4.24	ppo-24.  Paint Reblending



4.24.1	Description



Paint that cannot be used because the quality has deteriorated is often disposed of as a hazardous waste. This PPO describes the reblending of latex and acrylic paints in an effort to reduce disposal volumes.



Pollution Prevention Objective:  to reduce the amount of material going into the waste stream.



4.24.2	Applicability of the PPO



This PPO applies to the following CE shops:

Paint Shop

Hospital Maintenance Shop

Zone Maintenance Shop



4.24.3	Alternatives:



The following alternatives are analyzed in this PPO:

Alternative 1 - (CAP/DRMO):  Disposal of unused paint through the CAP or DRMO.  Paint is taken to the disposal point in original 1- or 5-gallon containers for reuse or resale.

Alternative 2 - (Reblending):  Paint is sorted according to type of paint and range of tints, then transferred into 55 gallon drums.  The drums would then be transported to a local paint manufacturer for reblending.



4.24.4	Advantages and Disadvantages of the Alternatives



Alternative

�Advantages�Disadvantages��Alternative 1 (CAP/DRMO)�No equipment to purchase.

No additional manpower required.

�Some paint will be disposed of.��Alternative 2 (Reblending)�No equipment to purchase.

Cost savings on reblended paint.

Waste stream eliminated for reblendable paint.

�Some additional manpower would be required.

Contract with local paint manufacturer must be prepared.���Table 4.24-1 contains a comparison of each alternative based on selected criteria.



Table 4.24-1.�Comparison of Alternatives for  Paint Reblending�����

Criterion�Alternative 1

(CAP/DRMO)�Alternative 2

(Reblending)��Compliance�Waste must be disposed on properly.�Waste must be disposed on properly.��Operations and Maintenance�Minimal O&M.  Purchase, distribute, test, and dispose of.�Minimal O&M.  Purchase, distribute, test, and dispose of.  Must provide a place to sort and collect and provide 55 gallon drums for storage.��Environment�Waste stream is the largest of the alternatives.�Minimal waste stream.��Management�No management action required.�Must implement procedure and arrange reblending contract.��Economics�More costly option due to disposal costs�Cost saving depend on the amount of paint that can be reblended.��

4.24.5	Technical Analysis



Excess latex and enamel architectural paints would be reblended by a paint manufacturer and reused.  Paint would be collected at a central location, such as the CE Paint Shop or the CAP.  The timing of the collection would be based on availability of the manufacturer for reblending, and the quantity of paint on hand.  Acceptable paint would be sorted according to type of paint and range of tints, then transferred into 55 gallon drums.  The drums would then be transported to a local paint manufacturer. After reblending by the manufacturer, the paint (which is in like new condition) would be returned to the installation for reuse.  Empty paint containers could be dried and transferred to DRMO for disposal. 



4.24.6	Economic Analysis of the Alternatives



Table  4.24.2 (in Section 4.24.9) provides a detailed cost analysis for these alternatives.



Based on cost figures available, Alternative 1 is the most costly.  Alternative 2 shows little savings that are (in large part) based on the volume of paint that can be reblended.  In the analysis, 20 percent reblending was assumed as a nominal value.  If more paint were to be reblended, the cost savings would increase.  Aggregation of paint from other facilities may provide additional savings.  Cost savings are also very dependent upon the price of reblended paint.



Ensure you substitute locally available information in the spreadsheet to perform the economic analysis based on local factors.



4.24.7	Sources of Information on the Alternatives:



Alternative 2:  

Possible Vendor:

Local paint manufacturer in your area.



Implementing Information

55 CES/CEO�Offutt AFB, NE�DSN 271-5550�COM 402-294-5550



4.24.8  Process-Specific Information



None available.  This PPO must be worked with local paint manufacturers to make it economically feasible.



4.24.9  Tailored Spreadsheet for the PPO



Table 4.24-2 shows data used to perform the economic analysis of this PPO.  By double-clicking on the table, an Excel( spreadsheet is opened and the user can adjust values to match local cost factors to determine the costs to implement this PPO at the user’s installation.  Assumptions and data sources regarding the derivation of the figures in this spreadsheet are noted in Section 4.24.9.1.  The calculations for performing the economic analysis of the alternatives manually are described in Section 4.24.9.2.



Table 4.24-2.��PPO-24  Paint Reblending��

� EMBED Excel.Sheet.5  ���



�4.24.9.1  Basis of Economic Analysis



See Chapter 2 for general assumptions.  

A nominal value of 600 gallons of paint was used for cost analysis purposes. This, of course will vary by installation needs and usage.

It was assumed for Alternative 1 that 120 gallons of paint were disposed of and available for reblending.  In Alternative 2 the volume of paint was reduced to 480 gallons due to purchase of 120 gallons of reblended paint in Alternative 2.



4.24.9.2  Economic Analysis Calculations of Alternatives



Table 4.24-3 illustrates the steps required to perform a manual economic analysis for an alternative.



Table 4.24-3.  Economic Analysis Calculations��Startup Costs [$]�(�Cost of Equipment Purchase  + Installation Costs (including power hookups, piping, etc.)  + Training Costs (if any) ��Manpower Costs [$/yr]�(�Manpower to Operate X Manpower Rate  ��Cost of New Paint Purchase [$/yr]�(�Cost of New Paint X Amount of Paint Purchased ��Cost of Reblended Paint Purchase [$/yr]�(�Cost of Reblended Paint  X Amount of Paint Purchased  ��Disposal Cost [$/yr]�(�Cost of Disposal  X Amount Disposed ��Recurring Costs [$/yr]�(�Manpower Cost  + Cost of New Paint Purchase + Cost of Reblended Paint Purchase  + Disposal Cost ��Payback Period (yrs)�(�Startup Costs  / [Recurring Costs for Current Operations  - Recurring Costs for Proposed Alternative]��First Year Cost of Process [$]�(�Startup Costs  + Recurring Costs ��Three Year Cost of Process [$]�(�Startup Costs  + [3 X Recurring Costs]��First Year Savings [$]�(�Current Operations Cost  - Startup Costs  - Alternative Operating Costs ��Three Year Savings [$]�(�[3 X Current Operations Cost] - Startup Costs  - [3 X Alternative Operating Costs]��

Notes:  

If the payback is negative, it means that there is no payback - the alternative costs more than it saves.

The savings for current operations is always $0.  If the savings is negative, then the alternative does not save money, but actually costs money over the current practice



�4.25	PPO-25.  PAINT REMOVAL OPTIONS



4.25.1	Description



This PPO addresses the use of a water jet system as an alternative to using abrasive media for removing paint.  Significant reductions in waste volume can be achieved by water jet systems.



Pollution Prevention Objective: to reduce the volume of waste generated by the paint removal process.



4.25.2	Applicability of the PPO



This PPO applies to the following CE Shops:

Carpentry Shop

Paint Shop

Zone Maintenance Shop



4.25.3	Alternatives



The following alternatives are analyzed in this PPO:

Alternative 1 - (Abrasive media):  Bead blast media in large of small systems.

Alternative 2 - (Water jet):  High pressure water system.



4.25.4	Advantages and Disadvantages of the Alternatives



Alternative

�Advantages�Disadvantages��Alternative 1

(Abrasive media)�VOCs from chemical paint strippers are eliminated.

Blast media can be recycled thereby reducing hazardous waste stream volumes.�Blasting may cause minor damage to surface.

Blasting typically results in slow stripping rates.

Blast media and removed paint are not easily separated.

��Alternative 2

(Water jet)�Water jet system reduces damage to surface.

Water and removed paint are easily separated, allowing for reuse of process water and/or disposal to a sanitary sewer.

Toxic and/or hazardous materials are not used.

Disposal costs are reduces.

Human health hazard exposure is reduced.�Can possibly damage some metals.

���Table 4.25-1 contains a comparison of each alternative based on selected criteria.



Table 4.25-1.�Comparison of Alternatives for Paint Removal Options��

Criterion�Alternative 1

(Abrasive media)�Alternative 2

(Water jet)��Compliance�Wastes must be disposed of appropriately.�Wastes must be disposed of appropriately.��Operations and Maintenance�Equipment requires maintenance, but paint removal operations take no longer than traditional methods, and are often faster.�Equipment requires maintenance, but paint removal operations take no longer than traditional methods, and are often faster.��Environment�Significantly less waste than chemical stripping.  Also, waste does not usually involve land banned materials which are very expensive to dispose of. If the paint does not contain metals such as lead and chromium, then the waste may be considered to be non-hazardous and can be disposed of as ordinary trash.�May create large volumes of water contaminated with paint residue.  This waste stream can be filtered and recycled with the resulting paint sludge a relatively low volume waste. If the paint does not contain metals such as lead and chromium, then the waste may be considered to be non-hazardous and can be disposed of as ordinary trash.��Management�Management attention needed only to ensure proper, safe use of equipment.�Management attention needed only to ensure proper, safe use of equipment.��Economics�Disposal costs are highest because blast media must also be disposed of as a hazardous waste.�Overall cost of process nets savings to the installation.��

4.25.5	Technical Analysis



Traditional methods of paint removal involve mechanical (grinding, sanding) and chemical.  Sanding and grinding continue to be used for small operations.  Chemical stripping is usually subject to a great deal of scrutiny because of problems with hazardous materials and hazardous waste management.  Alternative methods to chemical stripping involve either abrasive media blasting or high pressure water jet.  



Abrasive blast media has provided a positive alternative to the use of chemicals for paint removal.  However, this method still presents the operator with a significant potential health hazard.  Dusts created through the use of the abrasive blast media are an inhalation hazard to the operator.  Therefore, the operator must wear respiratory protection when using this approach to paint removal.  In addition to this health hazard, abrasive media blasting has been shown to cause minor damage to the surface from which the paint is being removed.  This is especially evident in aluminum metals.  Also, abrasive media requires a slow stripping rate.



Recently, high pressure water jets have been implemented as an effective alternative for paint removal.  These water jets have been used to remove paint from a variety of sizes of pieces.  This method has proven effective at cleaning small panels to larger truck frames to hulls on aircraft carriers.  The process involves the use of a water jet pressurized to as high as 55,000 psi.  The system can either be manually operated or robotically operated.  The use of a water jet can reduce stripping times by more than 50 percent over abrasive media blasting.  In addition, the requirement for operators to use respiratory protection has been eliminated.

Waste disposal issues are of concern when investigating paint removal options.  In both processes, the waste paint recovered must be treated as a hazardous waste unless it can be proven that it does not meet these requirements.  In the abrasive blasting process, although the blast media is recycled, at some point it must be disposed of.  Again, unless it can be proven not to be hazardous, the waste blast media must be disposed of as a hazardous waste.  In the water jet process, although the water can be recycled, it also reaches a point at which it must be disposed of.  The waste water can easily be separated from the paint waste, and can be discharged to a sanitary sewer, reducing hazardous waste disposal costs.



4.25.6	Economic Analysis of Alternatives



Table 4.25-2 (Section 4.25.9) provides a detailed cost analysis for these alternatives.



Alternative 2 (Water Jet) shows significant savings over the abrasive blasting option in two ways.  First, the cost of water needed to operate the equipment is much lower than the cost of the blast media.  Even if the water is not recycled, significant savings are still shown.  Second, the cost of disposing of the blast media as a hazardous waste outweighs the cost of disposing of the water to the sanitary sewer.  These two factors, when coupled together, show that the water jet system will consistently save money for the installation.



4.25.7	Sources of Information on the Alternatives



Alternatives 1, & 2�ENVIRO$EN$E (http://es.inel.gov)

	

	PRO-ACT

		800-239-4356

		DSN 240-4214



Alternative 2

		Naval Surface Warfare Center

			Navy Water Jet Paint Stripping Program

			John Williams

		Flow International

			Kent, Washington



4.25.8	Process-Specific Information



The water jet process uses an intensifier-based pumping system that converts mechanical energy into ultra- high pressure water.  The pumps can be adjusted to deliver from 0.8 gallons per minute (gpm) to 5.6 gpm at 35,000 psi.  An attached hose is required.  This hose usually has a diameter of 4 mm, with a working pressure of 35,000 psi and a burst pressure of 100,000 psi.  In addition, tools can be purchased that, when attached to the hose, deliver a variety of water jet patterns.  These patterns can be adjusted to achieve maximum effectiveness from the unit.  For large scale operations, robotic integration can be used.



