� EMBED PowerPoint.Slide.4  ����









































This page intentionally left blank.

�CHAPTER 4

SPECIFIC DESCRIPTIONS OF P2 OPPORTUNITIES (PPO)

�

INTRODUCTION



This chapter contains specific information about 35 pollution prevention opportunities (PPO) useable at CE Operations shops (CE shops) and offices across the Air Force.  Each numbered section of this chapter describes a potential PPO.



The following is a listing of PPOs included in this chapter.





PPO Number�

	Title�PPO Number�

	Title��PPO-01�Aerosol Can Disposal System�PPO-19�Oil/Water Separator Replacement��PPO-02�Antifreeze - Recycle�PPO-20�Paint Booth Filters - Wet/Dry��PPO-03�Asphalt Recycling/Reuse Millings�PPO-21�Paint Equipment Cleaning Alternatives��PPO-04�Battery Recycling/Reuse�PPO-22�Paint Mixing - Undercoat��PPO-05�Battery Recharging�PPO-23�Paint Proportioning - Variable Ratio��PPO-06�Boiler Blow Down - Automated�PPO-24�Paint Reblending��PPO-07�Chiller Purge Units - Replace With Purge Valves�PPO-25�Paint Removal Options��PPO-08�Compactors�PPO-26�Paint Sprayer Alternatives��PPO-09�Concrete Rubble - Recycle Millings�PPO-27�Paint Thinner Recovery Options��PPO-10�Decal and Vinyl Alternatives to Paint�PPO-28�Parts Cleaning Alternatives��PPO-11�Filters, HVAC �PPO-29�Pavement Striping��PPO-12�Filters, Oil/Gas�PPO-30�Remote Monitoring Systems��PPO-13�Fluorescent Bulb Disposal�PPO-31�Shop Rag Management��PPO-14�Fuel Downgrading Program�PPO-32�Snow Removal Chemicals��PPO-15�Hydraulic Fluid Management Program�PPO-33�Street Cleaning Options��PPO-16�Lighting - Extended Service Bulbs�PPO-34�Swimming Pool Chemicals��PPO-17�Lighting - Reflector Bulbs�PPO-35�Traffic Sign - Substitute Materials��PPO-18�Oil Analyzer for Predictive Maintenance�����

This chapter is set up to describe each PPO in a consistent fashion.  In general, each PPO is organized as shown in Table 4-1.



Table 4-1.  �Description of PPO Analysis by Section��Section Number�Title�Description of Section Content��4.nn1�PPO-nn.  TITLE�The title of the PPO as used throughout the document.��4.nn.1�Description�A general description of the PPO.��4.nn.2�Applicability of the PPO�A listing of CE shops that the PPO may apply to.��4.nn.3�Alternatives�A listing of the alternatives considered in the analysis.  Generally, the first alternative is the current or most widely recognized process or material.  Each alternative is listed with a keyword used to identify that alternative throughout the analysis.��4.nn.4�Advantages and Disadvantages of the Alternatives�Advantages and disadvantages of the alternatives are presented in a table for the criteria listed, as appropriate.  Alternatives may also be discussed individually to amplify the tabular information and to address other pros and cons.��4.nn.5�Technical Analysis�A technical description of the PPO.��4.nn.6�Economic Analysis of the Alternatives�An economic analysis is conducted and discussed, as appropriate.  A comparison of the economic results is provided following the summary.��4.nn.7�Sources of Information on the Alternatives�Sources of additional information regarding the alternatives are presented in this section, if applicable. Some information is available at the installation or will depend on local availability of a service.��4.nn.8�Process-Specific Information�Specific information regarding an alternative, including photographs or diagrams, is included when available.��4.nn.9�Tailored Spreadsheet for the PPO�A spreadsheet, as appropriate, displays the information used in the economic analysis.  By double-clicking on the spreadsheet in the electronic copy (Microsoft Word™) of the document, the user can perform an economic analysis using locally determined values (usage rates, cost, etc.).��4.nn.9.1�Basis of Economic Analysis 

of PPO-nn:�A listing of assumptions used in the economic analysis.��4.nn.9.2�Economic Analysis Calculations

of Alternatives�An explanation of the calculations used in the economic analysis.��1 “nn” refers to the Section number and the PPO number.��

�4.1	PPO-01.  AEROSOL CAN DISPOSAL SYSTEM



4.1.1	Description



This PPO addresses the management and disposal of full, partially full, or empty aerosol cans turned in for disposal.  Recycling spent aerosol cans is environmentally responsible.  By recycling these containers, costs previously associated with disposal can be drastically reduced.  Valuable landfill space is also conserved through recycling efforts.



Pollution Prevention Objective: to reduce the volume of the solid waste stream and the disposal costs associated with the use of products contained in aerosol containers.



4.1.2	Applicability of the PPO



This PPO applies to the following CE Shops.  All shops have the potential for using aerosol cans; the primary shops are listed below:

�Alarm Shop

Carpentry Shop

Central Accumulation Point

Chiller Plant

Exterior Electric Shop

Fire Extinguisher Maintenance Shop

Grounds Maintenance Shop

Heat Operations Shop

Hospital Maintenance Shop

Liquid Fuels Maintenance Shop

Material Acquisition Office

Paint Shop

Pavement and Equipment Shop

Power Production Shop

Sign Shop

Water and Waste Shop

Woodmill Shop

Zone Maintenance Shop

�

4.1.3	Alternatives



The following alternatives are analyzed in this PPO:

Alternative 1 - (CAP/DRMO):  Collect aerosol containers (and residual contents) and dispose of through either a CAP or DRMO contract.

Alternative 2 - (Trash):  Collect aerosol cans at a central location, puncture and drain contents, and dispose of empty cans as ordinary trash and collected contents as hazardous waste through CAP or DRMO. 

Alternative 3 - (Scrap):  Collect aerosol cans at a central location, puncture and drain contents, and dispose of empty cans as recyclable scrap metal and collected contents as hazardous waste through CAP or DRMO.











�4.1.4	Advantages and Disadvantages of the Alternatives



Alternative

�Advantages�Disadvantages��Alternative 1 (CAP/DRMO)�No initial purchase of equipment�The installation gains no economic benefit from option.

Steel is unnecessarily disposed of as hazardous waste.

��Alternative 2 (Trash)�Hazardous waste disposal costs are reduced.

Steel is no longer disposed of as hazardous waste.

Volume of hazardous waste stream is minimized.

�Full economic benefit is not achieved from option.

A capital investment is required to puncture the cans.

Aerosol cans are not being recycled.

��Alternative 3 (Scrap)�Full economic benefit is achieved from option.

Steel is recovered and can be recycled.

Volume of solid waste stream is minimized.

Volume of hazardous waste stream is minimized.

�A capital investment is required to puncture the cans.

Future availability of off-base steel recyclers may decline.��

Table 4.1-1 contains a comparison of each alternative based on selected criteria.



4.1.5	Technical Analysis



Most installations are subject to regulations regarding the disposal of aerosol cans, regardless of whether or not they are empty.  Often, cans are collected and disposed of by contract.  Because most cans contain materials that must be disposed of as hazardous waste, the cans are considered to be a hazardous waste.  Due to the numerous processes requiring the use of products containerized in aerosol cans, disposal of the cans as hazardous waste can become a significant cost to the base.



As an alternative to disposing of the can and its contents as hazardous waste, the can may be drained of its contents and disposed of as ordinary trash or scrap metal.  This requires the purchase of equipment to puncture the aerosol cans and to collect their contents.  The empty can may be disposed of in two ways.  The can may be disposed of as ordinary trash.  This will reduce the volume of hazardous waste generated from the process, but the opportunity to recycle the steel is lost.  The other disposal method is to recycle the can. The scrap steel can be sold to an off-base recycler.  This method will result in a reduction of costs attributable to hazardous waste disposal.  Regardless of the method chosen, the drained contents of the cans must be collected and disposed of as a hazardous waste.  The volume of this waste stream will be minimized, since most products distributed in aerosol cans are used until they are empty.





The equipment necessary to puncture the aerosol cans and collect their contents is most commonly a filter press with a puncture plate or a manually operated device mounted on a 30 or 55 gallon drum.  The filter presses are often air operated and most come equipped with a fluid collection system.  While the filter press method costs more, it has an advantage over manual systems in that this type of equipment will not only drain the contents of the can and collect them separately, but will also reduce the volume of the scrap metal by crushing the can.



