POLLUTION PREVENTION ALTERNATIVE 31


Substitute standard ethylene glycol-based antifreeze with propylene glycol-based antifreeze





SHOPS  


AGE, Flightline Maintenance, Wheel and Tire





DESCRIPTION OF ALTERNATIVE





This alternative involves substituting ethylene glycol-based antifreeze with a less toxic propylene glycol-based formulation.





TECHNICAL ANALYSIS





Pollution prevention practices dictate that antifreeze, due to its extreme environmental toxicity, be recycled.  However, not all antifreeze can be recovered (e.g., inadvertent spills that are washed to the storm drains).  As an alternative, it is recommended that a less toxic form of antifreeze, which is propylene glycol-based, be substituted for those formulations that contain ethylene glycol.  Ethylene glycol is classified as a hazardous substance, is listed under the Clean Air Act (CAA) as a hazardous air pollutant, and is regulated under the Superfund Amendments and Reauthorization Act Title III and the Comprehensive Environmental Response Compensation, and Liability Act (CERCLA).  In contrast, propylene glycol is not regulated by the CAA, Occupational Safety and Health Administration (OSHA), or CERCLA.  It is used as a food additive and is considered safe by the FDA.  Propylene glycol is very effective for melting ice and is currently commercially available as a replacement for antifreeze in ground transportation equipment.





ADVANTAGES/DISADVANTAGES





Advantages





+	Propylene glycol-based antifreeze is less toxic than ethylene glycol.





+	No capital expenditure will be required.





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(Ant))(VS(Ant))





Where:


CS(tot) =	Total supply cost per year


CS(Ant) =	Cost of ethylene glycol


VS(Ant) =	Supply volume of ethylene glycol per year�
CS(tot) =	(CS(Sub) )(VS(Sub))





Where:


CS(Sub)  =	Cost of ethylene glycol substitute


VS(Sub) =	Supply volume of substitute per year�
�
SUPPLY COSTS are equal to the volume of ethylene glycol or its substitute, times the cost of the ethylene glycol or its substitute.


DATA RANGES FOR SUPPLY COSTS (based on available information):  cost of ethylene glycol ($4.00 - $4.50/gal, or $0.50/lb);  volume of ethylene glycol and substitute (estimate 500 - 1500 lb/shop);  cost of substitute (estimate 10% increase; $4.40 - $4.95/gal, or $0.55/lb).�
�
Waste Disposal Costs�
�
BEFORE alternative�
AFTER alternative�
�
CW(tot) =	(CW(Ant))(VW(Ant))





Where:


CW(tot) =	Total waste disposal cost per year


CW(Ant) =	Waste disposal cost of ethylene glycol


VW(Ant) =	Waste disposal volume of ethylene glycol 	per year�
CW(tot) =	(CW(Sub))(VW(Sub))





Where:


CW(Sub)  =	Waste disposal cost of substitute


VW(Sub) =	Waste disposal volume of substitute per 	year�
�
WASTE DISPOSAL COSTS are equal to the waste volume of ethylene glycol or its substitute times the disposal cost.  Although antifreeze is often discharged to the environment as sewer disposal, it is assumed that there is a disposal cost for antifreeze.


DATA RANGES FOR WASTE DISPOSAL COSTS (based on available information):  waste disposal cost of antifreeze (i.e., ethylene glycol) and its substitute (assumed $0 - $0.30/lb);  waste disposal volume is equal to the supply volume, assuming recycling is not used in conjunction with this alternative.�
�
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(Ant) )(VS(Ant))


CS(tot) =	($0.50/lb )(1500 lb)


CS(tot) =	$750�
CS(tot) =	(CS(Sub) )(VS(Sub))


CS(tot) =	($0.55/lb)(1,500 lb)


CS(tot) =	$825�
�
Waste Disposal Costs�
�
BEFORE alternative�
AFTER alternative�
�
CW(tot) =	(CW(Ant))(VW(Ant))


CW(tot) =	($0.30/lb)(1,500 lb)


CW(tot) =	$450�
CW(tot) =	(CW(Ant))(VW(Ant))


CW(tot) =	($0.30/lb)(1,500 lb)


CW(tot) =	$450�
�
Total Operating Costs�
�
BEFORE alternative�
AFTER alternative�
�
COB(tot) = CS(tot) + CW(tot)


COB(tot) = $750 + $450


COB(tot) = $1,200�
COA(tot) = CS(tot) + CW(tot)


COA(tot) = $825 + $450


COA(tot) = $1,275�
�



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


CTOTAL = $1,200 - $1,275


CTOTAL = $75 Increase�
�



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





NOTE:  Cost savings would easily be achieved if waste disposal costs for ethylene glycol antifreeze are more costly than for its substitute.�
�



 �
POLLUTION PREVENTION ALTERNATIVE 32


Use of a contractor for disposal of antifreeze





SHOPS  


AGE, Flightline Maintenance, Wheel and Tire





DESCRIPTION OF ALTERNATIVE





This alternative involves the disposal of antifreeze using a contracted service.





TECHNICAL ANALYSIS





Antifreeze generated by industrial shops is either stockpiled for future recycling or is discharged to the sanitary sewer.  Due to the extreme environmental toxicity of ethylene glycol-based antifreeze, continued discharge of antifreeze to the environment is not considered an acceptable disposal practice and is not in line with pollution prevention practices or goals established by the USAF.  This alternative involves the use of  a disposal contract to pick up the waste antifreeze.  Use of the service negates purchasing and use of recycling equipment.





