POLLUTION PREVENTION ALTERNATIVE 21

Use of a sander with dust collector to remove airborne paint and metal dust



SHOPS  

Corrosion Control, Paint Hangar, Repair and Reclamation, Structural Maintenance



DESCRIPTION OF ALTERNATIVE



This alternative involves the use of sanders and a dust vacuum system to replace paint stripping.



TECHNICAL ANALYSIS



Paint and metal dust sanded from vehicles, as well as any residual dust accumulating on the shop floor, can be a potential and significant constituent of the hazardous waste stream.  This dust may impede potential reduction systems employed to treat the hazardous waste (e.g., alodine).  Additionally, the paint dust contains chromates, and possibly lead, which are released uncontrolled into the atmosphere during sanding operations.  The same situation will exist if chemical strippers used by the Corrosion Control Shops are discontinued and mechanical methods of paint removal are adopted.  A variety of sanding kits are available for use with high efficiency particulate air (HEPA) vacuum units to provide adequate ventilation controls to protect against occupational exposures and environmental releases of metal-containing dusts.  Many contractors will provide on-site services to help select the appropriate systems required for mechanical removal of paints and collection of hazardous paints and metal dusts.



ADVANTAGES/DISADVANTAGES



Advantages



+	Paint dust will be impeded from entering the atmosphere during sanding 	operations.



+	Contractors will provide on-site services to help select the appropriate systems 	required for mechanical removal of paints and collection of hazardous paint and 	metal dust.



Disadvantages



-	Vacuuming of paint and metal dust will create additional hazardous waste disposal 	costs.



�COST ANALYSIS



CAPITAL COSTS��BEFORE alternative�AFTER alternative��Not applicable.�CC =	(VC(Sdr))(CC(Sdr)) + CC(Vac)



Where:

CC =	Total capital costs incurred from 	alternative.

VC(Sdr) =	Number of sanders

CC(Sdr) =	Capital cost of a sander

CC(Vac) =	Capital cost of a vacuum system��CAPITAL COSTS include the cost of sanders and a vacuum system for the shop.

DATA RANGES FOR CAPITAL COSTS (based on available information):  amount of sanders necessary (estimated at four per shop, will vary depending on shop);  cost for a sander ($75-$900); cost of a vacuum system ($2,600).��

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



Where:

CS(tot) =	Total supply cost per year

CS(Pap) =	Cost of sandpaper

VS(Pap) =	Supply volume of sandpaper per year�CS(tot) =	(CS(Pap))(VS(Pap))





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

DATA RANGES FOR SUPPLY COSTS (based on available information):  cost of sandpaper ($0.15- $0.20/ea.); volume of sandpaper (75 papers/sander).��Waste Disposal Costs��BEFORE alternative�AFTER alternative��CW(tot) =	(CW(Pap))(VW(Pap))



Where:

CW(tot) =	Total waste disposal cost per year

CW(Pap) =	Waste disposal cost of sandpaper

VW(Pap) =	Waste disposal volume of sandpaper per 	year�CW(tot) =	(CW(Pap))(VW(Pap)) + (CW(Dust))(VW(Dust))



Where:

CW(Dust) =	Waste disposal cost for paint and metal 	dust

VW(Dust) =	Waste disposal volume of paint and metal 	dust per year��WASTE DISPOSAL COSTS are equal to the volume of paint times the disposal cost of the paint waste, plus any additional waste disposal costs for paint and metal dust.

DATA RANGES FOR WASTE DISPOSAL COSTS (based on available information):  disposal cost of sandpaper (data not available, for the cost example only, assume $0.50/lb); waste disposal quantity of sandpaper (data not available, for the cost example only, assume 1/lb per sandpaper);  disposal cost of paint and metal dust (data not available, for the cost example only, assume $0.50/lb);  waste disposal quantity of paint and metal dust (data not available, for the cost example only, assume the amount of dust generated will equal the disposal quantity of sandpaper).���

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 =	(VC(Sdr))(CC(Sdr)) + CC(Vac)

CC =	(4)($75) + $2,600

CC =	$2,950��

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

CS(tot) =	($0.20)(300)

CS(tot) =	$60�CS(tot) =	(CS(Pap))(VS(Pap))

CS(tot) =	($0.20)(300)

CS(tot) =	$60��Waste Disposal Costs��BEFORE alternative�AFTER alternative��CW(tot) =	(CW(Pap))(VW(Pap)) 

CW(tot) =	($0.50/lb)(60 lb)

CW(tot) =	$30�CW(tot) =	(CW(Pap))(VW(Pap)) + (CW(Dust))(VW(Dust))

CW(tot) =	($0.50/lb)(60 lb) +($0.50/lb)(60 lb)

CW(tot) =	$60��Total Operating Costs��BEFORE alternative�AFTER alternative��COB(tot) = CS(tot) + CW(tot)

COB(tot) = $30 + $30

COB(tot) = $60�COA(tot) = CS(tot) + CW(tot)

COA(tot) = $30 + $30

COA(tot) = $90��

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

CTOTAL = $60 - $90

CTOTAL =  $30 Increase��

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



NOTE:  Payback may be achieved if costs associated with treatment of the alodine waste stream are significantly reduced due to use of a vacuum system.��

�POLLUTION PREVENTION ALTERNATIVE 22

Substitute oil- and solvent-based paints with paints that are not solvent-based 

(e.g., Water-Based)



SHOPS  

AGE, Accessory Repair, Air Field Systems, Aircraft Washrack, COMM/NAV, Corrosion Control, Egress, Electrical, Engine, Flightline Maintenance, Fuel Systems Repair, Life Support, Maintenance, NDI, Paint Hangar, Pneudraulics, Post-Dock, Scheduled Maintenance, Structural Maintenance, Test Cell, Trainer Fabrication, Trainer Maintenance, Transit Alert, Unscheduled Maintenance, Wheel and Tire



DESCRIPTION OF ALTERNATIVE



This alternative involves substituting oil- and solvent-based paints with water-based coatings for facility/equipment painting.