4.25.9	Tailored Spreadsheet for the PPO



Table 4.25-2 shows data used to perform the economic analysis of this PPO.  By double-clicking on the table, an Excel( spreadsheet is opened and local cost factors can be entered to determine the costs to implement this PPO at the user’s installation.  Assumptions and data sources regarding the derivation of the figures in this spreadsheet are noted in Section 4.25.9.1  The calculations for performing the economic analysis of the alternatives manually are described in Section 4.25.9.2.



4.25.9.1	Basis of Economic Analysis



See Chapter 2 for general assumptions.

Equipment costs were obtained from literature.

Number of planes stripped per year was assumed at 24 (can also apply to other equipment).

Average surface area of the plane was estimated at 400 square feet.

Stripping rates and recycle rates were obtained from case studies in literature.

Process material costs were obtained from literature and may vary with location.



Table 4.25-2��PPO-25  Paint Removal Options��� EMBED Excel.Sheet.5  ���



�4.25.9.2	Economic Analysis Calculations of Alternatives



Table 4.25-3 illustrates the steps required to perform a manual economic analysis for an alternative.



Table 4.25-3.  Economic Analysis Calculations��Startup Costs [$]�(�Cost of Equipment Purchase + Installation Costs (including power hookups, piping, etc.) + Training Costs (if any)��Manpower Costs [$/yr]�(�Number of Planes to Strip X Average Surface Area per Plane / Stripping Rate / 60 min/yr X Manpower Rate��Cost of Blast Media Purchase [$/yr]�(�Number of Planes to Strip X Blast Media Required per Plan X (100% - Stripping Media Recycle Rate) / 100% X Cost of Blast Media��Cost of Water Purchase [$/yr]�(�Number of Planes to Strip X Water Requirement per Plane /1000 X (100% - Stripping Media Recycle Rate) / 100% X Cost of Water��Blast Media Disposed [lbs/plane]�(�Blast Media Required per Plane X [100% - Stripping Media Recycle Rate] / 100%��HW Disposal Cost [$/yr]�(�Cost of HW Disposal X [Amount of Paint Disposed per Plane + Amount of Blast Media Disposed per Plane] X Number of Planes to Strip��Water Disposed [gal/plane]�(�Water Required per Plane X [100% - Stripping Media Recycle Rate] / 100%��Water Disposal Cost [$/yr]�(�Cost of Water Disposal X Amount of Water Disposed / 1000 X Number of Planes to Strip��Recurring Costs [$/yr]�(�Manpower Cost + Cost of Blast Media Purchase + Cost of Water Purchase + Cost of HW Disposal + Cost of Water Disposal ��Payback Period (yrs)�(�Startup Costs / [Recurring Costs for Current Operations - Recurring Costs for Proposed Alternative]��First Year Cost of Process [$]�(�Startup Costs + Recurring Costs��Three Year Cost of Process [$]�(�Startup Costs + [3 X Recurring Costs]��First Year Savings [$]�(�Current Operations Cost - Startup Costs - Alternative Operating Costs��Three Year Savings [$]�(�[3 X Current Operations Cost] - Startup Costs - [3 X Alternative Operating Costs]��

Notes:  

If the payback is negative, it means that there is no payback - the alternative costs more than it saves.

The savings for current operations is always $0.  If the savings is negative, then the alternative does not save money, but actually costs money over the current practice





�4.26	PPO-26.  PAINT SPRAYER ALTERNATIVES



4.26.1	Description



This PPO addresses various alternatives to conventional paint spray guns.  Either high volume, low pressure (HVLP) or airless spray guns can reduce the amount of paint required for a given job.  Reducing the quantity of paint used, reduces emissions and saves money used to purchase paint.



Pollution Prevention Objective: reduce the amount of VOCs emitted into the air.



4.26.2	Applicability of the PPO



This PPO applies to the following CE Shops:

Hospital Maintenance Shop

Paint Shop

Sign Shop

Zone Maintenance Shop



4.26.3	Alternatives



The following alternatives are analyzed in this PPO:

Alternative 1 - (Air Operated):  An older technology that can waste paint and emit a significant amount of VOCs into the air.

Alternative 2 - (HVLP):  Uses a large volume of low pressure air to move paint.

Alternative 3 - (Airless):  Uses a high-pressure system to force paint through a small nozzle.



4.26.4	Advantages and Disadvantages of the Alternatives



Alternative

�Advantages�Disadvantages��Alternative 1

(Air Operated)�No equipment alterations needed.�Uses largest amounts of paint.

Generates greatest emissions.

��Alternative 2

(HVLP)�Reduced paint use.

Reduced emissions.

Reduced hazards to human health.

Environmental requirements often exceeded. 

�Equipment alterations are needed.��Alternative 3

(Airless)�Reduced paint use.

Reduced emissions.

Reduced hazards to human health.

Environmental requirements often exceeded. 

�Equipment alterations are needed.���Table 4.26-1 contains a comparison of each alternative based on selected criteria.



Table 4.26-1.�Comparison of Alternatives for Paint Sprayer Alternatives��

Criterion�Alternative 1

(Air Operated)�Alternative 2

(HVLP)�Alternative 1

(Airless)��Compliance�Dependent on paint VOC concentration.�Dependent on paint VOC concentration.

Regulations may require use to reduce paint use and resulting VOC emissions.�Dependent on paint VOC concentration.

Minimizes VOC emissions.��Operations and Maintenance�Minimal O&M.�Minimal O&M.  Equipment similar to conventional.�Minimal O&M.  Utilizes high pressure pump instead of compressor.��Environment�Uses the largest amount of paint and generates the greatest emissions.�Reduced paint use.  Reduces emissions of paint volatiles.  Reduced paint use may result in reduction in use of target chemicals such as EPA-17.�Reduced paint use.  Reduces emissions of paint volatiles.  Reduced paint use may result in reduction in use of target chemicals such as EPA-17.��Management�No management action required.�No management action required.�No management action required.��Economics�Paint costs are highest.�Paint cost are reduced.�Paint costs are lowest.��

4.26.5	Technical Analysis



Large volume painting operations have historically used conventional air operated paint spray guns.  This system utilizes 40 to 70 pound per square inch (psi) air pressure to atomize a liquefied stream of paint.  The amount of paint used versus that which actually coats the surface being painted is a function of the degree of atomization of the paint.  Conventional air-operated paint spray guns create a very fine mist of paint.  While this yields excellent finishes, it wastes a great deal of paint and can result (depending upon the composition of the paint) in significant emissions to the environment.



HVLP or high volume/low pressure sprayers are the most common replacement system for conventional air operated paint sprayers.  This method is acceptable with most paint types and uses a high volume of low pressure air (10 psi) to atomize the paint.  High viscosity paints, such as some latexes used in interior and exterior painting of buildings, may not work well with HVLP.



Airless sprayers operate by using a high pressure pump to force paint through a small opening.  This system is effective with all paint types and is the best for high viscosity paints.  This method allows for the application of heavy paint coats.



�4.26.6	Economic Analysis of Alternatives



Table 4.26-2 (Section 4.26.9) provides a detailed cost analysis for these alternatives.



Costs for each of the systems are similar.  There are variations in cost depending on the quantity of paint the system is designed to handle (cup sprayers designed to hold 8 ounces of paint versus a system designed to take paint from a 5 gallon bucket).  Cost savings result from the reduction in the quantity of paint used for a given job.  Reductions can be greater than 25% with the typical range of 10-20%.



Economies of scale apply in this PPO.  If more painting operations are required, savings will increase.



4.26.7	Sources of Information on the Alternatives



Most paint suppliers distribute one or more lines of spray equipment.

PRO-ACT

	800-239-4356

	DSN 240-4214



4.26.8	Process-Specific Information



No additional information.



4.26.9	Tailored Spreadsheet for the PPO



Table 4.26-2 shows data used to perform the economic analysis of this PPO.  By double-clicking on the table, an Excel( spreadsheet is opened and local cost factors can be entered to determine the costs to implement this PPO at the user’s installation.  Assumptions and data sources regarding the derivation of the figures in this spreadsheet are noted in Section 4.26.9.1  The calculations for performing the economic analysis of the alternatives manually are described in Section 4.26.9.2.



4.26.9.1	Basis of Economic Analysis



See Chapter 2 for general assumptions.

A basis of 600 gallon of paint per year are used with the air operated paint gun.

The HVLP system reduces paint consumption by 4 percent.

The airless system reduces paint consumption by 8 percent.

Drying times are not included in the analysis.

�

Table 4.26-2.��PPO-26  Paint Sprayer Alternatives��� EMBED Excel.Sheet.5  ���



4.26.9.2	Economic Analysis Calculations of Alternatives



Table 4.26-3 illustrates the steps required to perform a manual economic analysis for an alternative.



Table 4.26-3.  Economic Analysis Calculations��Startup Costs [$]�(�Cost of Equipment Purchase + Installation Costs (including power hookups, piping, etc.) + Training Costs (if any)��Manpower Costs [$/yr]�(�Manpower to Operate X Manpower Rate��Cost of Paint Purchase [$/yr]�(�Cost of Paint X Amount Purchased��Recurring Costs [$/yr]�(�Cost of Paint Purchased��Payback Period (yrs)�(�Startup Costs / [Recurring Costs for Current Operations - Recurring Costs for Proposed Alternative]��First Year Cost of Process [$]�(�Startup Costs + Recurring Costs��Three Year Cost of Process [$]�(�Startup Costs + [3 X Recurring Costs]��First Year Savings [$]�(�Current Operations Cost - Startup Costs - Alternative Operating Costs��Three Year Savings [$]�(�[3 X Current Operations Cost ] - Startup Costs - [3 X Alternative Operating Costs]��

Notes:  

If the payback is negative, it means that there is no payback - the alternative costs more than it saves.

The savings for current operations is always $0.  If the savings is negative, then the alternative does not save money, but actually costs money over the current practice





�4.27	PPO-27.  PAINT thinner RECOVERY OPTIONS



4.27.1	Description



Paint thinners are used in significant quantities in the Paint Shop and other CE activities.  The thinner, after it becomes contaminated from use in cleaning, must be treated as a hazardous waste.  However, these paint thinners may be recycled, thereby reducing waste volumes.  This PPO addresses two options, distilling or decanting, for recycling thinners.



Pollution Prevention Objective: to reduce the amount of air emissions and reduce the waste stream.



4.27.2	Applicability of the PPO



The PPO applies to the following CE shops:

Hospital Maintenance Shop

Paint Shop

Sign Shop

Woodmill Shop

Zone Maintenance Shop



4.27.3	Alternatives



The following alternatives are analyzed in this PPO:

Alternative 1 - (CAP/DRMO):  Disposal of used paint thinner by drumming the solvent and sending it to the CAP or DRMO for disposal through a contractor.

Alternative 2 - (Distilling):  Distillation of paint thinner to recover most of the thinner; sludge is sent to the CAP or DRMO for disposal.

Alternative 3 - (Decanting):  Decanting of paint thinner to recover most of the thinner; sludge is sent to the CAP or DRMO for disposal.



4.27.4	Advantages and Disadvantages of the Alternatives



Alternative

�Advantages�Disadvantages��Alternative 1

(CAP/DRMO)�No equipment purchase required.

No added handling of solvent is required.

New solvent is always available.

No handling of sludge is required.

No additional manpower is required.�Largest waste stream of the alternatives.

Greater cost for new solvent.

Disposal cost are greatest of alternatives.��Alternative 2

(Distilling)�Less new solvent is required.

Smaller waste stream.

Reduced disposal costs.�Equipment purchase required.

Additional handling of solvent is required.

Disposal of sludge is necessary.

Additional manpower is required to operate distillation unit.

��Alternative 3

(Decanting)�Less new solvent is required.

Smaller waste stream.

Reduced disposal costs.�Additional handling of solvent is required.

Additional manpower is required to operate decanting unit.

Need to build a decanter.

Sludge disposal required.

Reduced purity of the thinner compared to the other alternatives.