ADVANTAGES/DISADVANTAGES





Advantages





+	Antifreeze will not be discharged into the environment by the base.





+	Time will be saved by not having to stockpile and recycle antifreeze on the base.





+	No capital expenditure will be required.





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(Ant))(VS(Ant))





Where:


CS(tot) =	Total supply cost per year


CS(Ant) =	Cost of antifreeze 


VS(Ant) =	Supply volume of antifreeze per year�
CS(tot) =	(CS(Ant))(VS(Ant))





�
�
SUPPLY COSTS are equal to the volume of antifreeze used times the cost of the antifreeze.  Supply costs do not change as a result of implementing this alternative.


DATA RANGES FOR SUPPLY COSTS (based on available information): cost of antifreeze ($4.00 - $4.50/gal, or $0.50/lb);  volume of antifreeze (estimate 500 - 1500 lb/shop).�
�
Waste Disposal Costs�
�
BEFORE alternative�
AFTER alternative�
�
CW(tot) =	(CW(Ant))(VW(Ant))





Where:


CW(tot)  =	Total waste disposal cost per year


CW(Ant) =	Waste disposal cost of antifreeze.


VW(Ant) =	Waste disposal volume of antifreeze per 	year�
CW(tot) =	(CW(Con))(VW(Ant))





Where:


CW(Con) =	Contractor disposal cost for antifreeze�
�
WASTE DISPOSAL COSTS are equal to the volume of antifreeze waste times the disposal cost of the antifreeze.  Although antifreeze is often discharged to the environment by the sewerage system, it is assumed that there is a disposal cost for antifreeze.


DATA RANGES FOR SUPPLY COSTS (based on available information):  waste disposal cost of antifreeze ($0 - $0.30 lb);  waste disposal volume of antifreeze is equivalent to the supply volume, assuming recycling is not used in conjunction with this alternative;  contractor disposal costs ($0.28/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(Ant))(VS(Ant))


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


CS(tot) =	$750�
CS(tot) =	(CS(Ant))(VS(Ant))


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


CS(tot) =	$750 �
�
Waste Disposal Costs�
�
BEFORE alternative�
AFTER alternative�
�
CW(tot) =	(CW(Ant))(VW(Ant))


CW(tot) =	($0.30/lb)(1,500 lb)


CW(tot) =	$450�
CW(tot) =	(CW(Con))(VW(Ant))


CW(tot) =	($0.28/lb)(1,500 lb)


CW(tot) =	$420�
�
Total Operating Costs�
�
BEFORE alternative�
AFTER alternative�
�
COB(tot) = CS(tot) + CW(tot)


COB(tot) = $750 +$450


COB(tot) = $1,200�
COA(tot) = CS(tot) + CW(tot)


COA(tot) = $750 + $420


COA(tot) = $1,170�
�



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


CTOTAL = $1,200 - $1170


CTOTAL = $30 Decrease�
�



PAYBACK PERIOD �
�
Payback is immediate.�
�



 


�
POLLUTION PREVENTION ALTERNATIVE 33


Use of a contractor for rag laundry service





SHOPS  


Battery, COMM/NAV, Corrosion Control, Egress, Engine, Flightline Inspection, Flightline Maintenance, Fuel Systems Repair, NDI, Paint Hangar, PMEL, Scheduled Maintenance, Structural Maintenance, Trainer Maintenance, Transit Alert, Unscheduled Maintenance, Welding, Wheel and Tire





DESCRIPTION OF ALTERNATIVE





This alternative involves using a contractor service to supply and launder rags.





TECHNICAL ANALYSIS





Laundry service personnel will be responsible for the sorting, pick-up, and delivery of rags.  Shop towel/rag usage and accountability by shop employees can be controlled by the use of a sign-out log.  Many shop supervisors currently enrolled in a shop towel program state an overwhelming preference for shop towels over bundled rags.  Benefits of implementing this alternative include a substantial reduction in purchasing and disposal costs compared to the current practice of buying, using, and disposing of rags as MSW.  However, the major disadvantage is the cost for laundering, which remains the same regardless of whether the rags are purchased from base supply or rented from the contractor.  Any contracted laundry service being considered for this option should have their operations thoroughly reviewed prior to selection to ensure compliance with all applicable local, state, and/or federal environmental regulations.





ADVANTAGES/DISADVANTAGES





Advantages





+	Purchasing and disposal costs of rags will be reduced.





Disadvantages





-	The contract service cost for rag laundering does not change if the base supplies 	the rags.





�
COST ANALYSIS  





CAPITAL COSTS�
�
BEFORE alternative�
AFTER alternative�
�
Not applicable.�
Capital costs of implementing this alternative have not been identified.�
�
NOTE:  This alternative assumes that the base will use a contractor service to launder the rags, and examines the cost effectiveness of base supply and disposal of rags compared to the use of a contractor to supply rags.  Contractor supply of rags does not have an additional cost.  Base purchase and operation of a laundering service is not examined under this alternative.  This is because base purchase and operation of its own laundering system require a large capital expenditure that clearly make contractor service much more cost-effective.�
�



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





Where:


CS(tot) = 	Total supply cost per year


VS(Rag) =	Supply volume of rags by base per year


CS(Rag) =	Cost of rags by base�
CS(tot) = (RS)(VS(Rag))(CS(Rag))





Where:


RS =	Reduction in rag supply by base


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


DATA RANGES FOR SUPPLY COSTS (based on available information): cost of rags ($22/50 lb minimum purchase);  reduction in rag supply by base (base need only purchase 1 weeks supply of rags each year, for weekly contractor laundering; RS = 1 wk/1 year = 1/52).  Supply costs may be affected by a minimum supply purchase requirement per shop, such as 50 lb.�
�
Waste Disposal Costs�
�
BEFORE alternative�
AFTER alternative�
�
CW(tot) =	(VW(Rag))(CW(MSW))





Where:


CW(tot) =	Total waste disposal cost per year


VW(Rag) =	Waste disposal volume of rags per year


C W(MSW) =	Cost of MSW disposal�
CW(tot) =	(RW)(VW(Rag))(CW(Rag) + 	(VW(Ldy))(CW(Ldy))





Where:


RW =	Reduction in waste volume


VW(Ldy) =	Volume of rags laundered per year


CW(Ldy) =	Cost of rags laundry service�
�
WASTE DISPOSAL COSTS are equal to the volume of rags disposed as waste times the cost of rags disposed as waste, plus the cost of any contractor service for rag laundering.


DATA RANGES FOR WASTE DISPOSAL  (based on available data):  municipal solid waste disposal cost of rags ($69/2000 lb);  reduction in waste volume (RW = RS = 1/52);  cost of rag laundry service ($0.08/rag per laundry;  available data shows a weekly shop supply of 168 rags weighs 21 lb, or 8 rags/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 payback 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(Rag))(CS(Rag))


CS(tot) =	(1,092 lb)($0.44/lb)


CS(tot) =	$480�
CS(tot) = (RS)(VS(Rag))(CS(Rag))


CS(tot) = (1/52)(1,092 lb)($0.44/lb)


CS(tot) = $9**





**Cost may equal $22 if a 50 lb minimum is required�
�
Waste Disposal Costs�
�
BEFORE alternative�
AFTER alternative�
�
CW(tot) =	(VW(Rag))(CMSW)


CW(tot) =	(1,092 lb)($69/2,000 lb)


CW(tot) =	$38�
CW(tot) = (RW)(VW(Rag))(CW(Rag) + 	(VW(Ldy))(CW(Ldy))


CW(tot) = (1/52)(1,092 lb)($69/2,000 lb) +


	(1,092 lb)(8 rags/lb)($0.08/rag)


CW(tot) = $699�
�
Total Operating Costs�
�
BEFORE alternative�
AFTER alternative�
�
COB(tot) = CS(tot) + CW(tot)


COB(tot) = $480 + $38


COB(tot) = $518�
COA(tot) = CS(tot) + CW(tot)


COA(tot) = $9 + $699


COA(tot) = $708�
�
INCREASE OR DECREASE IN ANNUAL OPERATING COSTS�
�
CTOTAL = COB(tot) - COA(tot)


CTOTAL = $518 - $708


CTOTAL = $190 Increase�
�



PAYBACK PERIOD �
�
No payback associated with this alternative.�
�



 


�
POLLUTION PREVENTION ALTERNATIVE 34


Substitute sealed gel-cell batteries for conventional lead-acid batteries





SHOPS  


Battery, Electrical, Trainer Maintenance





DESCRIPTION OF ALTERNATIVE





This alternative involves substituting sealed gel-cell batteries for the conventional lead-acid batteries to extend battery life span and reduce acid disposal resulting from maintenance of conventional batteries.





TECHNICAL ANALYSIS





Conventional lead-acid batteries are used in vehicles, power generators, and aircraft.  The batteries require periodic maintenance involving removal of corrosion from the terminals and refilling of the sulfuric acid electrolyte solution.  The removal of corrosion requires using a battery terminal cleaner which contains VOCs; the batteries are then coated with a corrosion preventative material which contains toluene, an EPA 17 ITP chemical.  The batteries are refilled with sulfuric acid electrolyte solution.  After filling, the batteries are rinsed with water to remove any spilled acid.  In a one-time operation, the expended batteries are emptied of their acid and the acid is disposed as hazardous waste.





Sealed gel-cell batteries are a direct replacement for the conventional lead-acid batteries.  These batteries contain a gel electrolyte rather than liquid and do not require the addition of sulfuric acid.  Because the batteries are sealed, no corrosion forms on the terminals, and no sulfuric acid addition is required.  The batteries, which lasts up to two times longer than conventional batteries, come with a two-year full replacement warranty and have a six-year limited warranty.  The batteries can operate in temperatures above 100oF and below -40oF.  The sealed gel-cell batteries should be recycled at the end of their life.





ADVANTAGES/DISADVANTAGES





Advantages





+	Sealed gel-cell batteries do not require as much maintenance as conventional 	lead-acid batteries.





+	Sealed gel-cell batteries last up to two times longer and are a direct replacement 	for conventional lead-acid batteries.


�
Disadvantages





-	Initial costs of replacing conventional lead-acid batteries with sealed gel-cell 	batteries will not be returned until after the first three years.








�
COST ANALYSIS





CAPITAL COSTS�
�
BEFORE alternative�
AFTER alternative�
�
Not applicable.�
Assuming that batteries would be substituted on an as-needed basis, no capital costs are incurred as a result of implementing this alternative.�
�



ANNUAL OPERATING COSTS�
�
Supply Costs�
�
BEFORE alternative�
AFTER alternative�
�
CS(tot) =	(1/TL(Bat))(V(Bat))(CS(Bat)) + 	(TS(L))(VS(L))(CS(L))





Where:


CS(tot) = 	Total supply cost per year


TL(Bat) = 	Lifespan of battery, in years


V(Bat) = 	Total number of batteries on base


CS(Bat) = 	Cost per unit of conventional battery


TS(L) =	Maintenance labor (hrs/battery)


CS(L) =	Cost of maintenance ($/hr)�
CS(tot) =	(1/TL(Sub))(V(Sub))(CS(Sub))





Where:


TL(Sub) =	Lifespan of substitute battery, in years


V(Sub) =	Supply volume of gel-cell substitute


CS(Sub) =	Cost of gel-cell substitute


�
�
SUPPLY COSTS are equal to the quantity of batteries or battery substitutes used times the cost of each battery or battery substitute, plus any necessary maintenance costs.