TECHNICAL ANALYSIS



The replacement of oil-based paints with water-based paints will significantly reduce the volume of spent solvents generated by paint shops as a result of equipment cleanup. Quality water-based paints are available that meet the durability and aesthetic requirements for equipment and facility application.  Water-based coatings are available in acrylic, urethane, vinyl, polyester, and epoxy formulations.  Water-based acrylics and urethanes offer the properties required to replace the current urethane systems.  Although the current urethane systems are required for aircraft components, technical order requirements only specify that urethanes are considered optimal for AGE items.



Water-based paints may be broadly grouped as emulsions and true solutions.  Emulsion systems utilize water as the carrier and offer the advantage of reducing solvent cleanup.  Additionally, they are fast-drying and are commercially available in high solids formulations.  Disadvantages of emulsion formulations include gun plugging, unavailability of high gloss formulations, and limited corrosion resistance.  Water-based true formulations incorporate alcohols and glycol ethers as carriers.  They provide easy cleanup and application, corrosion resistance, excellent gloss, and good durability.  The primary disadvantage is that they are slow drying.  Water-based  paints for vehicle use are currently being developed and are being used on a limited basis by vehicle manufacturers.



ADVANTAGES/DISADVANTAGES



Advantages



+	The cleanup of solvent will be reduced.



+	Organic thinners (e.g., methyl ethyl ketone) for equipment cleanup will be reduced, and in some cases, eliminated.



+	VOC emissions will be significantly reduced.



Disadvantages



-	Emulsion formulations can cause gun plugging and limit corrosion resistance.



-	DoD will be reluctant to support product substitution for items not specified by 	technical orders.



-	Products manufactured by different suppliers using different formulations are ordered and stocked under the same National Stock Number, making it difficult to predict which product one will get when a product is ordered.



-	There will be a high desire on the part of painters to wash equipment in the sinks, 	which could result in pollution discharge.

�COST ANALYSIS 



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



Where:

CC =	Total capital costs

CC(Mod) =	Capital costs of paint equipment 		modification��CAPITAL COSTS may also include the cost of modifying existing paint application equipment (e.g., to provide high-volume, low-pressure (HVLP) capabilities).

DATA RANGES FOR CAPITAL COSTS (based on available information):  modification costs are not available from existing data (for the cost example only, assume no modification is necessary; CC(Mod) = $0). ��

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



Where:

CS(tot) =	Total supply cost per year

VS(Pnt)) =	Supply volume of paint per year

CS(Pnt)  =	Cost of paint

VS(Sol) =	Supply volume of solvent used for 	cleaning per year

CS(Sol) =	Cost for solvent

VS(L) =	Number of paint jobs per year

CS(L) =	Average labor cost per paint job�CS(tot) =	(VS(Sub))(CS(Sub)) + (RS)(CS(Sol))(VS(Sol))



Where:

RS =	Reduction in supply of solvent

VS(Sub)) =	Supply volume of paint substitute per 	year

CS(Sub) =	Cost of paint substitute��SUPPLY COSTS are equal to the volume of paint, or paint substitute used, times the cost of these items, plus the volume of solvent used for cleaning times the cost of solvent.

DATA RANGES FOR SUPPLY OPERATING COSTS (based on available information):  paint costs ($1.40);  reduction in solvent (data not available, for the cost example only, assume 20%, RS = 0.80);  cost of solvent ($5/gal, or $0.63/lb);  cost of non-solvent/non-oil based paint substitute (data not available, for the cost example only, assume that the cost is the same as for solvent-based paint.��Waste Disposal Costs��BEFORE alternative�AFTER alternative��CW(tot) =	(VW(Sol))(CW(Sol))



Where:

CW(tot) =	Total waste disposal cost per year

VW(Sol) =	Waste disposal volume of solvent used for 	cleaning per year

CW(Sol =	Waste disposal cost per unit of solvent�CW(tot) =	(RW)(VW(Mat))(CW(Mat))



Where:

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

DATA RANGES FOR SUPPLY COSTS, based on available information, are provided:  reduction in waste (RW = RS = 0.80); disposal cost of solvent ($0.43 - $0.58/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(Mod)

CC =	$0��

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

CS(tot) =	($1.40/lb)(1500 lb) + ($0.63)(500 lb)

CS(tot) =	$2,415�CS(tot) =	(VS(Sub))(CS(Sub)) + (RS)(CS(Sol))(VS(Sol))

CS(tot) =	($1.40/lb)(1500 lb) + (.80)($0.63)(500 lb)

CS(tot) =	$2,340��Waste Disposal Costs��BEFORE alternative�AFTER alternative��CW(tot) =	(VW(Sol))(CW(Sol))

CW(tot) =	(500 lb)($0.58/lb)

CW(tot) =	$290�CW(tot) =	(RW)(VW(Mat))(CW(Mat))

CW(tot) =	(.80) (500 lb)($0.58/lb)

CW(tot) =	$232��Total Operating Costs��BEFORE alternative�AFTER alternative��COB(tot) = CS(tot) + CW(tot)

COB(tot) = $2,415 +$290

COB(tot) = $2,705�COA(tot) = CS(tot) + CW(tot)

COA(tot) = $2,340 + $232

COA(tot) = $2,572��

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

CTOTAL = $2705 - $2,572

CTOTAL = $133 Decrease��

PAYBACK PERIOD ��Payback is immediate.