Some new thinner would need to be purchased for actual paint thinning.��

Table 4.27-1 contains a comparison of each alternative based on selected criteria.



Table 4.27-1.�Comparison of Alternatives for  Paint Thinner Recovery Options�����Criteria�Alternative 1

(CAP/DRMO)�Alternative 2

(Distilling)�Alternative 3 (Decanting)��Compliance�Wastes must be disposed of properly.�Wastes must be disposed of properly.�Wastes must be disposed of properly.��Operations and Maintenance�Minimal O&M.  Purchase, distribute, test, and dispose.�Must attend the distiller and handle thinner.�Must attend the decanter and handle thinner.��Environment�Waste stream is the largest of the alternatives.�Minimal waste stream.�Slightly more waste than Alternative 2.��Management�No management action required.  Pharmacy handles procurement.�Must justify and procure still.  Need to aggregate collection of thinner.�Must justify and procure materials for decanter.  Need to aggregate collection of thinner.��Economics�Greater disposal costs.  No equipment purchase necessary.�Equipment purchase required.  Reduced new thinner costs.  Reduced disposal costs.�Equipment purchase required.  Reduced thinner costs.  Reduced disposal costs but not as great at Alternative 2.��

4.27.5	Technical Analysis



There are two primary means for reducing the purchase and disposal of paint thinner: distilling and decanting.



Distilling is the process by which the solvent is heated to a vapor, then condensed to recover the vaporized solvent, which is then reusable.  The sludge is recovered separately for disposal.  



Decanting is the process by which a solvent is allowed to stand undisturbed so solid particles may settle.  The solvent is then carefully drained to a level above the settled particles.  The process can be repeated for greater purity as often as needed.  Sludge is recovered separately for disposal.  



The sludge from each process must be tested to determine if it should be disposed of as hazardous waste.



4.27.6	Economic Analysis of the Alternatives: 



Table  4.27.2 (Section 4.27.9) provides a detailed cost analysis for these alternatives.



Based on cost figures available, Alternative 1 is the most costly.  Three year costs for this option are about $15,000 based on figures used in the analysis.  Alternative 2 is the least expensive but has a longer payback period due to the cost of the initial investment to buy the distillation unit.  Three year costs for this alternative are near $11,200.  The payback on Alternative 3 is short since the decanting unit is relatively inexpensive.  The three-year cost for Alternative 3 is about $10,500.  Alternatives 2 and 3 are most environmentally friendly.



Ensure you substitute locally available information in the spreadsheet to perform the economic analysis based on local factors.



4.27.7	Sources of Information on the Alternatives



Alternative 2:  

Implementing Information�	20 CES/CEO�	Shaw AFB, SC�	DSN 965-3415�	COM 803-668-3415



PRO-ACT�800-239-4356�DSN 240-4214�

Possible Vendors

	A&S Recycle

	2253 South Raleigh Street

	Denver, CO 80219

	303-935-5082



	Finish Thompson Inc.

	921 Greengarden Road

	Erie, PA 16501-1591

	814-455-4478



	Recyclotron Systems, Inc.�	PO Box 630�	Northfield, OH 44067�	216-623-5857



Alternative 3:  

Implementing Information�	2 CES/CEO�	Barksdale AFB, LA�	DSN 781-2133�	COM 318-456-2133



PRO-ACT�800-239-4356�DSN 240-4214�



4.27.8	Process-Specific Information



Figure 4.27-1 shows the flow method used in a locally manufactured decanting system. 



�

Figure 4.27-1.  Diagram of Decanting Unit Solvent Procedure





4.27.9	Tailored Spreadsheet for the PPO



Table 4.27-2 shows data used to perform the economic analysis of this PPO.  By double-clicking on the table, an Excel( spreadsheet is opened and the user can adjust values to match local cost factors to determine the costs to implement this PPO at the user’s installation.  Assumptions and data sources regarding the derivation of the figures in this spreadsheet are noted in Section 4.27.9.1.  The calculations for performing the economic analysis of the alternatives manually are described in Section 4.27.9.2.



Table 4.27-2.��PPO-27  Paint Thinner Recovery Options��

� EMBED Excel.Sheet.5  ���





4.27.9.1	Basis of Economic Analysis



See Chapter 2 for general assumptions.  

The nominal value of 600 gallons of thinner was used for cost analysis purposes in Alternative 1, 36 gallons in Alternative 2, and 96 gallons in Alternative 3, respectively.  This, of course will vary by installation needs.  Values were obtained during interviews.



�4.27.9.2	Economic Analysis Calculations of Alternatives



Table 4.27-3 illustrates the steps required to perform a manual economic analysis for an alternative.



Table 4.27-3.  Economic Analysis Calculations��Startup Costs [$]�(�Cost of Equipment Purchase  + Installation Costs (including power hookups, piping, etc.)  + Training Costs (if any) ��Manpower Costs [$/yr]�(�Manpower to Operate X Manpower Rate��Cost of Thinner Purchase [$/yr]�(�Cost of Thinner X Amount of Thinner��Energy Cost [$/yr]�(�Distiller throughput / Distiller maximum capacity X Energy Cost per Operation��Disposal Cost [$/yr]�(�Cost of Thinner Disposal  X Amount of Thinner Disposed + Cost of Sludge Disposal X Amount of Sludge Disposed��Recurring Costs [$/yr]�(�Manpower Cost + Cost of Thinner Purchase + Energy Costs + Disposal Cost ��Payback Period (yrs)�(�Startup Costs  / [Recurring Costs for Current Operations  - Recurring Costs for Proposed Alternative]��First Year Cost of Process [$]�(�Startup Costs  + Recurring Costs��Three Year Cost of Process [$]�(�Startup Costs + [3 X Recurring Costs] ��First Year Savings [$]�(�Current Operations Cost - Startup Costs - Alternative Operating Costs��Three Year Savings [$]�(�Current Operations Cost X 3 - Startup Costs - [3 X Alternative Operating Costs]��

Notes:  

If the payback is negative, it means that there is no payback - the alternative costs more than it saves.

The savings for current operations is always $0.  If the savings is negative, then the alternative does not save money, but actually costs money over the current practice.





�4.28	PPO-28.  PARTS CLEANING ALTERNATIVES



4.28.1	Description



This PPO presents aqueous cleaning alternatives to the current practice of hand cleaning parts with solvents or using parts washers which use solvents as their cleaning media.  The solvents currently in use are volatile, thereby creating hazardous air emissions as well as presenting a hazardous waste disposal problem.  Alternatives to current practices can also minimize manhours spent manually cleaning parts.  These alternatives both reduce pollution and increase productivity.



Pollution Prevention Objective:  to reduce the levels of hazardous air emissions, to reduce volumes of liquid wastes generated, and to reduce time spent hand-cleaning parts while maintaining the same cleaning effectiveness.



4.28.2	Applicability of the PPO



This PPO applies to the following CE Shops:

�Grounds Maintenance Shop

Heat Operations Shop

Pavement and Equipment Shop

Power Production Shop

Refrigeration Shop

Sheet Metal Shop

�

4.28.3	Alternatives



The following alternatives are analyzed in this PPO:

Alternative 1 - (Solvent cleaning):  Uses a solvent-based cleaner and covered tank.  The cleaning tank is often agitated, and solvent is reused until dirty.

Alternative 2 - (Aqueous hand cleaners):  Uses aqueous washers to hand-clean small parts.  Equipment is manually operated with a water-based cleaning solution.  Cannot accommodate large parts.

Alternative 3 - (Aqueous automated cleaners):  Uses a hot water washer to clean multiple parts.  Parts washers come in various capacities.  Water-based cleaning solution can be reused until dirty.



4.28.4	Advantages and Disadvantages of the Alternatives



Alternative

�Advantages�Disadvantages��Alternative 1

(Solvent Cleaning)�Automated unit minimizes manpower requirements for manual cleaning.

Solvent is highly efficient in cleaning parts.�Largest hazardous waste volumes.

Parts may require an aqueous rinse to remove solvent.

Air emissions are high, requiring ventilation systems, and possibly, pollution controls.

��Alternative 2 (Aqueous Hand Cleaners)�Water-based cleaner minimizes hazardous waste volumes.

Cleaning is consistently performed to personnel satisfaction.

Investment costs are low.�Parts washing is manual, maximizing manpower costs.

Cleaning solution is minimally reused.

Large parts cannot be cleaned effectively due to size constraints.

��Alternative 3 (Aqueous Automated Cleaners)�Water-based cleaner minimizes hazardous waste volumes.

Automated system minimizes manpower requirements.

Heated system provides efficient cleaning.

Cleaning solution is recycled, minimizing operating expenses.

�Investment costs are high.

Parts washer may be too large for smaller shops to justify an individual purchase.��

Table 4.28-1 contains a comparison of each alternative based on selected criteria.



Table 4.28-1.�Comparison of Alternatives for Parts Cleaning Alternatives��



Criterion�Alternative 1

(Solvent Cleaning)�Alternative 2

(Aqueous Hand Cleaners)�Alternative 3

(Aqueous Automated Cleaners)��Compliance�Compliance may require control of solvent emissions.�Discharge to sanitary sewer with appropriate pre-treatment (oil/water separator) is allowed.�Discharge to sanitary sewer with appropriate pre-treatment (oil/water separator) is allowed.��Operations and Maintenance�Minimal O&M.  Parts rapidly cleaned with minimal effort.�Cleaning of parts may be more time consuming and there may be delays while parts dry.�Manpower requirement minimal but there may be delays while parts dry.��Environment�Generates a hazardous waste stream and air emissions may require controls.�Waste stream may require pre-treatment to remove oils and greases before discharge to the sanitary sewer.�Waste stream may require pre-treatment to remove oils and greases before discharge to the sanitary sewer.��Management�Attention to hazardous waste management required.�Ensure proper pre-treatment before discharge to sanitary sewer.�Ensure proper pre-treatment before discharge to sanitary sewer.��Economics�Disposal costs are highest.�Lowest investment, but highest manpower costs.�Largest investment, but manpower and disposal costs are minimized.��

4.28.5	Technical Analysis



Traditional parts cleaning involves the use of a solvent to remove dirt and grease from a part’s surface.  The resulting dirty solvent is considered a hazardous waste.  Due to the high costs of disposing of this dirty solvent, alternatives to solvent cleaning are being pursued.  Among these alternatives is the use of aqueous parts cleaners which utilize a water-based cleaner.



Solvent-based cleaners proved to be an effective media for cleaning dirt and grease off of various parts.  These solvents were suitable for nearly every type of material to be cleaned.  Drying times associated with solvents are fast due to the high volatility of these solvents.  However, the use of these solvents generates air emissions that must be controlled.  In addition, solvents that become dirty must be disposed of as a hazardous waste.  The implementation of a solvent recovery system, such as the one for paints (PPO-25), can minimize the generation of  large hazardous waste streams.  However, the only viable alternative to the generation of hazardous air emissions is to use a water-based cleaning system.



Several different types of water-based cleaning systems are available in today’s market.  The first such system is a manually-operated parts washer.  This washer consists of a tub containing a wire mesh to prevent parts from being dropped down a drain located in the bottom of the tub.  The drain is connected to a steel drum which contains the water-based cleaner, and any oils and greases removed from the parts.  A water jet is provided to deliver a water stream with increased cleaning capability.  Some of these cleaners have a water heater to facilitate the cleaning process.  When the cleaning solution becomes dirty with oils and greases, the cleaner must be disposed of.  The most appropriate method for disposing of this waste is to remove the oils and greases from the stream (via an oil/water separator or equivalent) and discharge the stream to the sanitary sewer.  The cleaner is replenished with fresh water.  The main disadvantage to using this system is the large manpower requirement.  Installation personnel must manually scrub and rinse parts until they have been cleaned appropriately.



The disadvantage of large manpower requirement can be avoided by using an automated, water-based, cleaning system.  These systems have numerous water jets that spray water on the parts from all angles, similar to a dish washer.  The systems often have water heating systems to enhance the cleaning process.  Systems can be purchased with (or without) attached oil/water separators.  As with the manual cleaning system, when the cleaning solution becomes dirty, it must be disposed of.  Again, the most appropriate method for disposing of this waste is to remove the oils and greases from the waste stream (via an oil/water separator or equivalent) and discharge to the sanitary sewer.  These systems are generally too sophisticated for the user who will be cleaning only small nuts and bolts.  However, if the cleaning operation is taking place in a shop with large cleaning operations, this piece of equipment can easily be justified.