DATA RANGES FOR SUPPLY COSTS (based on available information): supply cost of conventional lead-acid battery ($55.00/ea); supply cost of sealed gel-cell battery substitute ($95.50/ea.); volume of batteries and substitute batteries (V(Bat) = total number of batteries or substitute batteries on base, not annual supply of batteries); lifespan of battery, TL(Bat), TL(Sub), (this factor helps calculate an annual supply of batteries; conventional batteries and substitute batteries have average life spans of 3 and 6 years, respectively);  labor hours for maintenance (TS(L) = 1.5 hours per battery for all batteries on base, not just those supplied annually);  cost of maintenance labor ($23/hr).�
�
Waste Disposal Costs�
�
BEFORE alternative�
AFTER alternative�
�
CW(tot) =	(VW(Acid))(CW(Acid)) + 	(1/TL(Bat))(V(Bat))(CW(Bat))





Where:


CW(tot)  =	Total waste disposal cost per year


VW(Acid) =	Waste disposal volume of battery acid per 	year


CW(Acid) =	Waste disposal cost of battery acid


CW(Bat) =	Waste disposal or recycling cost for 	batteries�
CW(tot) =	(1/TL(Sub))(V(Sub))(CW(Sub))





Where:


CW(Sub) =	Waste disposal or recycling cost for 	substitute batteries


�
�
WASTE DISPOSAL COSTS are equal to the volume of battery acid disposed times the cost of battery acid disposal.


DATA RANGES FOR WASTE DISPOSAL COSTS (based on available information): disposal cost of battery acid ($1.06/lb);  disposal volume of battery acid (multiply 15 lb/battery times the number of batteries maintained on base).  The substitute gel-cell batteries do not require battery acid disposal and are recycled (but not re-used).  Battery recycling or disposal costs, if any, are not available for this alternative (for the cost example only, assume $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 payback 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) =	(1/TL(Bat))(V(Bat))(CS(Bat)) + 	(TS(L))(V(Bat))(CS(L))


CS(tot) =	(1/3)(900)($55.00) + (1.5)(900)($23)


CS(tot) =	$47,550�
CS(tot) =	(1/TL(Sub))(V(Sub))(CS(Sub))


CS(tot) =	(1/6)(900)($95.50)


CS(tot) =	$14,325�
�
Waste Disposal Costs�
�
BEFORE alternative�
AFTER alternative�
�
CW(tot) =	(VW(Acid))(CW(Acid)) + 	(1/TL(Bat))(V(Bat))(CW(Bat))


CW(tot) =	(900 bat.)(15 lb/bat.)($1.06/lb) + 	(1/3)(900)($0)


CW(tot) =	$14,310�
CW(tot) =	(1/TL(Sub))(V(Sub))(CW(Sub))


CW(tot) =	(1/6)(900)($0)


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


COB(tot) = $47,550 +$14,310


COB(tot) = $61,860�
COA(tot) = CS(tot) + CW(tot)


COA(tot) = $14,325 +$0


COA(tot) = $14,325�
�
INCREASE OR DECREASE IN ANNUAL OPERATING COSTS�
�
CTOTAL = COB(tot) - COA(tot)


CTOTAL = $61,860 - $14,325


CTOTAL = $47,535 Decrease�
�



PAYBACK PERIOD �
�
Payback is immediate.�
�






�
POLLUTION PREVENTION ALTERNATIVE 35


Use of reusable absorbent pads to reduce spill waste





SHOPS


Flightline Maintenance





DESCRIPTION OF ALTERNATIVE





This alternative involves the use of reusable absorbent pads in conjunction with a wringing system to reclaim JP-4 and reduce spill waste.





TECHNICAL ANALYSIS





Using reusable absorbent pads in conjunction with a heavy-duty manually operated wringing system for reclaiming JP-4 could reduce spill waste.  Reusable absorbent pads can be reused ten times or more, and the wringer is able to reclaim up to 90 percent of 


JP-4 from the absorbent spill pad.  Reclaimed JP-4 may be suitable for use in non-flying applications on base.  For example, AGE could potentially blend the reclaimed JP-4 with virgin material and use the blended fuel for operating ground equipment.  





If the reclaimed fuel cannot be blended and reused, the fuel could be sold to a fuel blender (if available).  Having the option to reuse or sell the reclaimed JP-4 provides further flexibility to this opportunity.





In order to evaluate this opportunity, the following assumptions were made.  It is assumed that approximately 2/3 of the material is JP-4 and that 1/3 of the material consists of spent absorbent pads.  This is based on the ability of the typical spill pad to absorb twice its weight in material.  It is also assumed that an absorbent spill pad can be reused ten times, and that the manually-operated wringer removes 90 percent of the JP-4.





Based on the results of a fuel analysis, a determination can be made whether the reclaimed JP-4 can be used as a fuel for ground equipment on base or not.  If unusable, the fuel could be sent to a fuel blender.  Prior to selecting a fuel blender in which to sell reclaimed JP-4, the credentials of the company should be evaluated.