NOTE:  Cost savings can greatly be affected by the amount of labor required and the amount of labor increased due to implementation of the substitute, in addition to the amounts of solvent used.��



�POLLUTION PREVENTION ALTERNATIVE 23

Use of spray paint pot liners



SHOPS  

Corrosion Control



DESCRIPTION OF ALTERNATIVE



This alternative involves the use of pot liners to reduce the amount of waste thinner and paint generated during spray paint equipment cleaning.



TECHNICAL ANALYSIS



The economic analysis, hereafter, shows that significant annual savings in thinner purchases can be achieved through the use of pot liners; however, thinner will still be required to clean out spray equipment lines.  If catalyzed non-metal paints are used, polymerization of the paint remaining in the liner should render the residue non-hazardous.



ADVANTAGES/DISADVANTAGES



Advantages



+	Significant annual savings will be achieved due to reduction in solvent supply and 	disposal. 



+	Waste thinner generated by the shop will be reduced.



Disadvantages



-	Additional hazardous waste and/or municipal solid waste will be generated due to 	the use of pot liners.









�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) =	(VS(T))(CS(T)) + (VS(M))(CS(M))



Where:

CS(tot) = 	Total supply cost

VS(T) = 	Supply volume of thinner per year

CS(T) = 	Cost per unit of thinner

VS(M) = 	Supply volume of MEK per year

CS(M) = 	Cost per unit of MEK�CS(tot) =	(RS)(VS(T))(CS(T)) + (RS)(VS(M))(CS(M)) + 	(VS(L))(CS(L))



Where:

RS =	Reduction in supply of thinner/MEK

VS(L) =	Supply volume of pot liners per year

CS(L) =	Cost per liner��SUPPLY COSTS are equal to the volume of thinner used times the cost of thinner, plus the volume of MEK used times the cost of MEK, plus any additional supply costs, such as liners.

DATA RANGES FOR SUPPLY COSTS (based on available information):  reduction in supply (50%, RS = 0.50); supply cost of MEK ($0.63/lb); supply cost of thinner ($0.63/lb); supply volume of pot liners (400 per shop);  supply cost for pot liners ($0.20/ea.).��Waste Disposal Costs��BEFORE alternative�AFTER alternative��CW(tot) =	(VW(T))(CW(T)) + (VW(M))(CW(M))



Where:

CW(tot) =	Total waste disposal cost per year

CW(T) =	Waste disposal volume of thinner per year

CW(T) =	Waste disposal cost for thinner

VW(M) =	Waste disposal volume of MEK per year

CW(M) =	Waste disposal cost per unit of MEK�CW(tot) =	(RW)(VW(T))(CW(T)) + 	(RW)(VW(M))(CW(M)) + 	(VW(L))(Wt(L))(CMSW)



Where:

RW =	Reduction in waste volume

VW(L) =	Waste disposal volume of pot liners per 	year

Wt(L) =	Weight factor for liner disposal (lb/liner)

CMSW =	Municipal Solid Waste disposal cost 	($/2000 lb)��WASTE DISPOSAL COSTS are equal to the volume of thinner waste disposed times the cost of thinner waste disposal, plus the volume of MEK waste disposed times the cost of MEK waste disposal, plus any additional waste disposal costs, such as disposal of liners as municipal solid waste (MSW) (if possible).

DATA RANGES FOR WASTE DISPOSAL COSTS (based on available information):  reduction in waste (RW = RS = 0.50); disposal cost of MEK ($0.43 - $0.58/lb); disposal cost of thinner ($0.58/lb); supply volume of pot liners (400 per shop);  MSW disposal cost (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.�None identified.��

ANNUAL OPERATING COSTS��Supply Costs��BEFORE alternative�AFTER alternative��CS(tot) =	(VS(T))(CS(T)) + (VS(M))(CS(M))

CS(tot) =	(1,500 lb)($0.63/lb) + (7,500 lb)($0.63/lb)

CS(tot) =	$5,670



�CS(tot) =	(RS)(VS(T))(CS(T)) + (RS)(VS(M))(CS(M)) + 	(VS(L))(CS(L))

CS(tot) =	(0.50)(1,500 lb)($0.63/lb) + 

	(0.50)(7,500 lb)($0.63/lb) + (400)($0.20)

CS(tot) =	$2,915��Waste Disposal Costs��BEFORE alternative�AFTER alternative��CW(tot) =	(VW(T))(CW(T)) + (VW(M))(CW(M))

CW(tot) =	(1,500 lb)($0.58/lb) + (7,500 lb)($0.43/lb)

CW(tot) =	$4,095

�CW(tot) =	(RW)(VW(T))(CW(T)) + (RW)(VW(M))(CW(M)) + 	(VW(L))(Wt(L))(CMSW)

CW(tot) =	(.50)(1,500)($0.58/lb) + (.50)(7,500 	lb)($0.43/lb) + (400)(1.5)($85)

CW(tot) =	$2,073��Total Operating Costs��BEFORE alternative�AFTER alternative��COB(tot) = CS(tot) + CW(tot)

COB(tot) = $5,670 + $4,095

COB(tot) = $9,765�COA(tot) = CS(tot) + CW(tot)

COA(tot) = $2,915 + $2,073

COA(tot) = $4,988��

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

CTOTAL = $9,765 - $4,988

CTOTAL = $4,777 Decrease��

PAYBACK PERIOD ��Payback is immediate.��

�POLLUTION PREVENTION ALTERNATIVE 24

Distillation and reuse of paint solvents



SHOPS  

AGE, Chemical Cleaning, Corrosion Control



DESCRIPTION OF ALTERNATIVE



This alternative involves the distillation and reuse of thinner solvents for spray paint equipment and general cleaning.



TECHNICAL ANALYSIS



Purchase and use of solvent distillation units will result in a significant reduction in paint use and wastes generated.  Based on conversations with contractors, distillation of the solvent will result in only 10 percent of the waste normally generated and disposed.