Table 4.1-� SEQ Table \* ARABIC \r 1 �1�.

Comparison of Alternatives for Aerosol Can Disposal��

Criterion�Alternative 1

(CAP/DRMO)�Alternative 2

(Trash)�Alternative 3

(Scrap)��Operations and Maintenance�Minimal O&M.  Must ensure aerosol cans are placed in proper containers for disposal.�Minimal O&M.  Aerosol cans must be taken to location of puncture/draining equipment.  Personnel must be trained to operate equipment.�Minimal O&M.  Aerosol cans must be taken to location of puncture/draining equipment.  Personnel must be trained to operate equipment.��Environment�Waste stream is the largest of the alternatives and most difficult to treat.�Hazardous waste stream is much smaller and easier to treat because only the liquid contents remain.  Containers end up in landfill.�Waste stream is minimized because drained containers are recycled as scrap; only contents require treatment and disposal.��Management

�Only management action is to ensure proper segregation and disposal.�Collection of aerosol cans in a central location and operation of puncturing equipment. �Collection of aerosol cans in a central location and operation of puncturing equipment. ��Economics�Disposal costs are highest.�Some annual savings over Alternative 1.  Requires purchase of equipment.�Significant savings.  Requires purchase of equipment.��



Studies conducted by the Steel Recycling Institute (SRI) have shown that aerosol container recycling processes are safe.  When aerosol cans are crushed, flammable propellants are released.  However, SRI studies indicated that the propellants are released in such small levels that potential for fires and subsequent burning of residues is minimal.  These flammability concerns are minimized if the contents of the can have been used to the greatest extent possible.



4.1.6	Economic Analysis of Alternatives



Table 4.1-2 (Section 4.1.9) provides a detailed cost analysis for these alternatives.



The analysis assumes a generation rate of 100 cans per month; the approximate amount needed to fill one 55 gallon drum.  It assumes that the contents of 4000 cans will fill one 55 gallon drum.



Alternative 3, maximizing aerosol can recycling potential, has the shortest payback and the largest savings over a three-year period.  Most of the savings come from the reduced in disposal costs from recycling the steel containers.  



It should be noted that the most effective method for implementing such a system would be to collect, puncture, and drain all aerosol cans at one central location.  Many shops generate waste aerosol cans.  However, few generate the quantity of cans necessary to justify the purchase of an aerosol can crusher for an individual shop.  If a hazardous materials pharmacy has been implemented at your installation, then a central accumulation point has most likely also been established.



4.1.7	Sources of Information on the Alternatives



General



Information about Alternatives 2 & 3 can also be found on the Internet at:

	Enviro$en$e (http://es.inel.gov)



PRO-ACT

800-239-4356

DSN 240-4214



Journal of the Chemical Specialty Manufacturing Association, October 93.



Chemical Times and Trends, October 93.



Alternative 2:



55 CES/CEO

Offutt AFB, NE



Alternatives 2 and 3:



�Newstripe, Inc.

1700 Jasper St., #F

Aurora, CO  80011

800-624-6706



Katec

PO Box 3399

Virginia Beach, VA 23454

804-843-6808

�2 CES/CEO

Barksdale AFB, LA



�4.1.8	Process-Specific Information



For calculational purposes, it was assumed that 100 aerosol cans are generated per month.  It was also assumed that the residual contents of 4000 aerosol cans would fill a 55 gallon drum.  Using a specific gravity of 0.798, there is approximately 0.09375 pounds of residual material inside each aerosol can (assumed to have an empty weight of 0.2 pounds).  Local hazardous waste disposal facilities base their disposal charges on a per volume basis.  The average cost to dispose of a 55 gallon drum containing aerosol cans containing paint residue is $425.  Assuming that it takes approximately 150 cans to fill a 55 gallon drum, a disposal cost of $9.65 per pound was calculated.  The calculation was as follows:



� EMBED Equation.2  ���



When either alternative 2 or 3 is implemented, the aerosol cans are disposed of in a landfill, and only the residual paint is disposed of as hazardous waste.  Local facilities also base disposal charges for waste paint on a volume basis.  The average cost to dispose of a 55 gallon drum containing waste paint is $135.  Assuming that the residual contents of 4000 cans will fill a 55 gallon drum, a disposal cost of $0.36 per pound was calculated.  The calculation was as follows:



� EMBED Equation.2  ���



Disposal of the empty aerosol cans in a landfill is considered negligible when compared to the cost of disposing of the residual contents.  Revenue, from selling the empty cans to a recycler, is also considered, using the current prices for steel scrap.  The sole benefit of recycling the empty cans is the reduction in material being disposed of in a landfill.



The most practical method for implementing the use of an aerosol can crushing unit would be to locate the equipment in a centralized area where collection of used aerosol cans is convenient.  This would eliminate the need for multiple can crushers, as well as alleviate some potential storage problems.



4.1.9	Tailored Spreadsheet for the PPO



Table 4.1-2 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 4.1.9.1.  The calculations for performing the economic analysis of the alternatives manually are described in Section 4.1.9.2.



4.1.9.1	Basis of Economic Analysis



Newstripe, Inc. provided an estimate of $1,500 to purchase the crushing unit, stand, and puncture plate for Alternatives 2 and 3.  Based on the manufacturer’s input, it was assumed that installation personnel would spend an average of two hours per month operating the equipment to dispose of 100 cans.



Materials (in addition to the initial investment) are not required to operate any of the alternatives.



A basis of 100 waste aerosol cans generated per month was used.  It was assumed that the residual contents of 4000 aerosol cans would fill one 55 gallon drum.  When an average specific gravity for paint of 0.798 is used, it is calculated that the residual contents of 4000 aerosol cans will weigh 375 pounds.  This is an average of 0.09375 pounds per can.  Assuming that an empty aerosol can will weigh 0.2 pounds, an average total weight of 0.29375 pounds per discarded can was used to calculate the weight of hazardous waste disposed.





Table 4.1-2.��PPO-01  Aerosol Can Disposal System��

� EMBED Excel.Sheet.5  ���



4.1.9.2	Economic Analysis Calculations of Alternatives  



Table 4.1-3 illustrates the steps required to perform a manual economic analysis for an alternative.

�

Table 4.1-3.  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��Weight of HW Disposed [lbs]�(�Refer to Section 4.1.8��Disposal Cost [$/yr]�(�Cost of Disposal X Weight of HW Disposed��Recurring Costs [$/yr]�(�Manpower Cost + 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 are negative, then the alternative does not save money, but actually costs money compared to the current practice.

�4.2	PPO-02.  ANTIFREEZE - RECYCLE



4.2.1	Description



This PPO compares the alternatives of recycling, by distillation or filtration, used antifreeze with the common practice of contract disposal.  The alternative of substituting propylene glycol for ethylene glycol was not considered.



Pollution Prevention Objective:  to reduce the volume of the potentially hazardous waste stream and reduce the cost of purchasing new antifreeze.



4.2.2	Applicability of the PPO



This PPO applies to the following CE shops:

Power Production Shop

Pavement and Equipment Shop



4.2.3	Alternatives



The following alternatives are analyzed in this PPO:

Alternative 1 - (CAP/DRMO Disposal):  Disposal through a contract disposer arranged by CAP or DRMO.

Alternative 2 - (CAP/DRMO Recycle):  Recycle the antifreeze through CAP or DRMO with a contract recycler.  The installation has the option of contracting with a recycler to recycle the antifreeze (off-installation) and return it for use.   The analysis of this alternative assumes that the recycled antifreeze is purchased at a reduced cost.

Alternative 3 - (Stationary recycling):  This process considers the use of an on-site stationary recycling unit that utilizes a batch recycling mode to reclaim the antifreeze.  For the purpose of this analysis, distillation is considered the most cost effective stationary recycling process and serves as the basis for the analysis.  

Alternative 4 - (Mobile recycling):  In-line recycling of antifreeze in the system containing the antifreeze is also an option.  For the purposes of the economic analysis, a filtration system is considered to be the most cost effective mobile recycling process and is presented to provide some contrast to the distillation unit analyzed in Alternative 3.





4.2.4	Advantages and Disadvantages of the Alternatives



Alternative

�Advantages�Disadvantages��Alternative 1 (CAP/DRMO Disposal)�No initial purchase of equipment.  

Virgin antifreeze always available.