Reusing or selling reclaimed fuel will reduce the amount of hazardous waste being disposed.  A 95 percent reduction in the quantity of hazardous waste disposed will result if each reusable absorbent pad weighs the same as a single use pad and that the reclaimed JP-4 is either reused or sold to a fuel blender.





ADVANTAGES/DISADVANTAGES





Advantages





+	Hazardous waste disposal will be reduced.





+	JP-4 can be reused in ground equipment or sent to a fuel blender.





Disadvantages





-	Wringing out the absorbent pads will require more labor.


�
COST ANALYSIS





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





Where:


CC =	Total capital costs


CC(E) =	Capital cost of a wringing system�
�
CAPITAL COSTS include the cost of a wringing system for reclaiming JP-4.


DATA RANGES FOR CAPITAL COSTS (based on available information):  cost of a wringing system (for the cost example only, assume $500).  Capital costs for this alternative may include additional costs for installation and training (for the cost example only, they are not included). �
�



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





Where:


CS(tot) =	Total supply cost per year


CS(Reg) =	Cost of regular absorbent pads


VS(Reg) =	Supply volume of regular absorbent pads 	used per year�
CS(tot) =	(RS)(CS(Reu))(VS(Reg))





Where:


RS =	Reduction in supply of pads used due to 	use of reusable absorbent pads


CS(Reu) =	Cost of reusable absorbent pads�
�
SUPPLY COSTS are equal to the cost of the supply of absorbent pads or reusable absorbent pads times the volume of pads used per year.


DATA RANGES FOR SUPPLY COSTS (based on available information):  cost of regular absorbent pads (for the cost example only, assume $0.50/lb); volume of reusable absorbent pads used (because reusable pads last 10 times longer than regular pads the number of pads used is reduced by 90%, RS = 0.10); cost of reusable absorbent pads (for the cost example only, assume $1/lb).�
�
Waste Disposal Costs�
�
BEFORE alternative�
AFTER alternative�
�
CW(tot) =	(CW(Pad))(WReg)(VW(Reg))





Where:


CW(tot)  =	Total waste disposal cost per year


CW(Pad) =	Waste disposal cost of both regular and 	reusable absorbent pads


WReg =	Weight factor to account for JP-4 	absorption by regular absorbent pads.


VW(Reg) =	Waste disposal amount of regular 	absorbent pads per year�
CW(tot) =	(RW)(CW(Pad))(VW(Reg)) + (CW(JP4))(VW(JP4)) 


	+ CAnal





Where:


CW(JP4) =	Waste disposal cost of JP-4


VW(JP4) =	Volume of JP-4 recovered from absorbent pads


CAnal =	Cost of JP-4 analysis�
�
�



WASTE DISPOSAL COSTS.  Before the alternative, waste disposal costs are equal to the volume of regular absorbent pads used (times the weight factor to account for JP-4 absorption) times the disposal cost of used pads.  After the alternative, waste disposal costs are equal to the reduced volume of absorbent pads times the disposal cost of used pads, plus any revenue or cost incurred from the JP-4 that is recovered, plus analytical costs that may be required for testing the used JP-4.


DATA RANGES FOR WASTE DISPOSAL COSTS (based on available information):  waste disposal cost of regular and reusable absorbent pads ($0.10/lb); weight factor to account for JP-4 absorption (JP-4 accounts for 2/3 of the weight of a used regular absorbent pad, therefore WReg = 3); reduction in waste volume of pads resulting from using the reusable pads (RW = RS = 0.10); amount of JP-4 recovered from the reusable pads (equivalent to twice the weight of regular absorbent pads used before the alternative); revenue/cost resulting from JP-4 recovery (assume JP-4 is reused as waste oil and no revenue or costs are incurred); JP-4 analytical cost (for the cost example only, assume $100 per year, and assume an insignificant portion of waste oil analyzed will not be reused).�
�
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(Wrg)


CC  =	$500�
�
ANNUAL OPERATING COSTS�
�
Supply Costs�
�
BEFORE alternative�
AFTER alternative�
�
CS(tot) =	(CS(Pad))(VS(Pad))


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


CS(tot) =	$500�
CS(tot) =	(RS)(CS(Reu))(VS(Reg))


CS(tot) =	(0.10)($1/lb)(1000 lb)


CS(tot) =	$100�
�
Waste Disposal Costs�
�
BEFORE alternative�
AFTER alternative�
�
CW(tot) =	(CW(Pad))(WReg)(VW(Reg))


CW(tot) =	($0.50/lb)(3)(1,000 lb)


CW(tot) =	$1,500�
CW(tot) =	(RW)(CW(Pad))(VW(Reg)) + (CW(JP4))(VW(JP4)) 


	+ CAnal


CW(tot) =	(0.10)($0.50/lb)(1,000 lb) + 	($0)(2)(1,000 lb) + $100


CW(tot) =	$150�
�
Total Operating Costs�
�
BEFORE alternative�
AFTER alternative�
�
COB(tot) = CS(tot) + CW(tot)


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


COB(tot) = $2,000�
COA(tot) = CS(tot) + CW(tot)


COA(tot) = $100 + $150


COA(tot) = $250�
�



Increase or Decrease in Annual Operating Costs�
�
CTOTAL = COB(tot) - COA(tot)


CTOTAL = $2,000 - 250


CTOTAL = $1,750 decrease�
�



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


TPAY = ($500)/($1,750)  (in years)


TPAY = 0.3 years





NOTE:  The capital equipment cost used in this cost example may be inaccurate, or may not reflect the latest and most efficient equipment design.�
�






�
POLLUTION PREVENTION ALTERNATIVE 36


Use of a deicing fluid recovery system





SHOPS


AGE and Flightline Maintenance





DESCRIPTION OF ALTERNATIVE





This alternative involves the installation of a berm or recovery system to contain and recycle deicing fluid.