4.28.6	Economic Analysis of Alternatives



Table 4.28-6 (Section 4.28.9) provides a detailed cost analysis for these alternatives.



Alternative 3 (aqueous automated cleaners) has the shortest payback.  It has a large first year loss from the initial investment for the jet washer.  However, by the third year, the jet washer is producing significant savings over both the solvent cleaner and the manual aqueous cleaner.  If the life of the automated aqueous cleaner extends beyond three years, the investment will have been paid back and further profits will be shown.



The manually operated aqueous cleaner also shows savings following three years of implementation.  However, the savings are not as great as for the automated system due to the large manpower costs associated with the manual operation.  Disposal costs associated with this process are the lowest.  This is due to the system having a slightly smaller process fluid reservoir.



4.28.7	Sources of Information on the Alternatives



General



Information can be found on the Internet at 

ENVIRO$EN$E (http://es.inel.gov)



PRO-ACT

800-239-4356

DSN 240-4214



Alternatives 2 and 3



Better Engineering Mfg., Inc.

8361 Town Center Court

Baltimore, MD  21236-4964

800-229-3380

410-931-0000



Kleer-Flo Company

15151 Technology Drive

Eden Prarie, MN  55344

612-934-2555



4.28.8	Process-Specific Information



Alternative 1 uses a solvent cleaning system.  Currently, PD-680, a common solvent used in these systems, costs approximately $3.00 per gallon.  Disposal of PD-680 contaminated with oils and greases is estimated at $5.75 per gallon.  A 50 gallon solvent cleaning system was used.  It was assumed that the period required for the solvent to become sufficiently dirty that it could not be reused was one month.  Therefore, 600 gallons of PD-680 were bought and consumed to operate this system for one year.  Also, manpower to operate this system was estimated at 30 minutes per day.  This includes loading/unloading the system and rinsing of parts, if needed.



Alternative 2 illustrates the implementation of a manually operated aqueous cleaning system. This system contains 20 gallons of a water-based cleaning fluid.  This water is also changed monthly.  Additives to this fluid amount to $0.50 per gallon.  In addition, manpower requirements average at about two hours per day.  Costs associated with the disposal of the dirty cleaning solution are estimated at $0.50 per gallon; the cost to operate the oil/water separators.



Alternative 3 includes the purchase of an automated cleaning system using a water-based cleaning fluid.  The system is a 75 gallon system, and the fluid will be changed every other month.  As in Alternative 2, additives required for the cleaning fluid are estimated at $0.50 per gallon.  Disposal costs are the same as Alternative 2.  Also, it was estimated that the implementation of this system would result in an 80 percent savings in manhours needed to operate.



4.28.9	Tailored Spreadsheet for the PPO



Table 4.28-2 shows data used to perform the economic analysis of this PPO.  By double-clicking on the table, an Excel( spreadsheet is opened and the user can adjust values to match local cost factors to determine the costs to implement this PPO at the user’s installation.  Assumptions and data sources regarding the derivation of the figures in this spreadsheet are noted in Section 4.28.9.1.  The calculations for performing the economic analysis of the alternatives manually are described in Section 4.28.9.2.



Table 4.28-2��PPO-28  Parts Cleaning Alternatives��

� EMBED Excel.Sheet.5  ���



4.28.9.1	Basis of Economic Analysis



For a detailed explanation of all assumptions built into the analysis of this PPO, see Section 4.28.6.



�4.28.9.2	Economic Analysis Calculations of Alternatives  



Table 4.28-3 illustrates the steps required to perform a manual economic analysis for an alternative.



Table 4.28-3.  Economic Analysis Calculations��Startup Costs [$]�(�Cost of Equipment Purchase  + Installation Costs (including power hookups, piping, etc.) + Training Costs (if any)��Manpower Costs [$/yr]�(�Manpower to Operate X Manpower Rate��Cost of Cleaning Solution Purchase [$/yr]�(�Cost of Cleaning Solution X Amount of Cleaning Solution Purchased��Disposal Cost [$/yr]�(�Cost of Solution Disposal X Amount Disposed��Recurring Costs [$/yr]�(�Manpower Cost + Cost of Cleaning Solution Purchase + Disposal Cost��Payback Period (yrs)�(�Startup Costs / {Recurring Costs for Current Operations - Recurring Costs for Proposed Alternative��First Year Cost of Process [$]�(�Startup Costs + Recurring Costs��Three Year Cost of Process [$]�(�Startup Costs + [3 X Recurring Costs]��First Year Savings [$]�(�Current Operations Cost - Startup Costs - Alternative Operating Costs��Three Year Savings [$]�(�[3 X Current Operations Cost] - Startup Costs - [3 X Alternative Operating Costs]��

Notes:  

If the payback is negative, it means that there is no payback - the alternative costs more than it saves.

The savings for current operations is always $0.  If the savings is negative, then the alternative does not save money, but actually costs money over the current practice.





�4.29	PPO-29.  PAVEMENT STRIPING 



4.29.1	Description



This PPO describes alternate markings used for road and parking lot striping.  These materials include paints, such as chlorinated rubber paint, acrylic and alkyd resin based paints, thermoplastic materials, two-part epoxy, and pre-formed plastic tape.  The use of these alternatives will significantly reduce VOC emissions from this process.



Pollution Prevention Objective: reduce VOC emissions to the air, and the amount of hazardous waste generated.



4.29.2	Applicability of the PPO



This PPO applies to the following CE shops:

Paint Shop

Pavement and Equipment Shop



4.29.3	Alternatives



The following alternatives are analyzed in this PPO:



Alternative 1 - (Alkyd Resin Paint):  The most widely used of the paint markings, it has good application characteristics over a range of temperatures, but has VOC emissions and the waste material must be handled as a hazardous waste.



Alternative 2 - (Acrylic Emulsion Paint):  The almost universally applied paint material, where appropriate, it has good adhesion characteristics and is pollution free.



Alternative 3 - (Hot Thermoplastic Marking Material):  This material has been in use for many years.  The material is inherently tough and has excellent service characteristics in a variety of applications.



Alternative 4 - (Preformed Plastic Tape):  This pavement marking is simple to apply from 4-24 in. widths of material and a thickness of 60 or 90 mil.  This material can be applied by the inlay method (or warm AC) or by overlay on existing pavements.



Alternative 5 - (Two Part Epoxy):  This material is widely used for difficult road marking problems.  The epoxy has excellent adhesion to PCC.



�4.29.4	Advantages and Disadvantages of the Alternatives



Alternative

�Advantages�Disadvantages��Alternative 1

(Alkyd Resin Paint)



�Good application characteristics over a range of temperatures.

�VOC emissions.

Waste material is a hazardous waste.

��Alternative 2

(Acrylic Emulsion Paint)�Widely used.  Excellent wear characteristics.

Easy clean up procedures.

Pollution free.

�Wear characteristics not as good as alkyds.

Long dry times in areas of high humidity.

��Alternative 3

(Hot Thermoplastic Marking Material)

�Significantly more durable than paint.

Application is relatively easy.

Inventory of materials may be reduced.

�Application equipment is expensive.

Initial cost of material is higher than paint.

��Alternative 4

(Preformed Plastic Tape)

�No large capital equipment purchases necessary.

Easily applied.

More durable than paint.

�Large inventory of symbol patterns needed.

Adhesives may not always work.

Old tape must be removed before new application.

��Alternative 5

(Two Part Epoxy)�Widely used for difficult road marking problems.

Excellent adhesive to Portland Cement Concrete (PCC)

�Difficult to mix and apply.

No shelf life after mixing.���Table 4.29-1 contains a comparison of each alternative based on selected criteria.



�Table 4.29-1.

Comparison of Alternatives for Pavement Acrylic Emulsion Paint��





Criterion�

Alternative 1

(Alkyd Resin Paint)�Alternative 2

(Acrylic Emulsion Paint)�Alternative 3

(Hot Thermo plastic Marking Material)�

Alternative 4

(Performed Plastic Tape)�

Alternative 5

(Two-part Epoxy)��Operations and Maintenance�Disposal costs of residual paints.�None.�None.�None.�Disposal costs of residual paints.��Environment�Paint must be handled as a hazardous waste.�Paint may be dried out and disposed of in a landfill.�No waste stream.�No waste stream.�Waste epoxy which must be disposed of as a hazardous waste.��Management�No management action required.�No management action required.�No management

action required.�No management action required.�No management action required.��Economics�Most widely used and least expensive per unit.�Used widely and becoming the least expensive as materials costs decrease.�Most expensive, but longest lasting.�Expensive, but may not wear as well as hot thermoplastic.�Reasonably priced and most effective on PCA.��

4.29.5	Technical Analysis



Currently, pavement markings may be applied by installation personnel or by contract.  Runway, roadway and parking lot markings are required not only for delineation, but also for guidance and warning.  Reflective markings (or reflective beads added to paints) have become the standard.



Material choice is based on a variety of needs including the road surface, the weather conditions and traffic conditions.  Roadway and runway surfaces fall into two basic categories: Portland Cement Concrete (PCC) or asphaltic concrete (AC).  A variety of materials perform well on both AC and PCC, but epoxy compounds have demonstrated excellent adhesion performance on PCC.



Prevailing weather conditions (rain, fog, sand, snow) greatly influence the material effectiveness with respect to visibility and material durability.  For example, in areas with heavy snowfall, snowplow damage can be common, as well as wear from chemicals, and studded tires.  Epoxy and thermoplastics are cost effective in this environment.  For areas with high precipitation, the epoxys and thermoplastics are also effective.



Traffic conditions are also a determinant in material selection.  Pavement with high density traffic and the runways are better served with high durability markings, such as hot thermoplastic pre-formed marking tape or epoxy.  For low traffic volume roads regular traffic paint might be the most cost effective marking. 



There are various ways of classifying paint: reflective or non-reflective, cold or hot-applied, and the type or family of base material used for markings.  The three basic types of traffic paints include: alkyd resin, chlorinated rubber and acrylic.  In particular, the acrylics are pollution free.



4.29.6	Economic Analysis of the Alternatives



Table 4.29-2 (Section 4.29.9) provides a detailed cost analysis for these alternatives.



The economic analysis indicates that Alternative 2 (the use of acrylic emulsion paint) will have a fairly immediate payback, primarily because the material is less expensive and there are no disposal costs.



The use of either the hot thermoplastic marking material  (Alternative 3) or the preformed plastic tape (Alternative 4) is more expensive than striping with paint.  It is rare, however that such material would be used for striping.  This material is generally used for high wear situations such as traffic turning indicators, cross walks, etc.  A direct comparison is therefore not particularly meaningful.



Two Part Epoxy (Alternative 5) is more expensive to use than the paints, but may have application on runways and other such surfaces made of PCC.



4.29.7	Sources of Information on the Alternatives



General

	PRO-ACT 

	800-233-4356

	DSN 240-4214



Alternative 1,2,5 - Alkyd Resin Paint, Acrylic Emulsion Paint, Two-part Epoxy

Information on these paints and availability may be discussed with:

	* Ms. Barb Peterson, Customer Service, GSA 206-931-7930

   	* Mr. Mike Yates, HQ AFCESA/CESC, DSN 523-6351



	* Typical NSN for Acrylic emulsion paints:

		Type I - 10 minutes dry time

			8010-01-017-1512 CN(5GL) White

			8010-01-019-1776 CN(5GL) Yellow 33538

		Type II - 120 minutes maximum dry time (High humidity application)

			8010-01-380-1717 CN(5GL) White

			8010-01-380-1768 CN(5GL) Yellow 33538



Alternative 3,4 - Hot Thermoplastic Material and Preferred Plastic Tape

	Stimsonite Corporation

	18 55 Plymouth Rd. NW P.O. Box 94108

	Atlanta, GA  30318

	404-351-9780

	404-350-9673



4.29.8	Process-Specific Information



Application equipment for the tape systems must be purchased, but will last for a long time.  Only the Hot Thermoplastic Material (Alternative 3) and the Preformed Plastic Tape (Alternative 5) require special application equipment.