�Replacement stocks of antifreeze must be purchased.

Used antifreeze must be disposed of.

The installation gains no economic benefit from this option.

��Alternative 2 (CAP/DRMO Recycle)�No initial purchase of equipment.

Minimal waste stream.

�Requires a storage area for the returned, recycled antifreeze.  (This storage area would generally not be more than that required for virgin antifreeze required for makeup, etc.). 

Replacement costs for virgin antifreeze.

Purchase of the reclaimed antifreeze.

Costs for pickup of the antifreeze to be reclaimed.

��Alternative 3 (Stationary Recycling)

�Minimal waste stream.

Minimal replacement stocks of antifreeze required.

Storage and transportation of contaminated antifreeze is minimal.



�Some chemicals (corrosion inhibitors) will need to be added to the reclaimed (distilled) antifreeze.

A capital investment is required for the processing equipment which is sized to handle the throughput of the shop(s) which utilize the unit.

Disposal cost of bottom sludges which are generally characterized as hazardous waste because they may contain high concentrations of heavy metals (lead in particular).

��Alternative 4 (Mobile Recycling)

�Produces essentially no waste stream.

Requires only minimal replacement stocks of antifreeze.

Storage and transportation of contaminated antifreeze is minimal.

�Some chemicals (corrosion inhibitors) need to be added to the reclaimed (filtered) antifreeze.

A capital investment is required for the processing equipment and some operations time required to adequately test the filtered antifreeze. 

Disposal costs for contaminated filters (with heavy metals - lead in particular) which are generally characterized as hazardous waste.��

Table 4.2-1 contains a comparison of each alternative based on selected criteria.



4.2.5	Technical Analysis



The USEPA does not list used ethylene glycol or used propylene glycol engine coolants as hazardous wastes.  However, some states have listed one or both as hazardous wastes.  Also, the conditions under which engine coolants are used often result in the coolant becoming contaminated with heavy metals, most notably lead from the radiator solder.  Contamination of the coolant with metals may cause the coolant to be classified as a hazardous waste when removed from the vehicle.  Even if the used antifreeze is not regulated as a hazardous waste, it still represents a potential risk to the environment, and must be carefully managed to ensure proper disposal.



Currently, antifreeze is often changed out on a scheduled basis regardless of its condition.  A sound coolant management program will recycle the coolant only when the pH of the coolant exceeds technical order or manufacturer specifications, or in accordance with the technical order or manufacturer’s change out schedule.



Table 4.2-1.

Comparison of Alternatives for Antifreeze - Recycle��



Criterion�Alternative 1

(CAP/DRMO-Disposal)�Alternative 2

(CAP/DRMO-Recycle)�Alternative 3

(Stationary Recycling)�Alternative 3

(Mobile Recycling)��Operations and Maintenance�Minimal O&M.  Purchase, distribute, test, and contract disposal.�Minimal O&M.  Purchase, distribute, test, and contract recycle.�Some O&M.  Purchase, distribute, test, and treat antifreeze.�Some O&M.  Purchase, distribute, test, and treat antifreeze.��Environment�Produces the largest waste stream of the alternatives.�Essentially no waste stream.�Minimal waste stream.�Minimal waste stream.��Management�No management action required.�Management must ensure that antifreeze is properly segregated.�Management must ensure that antifreeze is properly segregated.  Management must also ensure that equipment is properly operated so a quality product is produced.�Management must ensure that antifreeze is properly segregated.  Management must also ensure that equipment is properly operated so a quality product is produced.��Economics�Disposal costs and antifreeze purchase costs are highest.�Some annual savings over Alternative 1.  No initial investment cost.�Greatest savings.  Requires purchase of equipment.�Good savings and shortest payback.  Also requires equipment purchase.��

Antifreeze can either be managed through an on-site recycling program, by contract recycling, or disposal (as a hazardous or non-hazardous waste).  Contract disposal has been the most common practice and is the baseline against which the alternatives presented here are compared.  Recycling by contract is one alternative in which a contractor picks up used antifreeze, processes it to meet specifications for new antifreeze, and then sells the recycled antifreeze.  As a rule, the pick-up of used antifreeze is not free; and, in fact, the cost is often the same as disposal.  Cost savings may be possible with this option by purchasing recycled antifreeze, because it is usually cheaper than the off-the-shelf product.



Used antifreeze can also be reclaimed on the installation, if sufficient quantities are available for recycling. Shops with large stationary electrical generators, specialized vehicles maintained in-shop (versus by Transportation), or equipment operated with water-cooled systems are candidates for this PPO.  Shops using smaller amounts of antifreeze should consider combining their used antifreeze with that of other shops at a centralized recycling location to make the recycling option more cost-effective.  The combined use of antifreeze by all Civil Engineering shops together may not be sufficient to justify recycling.  In this case, combining used antifreeze generated by Civil Engineering with that generated by shops in other organizations (e.g., Transportation and AGE) and recycling using a stationary unit should be evaluated.  If there is an existing antifreeze recycling operation on the installation, the best option may be to use that recycling system and share operating costs according to the quantity of used antifreeze recycled.



To illustrate the comparative values of a variety of options, this analysis assumes that 1,800 gallons of antifreeze are recycled each year. This amount is a typical throughput for the equipment referenced in Section 4.2.8.  This amount may be much more than a typical CE shop generates, thus emphasizing the advantage offered by aggregating antifreeze among Civil Engineering or basewide shops to make reclamation equipment cost-effective.



Reclamation may be accomplished either by distillation, filtration, ion exchange, or reverse osmosis equipment followed by pH adjustment and the addition of appropriate additives to control corrosion.  Such operations may be accomplished either by a batch stationary process off line (on-site stationary recovery) or by a mobile process that recirculates antifreeze directly back into the system being cleaned (on-site mobile recycling).  



Distillation of the coolant (whether mobile or stationary) is the most widely accepted method of recycling  coolant adopted by engine manufacturers because vacuum distillation is regarded as the most effective method to recover pure ethylene glycol.  Filtration of the coolant is also becoming more widespread, particularly after engines are no longer in warranty, but the reclamation process requires more control to assure a quality product.  Neither the ion exchange, nor the reverse osmosis process has been adopted for widespread use and will not be discussed further in this PPO.



Substitution of propylene glycol may be an alternative if the engine manufacturer permits its use. However, polypropylene glycol has not received widespread support in the commercial market because it does not have the same cooling characteristics as ethylene glycol over the full range of operating conditions. If propylene glycol is selected, it can not be mixed with ethylene glycol for recycling.  Because of the operating limitations, substitution of propylene glycol will not be discussed further in this PPO.



4.2.6	Economic Analysis of the Alternatives 



Table 4.2-2 (Section 4.2.9) provides a detailed cost analysis for these alternatives.



Alternative 4, the mobile filtration recycler, has the shortest payback; however, the total costs over the life of the system are lowest for Alternative 3.  Assuming a three year life, Alternative 3 has a life cycle cost of $31,930, while Alternative 4 has a life cycle cost of $34,658.  The reason for the difference is that Alternative 3 has a higher Initial Investment Cost but lower annual O&M and Material costs.  The difference in life cycle costs increases substantially if the equipment life is assumed to be greater than 3 years.



As previously discussed, the use of the filtration system is not widely accepted by engine manufacturers, so it is necessary to ensure that using a filtration device will not void any warranty. The mobile unit generally requires more labor.  The capital cost of a mobile distillation unit is approximately $2,600; an attractive alternative to consider if capital funds are limited.



It should also be noted that the CE shops are relatively small quantity users of antifreeze.  Aggregation of waste antifreeze among shops or with the Transportation Squadron and/or Auto Hobby Shop may be necessary to justify the cost of the purchase of the required equipment.  



Ensure you substitute locally available information in the spreadsheet to perform your economic analysis.



4.2.7	Sources of Information on the Alternatives



General

Information about Alternatives 3 & 4 can also be found on the Internet at:�	Enviro$en$e (http://es.inel.gov)�

PRO-ACT�800-239-4356�DSN 240-4214�

Alternatives 1 & 2

There are many companies who recycle or dispose of antifreeze.  Local market conditions dictate which firms routinely dispose of antifreeze.  National firms who might be located in the area of an installation and accept antifreeze include Safety Kleen, and Romic Chemical Corporation (Antifreeze Environmental Services).



Alternative 3

Possible Vendor:

	Finish Thompson, Inc.