TECHNICAL ANALYSIS





Current chemical deicing operations are a major source of non-point source pollution.  To reduce this source of runoff, aircraft deicing should be carried out at a controlled location.  One possible control option is to install a large concrete berm where deicing operations are performed.  Due to the inherent porosity of concrete and the presence of expansion joints, concrete does not hold liquid very well and often requires secondary containment.  Another option is to install a Pure Mat recovery system to retain and recycle deicing fluids.





Pure Mat is a relatively new system that is self-contained, is semi-portable, and can be installed over existing concrete or asphalt.  The mat is composed of a tri-alloy material and is enclosed by a six-inch flexible berm.  Aircraft can drive over the berm to the center of the mat area where deicing is performed.  Heating elements are installed in the mat to keep chemicals in a liquid form.  A vacuum system collects spent chemicals for storage or recycling.





The technology for implementing this alternative is new and should be researched thoroughly.  Installation and maintenance requirements however, should be straightforward and simple.  One Pure Mat system is expected to last 10 years.





ADVANTAGES/DISADVANTAGES





Advantages





+	Deicing fluid will be recycled instead of contributing to non-point source pollution.





+	The recovery system is self contained, semi-portable, and can be installed over 	cement or asphalt.

















Disadvantages





-	The capital costs of a deicing recovery system will be high.





-	The technology is relatively new and should be researched thoroughly.


�
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 includes the costs of  one deicing fluid recovery system (250 X 250 ft square platform with heating elements and a vacuum system), plus a pumping a storage system for recovery of the fluid.


DATA RANGES FOR CAPITAL COSTS (based on available information):  Deicing fluid recovery system ($500,000); pumping and storage system ($1,000).�
�



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





Where:


CS(tot) =	Total supply costs


CS(Flu) =	Cost of deicing fluid


VS(Flu) =	Supply volume of deicing fluid�
CS(tot) =	(RS)(CS(Flu))(VS(Flu))





Where:


RS =	Reduction in supply of deicing fluid due to 	storage and recycling�
�
SUPPLY COSTS are equal to the cost of deicing fluid times the supply volume of deicing fluid.


DATA RANGES FOR SUPPLY COSTS (based on available information): cost of deicing fluid (for the cost example only, assume $0.50/gal); reduction in supply of deicing fluid due to storage and recycling (for the cost example only, assume 50% reduction, RS = 0.50.�
�
Waste Disposal Costs�
�
BEFORE alternative�
AFTER alternative�
�
CW(tot) =	$0





Where:


CW(tot) =	Total waste disposal costs.�
CW(tot) =	(CW(Flu))(VW(Flu))





Where:


CW(Flu) = 	Waste disposal cost of deicing fluid


VW(Flu) =	Waste disposal volume of deicing fluid�
�
WASTE DISPOSAL COSTS.  Current chemical deicing operations are a major source of non-point pollution.  It is assumed that before the alternative, disposal costs are not incurred because the deicing fluid is released into the environment as runoff.  After the alternative, the waste deicing fluid is recovered and recycled; however, collected fluid that can not be recycled may require disposal.


DATA RANGES FOR WASTE DISPOSAL COSTS (based on available information): volume of deicing fluid that cannot be reused and must be disposed (for the cost example only, assume a cost is not incurred for deicing fluid that can not be reused, CW(Flu) = $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 = $501,000�
�



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


CS(tot) =	($0.50/gal)(50,000 gal)


CS(tot) =	$25,000�
CS(tot) =	(RS)(CS(Flu))(VS(Flu))


CS(tot) =	(0.50)($0.50/gal)(50,000 gal)


CS(tot) =	$12,500�
�
Waste Disposal Costs�
�
BEFORE alternative�
AFTER alternative�
�
CW(tot) =	$0�
CW(tot) =	(CW(Flu))(VW(Flu))


CW(tot) =	($0)(1 - 0.50)(50,000 gal)


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


COB(tot)  = $25,000 + $0


COB(tot)  = $25,000�
COA(tot) = CS(tot) + CW(tot)


COA(tot) = $12,500 + $0


COA(tot) = $12,500�
�



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


CTOTAL = $25,000 - $12,500


CTOTAL = $12,500�
�



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


TPAY = [($500,000)]/[($12,500)]  (in years)


TPAY = 40 years





Note:  Payback period may be sooner depending upon the actual cost and amount of deicing fluid used, and any disposal requirements that may be required.�
�









�
POLLUTION PREVENTION ALTERNATIVE 37


Recycling of Ni-Cad, alkaline, and mercury batteries





SHOPS


AGE, Battery, Electrical, Maintenance, Scheduled Maintenance, Trainer Maintenance





DESCRIPTION OF ALTERNATIVE





This alternative involves the recycling of Ni-Cad, alkaline, and mercury batteries as a waste reduction alternative for locations that normally dispose these batteries as a hazardous or municipal solid waste.





