER alternative��CS(tot) =	(VS(A))(CS(A))

CS(tot) =	(2,000 lb)($1.40/lb)

CS(tot) =	$2,800�CS(tot) =	(CS(Pnt))(VS(Pnt)) + (CS(T))( VS(T)) + 	(CS(Mat))(VS(Mat))

CS(tot) =	($1.40/lb)(500 lb) + ($0.63/lb)(500 lb) + 	($100)(2)

CS(tot) =	$1,215��Waste Disposal Costs��BEFORE alternative �AFTER alternative��CW(tot) =	(CW(MSW))(VW(A))

CW(tot) =	($80/2,000 lb)(2000 lb)

CW(tot) =	$80�CS(tot) =	(CW(Mat))(VW(Mat))

CS(tot) =	($100)(2)

CS(tot) =	$200��Total Operating Costs��BEFORE alternative �AFTER alternative��COB(tot) = CS(tot) + CW(tot)

COB(tot) = $2,800 - $80

COB(tot) = $2,880�COA(tot) = CS(tot) + CW(tot)

COA(tot) = $1,215 + $200

COA(tot) = $1,415��INCREASE OR DECREASE IN ANNUAL OPERATING COSTS��CTOTAL = COB(tot) - COA(tot)

CTOTAL = $2,880 - $1415

CTOTAL = $1,465 Decrease��

PAYBACK PERIOD ��Low capital costs; payback is essentially immediate.��





�POLLUTION PREVENTION ALTERNATIVE 19

Use of a high-volume low-pressure (HVLP) system for painting



SHOPS  

AGE, Corrosion Control, Paint Hangar, Structural Maintenance



DESCRIPTION OF ALTERNATIVE



This alternative involves the purchase of a HVLP paint spray gun system for painting vehicles.  This system will replace the conventional spray system currently in use.



TECHNICAL ANALYSIS



One opportunity for reducing VOC usage from standard air atomized spray gun operations is to replace these systems with a HVLP paint spray gun system.  These systems transfer about 20 percent more of the paint to the surface of  vehicles which are being painted.  This typically reduces paint usage by about 20 percent, and therefore, will reduce associated VOC emissions by a commensurate amount.  Shops which empty the highest percentage of VOC emissions from spray paint operations should have a higher priority of implementing HVLP paint spray gun systems.



ADVANTAGES/DISADVANTAGES



Advantages



+	HVLP systems will typically reduce paint usage and associated VOC emissions by approximately 20 percent.



Disadvantages



-	A HVLP paint spray gun system has high initial cost.



-	HVLP paint spray gun use may not be applicable to all paints and painting 	applications.





�COST ANALYSIS  



CAPITAL COSTS��BEFORE alternative�AFTER alternative��Not applicable.�CC = CC(E)



Where:

CC =	Total capital costs

CC(E) =	Capital costs of equipment��CAPITAL COSTS include the cost of HVLP equipment.

DATA RANGES FOR CAPITAL COSTS (based on available information):  HVLP equipment ($200 -$900 per unit, depending on size and ability to handle different coatings).��

ANNUAL OPERATING COSTS��Supply Costs��BEFORE alternative�AFTER alternative��CS(tot)  =	 (CS(Pnt))(VS(Pnt))



Where:

CS(tot)  =	Total supply cost per year

VS(Pnt) =	Supply volume of paint per year

CS(Pnt) =	Cost of paint�CS(tot) =	(RS)(CS(Pnt))(VS(Pnt))



Where:

RS =	Reduction in supply��SUPPLY COSTS are equal to the supply volume of paint time the cost of the paint.

DATA RANGES FOR SUPPLY OPERATING COSTS (based on available information):  cost of paint ($1.40/lb);  reduction in paint supply (20% - 50%, RS = 0.80 - 0.50).��Waste Disposal Costs��BEFORE alternative�AFTER alternative��CW(tot) =	(VW(Pnt))(CW(Pnt))



Where:

CW(tot) =	Total waste disposal cost 

VW(Pnt) =	Waste disposal volume of paint

CW(Pnt) =	Waste disposal cost per unit of paint�CW(tot) =	(RW) (VW(Pnt))(CW(Pnt))



Where:

RW =	Reduction in waste volume��WASTE DISPOSAL COSTS are equal to the volume of paint disposed, times the cost of paint disposal.