Paint striping equipment is generally available locally.



4.29.9	Tailored Spreadsheet for the PPO



Table 4.29-2 shows data used to perform the economic analysis of this PPO.  By double-clicking on the table, an Excel( spreadsheet is opened and the user can adjust values to match local cost factors to determine the costs to implement this PPO at the user’s installation.  Assumptions and data sources regarding the derivation of the figures in this spreadsheet are noted in Section 4.29.9.1.  The calculations for performing the economic analysis of the alternatives manually are described in Section 4.29.9.2.



Table 4.29-2.��PPO-29  Pavement Striping��

� EMBED Excel.Sheet.5  ���



4.29.9.1	Basis of Economic Analysis



See Chapter 2 for general assumptions.  

This analysis assumes  that 15,000 feet of striping can be accomplished in 100 hours.

Row 1- Information obtained from manufacturer:

The equipment costs associated with the application equipment and paint and striping materials were provided by consulting the manufacturer, Stimsonite.

Row 3 - Manpower Rate (obtain from Resource Management Office), nominal rate of $20/hour used if no other data available.

Row 6 - Assumes that a gallon of paint will stripe 150 feet.

Row 8 - The cost of disposal for waste materials was assumed to be $25/gal and covers handling and disposal costs.



4.29.9.2	Economic Analysis Calculations of Alternatives  



Table 4.29-3 illustrates the steps required to perform a manual economic analysis for an alternative.



Table 4.29-3  Economic Analysis Calculations��Startup Costs [$]�(�Cost of Equipment Purchase  + Installation Costs (including power hookups, piping, etc.)  + Training Costs (if any) ��Manpower Costs [$/yr]�(�Manpower to Operate X Manpower Rate��Cost of Striping Material Purchase [$/yr]�(�Cost of Striping Material  X Amount of Striping Material Purchased��Disposal Cost [$/yr]�(�Cost of Disposal X Amount Disposed��Recurring Costs [$/yr]�(�Manpower Cost + Cost of Striping Material + Disposal Cost ��Payback Period (yrs)�(�Startup Costs  / [Recurring Costs for Current Operations - Recurring Costs for Proposed Alternative]��First Year Cost of Process [$]�(�Startup Costs  + Recurring Costs��Three Year Cost of Process [$]�(�Startup Costs  + [3 X Recurring Costs]��First Year Savings [$]�(�Current Operations Cost - Startup Costs  - Alternative Operating Costs��Three Year Savings [$]�(�Current Operations Cost X 3 - Startup Costs - [3 X Alternative Operating Costs]��

Notes:  

If the payback is negative, it means that there is no payback - the alternative costs more than it saves.

The savings for current operations is always $0.  If the savings is negative, then the alternative does not save money, but actually costs money over the current practice.





�4.30	PPO-30.  REMOTE MONITORING SYSTEMS



4.30.1	Description



This PPO describes the use of a remote monitoring and control system for management of pump stations, chemical feed (such as at a swimming pool), and similar operations at remote locations.



Pollution Prevention Objective: reduce energy uses, chemical use, and manpower deployment thus reducing air pollutants through reduced energy use.



4.30.2	Applicability of the PPO



This PPO applies to the following CE shops:

Alarm Shop

Chiller Plant

Heat Operations

Hospital Maintenance Shop

Water and Waste

Zone Maintenance Shop



4.30.3	Alternatives



The following alternatives are analyzed in this PPO:

Alternative 1 - (No Action):  The installation continues to operate facilities with manpower.

Alternative 2 - (Remote Monitoring System):  The installation employs a remote monitoring and control system to provide a better span of control and reduce manpower requirements.  This is accomplished by monitoring signals from a controller and then effecting an operation at a remote location based on observed conditions.



4.30.4	Advantages and Disadvantages of the Alternatives



Alternative

�Advantages�Disadvantages��Alternative 1

(No Action)�Visual inspection of equipment on a routine basis.�Wasted energy and, chemicals.���No capital equipment costs.�inefficient use of manpower and vehicles.������Alternative 2

(Remote Monitoring System)�Closer control of remote equipment that does not demand daily maintenance.�Capital cost and maintenance of the equipment.���Reduced energy and chemical costs.�Possible cost of leased telephone line.������

�Table 4.30-1 contains a comparison of each alternative based on selected criteria.



Table 4.30-1.�Comparison of Alternatives for Remote Monitoring System��

Criterion�Alternative 1

(No Action)�Alternative 2

(Remote Monitoring)��Operations and Maintenance�Manpower to undertake the function (such as to check on pump functioning at a remote pump station.�Reduced manpower for system monitoring and maintenance.��Environment�No waste stream.�No waste stream.��Management�Management of a variety of remote locations (pump stations or chemical feed systems) is costly.�Use of remote systems requires the purchase of equipment but substantially reduces O&M.��Economics�Costs are higher due to manpower and vehicle costs.�Annual savings due to reduced manpower, vehicle, energy and chemical costs.��

4.30.5	Technical Analysis



Remote sensing and monitoring for remote control of various functions is not a new technology.  It has been utilized for decades in the utility industry, where the signals were conveyed by telephone lines.  Systems today employ telemetry and satellite communications to accomplish such functions.  The Water And Waste Shop has the potential to effectively utilize these technologies to control remote pump stations, swimming pools and other such operations.



Essential components of the system include remote sensors (or data loggers), control devices, alarm devices, equipment control modules, communication gear, receivers and management modules.  Almost all modern systems of the type which might be utilized at the installation level are PC-based.  Proprietary software, originated in the energy management business, is often applied.  For many of the applications anticipated at the installation level, effective monitoring and control systems can be designed, developed, and installed at the shop level.



The capital cost of such systems is generally modest, and operational costs are kept low because costs, such as communications line charges, are not generally levied at the installation level.



4.30.6	Economic Analysis of the Alternatives



Table 4.30-2 ( Section 4.30.9) provides a detailed cost analysis for these alternatives.



Alternative 2 (the remote monitoring system) is the most cost-effective.  The remote monitoring system can replace the need to provide manpower to visit locations on a periodic or daily basis.  This reduces manpower costs dramatically and reduces use of vehicles for access.  It has the added value of providing for better management of remote systems and reduced use of chemicals and energy.  The economics of such remote systems can be improved substantially by connecting a variety of locations to one controller.



Ensure you substitute locally available information in the spreadsheet to perform the economic analysis based on local factors.



4.30.7	Sources of Information on the Alternatives



General

PRO-ACT

800-239-4356

DSN 240-4214



Alternative 2:

55 CES/CEO

Offutt AFB, NE



There are local remote monitoring system vendors that can provide price quotes and system information, but they are generally local to a community.



4.30.8	Process-Specific Information



None Identified.



4.30.9	Tailored Spreadsheet for the PPO



Table 4.30-2 shows data used to perform the economic analysis of this PPO.  By double-clicking on the table, an Excel( spreadsheet is opened and the user can adjust values to match local cost factors to determine the costs to implement this PPO at the user’s installation.  Assumptions and data sources regarding the derivation of the figures in this spreadsheet are noted in Section 4.30.9.1.  The calculations for performing the economic analysis of the alternatives manually are described in Section 4.30.9.2.



4.30.9.1	Basis of Economic Analysis



See Chapter 2 for general assumptions.  

This analysis assumes  that a typical controller will have five control locations and in all likelihood will be manufactured by a vendor local to the installation.

Row 1- Information obtained from manufacturer:

The equipment costs associated with the controls were provided to Offutt AFB by a local vendor who made the control system.

Row 3 - Manpower Rate (obtain from Resource Management Office), nominal rate of $20/hour used if no other data available.

�

�Table 4.30-2.��PPO-30  Remote Monitoring Systems��

� EMBED Excel.Sheet.5  ���



4.30.9.2	Economic Analysis Calculations of Alternatives  



Table 4.30-3 illustrates the steps required to perform a manual economic analysis for an alternative.



Table 4.30-3  Economic Analysis Calculations��Startup Costs [$]�(�Cost of Equipment Purchase + Installation Costs (including power hookups, piping, etc.) + Training Costs (if any) ��Manpower Costs [$/yr]�(�Manpower to Operate X Manpower Rate��Recurring Costs [$/yr]�(�Manpower Cost (No material purchase or disposal costs associated with this PPO)��Payback Period (yrs)�(�Startup Costs / [Recurring Costs for Current Operations - Recurring Costs for Proposed Alternative]��First Year Cost of Process [$]�(�Startup Costs  + Recurring Costs��Three Year Cost of Process [$]�(�Startup Costs + [3 X Recurring Costs]��First Year Savings [$]�(�Current Operations Cost [$/yr] - Startup Costs - Alternative Operating Costs��Three Year Savings [$]�(�[3 X Current Operations Cost - Startup Costs - [3 X Alternative Operating Costs]��

Notes:  

If the payback is negative, it means that there is no payback - the alternative costs more than it saves.

The savings for current operations is always $0.  If the savings is negative, then the alternative does not save money, but actually costs money over the current practice.

4.31	PPO-31.  Shop Rag Management



4.31.1	Description



This PPO describes three alternatives to the current practice of purchasing rags through the supply system and then disposing of them as a hazardous or non-hazardous was (as appropriate).  Either using a towel service or disposable wipes will reduce the volume of waste and the overall rag management costs.



Pollution Prevention Objective: to reduce the volume of solid waste going to a landfill.



4.31.2	Applicability of the PPO



This PPO applies to the following CE shops:

�Alarm Shop

Asbestos Management Shop

Carpentry Shop

Central Accumulation Point

Chiller Plant

Exterior Electric Shop

Grounds Maintenance Shop

Heat Operations Shop

Hospital Maintenance Shop

Liquid Fuels Maintenance Shop

Lock Shop

Paint Shop

Pavement and Equipment Shop

Power Production Shop

Refrigeration Shop

Sheet Metal Shop

Sign Shop

Water and Waste Shop

Woodmill Shop

Zone Maintenance Shop�

4.31.3	Alternatives



The following alternatives are analyzed in this PPO:

Alternative 1 - (Rags):  Obtain shop rags from Base Supply and dispose as a solid waste (or as hazardous waste, if appropriate).  This analysis will only consider solid waste, since the percentage as hazardous waste will be minimal).

Alternative 2 - (Towels):  Obtain shop rags from a contract laundry service.

Alternative 3 - (Wipes):  Obtain shop rags in the form of paper wipes.



4.31.4	Advantages and Disadvantages of the Alternatives



Alternative

�Advantages�Disadvantages��Alternative 1

(Rags)�Provides a consistent supply of rags (varying quality).

�Need to dispose of rags properly. ��Alternative 2

(Towels)�Provides a consistent supply of high quality shop towels.

Reduced waste stream.

�Contract costs for laundering and supply.��Alternative 3

(Wipes)�Consistent supply of good quality wipes.

�May consume more wipes.

May be less satisfactory.

��

Table 4.31-1 contains a comparison of each alternative based on selected criteria.



Table 4.31-1.

Comparison of Alternatives for Shop Rag Management�����

Criterion�Alternative 1

(Rags)�Alternative 2

(Towels)�Alternative 3

(Wipes)��Compliance�Waste stream must be disposed of properly.�Waste stream must be disposed of properly.�Waste stream must be disposed of properly.��Operations and Maintenance�Initial and recurring cost of assorted shop rags from Base Supply.�Initial purchase and periodic replacement of shop towels, cost for contract laundering.�Initial and recurring cost of assorted paper wipes from Supply.��Environment�Waste stream is the largest of the alternatives.�Minimal waste stream.�Second largest waste stream.��Management�No management action required.�Must implement procedure and arrange laundering contract.�No management action required.��Economics�Slightly higher costs of rags.�Reduced costs due to contract.�Reduced costs.��

4.31.5	Technical Analysis



Shop rags are frequently disposed of  as solid waste.   Some that are used to wipe up hazardous materials then must be treated properly to ensure that any remaining hazardous material is disposed of properly.  Proper handling of shop rags by shop personnel or a contract laundry will eliminate the need for disposal of rags in solid waste streams.  One source of rags includes contract laundries that provide high-quality shop rags of similar size and material and pick up soiled rags for rewash.  This service can be arranged on a periodic basis, e.g., weekly, bi-weekly.  Another source of rags is Base Supply, which provides rags of assorted sizes and materials.  A third option is procurement of paper wipes through Base Supply.