TECHNICAL ANALYSIS





Currently, Ni-Cad and mercury batteries are disposed as hazardous waste.  Furthermore, alkaline batteries containing mercury can be classified as a hazardous waste.  Recycling batteries will result in the reduction of hazardous waste.  Also, regulatory requirements associated with hazardous waste collection, storage, and shipment will be avoided.  Alkaline batteries free of mercury may be discarded as municipal solid waste.  The Base Exchange and Commissary should consider the exclusive purchase of alkaline batteries that are free of mercury.  Additionally, all locations that use alkaline batteries should consider changing to Ni-Cad batteries to allow for proper recycling and to prevent material from going to the landfill.





ADVANTAGES/DISADVANTAGES





Advantages





+	Hazardous waste disposal will be reduced.





+	No capital costs are associated with this alternative.





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) =	(VS(Bat))(CS(Bat))





Where:


CS(tot) = 	Total supply cost per year


VS(Bat) = 	Supply amount of batteries per year


CS(Bat) = 	Cost per battery�
CS(tot) =	(VS(Bat))(CS(Bat))


�
�
SUPPLY COSTS are equal to the volume of batteries used times the weight of each times the cost per pound of batteries used.


DATA RANGES FOR SUPPLY OPERATING COSTS (based on available information):  Amount of batteries purchased per year (for this cost example only, assume 1,000 batteries); cost per battery (for this cost example only, assume $1 per battery).  The implementation of this alternative does not change supply cost.�
�
Waste Disposal Costs�
�
BEFORE alternative�
AFTER alternative�
�
CW(tot)      =	(VW(Bat))(WBat)(CW(Bat))





Where:


CW(tot) = 	Total waste disposal cost per year


VW(Bat) = 	Amount of batteries disposed per year


(WBat) =	Weight of battery


CW(MSW) =	Disposal cost per battery  �
CW(tot)  =	(VW(Bat)) (WBat)(CW(Rcy))





Where:


CW(Rcy) =	Cost to recycle batteries


�
�
WASTE DISPOSAL COSTS.  Before the alternative, waste disposal costs are equal to the amount of batteries diposed per year times the battery disposal cost.  After the alternative, the disposal costs are equal to the amount of batteries diposed per year times the cost to recycle the batteries.


DATA RANGES FOR WASTE DISPOSAL COSTS (based on available information): battery disposal cost ($0.90/lb); battery recycling cost ($0.70/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) =	(VS(Bat))(CS(Bat))


CS(tot) =	(1,000 batt)($1/batt)


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


CS(tot) =	(1,000 batt)($1/batt)


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


CW(tot) =	(1,000 batt)(0.5 lb/batt)($0.90/lb)


CW(tot) =	$450�
CW(tot) =	(VW(Bat)) (WBat)(CW(Rcy))


CW(tot) =	(1,000 batt)(0.5 lb/batt)($0.70/battery)


CW(tot) =	$350�
�
Total Operating Costs�
�
BEFORE alternative�
AFTER alternative�
�
COB(tot) = CS(tot) + CW(tot)


COB(tot) = $1,000 + $450


COB(tot) = $1,450�
COA(tot) = CS(tot) + CW(tot)


COA(tot) = $1,000 + $350


COA(tot) = $1,350�
�



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


CTOTAL = $1,450 - $1,350


CTOTAL = $100 Decrease�
�



PAYBACK PERIOD �
�
Payback is immediate.�
�






�
POLLUTION PREVENTION ALTERNATIVE 38


Use of a hydraulic fluid filtration system





SHOPS


AGE, Pneudraulics, Trainer Maintenance, Wheel and Tire





DESCRIPTION OF ALTERNATIVE





This alternative involves the installation of an inline filtration system on a fixed location hydraulic system.





TECHNICAL ANALYSIS





The hydraulic filtration system removes particulate contaminants and free water from hydraulic fluid in process.  The filtration of hydraulic fluid increases the lifespan of the fluid and results in less fluid being purchased and disposed.  An assessment of the flow rates, pressures, and coupling sizes of the hydraulic equipment is necessary before contacting a vendor about the alternative.





ADVANTAGES/DISADVANTAGES





Advantages





+	The purchase and disposal of hydraulic fluid will be reduced.





Disadvantages





-	An assessment of the flow rate, pressures, and coupling sizes of the hydraulic 	equipment will be necessary.


�
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 filtration unit.


DATA RANGES FOR CAPITAL COSTS (based on available information):  filtration unit ($3,000).�
�



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





Where:


CS(tot) =	Total supply cost per year


CS(Hyd) =	Cost of hydraulic fluid


VS(Hyd) =	Supply volume of hydraulic fluid per year�
CS(tot) =	(RS)(CS(Hyd))(VS(Hyd))





Where:


RS  =	Reduction in the supply volume of 	hydraulic fluid


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


DATA RANGES FOR SUPPLY COSTS (based on available information):  supply cost of hydraulic fluid (for the cost example only, assume $6/gallon); reduction in the supply of hydraulic fluid (for the cost example only, assume 25%, RS = 0.75).�
�
Waste Disposal Costs�
�
BEFORE alternative�
AFTER alternative�
�
CW(tot) =	 (CW(Hyd))(VW(Hyd))





Where:


CW(tot) =	Total waste disposal cost per year


CW(Hyd) =	Waste disposal cost of hydraulic fluid 


VW(Hyd) =	Amount of hydraulic fluid waste 	per year �
CW(tot) =	(R W)(VW(Hyd)) (CW(Hyd))








Where:


RW =	Reduction in hydraulic fluid waste �
�
WASTE DISPOSAL COSTS include the disposal cost of hydraulic fluid times the volume of hydraulic fluid waste generated per year.