Solvent recovery units are currently being used in the Air Force and in industry.  However, the paint waste must meet certain criteria before it is feasible to employ solvent recovery units.  The paint must be both solvent-based and pourable.  Solvents can evaporate from paint that has been stored in an open or partially open container; therefore, the paint will not be suitable for solvent recovery.



A 55-gallon capacity solvent recovery unit should be adequate to treat up to 15 gallons of paint waste in six to eight hours.  A small 15-gallon capacity solvent recovery unit should be adequate to treat up to five gallons of paint waste in the same amount of time.



Solvent recovery units are typically powered and use water to condense the solvents evaporated from the paint.  The unit should be equipped with a vacuum unit to maximize solvent recovery.  The systems can use either disposable bags to hold the paint inside the unit during distillation, or can be equipped with a Teflon lined pan to reduce costs.



No pre-filtering of the thinner or paint waste is needed.  Explosion-proof units may be necessary for areas designated by environmental management office personnel.  Cellulose nitrates-based paints and lacquers are potentially explosive if distilled to the point where a dry cake is formed.  It is recommended that these products be segregated from the normal paint waste stream or substituted.  Furthermore, personnel should not attempt to distill them unless they are appropriately trained.  



ADVANTAGES/DISADVANTAGES



Advantages



+	A significant reduction in paint use and waste will be achieved.





+	No pre-filtering of the thinner or paint waste will be needed.



+	Significant annual savings can be achieved due to reduction in supply volume and 	disposal costs.



Disadvantages



-	Paint waste must be solvent-based and pourable.



-	Explosion-proof units may be needed.







�COST ANALYSIS



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



Where:

CC =	Total capital costs incurred.

CC(E) =	Capital costs associated with equipment

CC(T) =	Capital costs associated with training

CC(I) =	Capital costs associated with installation��CAPITAL COSTS include distillation equipment costs, training costs, and installation costs.

DATA RANGES FOR CAPITAL COSTS (based on available information):  equipment costs ($4,300 - $16,500; average cost is $6,000);  training costs ($300/shop);  installation costs ($144 - $5000).��

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



Where:

CS(tot) = 	Total supply cost per year

VS(Sol) = 	Supply volume of solvent per year

CS(Sol) = 	Cost per unit of solvent�CS(tot) =	(RS)(VS(Sol))(CS(Sol))



Where:

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

DATA RANGES FOR SUPPLY OPERATING COSTS (based on available information): reduction in supply [(50-90%; RS = 0.50 - 0.10)]; supply cost of solvent ($0.63/lb).��Waste Disposal Costs��BEFORE alternative�AFTER alternative��CW(tot) =	(CW(Sol))(VW(Sol))



Where:

CW(tot) =	Total waste disposal cost per year

CW(Sol =	Waste disposal cost per unit of solvent 

VW(Sol) =	Waste disposal volume of solvent per year�CW(tot) =	(RW)(VW(Sol))(CW(Sol))



Where:

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

DATA RANGES FOR SUPPLY COSTS (based on available information):  reduction in waste (RW = RS = 0.50 - 0.10); disposal cost of solvent ($0.43 - $0.58/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(E) + CC(T) + CC(I)

CC =	$6,000 + $300 + $200

CC =	$6,500��

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

CS(tot) =	($0.63/lb)(3,000 lb)

CS(tot) =	$1,890�CS(tot) =	(RS)(VS(Sol))(CS(Sol))

CS(tot) =	(0.25) ($0.63/lb)(3000 lb)

CS(tot) =	$473��Waste Disposal Costs��BEFORE alternative�AFTER alternative��CW(tot) =	(VW(Sol))(CW(Sol))

CW(tot) =	(3,000 lb)($0.58/lb)

CW(tot) =	$1,740�CW(tot) =	(RW)(VW(Sol))(CW(Sol))

CW(tot) =	(0.25)(3,000 lb)($0.58/lb)

CW(tot) =	$435��Total Operating Costs��BEFORE alternative�AFTER alternative��COB(tot) = CS(tot) + CW(tot)

COB(tot) = $1,890 + $1,740

COB(tot) = $3630�COA(tot) = CS(tot) + CW(tot)

COA(tot) = $473 + $453

COA(tot) = $926��

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

CTOTAL = $3,630 - $926

CTOTAL = $2,704 Decrease��

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

TPAY = [($6500)]/[($2704)]  (in years)

TPAY = 2.4 years��

�POLLUTION PREVENTION ALTERNATIVE 25

Use of a paint proportioning machine



SHOPS

Corrosion Control and Structural Maintenance



DESCRIPTION OF ALTERNATIVE



This alternative involves the use of a paint proportioning machine to mix paint on an as needed basis.



TECHNICAL ANALYSIS



By purchasing a paint proportioning machine, disposal of polyurethane paint can be eliminated.  The machine will accurately mix the correct ratio of polyurethane paint on an as-needed basis.  Once the paint job is completed, the unmixed polyurethane paint is allowed to flow back into the cans and the tops of the cans are replaced.  Only a small fraction of mixed polyurethane paint, approximately five percent, is left in the lines which must be disposed as hazardous waste.



ADVANTAGES/DISADVANTAGES



Advantages



+	Hazardous waste disposal of polyurethane paint will be significantly reduce.



Disadvantages



-	Capital cost will be significant.

�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 capital equipment cost of a paint proportioning machine.

DATA RANGES FOR CAPITAL COSTS (based on available information):  cost for a paint proportioning machine ($10,000 to $30,000), depending on the model, the $10,000 model does not have an electronic flow meter.��

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 paint supply



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

DATA RANGES FOR SUPPLY COSTS (based on available information):  cost of paint (for the cost example only, assume $1.40/lb); reduction in paint supply (50%, RS = 0.50).��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, before the alternative, are equal to the volume of paint waste disposed times the disposal cost of the paint waste.  After the alternative, waste disposal costs are equal to the reduction in paint waste times the volume of paint waste disposed times the disposal cost of the paint waste.