	929 Green Garden Road

	Erie, PA 16501-1591

	814-455-4478



Alternative 4

Implementation Information:

	436 CES/CEOIP  (TSgt Warren)

	Dover AFB, DE 19902

	DSN 445-4857

	COM 302-677-4857



Possible Vendor:

	FPPF Chemical Co., Inc.

	117 West Tupper Street

	Buffalo, NY 14201

	716-856-9607



4.2.8	Process-Specific Information



The stationary batch recycler (either a distillation unit or a filtration unit) is best when used at an aggregation point where a significant amount of antifreeze can be accumulated and processed at one time.  This analysis assumes a throughput of 1,800 gallons/year, an amount that is probably much greater than CEO might typically use.  It may be necessary to create the aggregation point at the CAP or Transportation Squadron if the CE shops don’t accumulate an adequate amount of antifreeze to process.  The mobile recycler takes approximately one hour to process the antifreeze in a typical vehicle or piece of generation equipment.  This generally would not be a problem for any of the shops using this piece of equipment; although, as previously described, this mobile recycling alternative is more manpower intensive.  The economics of acquiring this machine dictate that it receive adequate use to justify the purchase.  Figures 4.2-1 and 4.2-2 illustrate how the filtration and distillation units work.  The diagrams are interchangeable; i.e., mobile units, either distillation or filtration, employ the same principles as the respective stationary units.



�



Figure 4.2-1.  Stationary Batch Distillation Unit





��

Figure 4.2-2.  Mobile Filtration Unit



4.2.9	Tailored Spreadsheet for the PPO



Table 4.2-2 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 values in this spreadsheet are noted in Section 4.2.9.1  The calculations for conducting the economic analysis of the alternatives manually are described in Section 4.2.9.2.



�Table 4.2-2.��Antifreeze - Recycle��

� EMBED Excel.Sheet.5  ���

4.2.9.1	Basis of Economic Analysis



1,800 gallons of antifreeze are used each year and all is recycled/reclaimed or disposed of.

Rows 1, 2, and 10 - Information obtained from manufacturer

The equipment and operating costs associated with the distillation unit (Alternative 3) were provided by Finish Thompson, Inc. and assume a useful life of three years.  The unit has a throughput of 15 gallons in 10 hours.

The equipment and operating costs associated with the filtration unit (Alternative 4) were provided by FPPF Chemical Co.  They assume a throughput of 12 gallons and a useful life of three years. 

The number of man-hours to operate the equipment is based on manufacturer’s recommendations.  Handling time for the antifreeze disposal/recycling option was estimated from industry experience at 1 hour/drum.

Energy cost per operation was determined from the manufacturer’s report of power requirements and local power cost ($0.10/kWh).

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

Rows 5, 6, 7 - The cost and amount of virgin or reclaimed antifreeze purchased.  Alternatives 3 & 4 are based on an industry estimate of 15 percent makeup required to replace losses (spills, etc.).

Row 9:  The cost of additive to be purchased varies by recycling process.  About $0.75 in additive must be added to the distillation unit.  About $1.25 is required for the filtration unit.

Row 10 - Energy costs to run equipment are estimates provided by the manufacturer per gallon of material reclaimed at a cost of $0.10/kWh.  Use local rates.

Row 12 - Cost of purchased filters, manufacturer’s input - the cost for a year’s supply of filters.

Rows 13, 14:  The cost and amount of material to be disposed of as liquid bottoms (distillation) or for filters (filtration) represent about 10 percent of the throughput in gallons.  Costs for disposal are based on estimates from national disposal companies.



4.2.9.2	Economic Analysis Calculations of Alternatives  



Table 4.2-3 illustrates the steps required to perform a manual economic analysis for an alternative.



Table 4.2-3.  Economic Analysis Calculations��Startup Costs [$]�(�Cost of Equipment Purchase + Installation Costs (including power hookups, piping, etc.) + Training Costs��Recurring Costs [$/yr]�(�Manpower Cost + Cost of Antifreeze Purchase  + Cost of Purchased Energy  + Cost of Purchased Filters + Disposal Cost��Manpower Costs [$/yr]�(�Man-hours per Year to Operate X Manpower Rate [$/hr]��Cost of Antifreeze Purchase [$/yr]�(�Cost of Antifreeze X Amount of Antifreeze Purchased��Cost of Purchased Additive [$/yr]�(�From Manufacturer��Energy Costs [$/yr]�(�Gallons of Antifreeze X Energy Cost to Operate per Gallon��Filter Cost [$/yr]�(�From Manufacturer��Disposal Cost [$/yr]�(�Cost for of Disposal of One Gallon of Antifreeze X Gallons Disposed ��Payback Period (yrs)�(�Startup Costs / [Recurring Costs for Current Operations - Recurring Costs for Proposed Alternative]��First Year Cost of Process [$]�(�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



�4.3	PPO-03.  asphalt RECYCLING/REUSE MILLINGS



4.3.1	Description



This PPO describes recycled asphalt pavement (RAP) and its possible uses or reuses on an installation. These possibilities include stockpiling for later use, reblending, and mechanical crushing to reduce waste stream volume.  This PPO can substantially reduce landfill requirements for construction and demolition waste as well as reduce the requirements for fresh fill or base material.



Pollution Prevention Objective:  to reduce the volume of the solid waste stream.



4.3.2	Applicability of the PPO 



This PPO applies to the following CE shop: 

Pavement and Equipment Shop



4.3.3	Alternatives 



The following alternatives are analyzed in this PPO

Alternative 1 - (Overlay):  There is no recovery of RAP.  Asphalt overlays are being performed without milling.

Alternative 2 - (Crush for Disposal):  RAP is milled, crushed, or ground, then disposed of in a C&D landfill.

Alternative 3 - (Fill):  RAP is milled, crushed, or ground on the installation, and recovered and stockpiled for use as fill material.

Alternative 4 - (Reblending):  RAP is milled, crushed, or ground, usually at a contractor site, and used as additive material for hot asphalt mix production as well as for fill material.



4.3.4	Advantages and Disadvantages of the Alternatives



Alternative

�Advantages�Disadvantages��Alternative 1 (Overlay)

�Avoids piles of milled asphalt and the need to care for them.

Only virgin fill material is available for use.

Air emissions are minimized.

�Asphalt waste is never recovered or recycled.

Greater amount of virgin fill needed.

Paying for virgin fill when reusable fill is available.

��Alternative 2 (Crush for Disposal)

�Decreased volume of solid waste going to landfill.

Reduced disposal tipping fees.

Only virgin fill material would be available for use.

�Excessive cost to reduce solid waste volume by one-third.

Need to purchase more virgin fill material.

Increase in air emissions.

��Alternative 3 (Fill)

�Lower purchase cost of fill material for jobs requiring a stable fill material

Reduces disposal costs.

�Initial locations chosen for stockpiling asphalt millings could require some capital investment for grading and runoff control.

Some manpower required to routinely inspect and maintain the stockpile.

Some air emissions.

��Alternative 4 (Reblending)

�Reduces cost of hot-mix asphalt.

Reuses milled and crushed asphalt pavement.

May eliminate stockpile of fill material, thus eliminating need for preparing and tending a stockpile.

Eliminates disposal costs. �May eliminate stockpile of fill material, thus increasing fill material costs.

Some batch plants are not equipped to handle millings.

Requires purchase of virgin fill material.

May increase air emissions, depending on batch process used.

May be restrictions on use of reblended material as wear coat. ��

4.3.5	Technical Analysis 



Reclaimed asphalt pavement that is removed from road surfaces by a milling machine (usually the top few inches) or that from breaking up and removing asphalt pavement, can be reused as fill material or used to replace some of the aggregate in hot batch mix.  Milling, crushing, or grinding RAP reduces the volume by about one-third.  This would reduce the volumes of solid waste disposed of in a C&D landfill.



Milled, crushed, or ground asphalt pavement can be processed on the construction site or batch processed at a stationary crusher location.  If done on the installation, the RAP could be stockpiled for future use in construction projects as fill or base material, thus saving the installation the cost of virgin fill material.



Purchase of a crusher is not necessary.  In most areas of the country, there are companies which will rent crushers, usually for a minimum period of one week.  The only significant problem with crusher rental involves scheduling.  The ideal situation is to temporarily stockpile rubble.  Since most crushers can handle from 50 to 100 cubic yards of material per day, it makes sense to build up a stockpile of material to be crushed in order to make the most use of the crusher. 