4.31.6	Economic Analysis of the Alternatives



Table  4.31-2 ( Section 4.31.9) provides a detailed cost analysis for these alternatives.



Since no investment in equipment is required for this PPO, there is no payback on any of the options, as such.  Alternatives 2 and 3 provide nearly equal savings over Alternative 1.



Ensure you substitute locally available information in the spreadsheet to perform the economic analysis based on local factors.



4.31.7	Sources of Information on the Alternatives



Alternative 1:  Rags may be available from Base Supply or GOCESS.  Generally these organizations stock bundles of assorted rags provided by Lighthouse for the Blind Industries.



Alternative 2:  Towels may be available from several sources in your local community.  Contact industrial laundry services or check with Base Contracting to determine if flight line shops may have implemented this PPO.



Alternative 3:  Wipes may be available from Base Supply or GOCESS.



4.31.8	Process-Specific Information



Information is available locally on the availability of laundering and shop towel supply services.  Figure 4.31-1, below, show the disposal options available.



�

Figure 4.31-1. Disposal Methods for Alternatives��

4.31.9	Tailored Spreadsheet for the PPO



Table 4.31-2 shows data used to perform the economic analysis of this PPO.  By double-clicking on the table, an Excel( spreadsheet is opened and the user can adjust values to match local cost factors to determine the costs to implement this PPO at the user’s installation.  Assumptions and data sources regarding the derivation of the figures in this spreadsheet are noted in Section 4.31.9.1.  The calculations for performing the economic analysis of the alternatives manually are described in Section 4.31.9.2.

�

Table 4.31-2.��PPO-31  Shop Rag Management��

� EMBED Excel.Sheet.5  ���

4.31.9.1	Basis of Economic Analysis



See Chapter 2 for general assumptions.  

A nominal value of 1,200 rags and towels was used for cost analysis purposes in Alternative 1 and 2, respectively; 1,500 wipes were used for Alternative 3. This, of course will vary by installation needs.  Values were obtained during interviews.



4.31.9.2	Economic Analysis Calculations of Alternatives



Table 4.31-3 illustrates the steps required to perform a manual economic analysis for an alternative.

�

Table 4.31-3.  Economic Analysis Calculations��Startup Costs [$]�(�Cost of Equipment Purchase + Installation Costs (including power hookups, piping, etc.)  + Training Costs (if any) ��Manpower Costs [$/yr]�(�Manpower to Operate��Cost of Absorbant [$/yr]�(�Cost of Absorbant X Amount of Absorbant Purchased )��Disposal Cost [$/yr]�(�Cost of Disposal X Amount��Recurring Costs [$/yr]�(�Manpower Cost + Cost of Absorbant + Disposal Cost��Payback Period (yrs)�(�Startup Costs / [Recurring Costs for Current Operations - Recurring Costs for Proposed Alternative��First Year Cost of Process [$]�(�Startup Costs  + Recurring Costs��Three Year Cost of Process [$]�(�Startup Costs  + [3 X Recurring Costs]��First Year Savings [$]�(�Current Operations Cost [$/yr] - Alternative Operating Costs [$/yr] ��Three Year Savings [$]�(�Current Operations Cost X 3 - Startup Costs - [3 X Alternative Operating Costs]��

Notes:  

If the payback is negative, it means that there is no payback - the alternative costs more than it saves.

The savings for current operations is always $0.  If the savings is negative, then the alternative does not save money, but actually costs money over the current practice.





�4.32	PPO-32.  SNOW REMOVAL CHEMICALS



4.32.1	Description



This PPO describes the use of automatic feed systems to mix the appropriate proportion of snow removal chemicals with sand.  Properly proportioned snow removal chemicals will provide savings in the cost of fresh chemicals purchased.



Pollution Prevention Objective:  Reduce the amount of chemicals used in snow removal operations.  



4.32.2	Applicability of the PPO



This PPO applies to the following CE shop:

Pavement and Equipment Shop



4.32.3	Alternatives



The following alternatives are analyzed in this PPO:



Alternative 1 - (Manual Mixing):  Sand and chemicals are mixed by hand or by front-end loader turning over sand as bags of chemicals are added.

Alternative 2 - (Conveyor Mixing):  A semi-automated process where the amount of chemical added to a stream of sand on the conveyer belt can be controlled.  More thorough mixing occurs with this alternative.



4.32.4	Advantages and Disadvantages of the Alternatives



Alternatives

�Advantages�Disadvantages��Alternative 1

(Manual Mixing)�None.�Increased manpower.

Extra time needed for mixing.

Additive chemicals may be wasted by uneven mixing.��Alternative 2

(Conveyor Mixing)�Reduced manpower.

More uniform mixing of chemicals.

Reduced mixing time.

Reduced chemical usage.�None.���Table 4.32-1 contains a comparison of each alternative based on selected criteria.



Table 4.32-1.�Comparison of Alternatives for Snow Removal Chemicals��

Criterion�Alternative 1

(Manual Mixing)�Alternative 2

(Conveyor Mixing)��Operations and Maintenance�None.�Cost of Equipment.��Environment�No waste stream.�No waste stream.  Reduction in chemicals used.��Economics�Economics are relative to chemical costs.  Volume of chemicals used will determine any economic advantage.�Economics are relative to chemical costs.  Volume of chemicals used will determine any economic advantage��

4.32.5	Technical Analysis



At installations that must deal with snow removal over a protracted winter, the automatic proportioning of snow removal chemicals into a sand chemical mix can save significant labor when mixing the two materials.



The process consists of the use of an angled conveyor, chemical feed silo, and front end loader (See diagram in Figure 4.32.1).  The front end loader discharges the sand into the conveyor hopper, and as the sand moves up into the truck, chemicals from a hopper are dispersed into the sand.  The movement on the conveyor enhances the mixing of the sand and chemical.



4.32.6	Economic Analysis of the Alternatives



Table  4.32-2 (Section 4.32.9) provides a detailed cost analysis for these alternatives.



Alternative 2 provides no payback using the values provided in the spreadsheets.  The economic benefits of this alternative lie in the amount of chemical purchased, and the amount that could be saved.  Much of the benefit of this PPO is in the benefit  to the environment. 



Ensure you substitute locally available information in the spreadsheet to perform the economic analysis based on local factors.



4.32.7	Sources of Information on the Alternatives



Alternatives 1 and 2

There are many companies that provide snow removal chemicals.  The method of mixing can be either manual or with a feeder system that provides measured amounts of chemicals into measured amounts of sand.  The mixing system can be built in house or contracted.



Alternative 2:

	Implementation Information:

		55 CES/CEO

		Offutt AFB, NE

		DSN 271-5550

		COM 402-294-5550



4.32.8	Process-Specific Information



The following diagram (Figure 4.32-1) demonstrates the mixing process.



�

Figure 4.32-1.  Schematic of Sand-Chemical Mixing on a Conveyer System��

4.32.9	Tailored Spreadsheet for the PPO



Table 4.32-2 shows data used to perform the economic analysis of this PPO.  By double-clicking on the table, an Excel( spreadsheet is opened and the user can adjust values to match local cost factors to determine the costs to implement this PPO at the user’s installation.  Assumptions and data sources regarding the derivation of the figures in this spreadsheet are noted in Section 4.32.9.1.  The calculations for performing the economic analysis of the alternatives manually are described in Section 4.32.9.2.



4.32.9.1	Basis of Economic Analysis



See Chapter 2 for general assumptions.  

The nominal value of 800 bags of chemical additive was used for cost analysis purposes in Alternative 1; a reduced amount of 600 bags was used for Alternative 2. This, of course will vary by installation needs.  Values were obtained during interviews.

Costs of sand are constant for both alternatives.



Table 4.32-2.��PPO-32  Snow Removal Chemicals��� EMBED Excel.Sheet.5  ���



4.32.9.2	Economic Analysis Calculations of Alternatives



Table 4.32-3 illustrates the steps required to perform a manual economic analysis for an alternative.



Table 4.32-3.  Economic Analysis Calculations��Startup Costs [$]�(�Cost of Equipment Purchase  + Installation Costs (including power hookups, piping, etc.)  + Training Costs (if any) ��Manpower Costs [$/yr]�(�Manpower to Operate X Manpower Rate��Cost of Chemical Purchase [$/yr]�(�Cost of Chemical X Amount of Chemical Purchased��Recurring Costs [$/yr]�(�Manpower Cost  + Cost of Chemical Purchase  +��Payback Period (yrs)�(�Startup Costs  / [Recurring Costs for Current Operations - Recurring Costs for Proposed Alternative]��First Year Cost of Process [$]�(�Startup Costs  + Recurring Costs��Three Year Cost of Process [$]�(�Startup Costs  + [3 X Recurring Costs]��First Year Savings [$]�(�Current Operations Cost - Startup Costs  - Alternative Operating Costs��Three Year Savings [$]�(�[3 X Current Operations Cost] - Startup Costs  - [3 X Alternative Operating Costs]��

Notes:  

If the payback is negative, it means that there is no payback - the alternative costs more than it saves.

The savings for current operations is always $0.  If the savings is negative, then the alternative does not save money, but actually costs money over the current practice.



�4.33	PPO-33.   STREET CLEANING OPTIONS



4.33.1	Description



Street cleaning or sweeping, after sanding during the winter months, involves the cleanup of large amounts of sand and grit.   The sand may be recycled for reuse in sanding operations, or it may be washed and used as fill material.  This will reduce the amount of material sent to the landfill as well as reduce the cost of purchasing fresh sand.



Pollution Prevention Objective: to reduce the amount of  new sand spread on highway and parking lot surfaces, or to reduce the amount of sweepings deposited in the landfill.



4.33.2	Applicability of the PPO



This PPO applies to the following CE shops:

Grounds Maintenance Shop

Pavement and Equipment Shop



4.33.3	Alternatives



The following alternatives are analyzed in this PPO:

Alternative 1 - (Landfill):  Collect the sand from street sweeping operations and deposit in a landfill.  Replace sand used with purchased clean sand.

Alternative 2a - (Reuse):  Collect the sand from street cleaning operations during the winter months, reprocess it by mechanical cleaning and reuse on streets for snow and ice control.

Alternative 2b - (Fill):  Collect the sand from street cleaning operations during the winter months, reprocess it by mechanical cleaning, then wash, and stockpile for general reuse as fill.



4.33.4	Advantages and Disadvantages of the Alternatives



Alternative

�Advantages�Disadvantages��Alternative 1�No processing of sand.�Material is not reused.��(Landfill)�Sand may be disposed of in a C&D Landfill  or in an on-installation landfill.

�Costs are higher.��Alternative 2a

(Reuse)�Savings in new sand to be purchased.

Solid waste stream is reduced.

�Processing time for the sand/debris mixture.

Some states may limit use.��Alternative 2b

(Fill)�The washed material is suitable for fill material.

Solid waste stream is reduced.�Processing time for the sand/debris mixture.

Water quality of the wash water may be a concern.

Some states may limit use.��

Table 4.33-1 contains a comparison of each alternative based on selected criteria.



Table 4.33-1.�Comparison of Alternatives for  Street Cleaning Options��

Criterion�Alternative 1

(Landfill)�Alternative 2a

(Reuse)�Alternative 2b

(Fill)��Operations and Maintenance�Minimal O&M.�Must develop a suitable screening method to process sand.�Sand washing would need an area to control runoff.��Environment�Waste stream is the largest of the alternatives.�Waste stream would be minimal, but would consist of debris that would require disposal at a household waste landfill.�Waste stream, primarily water, would also contain some solid waste that must be disposed of as any typical household solid waste.��Management�No management action required.�Screening equipment would be purchased and procedures established for managing the sand.  A stockpile area would be required.�Must implement procedure and arrange stockpile area and runoff/washing controls.��Economics�Disposal costs are highest.�Disposal costs are lower and reclaimed sand can be reused in snow control�Disposal costs are lower and reprocessed sand can be used as fill��

4.33.5	Technical Analysis



In the winter season in areas where sand is applied to road and parking lot surfaces for control of  snow and ice, street sweepers often sweep up the sands after snow melt.  The sand represents a potential resource, if collected and properly cleaned prior to reuse.