DATA RANGES FOR WASTE DISPOSAL COSTS  (based on available information):  waste disposal cost of paint waste (for the cost example only, assume $0.50/lb); reduction in waste (RW = RS = 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 =	$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) =	(0.50)($1.40/lb)(1,000 lb)

CS(tot) =	$700��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) =	(0.50)($0.50)(1,000 lb) 

CW(tot) =	$250��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) = $700 + $250

COA(tot) = $950��

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

CTOTAL = $1,900 - $950

CTOTAL = $950 Decrease��

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

TPAY = [($10,000)]/[($950)]  (in years)

TPAY = 10.5 years



NOTE:  Payback period may be much shorter depending on volume of paint used and cost of paint and paint disposal.��

�POLLUTION PREVENTION ALTERNATIVE 26

Recordkeeping of paint requirements



SHOPS

Corrosion Control and Structural Maintenance



DESCRIPTION OF ALTERNATIVE



This alternative involves recording the amount of paint and thinner required to paint various equipment.



TECHNICAL ANALYSIS



Accurate records should be kept as to the amount of paint and thinner required to paint various equipment.  By consulting the previous paint records, a more accurate amount of paint and thinner can be poured into the spray gun’s reservoir; thereby, reducing the amount which must be disposed at the end of the job.  Accurate records can reduce disposal amounts by 75 percent.



ADVANTAGES/DISADVANTAGES



Advantages



+	A more accurate amount of paint and thinner can be poured into spray gun 	reservoirs, based on historical requirements.



+	Hazardous waste disposal will be reduced.



Disadvantages



-	The initial recordkeeping can be time consuming.

�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(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 paint supply



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

DATA RANGES FOR SUPPLY COSTS (based on available information):  cost of paint (for this cost estimate only, assume $1.40/lb); reduction in paint supply (75%, RS = 0.25).��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):  waste disposal cost of paint waste (for the cost example only, assume $0.50/lb); reduction in waste (RW = RS = 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��Not applicable.�None identified.��

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) =	(0.25)($1.40/lb)(1,000 lb)

CS(tot) =	$350��Waste Disposal Costs��BEFORE alternative�AFTER alternative��CW(tot) =	(CW(Pnt))(VW(Pnt))

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

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

CW(tot) =	(0.25)($0.50/lb)(1,000 lb)

CW(tot) =	$125��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) = $350 + $125

COA(tot) = $475��

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

CTOTAL = $1,900 - $475

CTOTAL = $1,425 Decrease��

PAYBACK PERIOD ��Payback period is immediate.��

�POLLUTION PREVENTION ALTERNATIVE 26

Recordkeeping of paint requirements



SHOPS

Corrosion Control and Structural Maintenance



DESCRIPTION OF ALTERNATIVE



This alternative involves recording the amount of paint and thinner required to paint various equipment.



TECHNICAL ANALYSIS



Accurate records should be kept as to the amount of paint and thinner required to paint various equipment.  By consulting the previous paint records, a more accurate amount of paint and thinner can be poured into the spray gun’s reservoir; thereby, reducing the amount which must be disposed at the end of the job.  Accurate records can reduce disposal amounts by 75 percent.



ADVANTAGES/DISADVANTAGES



Advantages



+	A more accurate amount of paint and thinner can be poured into spray gun 	reservoirs, based on historical requirements.



+	Hazardous waste disposal will be reduced.



Disadvantages



-	The initial recordkeeping can be time consuming.

�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(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 paint supply



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

DATA RANGES FOR SUPPLY COSTS (based on available information):  cost of paint (for this cost estimate only, assume $1.40/lb); reduction in paint supply (75%, RS = 0.25).��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):  waste disposal cost of paint waste (for the cost example only, assume $0.50/lb); reduction in waste (RW = RS = 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��Not applicable.�None identified.��

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) =	(0.25)($1.40/lb)(1,000 lb)

CS(tot) =	$350��Waste Disposal Costs��BEFORE alternative�AFTER alternative��CW(tot) =	(CW(Pnt))(VW(Pnt))

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

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

CW(tot) =	(0.25)($0.50/lb)(1,000 lb)

CW(tot) =	$125��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) = $350 + $125

COA(tot) = $475��

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

CTOTAL = $1,900 - $475

CTOTAL = $1,425 Decrease��

PAYBACK PERIOD ��Payback period is immediate.��

�POLLUTION PREVENTION ALTERNATIVE 27

Use of aerosol primers for corrosion protection of aircraft wheel bolt holes



SHOPS

Chemical Cleaning and Corrosion Control



DESCRIPTION OF ALTERNATIVE



This alternative involves the use of aerosol primers, rather than chemical conversion coatings, to prevent the corrosion of aircraft wheel bolt holes.



TECHNICAL ANALYSIS



Aerosol primers can replace chemical conversion coatings as a corrosion protectant.  Although chromate-containing aerosols are available, non-chromate aerosol primers are currently being tested for use on aircraft bodies.  Use of aerosols will eliminate two dip tanks and wastewater generated from rinsing off chemical conversion coating.  Disadvantages to the use of aerosol primers include the release of volatile organic compounds, adherence problems to the surface due to extreme use, and clogging of threads, prohibiting wheel bolts from being completely secured in the hub. 



ADVANTAGES/DISADVANTAGES



Advantages



+	Non-chromate aerosol primers are currently being tested for use on aircraft.



+	Hazardous waste (i.e., alodine) disposal will be reduced or eliminated.



Disadvantages



-	VOCs will be released into the atmosphere.



-	After extreme use of aerosol primers, it may be difficult to adhere the primer to the surface of the bolt holes.