Table 4.3-1 contains a comparison of each alternative based on selected criteria.

�

Table 4.3-1.

Comparison of Alternatives for  Asphalt Recycling/Reuse Millings��



Criterion�Alternative 1

(Overlay)�Alternative 2

(Crush for Disposal)�Alternative 3

(Fill)�Alternative 4

(Reblending)��Compliance�Compliance issues include disposal of waste properly. �Compliance issues include disposal of waste properly. �Alternative only used in permitted area.�No compliance issues.��Operations and Maintenance�Purchase of fill material instead of using millings. �Purchase of fill material instead of using millings.�Must inspect and maintain stockpile.�Minimal O&M.��Environment�Waste stream is the largest of the alternatives, but is not actually recovered.�Reduced waste stream.�No waste stream.�No waste stream.��Management�No management action required.�Must dedicate resources to mill, crush, or grind RAP.�Must dedicate resources to mill, crush, or grind RAP and resources to maintain stockpile.�Must determine that reblended asphalt is acceptable.��Economics�No economic advantage.�Only makes sense if landfill costs are very high.�A cost effective means of obtaining fill material.�A cost-effective means of obtaining hot-mix product.��

If milled or crushed at a contractor location, the RAP can be introduced as part of the hot-mix process.  Typically up to 30 percent of the end product could be RAP.  This depends on state, local, and installation laws and specifications, and the use of the hot-mix product.  By using RAP in hot mix, an agency can save 35 to 45 percent of asphalt costs on a project (Naber, 1989).  



Crushing for introduction into hot mix may require crushing to a different size than for fill.  Should RAP be crushed on-base for use as both fill and hot-mix blend, it might be necessary to maintain two separate piles with different aggregate sizes.



4.3.6	Economic Analysis of the Alternatives



Table 4.3.2 (Section 4.3.9) provides a detailed cost analysis for these alternatives.



This cost analysis has been performed differently from that in other PPOs.  This analysis is for a single project which produces 100 cubic yards of asphalt rubble, and uses 100 cubic yards each of fill and hot mix.  These figures do not represent any project you are likely to see, but provide a starting point for your analysis.



Also, this cost analysis involves the rental of any equipment rather than the purchase of the necessary equipment.  Given that crushers may cost in excess of $150,000, but can be rented for approximately $2,500 per week, it doesn’t make economic sense to purchase.  Because there is no Initial Investment Cost for these Alternatives, there will be no payback.  Also, because this analysis is for a single project, the savings are shown for that project only.



The cost analysis presented in this PPO is not likely to apply to any specific installation because there is so much variation in the costs for landfill disposal, clean fill, and hot mix.  However, it is important to note that the more expensive the cost of landfilling, the more attractive all of the Alternatives become.



Alternative 1 is the least costly.  However, at some point, the continual overlay of existing asphalt will need to be halted, and subsequent processes will require asphalt milling.  This alternative is the least expensive alternative when one process is considered  But when many processes are considered, along with the need for asphalt milling, this alternative is the least practical.

Alternative 2 provides an expensive means of reducing the solid waste volume at the landfill.  This alternative provides no practical economic justification unless the cost of landfilling approaches $75/yard.

Alternative 3 is a cost-effective alternative for the creation and use of fill generated from RAP.

Alternative 4 is a cost effective means of obtaining hot mix, if a local asphalt supplier subscribes to this process and is willing to work with the installation on this use of asphalt millings.  This alternative assumes a limit of 30 percent RAP in the hot mix.  This means that 30 cubic yards of the crushed RAP is used in the hot mix and the remaining 70 cubic yards is used as fill.  Because 100 cubic yards of fill is used, 30 cubic yards of clean fill must be purchased.



4.3.7	Sources of Information on the Alternatives



Alternatives 3 and 4:

There are many construction companies that recycle or reuse RAP.  The availability of these capabilities will vary from region to region, based in part on the availability of fill material, costs of fill material and landfill tipping fees, the amount of construction generally ongoing in the region, and other factors.  Contractors may be willing to work with the installation for use of RAP, depending on local circumstances.



Alternative 1:

	Implementation Information

		PRO-ACT�	800-239-4356�	DSN 240-4214



Alternative 2:

	Implementation Information:

			Naber, 1989. “Asphalt Recycling Goes High Tech,” Waste Alternatives. Vol. 2, No.3, 					pp 72-74.

		Turley, 1994. “What does it Cost to Recycle Concrete and Asphalt?” C&D Debris 			Recycling.  April 1994, pp 20-23.

	Local C&D landfill

	Enviro$en$e (http://es.inel.gov)

PRO-ACT 

	800-239-4356 

	DSN 240-4214�

Alternative 3:

	Implementation Information

			Naber, 1989. “Asphalt Recycling Goes High Tech,” Waste Alternatives. Vol. 2, No. 3, 				pp 72-74.

		Turley, 1994. “What does it Cost to Recycle Concrete and Asphalt?” C&D 				Debris Recycling.  April 1994, pp 20-23.

		2 CES/CEO�	Barksdale AFB,  LA

		Local C&D landfill

Enviro$en$e (http://es.inel.gov)

PRO-ACT

800-239-4356

DSN 240-4214

Alternative 4:

	Implementation Information

		Local hot-mix contractor

		Local pavement contractor

		Enviro$en$e (http://es.inel.gov)

PRO-ACT

800-239-4356

DSN 240-4214



4.3.8	Process-Specific Information



Recycled asphalt pavement is created by milling the top few inches of asphalt from a paved surface, generally in the process of preparing for repaving.  The milling machines are able to load the millings directly onto standard dump trucks for transport to a landfill, stockpile, or reblending plant.  RAP is also created by grinding or crushing removed pavement, either at the construction site or a fixed location.



Reblending is done by a number of processes.  In a cold-mix method, RAP is ground on the site, mixed with a softening agent, and compacted on the road for use as a sub-base.  Cold mix can also be prepared off site.



In the continuous-drum process, virgin aggregate is heated.  RAP is added half way through the process. Asphalt is added to the rock and RAP to form the final hot-mix product.  The amount of RAP is controlled based on the specifications of the final product and to prevent burning and unacceptable air emissions.  Typically the upper limit of RAP in hot mix is about 30 percent.



In the batch-fed process, the virgin rock is heated then added to the RAP and asphalt solution.  The amount of RAP is about 15 percent.  A great quantity of steam is emitted during this process due to the introduction of hot rocks into a rinsed RAP solution.  Dust and oil particles could be carried with the steam release.



A third process (microwave) dries the crushed and washed RAP before it is introduced into a microwave heating tunnel.  The material is then sprayed with a reclaiming agent and further mixed before being loaded onto trucks.



Figure 4.3-1 is a process diagram of the RAP disposal and reuse process.  Circled numbers refer to the alternatives.



�

Figure 4.3-� SEQ Figure \* ARABIC �1�.  Schematic Diagram of RAP Disposal or Reuse.





4.3.9	Tailored Spreadsheet for the PPO



Table 4.3-2 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 4.3.9.1.  The calculations for performing the economic analysis of the alternatives manually are described in Section 4.3.9.2.



4.3.9.1	Basis of Economic Analysis



See Chapter 2 for general assumptions.  

The analysis assumes projects involving the need for 100 cubic yards of hot-mix asphalt and 100 cubic yards of fill material.

Milled or ground asphalt is acceptable fill material.

Installation will accept 30 percent reblended hot mix.

Transportation costs are not included since distances between construction site, landfill, batch plant, and/or stockpile area can vary widely.

The crusher costs $2,500 to lease for the period needed to crush the asphalt rubble.

No energy costs were assumed.

Costs for disposal of asphalt are estimated.  The cost is based on a representative figure for disposal from Turley (1994).





Table 4.3-2.��PPO-03  Asphalt Recycling/Reuse Millings��

� EMBED Excel.Sheet.5  ���



4.3.9.2	Economic Analysis Calculations of Alternatives



Table 4.3-3 illustrates the steps required to perform a manual economic analysis for an alternative.