DATA RANGES FOR WASTE DISPOSAL COSTS  (based on available information):  disposal cost of hydraulic fluid (for the cost estimate only, assume $1/gal); volume of hydraulic fluid used per year (for cost estimate only, assume 1,000 gallons); reduction in waste hydraulic fluid (RS = RW = 0.75).�
�



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   =	$3,000�
�



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


CS(tot) =	($6/gal)(1,000 gal)


CS(tot) =	$6,000�
CS(tot) =	(RS)((CS(Hyd))(VS(Hyd))


CS(tot) =	(0.75)($6/gal)(1,000 gal)


CS(tot) =	$4,500�
�
Waste Disposal Costs�
�
BEFORE alternative�
AFTER alternative�
�
CW(tot) =	(CW(Hyd))(VW(Hyd))


CW(tot) =	($1/gal)(1,000)


CW(tot) =	$1,000�
CW(tot) =	(R W)(VW(Hyd))(CW(Hyd))


CW(tot) =	(0.75)(1,000 gal)($1/gal)


CW(tot) =	$750�
�
Total Operating Costs�
�
BEFORE alternative�
AFTER alternative�
�
COB(tot)  = CS(tot) + CW(tot)


COB(tot)  = $6,000 + $1000


COB(tot)  = $7,000 �
COA(tot) = CS(tot) + CW(tot)


COA(tot) = $4,500 + $750


COA(tot) = $5,250�
�



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


CTOTAL = $7,000 - $5,250


CTOTAL = $1,750 Decrease�
�



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


TPAY = 3,000/1,750 (in years)


TPAY = 1.7 years�
�



�
POLLUTION PREVENTION ALTERNATIVE 39


Removal of metal filings from magnetic fluid





SHOPS


Aero Repair, NDI





DESCRIPTION OF ALTERNATIVE





This alternative involves a method for the removal of fine metal filings from magnetic inspection fluid to reduce hazardous waste disposal.





TECHNICAL ANALYSIS





Magnetic inspection fluid that contains iron filings and mineral spirits is used to detect cracks and flaws in parts.  The iron filings line up along the crack when an alternating  current is applied to the fluid bath.  The fluid is disposed as hazardous waste.  An alternative to hazardous waste disposal is to remove the filings and any residual metals from the fluid and blend the fluid with waste oil to be burned for energy recovery.  Filings can be removed using a magnet submerged in the fluid.  Residual metal particles can further be removed using micron-sized filters.  Collected filings can be stored for future use in virgin magnetic fluid.





ADVANTAGES/DISADVANTAGES





Advantages





+	Hazardous waste disposal will be reduced.





+	The waste magnetic fluid can be blended with oil to be burned for energy recovery.





+	The recovered metal filings can be reused in virgin magnetic fluid.





Disadvantages





-	The magnetic fluid requires analysis before it can be reused.





�
COST ANALYSIS 





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





Where:


CC  =	Total capital costs 


CC(E) =	Initial cost of materials�
�
CAPITAL COSTS include the initial capital cost of materials.


DATA RANGES FOR CAPITAL COSTS (based on available information):  initial capital cost of materials, including a magnet to remove metal filings ($100).�
�



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





Where:


CS(tot) =	Total supply cost per year


CS(Mag) =	Cost of magnetic inspection fluid


VS(Mag) =	Supply volume of magnetic inspection 	fluid per year�
CS(tot) =	(CS(Mag))(VS(Mag))


�
�
SUPPLY COSTS are equal to the volume of magnetic inspection fluid used times the cost of the magnetic inspection fluid used per year.


DATA RANGES FOR SUPPLY COSTS (based on available information):  cost of magnetic inspection fluid (for the cost example only, assume $5/ gal).  Implementation of the alternative does not change supply costs.�
�
Waste Disposal Costs�
�
BEFORE alternative�
AFTER alternative�
�
CW(tot) =	(CW(Mag))(VW(Mag))





Where:


CW(Mag) =	Waste disposal cost of magnetic fluid


VW(Mag) =	Amount of magnetic fluid waste per year�
CW(tot) =	CAnal





Where:


CAnal  =	Cost for analysis of magnetic fluid�
�
WASTE DISPOSAL COSTS.  Before the alternative, waste disposal costs are equal to the disposal cost of the magnetic fluid times the volume of magnetic fluid disposed.  After the alternative, the filings and any residual metals will be removed from the liquid and the fluid will be blended with waste oil to be burned for energy recovery.  However, prior to blending the fluid with waste oil a TCLP must be performed on the waste.  (It is assumed that almost all of the waste oil will be suitable for reuse).


DATA RANGES FOR WASTE DISPOSAL COSTS  (based on available information):  costs of magnetic inspection fluid (for this cost estimate only, assume $5/gal); cost of analysis using the TCLP test ($40 to $60 per year).�
�
�



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 =	$100�
�



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


CS(tot) =	($5/gal)(100 gal)


CS(tot) =	$500�
CS(tot) =	(CS(Mag))(VS(Mag))


CS(tot) =	($5/gal)(100 gal)


CS(tot) =	$500�
�
Waste Disposal Costs�
�
BEFORE alternative�
AFTER alternative�
�
CW(tot) =	(CW(Mag))(VW(Mag))


CW(tot) =	($5/gal)(100 gal)


CW(tot) =	$500�
CW(tot) =	CAnal


CW(tot) =	$50�
�
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) = $500 + 50


COA(tot) = $550�
�



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


CTOTAL = $1,000 - $550


CTOTAL = $450 Decrease�
�



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


TPAY =[(100)]/[(450)]


TPAY = 0.2 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.