-	Aerosol primers sprayed in the wheel bolt holes may cause difficulty in removing wheel bolts.

�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(Pri))(VS(Pri))



Where:

CS(Pri) =	Cost of aerosol primer

VS(Pri) =	Supply volume of aerosol primer per year ��SUPPLY COSTS.  Before the alternative, supply costs are equal to the volume of alodine used times the cost of the alodine.  After the alternative, supply costs are equal to the volume of primer used times the cost of the primer.

DATA RANGES FOR SUPPLY COSTS (based on available information):  cost of alodine (for the cost example only, assume $0.50/lb);  cost of  primer (for the cost example only, assume $1.40/lb).��Waste Disposal Costs��BEFORE alternative�AFTER alternative��CW(tot) =	(CW(Alo))(VW(Alo))



Where:

CW(tot)   =	Total waste disposal cost per year

CW(Alo) =	Waste disposal cost of alodine waste

VW(Alo) =	Amount of alodine waste per year �CW(tot) =	(CW(MSW))(VW(Pri))



Where:

CW(MSW) =	Municipal solid waste disposal cost

VW(Pri) =	Waste disposal volume of aerosol 	primer spray cans per year��WASTE DISPOSAL COSTS.  Before the alternative, are equal to the hazardous waste disposal cost of alodine waste times the volume of alodine waste disposed.  After the alternative, waste disposal costs are equal to the municipal solid waste disposal cost of aerosol cans times the volume of aerosol cans disposed.

DATA RANGES FOR WASTE DISPOSAL COSTS  (based on available information):  hazardous waste disposal costs for alodine waste is (for the cost example only, assume $0.44/lb); 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.�None identified.��

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

CS(tot) =	($0.50/lb)(150 lb)

CS(tot) =	$75�CS(tot) =	(CS(Pri))(VS(Pri))

CS(tot) =	($1.40/lb)(25 lb)

CS(tot) =	$35��Waste Disposal Costs��BEFORE alternative�AFTER alternative��CW(tot) =	(CW(Alo))(VW(Alo))

CW(tot) = 	($0.44/lb)(150 lb)

CW(tot) =	$66�CW(tot) =	(VW(Pri))(CW(Pri))

CW(tot) =	($80/2000 lb)(25 lb)

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

COB(tot)  = $75 + $66

COB(tot)  = $141 �COA(tot) = CS(tot) + CW(tot)

COA(tot) = $35 + $1

COA(tot) = $36��

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

CTOTAL = $141 - $36

CTOTAL = $105��

PAYBACK PERIOD ��Payback period is immediate.��

�POLLUTION PREVENTION ALTERNATIVE 28

Use of pre-formed covers for canopies



SHOPS

Bead Blasting, Corrosion Control, Aircraft Maintenance, and Paint Hangar



DESCRIPTION OF ALTERNATIVE



This alternative involves the fabrication and use of pre-formed covers during painting operation to protect aircraft canopies.



TECHNICAL ANALYSIS



Currently, all aircraft canopies are covered with masking tape and barrier paper during painting operations.  At the completion of painting, the paper and tape are removed from the aircraft and disposed as hazardous waste.  An alternative to this practice is using a pre-formed polyurethane cover to fit over the aircraft canopy to protect it from paint.  The covers can be lightweight, can be easily installed and removed, and can be reused numerous times, resulting in savings in labor and material costs.  Initial costs are high, but over the long term, reusable covers will save both time and materials.  Total estimated material now disposed from canopies represents about two percent of that used for the rest of the aircraft.  Research and application of pre-formed covers for other areas of the aircraft may make this alternative attractive.



ADVANTAGES/DISADVANTAGES



Advantages



+	The hazardous waste disposal of masking tape and barrier paper will be eliminated.



+	A savings in labor and material costs will be realized.



Disadvantages



-	The initial capital costs will be high.



�COST ANALYSIS



CAPITAL COSTS��BEFORE alternative�AFTER alternative��Not applicable.�CC =	(CC(Mold))(NAC) + (CC(Covr))(VC(Covr))(NAC)



Where:

CC =	Total capital costs

CC(Mold) =	Capital cost of the mold 

NAC =	Number of aircraft types 

CC(Covr) =	Capital cost of the cover

VC(Covr) =	Number of covers for each aircraft type��CAPITAL COSTS include the cost of initial labor and materials for developing pre-formed polyurethane molds for each aircraft type plus the costs to make an initial number of covers for each aircraft type.

DATA RANGES FOR CAPITAL COSTS (based on available information):  cost for initial labor and materials ($3,000) for the mold; cost per cover ($1,500); number of covers for each aircraft type (2-3).  It is assumed that molds and initial covers can be used without need for replacement for a significant period.��

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



Where:

CS(tot) =	Total supply cost per year

CS(Papr)  =	Costs of barrier paper used

VS(Papr) =	Supply volume of barrier paper per year�CS(tot) =	$0



It is assumed that molds and initial covers will not require replacement each year.

��SUPPLY COSTS are equal to the volume of barrier paper used times the cost of the barrier paper. The cost of masking tape is assumed to be nominal, and is included in supply costs.

DATA RANGES FOR SUPPLY COSTS (based on available information):  cost of barrier paper (for the cost example only, assume $0.50/lb); volume of barrier paper used per year (for the cost example only, assume 1000 lb).��Waste Disposal Costs��BEFORE alternative�AFTER alternative��CW(tot) =	(CW(Papt))(VW(Papr))



Where:

CW(Pnt) =	Waste disposal cost for barrier paper

VW(Pnt) =	Waste disposal volume of barrier paper per 	year�CW(tot) =	$0



It is assumed that molds and covers will not be disposed on a regular basis.��WASTE DISPOSAL COSTS are equal to the volume of barrier paper (including masking tape and paint waste) times the disposal cost of the paper.