Sand collected from sweeping can be spread on road and parking lot surfaces for ice and snow control, but it must be properly processed before reuse.  The sand must be properly cleaned to remove fines (sand which has been broken down) as well as other debris that has collected with the sand.  This is generally accomplished by using two vibratory screens.  One screen size permits all sand particles to pass through, but traps large rocks and organic matter (such as leaves and twigs).  The sand is then sifted in another vibratory unit to reject the fines.  The remaining sand, while not suitable for fill because of the possibility of too many small organics, can be reused in a sand/salt mixture on roads.  It is generally blended with virgin sand at rates not exceeding 25 - 30%. 



Sand processed as above, can be reused as fill material after a further step that includes washing.



The rejected sand, dirt, vegetation, and other debris collected as a result of processing operations must be disposed of in a household waste landfill.   The water from washing is discharged to a sanitary sewer. 



Contact with Pro-Act on possible uses for such sand indicated that some states (Massachusetts) may have restrictions on the use of such reclaimed sand.  Check with the local state authorities regarding such use before evaluating this alternative.



4.33.6	Economic Analysis of the Alternatives



Table 4.33-2 (Section 4.33.9) provides a detailed cost analysis for these alternatives.



Alternative 1, landfilling, is the most expensive, since sand is purchased and disposed of in significant quantities.  Alternative 2a, reuse of the sand for snow control, and Alternative 2b, reuse of the further reprocessed sand (by washing) are two possible uses of the reprocessed sand.  Because Alternatives 2a and 2b are two separate end uses of the reprocessed sand, they cannot be compared.  However, both alternatives demonstrate that it is less expensive to reprocess the sand than to purchase new sand for the intended use (snow control or fill).



Ensure you substitute locally available information in the spreadsheet to perform the economic analysis based on local factors.



4.33.7	Sources of Information on the Alternative



General

	PRO-ACT

	800-239-4356

	DSN 240-4214



Alternative 2

	SWECO

	



4.33.8	Process-Specific Information



The process of separating the sand from the debris (and then washing it if it will be used as fill) is illustrated in Figure 4.33-1 on the next page.  Runoff control from the washing operation must be provided and provisions to stockpile the cleaned material must be made.





� EMBED PowerPoint.Slide.4  ���



4.33.9  Tailored Spreadsheet for the PPO



Table 4.33-2 shows data entered to obtain the economic analysis of this PPO.  By double-clicking on this table, an Excel( spreadsheet is opened and the user may enter local cost factors to determine information needed to implement this PPO at the user’s installation.  Assumptions regarding the derivation of the figures in this spreadsheet are noted in Section 4.33.9.1  The calculations for performing the economic analysis of the alternatives manually are described in Section 4.33.9.2.



4.33.9.1	Basis of Economic Analysis



See Chapter 2 for general assumptions.  

This analysis assumes  that 360 tons of sand are purchased for snow and ice control.  

Row 1- Information obtained from manufacturer:

The equipment costs associated with the screening were provided by consulting the manufacturer.

Row 3 - Manpower Rate (obtain from Resource Management Office), nominal rate of $20/hour used if no other data available.

Row 7 - Cost of the purchase of sand was derived from Means building data.

Row 10 -  The cost of washing the sand is based on the cost of the water and sewer charges for washing a ton of sand.  The water consumption is estimated to be about 2000 gallons/ton (at a cost of $2.50/1000 gal for the water and sewer fees.)

Row 13 - The cost of disposal for C&D wastes is assumed to be $15/ton and household waste at $25/ton.  These numbers are highly variable depending on the part of the country the installation is located in, so local values  definitely should be substituted here.  This analysis is very sensitive to these disposal values.

�

Table 4.33-2.��PPO-33  Street Cleaning Options����� EMBED Excel.Sheet.5  ���







4.33.9.2	Economic Analysis Calculations of Alternatives  



Table 4.33-3 illustrates the steps required to perform a manual economic analysis for an alternative.

�

Table 4.33-3.  Economic Analysis Calculations��Startup Costs [$]�(�Cost of Equipment Purchase  + Installation Costs (including power hookups, piping, etc.)  + Training Costs (if any) ��Manpower Costs [$/yr]�(�Manpower to Operate X Manpower Rate��Cost of Fresh Sand [$/yr]�(�Cost of Sand X Amount of Sand Purchased ��Cost of Sand Washing [$/yr]�(�Cost of Washing Sand X Amount of Sand Washed ��Disposal Cost [$/yr]�(�Cost of Disposal X Amount Disposed ��Recurring Costs [$/yr]�(�Manpower Cost  + Cost of Fresh Sand  + Cost of Sand Washing  + Disposal Cost ��Payback Period (yrs)�(�Startup Costs  / [Recurring Costs for Current Operations - Recurring Costs for Proposed Alternative]��First Year Cost of Process [$]�(�Startup Costs  + Recurring Costs��Three Year Cost of Process [$]�(�Startup Costs  + [3 X Recurring Costs] ��First Year Savings [$]�(�Current Operations Cost - Startup Costs  - Alternative Operating Costs��Three Year Savings [$]�(�[3 X Current Operations Cost] - Startup Costs  - [3 X Alternative Operating Costs]��

Notes:  

If the payback is negative, it means that there is no payback - the alternative costs more than it saves.

The savings for current operations is always $0.  If the savings is negative, then the alternative does not save money, but actually costs money over the current practice.



�4.34	PPO-34.  SWIMMING POOL CHEMICALS



4.34.1	Description



There are various means of treating swimming pools for hygienic purposes.  This PPO discusses alternative methods for treating swimming pool water to reduce the purchase of swimming pool chemicals.



Pollution Prevention Objective:  to reduce the use of hazardous chemicals.



4.34.2	Applicability of the PPO



This PPO applies to the following CE shop:

Water and Waste Shop



4.34.3	Alternatives



The following alternatives are analyzed in this PPO:

Alternative 1 - (Gas):  Chlorine gas, used with caustic soda for treatment.  This is generally considered the cheapest method of hygienic control.  However, it is the most dangerous method due to the toxicity of the chlorine gas.  Special hazardous materials training and equipment is required for personnel who handle chlorine gas.  The basis for comparison is an existing chlorine gas system.  Chlorine gas is purchased in 150-pound cylinders.  Caustic soda is purchased by the gallon.

Alternative 2 - 	(Pellets):  Potassium Hypochlorate pellets and cyanuric acid are used for treatment.  In this alternative chemicals are introduced into the pool water through a tablet feeder system that is loaded with pellets.  Pellets are purchased in 100-pound containers.  Cyanuric acid and sodium bicarbonate are also used.  They are purchased in 100-pound and 50-pound containers, respectively.

Alternative 3 - 	(Powder):  Potassium Hypochlorate powder and muriatic acid are used for treatment.  The powder system uses a powdered form of a chlorine chemical that is introduced by means of a flow-through tank.  Little handling of chemicals is required.  These chemicals are purchased in 100-pound containers.

Alternative 4 - 	(Bromine):  Bromine and soda ash are used for treatment.  The chemicals are fed automatically into the pool water.  Chemicals come in 50-pound buckets and 90-pound bags.

Alternative 5 - 	(UV - O3):  An ultraviolet and ozone system is used for treatment.  It has been found that UV light at 253.7 to 265.0 nanometers provides an effective germicidal action.  Low pressure mercury lamps are commercially available for germicide applications.  Germicidal action is comparable to chlorine if facilities are well maintained.

Alternative 6 - 	(Catalytic):  A catalytic sanitation system involves the release of metallic ions (usually copper or copper and silver) into the water.  The ions are introduced by running a low-voltage current through metallic electrodes placed in line with the circulation system.  The ions work to inhibit algae growth and kill bacteria.  This is not a stand-alone system since water still needs to be treated with an oxidizer, such as chlorine or ozone.  Several units can be used in parallel to provide the amount of protection needed based on the size of the pool.  The replacement chemicals come in cartridge form.



4.34.4	Advantages and Disadvantages of the Alternatives



Alternative

�Advantages�Disadvantages��Alternative 1

(Gas)�Startup costs associated with modifications to existing chemical systems are avoided.�Most toxic of options.

Availability of gaseous chlorine can be a problem.

Personal protective equipment and annual training are required for the handling of gaseous chlorine.

The water treatment room must be alarmed to detect chlorine releases.

��Alternative 2

(Pellets)�A much easier and safer form of chlorination.

�Some personal protective equipment may be required,��Alternative 3

(Powder)�A much easier and safer form of chlorination.�Some personal protective equipment may be required.

��Alternative 4

(Bromine)�A much easier and safer form of chlorination.

Works best in outdoor pools�Little personal protective equipment may be required.

��Alternative 5 

(UV - O3)�Low toxicity.

�The initial investment in a UV-Ozone system is quite high.

Some safety concerns.

Lamps used in the UV process need to be well maintained to be effective.

Ozone producing equipment needs close maintenance.

Local health requirements may dictate use of a chlorine substance in addition to the UV-Ozone system.

��Alternative 6

(Catalytic)�Reduces the amount of water treatment chemicals used.

Chlorination is not required with this process to receive satisfactory water treatment results.�Local regulations or ordinances may require that some form of chlorination be used.���Table 4.34-1 contains a comparison of each alternative based on selected criteria.



Table 4.34-1.�Comparison of Alternatives Swimming Pool Chemicals�����

Criterion�Alt. 1

(Gas)�Alt. 2

(Pellets)�Alt. 3

(Powder)�Alt. 4

(Bromine)�Alt. 5

(UV-O3)�Alt. 6

(Catalyst)��Compliance�Chemicals must be used in according to directions.�Chemicals must be used in according to directions.�Chemicals must be used in according to directions.�Chemicals must be used in according to directions.�Chemicals must be used in according to directions.�Chemicals must be used in according to directions.��Operations and Maintenance�Purchase material and equipment.�Purchase material and equipment.�Purchase material and equipment.�Purchase material and equipment.�Purchase material and equipment.�Purchase material and equipment.��Environment�Waste stream minimal; some release to atmosphere.�Waste stream minimal.�Waste stream minimal.�Waste stream minimal.�Waste stream minimal�Waste stream minimal��Management�Must insure training and safe handling.�Must insure training and safe handling.�Must insure training and safe handling.�Must insure training and safe handling.�Must insure training and safe handling.�Must insure training and safe handling.��Economics�Most expensive system to operate.�Lowered chemical and operating costs.�Lowered chemical and operating costs.�Lowered chemical and operating costs.�Lowest chemical costs; highest capital costs.�Lowered chemical and operating costs.��

4.34.5	Technical Analysis



Treatment methods for swimming pool hygiene generally involve use of disinfectants, such as a chlorination treatment.  Other chemicals are used to treat the water for pH, etc.  Additional methods of hygienic treatment are being developed that will lessen the need for chlorine based chemicals.  Some federal, state, or local regulations require at least some level of treatment by chlorine (at least one-tenth part per million), so some of the alternatives presented here must be used in conjunction with a chlorine treatment.  For purposes of comparison, the analysis uses a pool of 250,000 gallons.



�4.34.6	Economic Analysis of the Alternatives



Table 4.34-2 (Section 4.34.9) provides a detailed cost analysis for these alternatives.



Based on cost figures available, Alternative 1 is the most expensive system to operate.  Other alternatives have less expensive chemical cost and overall less operating costs.  Alternative 5 shows the least chemical cost, but a larger capital investment to start.  Alternative 2 and Alternative 3 have similar costs, as would be expected for those similar systems.  Other factors, such as safety and availability of chemicals in the local area become significant factors in this PPO.



Ensure you substitute locally available information in the spreadsheet to perform the economic analysis based on local factors.



4.34.7	Sources of Information on the Alternatives



A local swimming pool supply dealer can provide information on most of the alternatives.  Due to the climatic differences and regulatory differences, local supplies are the best source of information.



4.34.8	Process-Specific Information



Local pool suppliers are the best source of information on specific products and processes since the optimum benefit of some of the products is dependent on climatic conditions, pool size, and pool usage. 