DATA RANGES FOR WASTE DISPOSAL COSTS (based on available information):  volume of paint disposal (paint disposal is negligible).��Total Operating Costs��BEFORE alternative�AFTER alternative��COB(tot) = CS(tot) + CW(tot)



Where:

COB(tot) = Total operating costs before alternative�COA(tot) = CS(tot) + CW(tot)



Where:

COA(tot) = Total operating costs after alternative��

�

INCREASE OR DECREASE IN ANNUAL OPERATING COSTS��CTOTAL = COB(tot) - COA(tot)



Where:

CTOTAL  = Increase or decrease in annual operating costs��

PAYBACK PERIOD ��TPAY = [(CC)]/[(CTOTAL)]  (in years)



Where:

TPAY = Time required for implementation of alternative to pay back any capital costs ��

�COST EXAMPLE*



CAPITAL COSTS��BEFORE alternative�AFTER alternative��Not applicable.�CC = CC(E)

CC = $500��

ANNUAL OPERATING COSTS��Supply Costs��BEFORE alternative�AFTER alternative��CS(tot) =	 (CS(Pnt))(VS(Pnt))

CS(tot) =	 ($1.40)(1,000 lb)

CS(tot) =	$1,400�CS(tot) =	 (RS)(CS(Pnt))(VS(Pnt))

CS(tot) =	 (0.80) ($1.40)(1,000 lb)

CS(tot) =	$1,120��Waste Disposal Costs��BEFORE alternative�AFTER alternative��CW(tot) =	(VW(Sol))(CW(Sol))

CW(tot) =	$0�CW(tot) =	(RW)(VW(Sol))(CW(Sol))

CW(tot) =	$0��Total Operating Costs��BEFORE alternative�AFTER alternative��COB(tot) = CS(tot) + CW(tot)

COB(tot) = $1,400 + $0

COB(tot) = $1,400�COA(tot) = CS(tot) + CW(tot)

COA(tot) = $1,120 + $0

COA(tot) = $1,120��

INCREASE OR DECREASE IN ANNUAL OPERATING COSTS��CTOTAL = COB(tot) - COA(tot)

CTOTAL = $1,400 - $1,120

CTOTAL = $280 Decrease��

PAYBACK PERIOD ��TPAY = [(CC)]/[(CTOTAL)]  (in years)

TPAY = [($500)]/[($280)]  (in years)

TPAY = 1.7 years ��



 



�POLLUTION PREVENTION ALTERNATIVE 20

Use of an electrostatic spray gun system with Low VOC High Solids Paint



SHOPS  

Corrosion Control, Paint Hangar, Structural Maintenance



DESCRIPTION OF ALTERNATIVE



This alternative involves the use of an electrostatic spray gun system to achieve a  reduction in paint usage.



TECHNICAL ANALYSIS



A recommended alternative to air atomizer systems is to use electrostatic airless spray paint guns with high solids polyurethane coatings to achieve the highest reduction in paint usage.   The actual reduction depends primarily on the size and shape of the object being painted and paint gun operator skill.  High solids coatings typically reduce paint usage by approximately 25 percent because of high solids content and increased coverage per gallon of coating.  The VOC fraction of high solids coating systems varies between paint types and manufacturers.  For the purpose of this analysis, VOC emission reductions are assumed to average about 40 percent for the combined primer and top coats.

 

The percent reduction in EPA 17 ITP chemicals is assumed to be equal to the percent reduction in paint usage.  This is a conservative estimate because high solids paints will typically contain smaller fractions of EPA 17 ITP chemicals, hence usage would normally be reduced beyond the percent reduction in paint.  Once the specific high solids polyurethane coating substitute is determined, then the speciated EPA 17 ITP chemicals usage reductions can be more accurately estimated.



ADVANTAGES/DISADVANTAGES



Advantages



+	Paint usage will be reduced by a significant amount.



+	VOC emissions will be reduced.



Disadvantages



-	The cost for the electrostatic paint gun and training will be high. 



�COST ANALYSIS



CAPITAL COSTS��BEFORE alternative�AFTER alternative��Not applicable.�CC =	CC(SG) + CC(HSP)



Where:

CC =	Total capital costs incurred from alternative

CC(SG) =	Capital cost of electrostatic spray gun

CC(HSP) =	Capital cost of a high-pressure system��CAPITAL COSTS include the cost of an electrostatic spray gun plus the capital cost of a high pressure system.