DATA RANGES FOR WASTE DISPOSAL COSTS  (based on available information):  waste disposal cost of paper and paint waste (for the cost example only, 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(Mold)   + (CC(Covr))(VC(Covr))(NAC)

CC =	(4 aircraft types)($3,000) + 	($1,500/cover)(2 covers)(4 aircraft types)

CC =	$12,000 + $12,000

CC =	$24,000��

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

CS(tot) =	($0.50/lb)(1000 lb)

CS(tot) =	$500�CS(tot) =	$0

��Waste Disposal Costs��BEFORE alternative�AFTER alternative��CW(tot) =	(CW(Papt))(VW(Papr))

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

CW(tot) =	$500�CW(tot) =	$0

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

COB(tot) = $500 + $500

COB(tot) = $1,000�COA(tot) = CS(tot) + CW(tot)

COA(tot) = $0 + $0

COA(tot) = $0��

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

CTOTAL = $1,000 - $0

CTOTAL = $1,000 Decrease��

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

TPAY = [($9,000)]/[($1,000)]  (in years)

TPAY = 9.0 years



NOTE:  Payback period will vary depending on number of times the canopy covers are replaced per year and the number of planes and aircraft types to be painted.��

�POLLUTION PREVENTION ALTERNATIVE 29

Discontinue aircraft painting and use aluminum polish



SHOPS

Bead Blasting, Corrosion Control, Paint Hangar, and Structural Maintenance



DESCRIPTION OF ALTERNATIVE



This alternative involves replacing the corrosion treatment and painting of aircraft with the use of an industrial strength aluminum polish to protect the aluminum portions of the aircraft.



TECHNICAL ANALYSIS



The information provided in this alternative is based primarily on conversations with American Airlines representatives and their material suppliers.  American Airlines does not paint the exterior of their aircraft.  They use an industrial strength aluminum polish, which is applied with rotary buffers once each year.  If visual inspection reveals that a white film of oxidation has formed prior to the annual polishing time, the plane is removed from service and brought in for polishing.  The only painting done on their aircraft is on the magnesium and composite panels, stripes, and airline logo.  The magnesium and composite panels are painted a light gray to blend in with the bare aluminum skin.  It should also be noted that stripes and logos are available as pre-formed adhesives, which would further eliminate the need for painting.  There is still much debate concerning whether the industrial polish is sufficient for aircraft making frequent flights along the coastlines.  Extended exposure to the salt air may corrode the metal too quickly for the polish to be sufficient.



Advantages to converting to a polish system include the following:



elimination of alodine wastewater;

elimination of waste paint filters, paper, and tape;

elimination of waste thinner and paint mixtures; and 

significant reductions in paint and supply costs.



Pilot testing of polished aircraft should be conducted to determine the durability and resiliency of the polish under a variety of environmental conditions.  It should be noted that Alcoa produces an alclad aluminum skin for the fuselage of commercial aircraft.  The alclad aluminum is a high-strength alloy bonded to the thin aluminum layer.  It is anodic to the aluminum layer and corrodes before the core does.  Alcoa discourages the painting of aircraft, contending that paint hides potential structural cracks and defects, and adds significant, and unnecessary, weight to the aircraft.







ADVANTAGES/DISADVANTAGES



Advantages



+	The VOC emissions into the atmosphere from painting operations will be eliminated.



+	Hazardous waste disposal of alodine wastewater, thinner, paint mixtures, paint filters, paper, and tape will be eliminated.



Disadvantages



-	It is uncertain whether the industrial polish is sufficient for aircraft making frequent 	flights along the coastlines.



-	Pilot testing of polished aircraft should be conducted to determine the durability 	and resiliency of the polish under a variety of environmental conditions.

�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 costs of equipment and materials used to polish the aircraft.

DATA RANGES FOR CAPITAL COSTS (based on available information):  equipment ($19,000 - $20,500, depending on the number of aircraft).��

ANNUAL OPERATING COSTS��Supply Costs��BEFORE alternative�AFTER alternative��CS(tot) =	(VS(Acft))(CS(PntM) + CS(PntL))



Where:

CS(tot) =	Total supply cost per year

VS(Acft) =	Number of aircraft to be painted (assume 	quarterly)

CS(PntM) =	Cost of painting materials per aircraft per 	year (including paint and alodine)

CS(PntL) =	Cost of painting labor per aircraft per year�CS(tot) =	(VS(Acft))(CS(PolM) + CS(PolL))





Where:

VS(Acft) =	Number of aircraft to be polished 	(assume quarterly)

CS(PolM)  =	Cost of polishing materials per aircraft 	per year

CS(PolL) =	Cost of polishing labor per aircraft per 	year��SUPPLY COSTS.  Before the alternative, supply costs are equal to the number of aircraft that require painting times the cost of painting materials for one aircraft per year times the cost of labor needed to paint one aircraft four times per year.  After the alternative, supply costs are equal to the number of aircraft that require polishing times the cost of polishing materials for one aircraft per year times the cost of labor needed to polish one aircraft four times per year.

DATA RANGES FOR SUPPLY COSTS (based on available information):  cost of painting materials ($400); cost of painting labor ($1,750); cost of polishing materials ($115); cost of polishing labor ($1,750).��Waste Disposal Costs��BEFORE alternative�AFTER alternative��CW(tot) =	(VAcft)(CW(Pnt))



Where:

CW(tot)  =	Total waste disposal cost per year

VAcft =	Number of aircraft to be painted (assume 	quarterly)

CW(Pnt) =	Waste disposal/treatment cost per aircraft 	per year�CW(tot) =	(VAcft)(CW(Pol))



Where:

CW(tot)   =	Total waste disposal cost per year

VAcft =	Number of aircraft to be polished 	(assume quarterly)

CW(Pnt) =	Waste disposal/treatment cost per aircraft 	per year��WASTE DISPOSAL COSTS.  Before the alternative, waste disposal costs are equal to the number of aircraft that require painting times the cost of disposal/treatment resulting from painting one aircraft four times per year.  After the alternative, waste disposal costs are equal to the number of aircraft that require polishing times the cost of disposal/treatment resulting from polishing one aircraft four times per year.