�

Table 4.3-3.  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 Hot Mix Purchase [$/yr]�(�Cost of Hot Mix (depends on whether reblended asphalt is used) X Amount of Hot Mix Purchased��Cost of Virgin Fill Purchase [$/yr]�(�Cost of Virgin Fill X Amount of Virgin Fill Purchased��Disposal Cost [$/yr]�(�Cost of Disposal X Amount Disposed��Recurring Costs [$/yr]�(�Manpower Cost + Cost of Hot Mix Purchase + Cost of Virgin Fill 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.



�4.4	PPO-04.  BATTERY RECYCLING/REUSE



4.4.1	Description



This PPO describes the recycling of alkaline, nickel-cadmium (Ni-Cd) and lithium batteries.  Recycling these batteries can significantly reduce disposal costs.



Pollution Prevention Objective : to reduce number of batteries for disposal.



4.4.2	Applicability of the PPO



This PPO applies to essentially all CE and installation shops.  Most shops use batteries at any time.  Some applications where batteries may be used are listed below:



Flashlights

Meters

Radios

Remote Sensing Equipment

Sampling Equipment

Testing Equipment

Tools

Many other applications



4.4.3	Alternatives



The following alternatives are analyzed in this PPO:

Alternative 1 - (Disposal-NHW):  This alternative includes the disposal of alkaline batteries.

Alternative 2 - (Recycle):  This alternative considers replacement of an alkaline battery with either Ni-Cd or lithium batteries, which are then recycled after their service life has been reached.

Alternative 3 - Disposal - (HW):  This alternative involves the disposal of any battery as a hazardous waste.



4.4.4	Advantages and Disadvantages of the Alternatives



Alternative

�Advantages�Disadvantages��Alternative 1

(Disposal - NHW)�Generally may be disposed of as a non-hazardous solid waste.�May not be disposed of as a solid waste in (1) Alaska, (2) California, (3) Minnesota, (4) Rhode Island, (5) Washington, and others likely to follow in the near future.��Alternative 2

(Recycle)�Battery can be recharged 20-25 times before recycling.�Waste stream is a hazardous waste

if battery cannot be recycled by a

manufacturer.��Alternative 3

(Disposal - HW)�None�Loose value of recycling.

Create additional solid waste.��Table 4.4-1 contains a comparison of each alternative based on selected criteria



Table 4.4-1.

Comparison of Alternatives for Battery Recycling/Reuse��

Criterion�Alternative 1

(Disposal NHW)�Alternative 2

(Recycle)�Alternative 3

(Disposal - HW)��Operations and Maintenance�Disposal costs & initial purchase.�Initial purchase 

recycling income.�Initial purchase and

disposal cost.��Environment�Waste stream is the largest of the alternatives.�Waste stream is significantly reduced, but must be handled as a hazardous waste.�Waste stream must be handled as a hazardous waste.��Management�No management action required.�Must implement procedure to recharge/recycle battery.�Must implement procedure to recharge/recycle battery.��Economics�Annual costs for purchase are high, but negligible disposal costs.�Purchase costs are lower than disposable units and batteries have recycling value.�Costs for disposal are higher since recycle income is not claimed.��

4.4.5	Technical Analysis 



Currently, most installations dispose of Ni-Cd and mercury batteries as hazardous waste, and alkaline batteries as non-hazardous waste.  Alkaline batteries containing mercury may represent a potential hazardous waste stream, although in recent years the manufacturers have dramatically reduced the amount of mercury in alkaline batteries.  As of 1996, alkaline batteries are considered hazardous in the states of Alaska, California, Minnesota, Rhode Island and Washington.  Check with DRMO to determine if alkaline batteries can be disposed of in the local landfill, or must be disposed of as a hazardous waste in the user’s state.



Standard alkaline batteries are used in flashlights, instruments, and  much other equipment.  Used batteries are generally disposed of as hazardous waste.  Use of rechargeable batteries instead of standard non-rechargeable  batteries reduces the waste stream for batteries considerably, since the rechargeable batteries last approximately 25 times longer than standard batteries.  Ni-Cd batteries are generally recycled back to the manufacturer, and do have economic value to the installation.  If they are disposed of locally, they must be handled as a hazardous waste and will cost the installation  to dispose.



If a lithium battery is completely discharged, it is no longer reactive or ignitable and therefore can be disposed of as a non-hazardous waste.  Use of these special batteries could reduce the amount of hazardous waste disposed.  A battery tester may be necessary to determine that the batteries are completely discharged prior to disposal. 



�4.4.6	Economic Analysis of the Alternatives



Table 4.4.-2 (Section 4.4.9) provides a detailed cost analysis for these alternatives.



Based on cost figures available, Alternative 2, battery recycling is clearly the choice.  While the economic analysis is fairly generic, the payback on a recyclable battery is, depending on use, very quick (less than a month for heavy users).  Furthermore, whether the battery is recycled or not, rechargeable batteries make good economic sense and should be used wherever possible.



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



4.4.7	Sources of Information on the Alternatives



General

	Information about Alternative 2 can be found on the Internet at:

	Enviro$en$e (http://es.inel.gov)



	PRO-ACT	

	800-239-4356

	DSN 240-4214



Alternative 2: Numerous vendors are available for battery recycling.  CE Environmental should coordinate with DRMO to develop a request for contractual bids to recycle and reclaim batteries.  Some potential vendors include:



SAF NIFE, Inc., (919) 830-1600

Mercury Refining Company, Inc., (800) 833-3505

INMETCO, (412) 758-515.

ECOLOTEC. Inc. (513) 254-9990

BDT, Inc. (716) 759-2868

Optima Battery Corporation, (303) 744-5360

Jarvis Metals Recycling, Inc. (806) 744-7091



4.4.8	Process-Specific Information



Rechargeable batteries may be obtained universally.



4.4.9	Tailored Spreadsheet for the PPO



Table 4.4-2 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 4.4.9.1.  The calculations for performing the economic analysis of the alternatives manually are described in Section 4.4.9.2



Table 4.4-2.��PPO-04  Battery Recycling/Reuse��

� EMBED Excel.Sheet.5  ���



4.4.9.1	Basis of Economic Analysis



See Chapter 2 for general assumptions. 

This analysis, unlike other PPOs, did not evaluate the costs on a modified life cycle cost.  This analysis was done to demonstrate the value of using and properly disposing of recyclable batteries. 

This analysis assumes  that  100 Type AA batteries (25 changes; four batteries per change) are used in a device, which could be replaced by the equivalent of 4 rechargeable Ni-Cds.

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

Row 6 - Cost of the purchase of  batteries was obtained from retail source.

Row 10 -  The cost of disposal (or recycling income ) was obtained from recyclers for Alternatives 2 and 3.  While battery recycling (of the Ni-Cd or lithium batteries) can result in some income, it is nominal and is market driven.  For this analysis, the income is assumed to be $0, but there also is no disposal cost.  The user should have DRMO contact the recyclers noted in Section 4.4.7 to determine the potential for recycling income from particular batteries.

�

4.4.9.2	Economic Analysis Calculations of Alternatives  



Table 4.4-3 illustrates the steps required to perform a manual economic analysis for an alternative.



Table 4.4-3.  Economic Analysis Calculations��Startup Costs [$]�(�Cost of Equipment Purchase  + Installation Costs (including power hookups, piping, etc.) + Training Costs (if any)��Manpower Costs [$/yr]�(�No manpower costs associated with this PPO.��Cost of Battery Purchase [$/yr]�(�Cost of Batteries X Amount of Batteries Purchased ��Disposal Cost [$/yr]�(�Cost of Disposal X Amount Disposed��Recurring Costs [$/yr]�(�Cost of Battery Purchase + Disposal Cost��Payback Period (yrs)�(�Startup Costs / [Recurring Costs for Current Operations - Recurring Costs for Proposed Alternative]��First Year Cost of Process [$]�(�Startup Costs + Recurring Costs��Three Year Cost of Process [$]�(�Startup Costs + [3 X Recurring Costs]��First Year Savings [$]�(�Current Operations Cost [$/yr] X - Startup Costs - Alternative Operating Costs��Three Year Savings [$]�(�[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.



�4.5	PPO-05.  BATTERY RECHARGING



4.5.1	Description 



This PPO involves the use of alkaline, nickel-cadmium (Ni-Cd) and lithium rechargeable batteries in place of disposable alkaline batteries.  Battery recycling or disposal is covered in PPO-04.  The use of rechargeable batteries will significantly reduce battery purchase costs.



Pollution Prevention Objective:  to reduce the number of batteries for disposal.