DATA RANGES FOR CAPITAL COSTS (based on available information):  cost for a spray gun ($3,500); cost of a high-pressure system ($3,000 - $10,000), depending on current high-pressure capability; average combined capital cost ($10,000).��

ANNUAL OPERATING COSTS��Supply Costs��BEFORE alternative�AFTER alternative��CS(tot) =	(CS(Pnt))(VS(Pnt))



Where:

CS(tot) =	Total supply cost per year

CS(Pnt) =	Cost of paint used

VS(Pnt) =	Supply volume of paint per year�CS(tot) =	(RS)(CS(Pnt))(VS(Pnt))



Where:

RS =	Reduction in supply of paint��SUPPLY COSTS are equal to the volume of paint used times the cost of paint.

DATA RANGES FOR SUPPLY COSTS (based on available information):  reduction in supply of paint (25%, RS = 0.75); supply cost of paint ($1.40/lb).��Waste Disposal Costs��BEFORE alternative�AFTER alternative��CW(tot) =	(CW(Pnt))(VW(Pnt))



Where:

CW(Pnt) =	Waste disposal cost for paint

VW(Pnt) =	Waste disposal volume of paint per year�CW(tot) =	(RW)(CW(Pnt))(VW(Pnt))





Where:

RW =	Reduction in paint waste��WASTE DISPOSAL COSTS are equal to the volume of paint waste disposed times the disposal cost of the paint waste.

DATA RANGES FOR WASTE DISPOSAL COSTS  (based on available information): reduction in waste (RW = RS =0 .75); waste disposal cost of paint waste (for this cost example, assume $0.50/lb).��Total Operating Costs��BEFORE alternative�AFTER alternative��COB(tot) = CS(tot) + CW(tot)



Where:

COB(tot) = Total operating costs before alternative�COA(tot) = CS(tot) + CW(tot)



Where:

COA(tot) = Total operating costs after alternative��

�

INCREASE OR DECREASE IN ANNUAL OPERATING COSTS��CTOTAL = COB(tot) - COA(tot)



Where:

CTOTAL  = Increase or decrease in annual operating costs��

PAYBACK PERIOD ��TPAY = [(CC)]/[(CTOTAL)]  (in years)



Where:

TPAY = Time required for implementation of alternative to pay back any capital costs���COST EXAMPLE*



CAPITAL COSTS��BEFORE alternative�AFTER alternative��Not applicable.�CC =	CC(SG) + CC(HSP)

CC =	$10,000��

ANNUAL OPERATING COSTS��Supply Costs��BEFORE alternative�AFTER alternative��CS(tot) =	(CS(Pnt))(VS(Pnt))

CS(tot) =	($1.40/lb)(1,000 lb)

CS(tot) =	$1,400�CS(tot) =	(RS)(CS(Pnt))(VS(Pnt))

CS(tot) =	(.75)($1.40/lb)(1,000 lb)

CS(tot) =	$1,050��Waste Disposal Costs��BEFORE alternative�AFTER alternative��CW(tot) =	(CW(Pnt))(VW(Pnt))

CW(tot) =	($0.50)(1,000 lb)

CW(tot) =	$500�CW(tot) =	(RW)(CW(Pnt))(VW(Pnt))

CW(tot) =	(.75) ($0.50)(1,000 lb)

CW(tot) =	$375��Total Operating Costs��BEFORE alternative�AFTER alternative��COB(tot) = CS(tot) + CW(tot)

COB(tot) = $1,400 + $500

COB(tot) = $1,900�COA(tot) = CS(tot) + CW(tot)

COA(tot) = $1,050 + $375

COA(tot) = $1,425��

INCREASE OR DECREASE IN ANNUAL OPERATING COSTS��CTOTAL = COB(tot) - COA(tot)

CTOTAL = $1900 - $1425

CTOTAL = $475 Decrease��

PAYBACK PERIOD ��TPAY = [(CC)]/[(CTOTAL)]  (in years)

TPAY = [($10,000)]/[($475)]  (in years)

TPAY = 21 years



NOTE:  Payback period may be much shorter depending on volume of paint used and cost of paint and paint disposal.��
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* 	Costs presented in this example may vary greatly depending on labor costs, volume of materials

	disposed, unit costs, and uncertainties in available data.  Costs for individual shops should be

	determined using shop-specific data and the cost analysis equations provided for this PPA.