4.34.9	Tailored Spreadsheet for the PPO



Table 4.34-2 shows data used to perform the economic analysis of this PPO.  By double-clicking on the table, an Excel( spreadsheet is opened and the user can adjust values to match local cost factors to determine the costs to implement this PPO at the user’s installation.  Assumptions and data sources regarding the derivation of the figures in this spreadsheet are noted in Section 4.34.9.1.  The calculations for performing the economic analysis of the alternatives manually are described in Section 4.34.9.2.



4.34.9.1	Basis of Economic Analysis



See Chapter 2 for general assumptions.  

A three-month (Memorial Day to Labor Day) period was used in calculations.

0.1 part per million of chlorine is required to be introduced into all pools by regulation.



�

Table 4.34-2.��PPO-34  Swimming Pool Chemical Substitution��

� EMBED Excel.Sheet.5  ���



�4.34.9.2	Economic Analysis Calculations of Alternatives



Table 4.34-3 illustrates the steps required to perform a manual economic analysis for an alternative.



Table 4.34-3.  Economic Analysis Calculations��Startup Costs [$]�(�Cost of Equipment Purchase  + Installation Costs (including power hookups, piping, etc.)��Manpower Costs [$/yr]�(�Manpower to Operate X Manpower Rate��Cost of Chemical Purchase [$/yr]�(�Cost of Chemical X Amount of Chemical Purchased��Recurring Costs [$/yr]�(�Manpower Cost + Safety Training Costs + Cost of Chemical Purchase (primary, secondary, and additional) + Cost of Chlorine to meet 1 ppm requirement ��Payback Period (yrs)�(�Startup Costs  / [Recurring Costs for Current Operations - Recurring Costs for Proposed Alternative]��First Year Cost of Process [$]�(�Startup Costs  + Recurring��Three Year Cost of Process [$]�(�Startup Costs  + [3 X Recurring Costs]��First Year Savings [$]�(�Current Operations Cost - Startup Costs  - Alternative Operating Costs��Three Year Savings [$]�(�[3 X Current Operations Cost] - Startup Costs  - [3 X Alternative Operating Costs]��

Notes:  

If the payback is negative, it means that there is no payback - the alternative costs more than it saves.

The savings for current operations is always $0.  If the savings is negative, then the alternative does not save money, but actually costs money over the current practice.





�4.35	PPO-35.  TRAFFIC SIGN - SUBSTITUTE MATERIALS



4.35.1	Description



This PPO addresses the substitution of several materials for aluminum in the production of traffic signs. Alternative materials include aluminum sheathed foam-core material and various types of plastic materials. All of the alternative materials allow the replacement of paint with vinyl letters and symbols, and also result in lower purchase costs for sign back materials.



Pollution Prevention Objective:  to reduce the amount of paint used on an installation, thus reducing the associated VOC emissions.



4.35.2	Applicability of the PPO



This PPO applies to the following CE shops:

Sign Shop



4.35.3	Alternatives



The following alternatives are analyzed in this PPO:

Alternative 1 - (Aluminum):  Solid aluminum is used for all sign production.

Alternative 2 - (Alucobond™):  Aluminum-sheathed foam core material, such as Alucobond™ is used for all suitable applications.

Alternative 3 - (Plastic):  Plastic polystyrene is used for all suitable applications.

Alternative 4 - (PVC):  PVC sheeting is used for all suitable applications.

Alternative 5 - (Corro-Ply™):  Corrugated plastic, such as Corro-ply™ or Corro-plastic™ is used for all suitable applications.



4.35.4	Advantages and Disadvantages of the Alternatives



Alternatives

�Advantages�Disadvantages��Alternative 1 (Aluminum)�Waste material can be turned in to DRMO for recycling or reuse.�Higher purchase cost.

��Alternative 2 (Alucobond™)�Lower purchase cost.

Uses smaller amounts of aluminum.

Foam core center may utilize recycled materials in its manufacture.

�None��Alternative 3

(Plastic)�Lower purchase cost.

No metal content.

May utilize recycled materials in its manufacture.

�None��Alternative 4 

(PVC)�Much lower cost.

No metal content.

May utilize recycled materials in its manufacture.

�None��Alternative 5 

(Corro-Ply™)�Very low purchase cost.

No metal content.  

May utilize recycled materials in its manufacture.�Not durable enough for permanent outdoor signs.��

Table 4.35-1 contains a comparison of each alternative based on selected criteria.



Table 4.35-1.

Comparison of Alternatives for Traffic Sign - Substitute Materials��

Criterion�Alternative 1�(Aluminum)�Alternative 2�(Alucobond™)�Alternative 3�(Plastic)�Alternative 4�(PVC)�Alternative 5�Corro-Ply™��Operations and Maintenance�Painted aluminum signs will fade over time and must be replaced and/or repainted.�Minimal O&M.�Minimal O&M.�Minimal O&M.�Minimal O&M.��Environment�Minimal waste stream (aluminum waste to DRMO); however, requires use of paint with resulting VOC emissions.�Minimal waste stream (solid waste only).�Minimal waste stream (solid waste only).�Minimal waste stream (solid waste only).�Minimal waste stream (solid waste only).��Management�No management action required.�Approve material substitution.�Approve material substitution.�Approve material substitution.�Approve material substitution.��Economics�Highest recurring cost of alternatives.�Reduced costs from pure aluminum.�Reduced costs from pure aluminum.�Reduced costs from pure aluminum.  �Reduced costs from pure aluminum.  Highest first year and three year savings.��



4.35.5	Technical Analysis



Traffic signs have traditionally been produced using solid aluminum on which information was painted, generally using spray paint and stencils.  By using a computerized technology, vinyl lettering and graphics can replace paint (see PPO-10), thus reducing VOC emissions and allowing the substitution of several types of sign material that are substantially cheaper than solid aluminum.  These include an aluminum-sheathed foam core material (such as Alucobond™), polystyrene, PVC sheeting, and corrugated plastic such as Corro-ply™ or Corro-plastic™.  Some of the products are available in “Air Force brown” and are highly resistant to the color fading causing by ultraviolet radiation.  The substitute materials are not completely interchangeable; they vary in durability and the ability to withstand the impacts of weather.  For example, the corrugated plastic product is suitable only for temporary signs.  However, by using the least expensive material that is suitable for the application, the sign shop can achieve substantial savings over the cost of using only solid aluminum, while also reducing the use of paint.



4.35.6	Economic Analysis of the Alternatives 



Table 4.35-2 (Section 4.35.9) provides a detailed cost analysis for these alternatives.



Based on cost figures available and an estimated use of five sheets per month, Alternative 1 ( the use of solid aluminum for all signs(is the least attractive economically.  Even producing all signs with Alucobond™ or a similar material (the most expensive of the alternatives) would save nearly 10 percent over the exclusive use of solid aluminum.  The sign shop can achieve maximum savings by choosing the least-cost material that is suitable for the application.  The spreadsheet found in Section 4.35.9 can be utilized to determine cost savings from a specific mix of materials.  For example, using two sheets of Alucobond™ and one sheet each of the Alternative 3, 4, and 5 materials, in place of five sheets of solid aluminum, would result in material costs of just over one-half that of using all solid aluminum.  This example is illustrated in the table below.



Cost Comparison Illustration��Cost Item �Alt. 1�Alt. 2�Alt. 3�Alt. 4�Alt. 5��Cost (per 4x8 sheet)�$150 �$150 �$76 �$30 �$10 ��Amount Purchased�5�2�1�1�1��Cost of Purchase�$750 �$300�$76 �$30 �$10 ��Totals�$750 �$416��

4.35.7	Sources of Information on the Alternatives



Alternatives 2, 3, 4, and 5:�	436 CES/CEO�	Dover AFB, DE��	55 CES/CEO�	Offutt AFB, NE



4.35.8	Process-Specific Information



Alternative 2�	Alucobond Technologies�	11960 Westline Industrial Drive�	St Louis, MO 63146�	314-878-2303

Alternative 4�	3M Corporation�	St Paul, MN 55144-1000�	800-364-3577

Alternative 5�	DG Sign and Label�	PO Box TJ-157�	Northford, CT 06472�	203-483-0491



4.35.9  Tailored Spreadsheet for the PPO



Table 4.35-2 shows data used to perform the economic analysis of this PPO.  By double-clicking on the table, an Excel( spreadsheet is opened and the user can adjust values to match local cost factors to determine the costs to implement this PPO at the user’s installation.  Assumptions and data sources regarding the derivation of the figures in this spreadsheet are noted in Section 4.35.9.1.  The calculations for performing the economic analysis of the alternatives manually are described in Section 4.35.9.2.



Table 4.35-2.��PPO-35  Traffic Sign - Substitute Materials��

� EMBED Excel.Sheet.5  ���



4.35.9.1	Basis of Economic Analysis



See Chapter 2 for general assumptions.  

The initial investment cost and payback period are not applicable for this PPO, since no capital expenditure is required for any of the alternatives.

The cost of the sign materials is based on information received from manufacturers or suppliers.

Note that due to durability constraints, it is not possible to completely substitute some alternative materials for solid aluminum.  Refer to Section 4.35.6 for a discussion and illustration of a cost-effective method of material substitution.

Rows 1 and 2: The initial investment cost is not applicable for this PPO, since no capital expenditure has been identified to implement this PPO.

Row 3:  This is the number of man-hours per year required to operate the process.  The value is entered by the user.  It is assumed that the activity requires five hours per month for cutting aluminum and preparing it for sign painting and one hour per month for cutting the alternative materials.

Row 4:  The average hourly rate of the operators is entered here by the user.

Row 6:  This is the per unit cost of sign material by alternative.  The unit used in the spreadsheet is one 4x8 sheet.  The value is entered by the user.  If some alternative materials are purchased in multiple-sheet packages, adjust the entries so that the same unit is used for all alternatives.  For example, aluminum (Alternative 1) may be purchased in single sheets, Alternative 2 materials may come in 10-sheet packages, and Alternative 3, 4, and 5 materials may come in 50-sheet packages.  In this case, divide the cost of the Alternative 2 package by 10, and the cost of the Alternative 3, 4, and 5 packages by 50, to obtain the single-sheet cost for each alternative; the single-sheet cost is then entered into the spreadsheet.

Row 7:  This is the amount of material (number of sheets) to be purchased.  The value is entered by the user.  Again, for comparison purposes, ensure that the unit used for the amount (Row 7) matches the unit used in Row 6 ( don’t mix numbers of single sheets with numbers of packages.  See example in Row 6 discussion.

Row 9:  This is the cost of disposing of any waste.  The value is entered by the user.  On the illustrated spreadsheet, it is assumed that there are no disposal costs associated with this PPO.  However, if there are disposal costs at a given installation, enter the per unit amount here.

Row 10:  The amount of waste disposed of per year is entered by the user in this row.  The value is entered by the user.  Use the same unit that is used in Row 9.



�4.35.9.2	Economic Analysis Calculations of Alternatives  



Table 4.35-3 illustrates the steps required to perform a manual economic analysis for an alternative.



Table 4.35-3.  Economic Analysis Calculations��Startup Costs [$]�(�Cost of Equipment Purchase + Installation Costs (including power hookups, piping, etc.) + Training Costs (if any)��Manpower Costs [$/yr]�(�Manpower to Operate X Manpower Rate��Cost of Sign Material Purchase [$/yr]�(�Cost of Sign Material X Amount of Sign Material Purchased��Recurring Costs [$/yr]�(�Manpower Cost + Cost of Sign Material��Payback Period (yrs)�(�Startup Costs / [Recurring Costs for Current Operations - Recurring Costs for Proposed Alternative]��First Year Cost of Process [$]�(�Startup Costs + Recurring Costs��Three Year Cost of Process [$]�(�Startup Costs + [3 X Recurring Costs]��First Year Savings [$]�(�Current Operations Cost - Startup Costs - Alternative Operating Costs��Three Year Savings [$]�(�[3 X Current Operations Cost] - Startup Costs - [3 X Alternative Operating Costs]��

Notes:  

If the payback is negative, it means that there is no payback - the alternative costs more than it saves.

The savings for current operations is always $0.  If the savings is negative, then the alternative does not save money, but actually costs money over the current practice.
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