4.5.2	Applicability of the PPO



This PPO applies to essentially all CE and installation shops.  Most shops may use batteries at any time.  Some applications where rechargeable batteries may be used are listed below:

Flashlights

Meters

Radios

Remote Sensing equipment

Sampling Equipment

Testing Equipment

Tools

Many other applications



4.5.3	Alternatives



The following alternatives are analyzed in this PPO:

Alternative 1 - (Alkaline-Single Use ): This alternative includes the single use of an alkaline battery with disposal after the service life has been reached.  Disposal is required because, in many states and communities the batteries are considered a hazardous waste and must be disposed of as such. Disposal and recycling options are discussed in PPO-04.

Alternative 2 - (Rechargeable Battery): This alternative includes the use of a variety of rechargeable batteries.  These rechargeable batteries may have a cycle life ranging from 25 to 500 recharges before their service life is depleted.  These batteries may be alkaline, Ni-Cd, lithium or other rechargeable battery types.  The system requires a battery charger and the purchase of rechargeable batteries, but requires little manpower to implement.  Once the batteries have exceeded their service life, they are properly disposed of.



4.5.4  Advantages and Disadvantages of the Alternatives



Alternatives

�Advantages�Disadvantages��Alternative 1 

(Alkaline - Single Use)�No battery charger to maintain.�Continued purchase of single use batteries.

Ongoing disposal costs.��Alternative 2 (Rechargeable Battery)�Reduced battery purchase costs by up to 90-95 percent.

Reduced disposal costs.�Initial purchase price of batteries and charger.

May not provide same amp hour rating as single use.  

Some tools with cartridges that hold a rechargeable battery(s) permit the substitution of single use batteries in the cartridge.  Avoid this practice.��

Table 4.5-1 contains a comparison of each alternative based on selected criteria.





Table 4.5-1.

Comparison of Alternatives for Battery Recharging��

Criterion�Alternative 1

(Alkaline-Single Use)�Alternative 2 

(Rechargeable Battery)��Operations and Maintenance�Initial purchase and disposal costs. �Initial purchase cost of batteries and charger.  Disposal costs.��Environment�Waste stream is significant.�Significantly reduces waste stream.��Management�No management action required.�Must implement procedure.��Economics�Disposal costs are high.�Large savings with an initial investment cost.��

4.5.5	Technical Analysis



Batteries used at installations generally consist of alkaline batteries (single use), rechargeable batteries such as alkaline, Ni-Cds or lithium batteries, and special batteries, such as button batteries.   Generally, applications for these special  batteries are not interchangeable.  This PPO points out that (without question) it pays to reuse (recharge) batteries.  The use of  disposable batteries is rarely the method of choice.



Standard (alkaline) or rechargeable batteries are used in flashlights, instruments, and other equipment and constitute nearly 80 percent of the batteries on the market.  Single use alkaline batteries are generally disposed of as hazardous waste, although in many communities this is not mandated. Alkaline batteries containing mercury may represent a potential hazardous waste stream, although in recent years the manufacturers have dramatically reduced the amount of mercury and other toxics in alkaline batteries.



Use of rechargeable batteries instead of standard non-rechargeables would reduce the waste stream considerably.  To implement this option, a special battery charger and rechargeable batteries are needed.  The alkaline rechargeable batteries can be recharged approximately 20 - 25 times, thus eliminating the purchase of 20 - 25 single use batteries for each rechargeable battery purchased.  This battery is new to the market, and unlike the Ni-Cd, does not have a perceived “memory” problem  which limits the amount of time the battery will operate on a single charge.  On the other hand, these batteries generally operate at peak performance if  they are recharged after each use, which may not always be convenient.  A special recharger is required for this type of battery - the Ni-Cd unit will not work.



Ni-Cd rechargeable batteries are the most predominant rechargeable battery on the market.  These batteries may be recharged from 400-500 times, although the amount of stored energy may be slightly less than that in an alkaline rechargeable battery.  Until recently, these batteries had a “memory” problem that reduced the useful service time per charge.  In recent years, the manufacturers have changed the battery formulation slightly.  Now if a Ni-Cd battery  has developed a memory. the user can recharge the battery fully and then completely discharge it.  If this cycle is repeated two to three times, the battery will have its full, useful service time per charge restored.



Lithium rechargeable batteries are not yet widely used at installations, although they have a 400-500 recharge cycle potential.  They also have no memory problems.  They are most often used in specialized testing equipment or tools, but are finding increasing use in applications that involve frequent peak loading of the tool.



Other batteries such as button batteries generally can not be recharged.



In general, it makes good environmental sense to choose a battery that can be recharged in preference to one that must be disposed of because it saves money and reduces the use of raw materials.  The choice of the type of rechargeable battery to be used will be based on the service conditions, convenience and price of the selected battery.  



Batteries (single use or rechargeable) that have reached their useful service life must either be recycled or disposed of as discussed in PPO-04. 



4.5.6	Economic Analysis of the Alternatives



Table 4.5-2 (Section 4.5.9) provides a detailed cost analysis for these alternatives.



Based on cost figures available, battery recharging is clearly the choice.  Single use batteries should not be the alternative of choice.  While the economic analysis is fairly generic, the payback on rechargeable batteries (depending on use) is very quick.  It can often be less than a month for heavy battery users.



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



4.5.7	Sources of Information on the Alternatives



General

	PRO-ACT

	800-239-4356

	DSN 240-4214



Alternative 2: Numerous vendors are available for the purchase of rechargeable batteries.  As with single use batteries, rechargeable batteries are widely available.  For many tools which contain rechargeable batteries, replacement of the battery can only be made by the manufacturer.  The tool must be returned to them and they will properly recycle the battery upon removal. 



Check with PRO-ACT for current NSN identification of batteries.  The technology has advanced in the last several years.



Eveready Battery Co.

St. Louis, MO

314-982-2000



Ray-O-Vac Battery Co.

Madison, WI

800-237-7000





4.5.8	Process-Specific Information



Rechargeable batteries may be obtained universally.  A flow sheet for battery recharging  is illustrated in Figure 4.5-1.





�



4.5.9	Tailored Spreadsheet for the PPO



Table 4.5-2 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 4.5.9.1.  The calculations for performing the economic analysis of the alternatives manually are described in Section 4.5.9.2.



4.5.9.1	Basis of Economic Analysis



See Chapter 2 for general assumptions. 

This analysis, unlike other PPOs, did not evaluate the costs on a modified life cycle cost basis.  This analysis was done to demonstrate the value of using rechargeable batteries. 

This analysis assumes  that 1200 Type AA batteries are used in a device, which could be replaced by the equivalent of 60 rechargeable alkaline batteries.  Since this analysis demonstrates the effectiveness of using rechargeable batteries, if Ni-Cd batteries were used in this analysis (with a service life of 500 recharging cycles) the economic benefits would be better than that noted in Table 4.5-2.

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

Row 6 - Cost of the purchase of  batteries was obtained from retail source.

Row 10 -  The cost of disposal or recycling of batteries is covered in PPO-04, but is entered into this spreadsheet to accurately depict the cost savings of the alternative. The user should contact DRMO for local disposal costs.



Table 4.5-2.��Battery Recharging��� EMBED Excel.Sheet.5  ���



4.5.9.2	Economic Analysis Calculations of Alternatives  



Table 4.5-3 illustrates the steps required to perform a manual economic analysis for an alternative.

�

Table 4.5-3.  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 Battery Purchase [$/yr]�(�Cost of Batteries X Amount of Batteries Purchased��Disposal Cost [$/yr]�(�Cost of Disposal X Amount Disposed��Recurring Costs [$/yr]�(�Manpower Costs + Cost of Battery Purchase + Disposal Cost [$/yr]��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.



�4.6	PPO-06  BOILER BLOWDOWN - AUTOMATED



4.6.1	Description



This PPO describes the use of automated boiler controls to improve steam boiler blowdown procedures. This PPO will save energy by reducing what is lost during the blowdown.  This PPO will also save boiler water treatment chemicals.



Pollution Prevention Objective: to reduce energy consumption and resulting reduction of air contaminants.



4.6.2	Applicability of the PPO



This PPO applies to the following CE shops:

Heat Operations Shop

Hospital Maintenance Shop

Zone Maintenance Shop



4.6.3	Alternatives



The following alternatives are analyzed in this PPO:



Alternative 1. - (No Control):  No automated control of the steam boiler blowdown resulting in possible harmful total dissolved solids (TDS) build up in the boiler water and wasted energy as a result of too frequent blowdowns for TDS control.