DATA RANGES FOR WASTE DISPOSAL COSTS (based on available information):  painting disposal/treatment cost per aircraft ($1,000); painting disposal/treatment cost per aircraft ($0).���

�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   =	$19,500��

ANNUAL OPERATING COSTS��Supply Costs��BEFORE alternative�AFTER alternative��CS(tot) =	(VS(Acft))(CS(PntM) + CS(PntL))

CS(tot) =	(40)($400 + $1750)

CS(tot) =	$86,000�CS(tot) =	(VS(Acft))(CS(PolM) + CS(PolL))

CS(tot) =	(40)($115 + $1750)

CS(tot) =	$74,600��Waste Disposal Costs��BEFORE alternative�AFTER alternative��CW(tot) =	(VAcft)(CW(Pnt))

CW(tot) =	(40)($1,000)

CW(tot) =	$40,000�CW(tot) =	(VAcft)(CW(Pol))

CW(tot) =	(40)($0)

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

COB(tot)  = $86,000 +$40,000

COB(tot)  = $126,000�COA(tot) = CS(tot) + CW(tot)

COA(tot) = $74,600 + $0

COA(tot) = $74,600��

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

CTOTAL = $126,000 - $74,600

CTOTAL = $51,400��

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

TPAY = [($19,500)]/[($51,400)]

TPAY = 0.38 years��
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Distillation and recycling of antifreeze



SHOPS

AGE, Flightline Maintenance, Maintenance, Wheel and Tire



DESCRIPTION OF ALTERNATIVE



This alternative involves using distillation to recover and recycle antifreeze.



TECHNICAL ANALYSIS



Pollution prevention practices dictate that alternative methods be used to recover and reuse antifreeze to the maximum extent possible.  To reduce the amount of hazardous waste from the disposal of antifreeze, all shops should either send their used coolant to the shops which have distillation units or install their own units when it becomes economically justifiable.  Recycling antifreeze will eliminate normal operational discharges of toxic antifreeze to the environment, substantially reduce annual purchases, and permit reuse of antifreeze for many operations.  A major disadvantage to recycling is a rather lengthy payback period, which is attributable to the high cost of equipment in comparison to the minimal use of antifreeze at the base.



ADVANTAGES/DISADVANTAGES



Advantages



+	Waste generated by the shops will be reduced.



+	Toxic antifreeze will not be discharged into the environment.



Disadvantages



-	A distillation unit must be purchased unless it is not economically justified, in 	which case antifreeze must be transported to a shop that has purchased a unit.



-	High capital costs will not be reimbursed quickly, due to low annual cost savings.





�COST ANALYSIS



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



Where:

CC  =	Total capital costs incurred.

CC(E) =	Capital costs associated with equipment

CC(T) =	Capital costs associated with training

CC(I) =	Capital costs associated with installation��CAPITAL COSTS include distillation equipment costs, training costs, and installation costs.

DATA RANGES FOR CAPITAL COSTS (based on available information):  equipment costs ($4,300 - $16,500; average cost is $6,000);  training costs ($300/shop);  installation costs ($144 - $5000).��

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



Where:

CS(tot) = 	Total supply cost per year

VS(Sol) = 	Supply volume of solvent per year

CS(Sol) = 	Cost per unit of solvent�CS(tot) =	(RS)(VS(Sol))(CS(Sol))



Where:

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

DATA RANGES FOR SUPPLY OPERATING COSTS (based on available information): reduction in supply [(50-90%; RS = 0.50 - 0.10)]; supply cost of solvent ($0.63/lb).��Waste Disposal Costs��BEFORE alternative�AFTER alternative��CW(tot) =	(CW(Sol))(VW(Sol))



Where:

CW(tot) =	Total waste disposal cost per year

CW(Sol =	Waste disposal cost per unit of solvent 

VW(Sol) =	Waste disposal volume of solvent per year�CW(tot) =	(RW)(VW(Sol))(CW(Sol))



Where:

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

DATA RANGES FOR SUPPLY COSTS (based on available information):  reduction in waste (RW = RS = 0.50 - 0.10); disposal cost of solvent ($0.43 - $0.58/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(E) + CC(T) + CC(I)

CC =	$6,000 + $300 + $200

CC =	$6,500��

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

CS(tot) =	($0.63/lb)(3,000 lb)

CS(tot) =	$1,890�CS(tot) =	(RS)(VS(Sol))(CS(Sol))

CS(tot) =	(0.25) ($0.63/lb)(3000 lb)

CS(tot) =	$473��Waste Disposal Costs��BEFORE alternative�AFTER alternative��CW(tot) =	(VW(Sol))(CW(Sol))

CW(tot) =	(3,000 lb)($0.58/lb)

CW(tot) =	$1,740�CW(tot) =	(RW)(VW(Sol))(CW(Sol))

CW(tot) =	(0.25)(3,000 lb)($0.58/lb)

CW(tot) =	$435��Total Operating Costs��BEFORE alternative�AFTER alternative��COB(tot) = CS(tot) + CW(tot)

COB(tot) = $1,890 + $1,740

COB(tot) = $3630�COA(tot) = CS(tot) + CW(tot)

COA(tot) = $473 + $453

COA(tot) = $926��

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

CTOTAL = $3,630 - $926

CTOTAL = $2,704 Decrease��

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

TPAY = [($6500)]/[($2704)]  (in years)

TPAY = 2.4 years��
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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.