Alternative 2. - (Automated Blowdown Control):  The steam boiler has automated blowdown controls to assist in maintaining a proper water quality balance of the boiler feedwater, particularly for the TDS.



4.6.4	Advantages and Disadvantages of the Alternatives



Alternative

�Advantages�Disadvantages��Alternative 1�No purchase of equipment.�Manual control of TDS.��(No Control)��Loss of boiler water with subsequent energy loss.

Increased steam distribution system maintenance.��Alternative 2

(Automated Blowdown Control)�Reduced manual boiler water

 management.�Initial capital investment for controls.

Significant energy savings.

Less water treatment chemicals required.

Boiler and steam distribution system maintenance reduced.

Manpower reduced.��Table 4.6-1 contains a comparison of each alternative based on selected criteria.



Table 4.6-1.

Comparison of Alternatives for Boiler Controls - Automated��

Criterion�Alternative 1

(No Control)�Alternative 2

(Automated Blowdown Control)��Operations and

 Maintenance�Manual control of boiler water

chemical control.�Cost of equipment.��Environment�Waste stream from blowdown.�Reduced makeup water and waste

stream from automated blowdown.��Management�No management action required.�Management must assure that control equipment is properly operated to achieve maximum benefit.��Economics�Chemical, water, sewer and lost

energy ($) are highest.�Chemical, water and sewer charges

are reduced.  Boiler and steam system life extended.  Lost energy is reduced.��

4.6.5	Technical Analysis



When water evaporates, dissolved salts and solid matter are left behind as impurities in the remaining water.  As their concentration increases, problems in the steam boiler will occur, and (in time) carry over into the steam distribution system.  In turn, steam quality (the dryness of the steam) and steam purity will be decreased.



Control of the level of soluble salts and solids in a steam boiler requires the treatment of the feedwater and regulation of the rate of blowdown - which is the removal of a portion of the boiler water and its replacement with properly conditioned feedwater. 



Blowdown may be either continuous or manually controlled.  Blowdown rates are a function of the makeup water quality used to replace lost steam from the blowdown, leaks, valves, etc.  A high manual blowdown rate increases feedwater treatment costs (chemicals) and energy losses (already heated boiler water).   A low blowdown rate results in high TDS concentrations in the boiler with its consequent problems described above. 



Automatically monitoring and controlling TDS in steam boiler systems will result in increased boiler efficiency and reduced chemical usage.  TDS is measured in terms of electrical conductivity in microSiemens/cm (µS/cm).  A typical unit measures the TDS and adjusts the blowdown automatically.  Such a unit would allow the user to choose sample methods: either a continuous sample, or timed sample.  A set point of the acceptable conductivity limit is entered into the unit.  If the maximum limit is exceeded, a blowdown valve is opened.  The system water with higher levels of TDS is blown down while fresh make-up water with the appropriate chemical dosage is added.  This results in reduced TDS levels in the boiler.  The controller continuously protects boiler systems from the harmful effects of scaling and corrosion.



4.6.6	Economic Analysis of the Alternatives



Table 4.6.-2 (Section 4.6.9) provides a detailed cost analysis for these alternatives.



Alternative 2, automated boiler blowdown controls, is the most cost effective alternative with a payback period of less than one year.



Energy savings associated with feedwater reduction are calculated by the following formula:



� EMBED Equation.2  ���



		where:

		S = energy savings, dollars/hr

		C = fuel cost, dollars/unit

		F = feedwater reduction, lb/hr

		H = blowdown energy loss, Btu/lb

		V = fuel heating value, Btu/unit

		E = boiler efficiency, percent (0.xx)



In addition to energy savings, the reduced blowdown requirements will also reduce makeup raw water costs, as well as sewer charges.  Intangible savings, such as reduced boiler and steam distribution maintenance are realized over a period of time (years).  Labor savings from less manual testing and feedwater management are evident almost immediately.



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

	

4.6.7	Sources of Information on the Alternative



General

	Information about Alternative 2 can be found on the Internet at:

		Enviro$en$e (http://es.inel.gov)



		PRO-ACT

		800-239-4356

		DSN 240-4214



Alternative 2

	Possible vendors:

		IDEX - Electronic Controls Operations�		Muskogee, OK�		(918) 683-0238



		Landis & Gyr Powers, Inc.�		Buffalo Grove, IL�		(708) 215-1000



�4.6.8	Process-Specific Information



The automated boiler feedwater adjustment system is illustrated below in Figure 4.6-1.





�



4.6.9	Tailored Spreadsheet for the PPO



Table 4.6-2 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 4.6.9.1.  The calculations for performing the economic analysis of the alternatives manually are described in Section 4.6.9.2.

�

Table 4.6-2.��PPO-06  Boiler Controls - Automated��

� EMBED Excel.Sheet.5  ���



4.6.9.1	Basis of Economic Analysis



See Chapter 2 for general assumptions.  

This analysis assumes  that a typical boiler facility consists of three boilers with no automated blowdown controls in place.  At 5,000 lb/hr of steam, no condensate return, and 20% blowdown, the feedwater requirement is 6250 lb/hr.  At a reduced (11%) blowdown rate, the demand is 5625 lb/hr.

Row 1- Information obtained from manufacturer

The equipment costs associated with the controls were provided to Offutt AFB by the Water Energy Division of the Rochester Midland Corporation in Omaha which specified Idex equipment.

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

Rows 5 - Cost of fuel to generate steam for a year.  This could be the cost per month if desired.

Row 9:  The cost of water for makeup and disposal assumes a joint water sewer rate of $2.50 per 1000 gallons.  It does NOT include chemicals for treatment of the water because this is highly variable from location to location.  Since less water is used with an automated blowdown system, the payback will simply get better than that stated since less chemical is used.









4.6.9.2	Economic Analysis Calculations of Alternatives  



Table 4.6-3 illustrates the steps required to perform a manual economic analysis for an alternative.



Table 4.6-3.  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 Purchased Steam [$/yr]�(�Cost of Fuel to generate steam for one year��Purchase/Disposal Cost of Makeup Water [$/yr]�(�Cost of Purchase and Disposal of Makeup Water X Amount of Makeup Water Purchased/Disposed��Recurring Costs [$/yr]�(�Manpower Cost + Cost of Purchased Steam + Purchase/Disposal Cost of Makeup Water��Payback Period (yrs)�(�Startup Costs  / [Recurring Costs for Current Operations - Recurring Costs for Proposed Alternative]��First Year Cost of Process [$]�(�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.

��4.7	PPO-07.  CHILLER PURGE UNITS - REPLACE WITH AUTOMATED PURGE SYSTEMS



4.7.1	Description



This PPO addresses the replacement of chiller purge units with automated refrigerant management systems that control releases of ozone depleting substances (ODS) [CFC refrigerants], into the atmosphere.  Implementation of this PPO will help the installation meet its ODS reduction goals, reduce the costs for replacement refrigerant and reduce energy costs. 



Pollution Prevention Objective:  to reduce ODS emissions, energy costs and replacement refrigerant costs. 



4.7.2	Applicability of the PPO



This PPO applies to the following CE shops:

Chiller Plant

Hospital Maintenance Shop

Zone Maintenance Shop



4.7.3	Alternatives



The following alternatives are analyzed in this PPO:

Alternative 1 - (Purge Unit):  Chiller units are equipped with older purge units that are inefficient and release excess refrigerant (CFCs) from the system during purging operations.  The release of these ODSs is limited both by federal law and Air Force directives.  

Alternative 2 - (New Valve):  Chiller units are equipped with new microprocessor based purge valve(s) that prevent excessive refrigerant losses through discharge to the atmosphere.  These valves conserve refrigerant which is not released as well as provide increased chiller performance.  Reduced energy costs also are a result of this increased chiller performance.



4.7.4	Advantages and Disadvantages of the Alternatives



Alternative

�Advantages�Disadvantages��Alternative 1 (Purge Unit)�No initial cost of equipment.

�Replacement stocks of refrigerant must be purchased.

CFCs are released into the atmosphere during purge cycles.

More maintenance is required on system.

System requires more energy when refrigerant levels are not optimized.

��Alternative 2 (New Valves)�CFC discharges minimized.

Significant reduction in replacement refrigerant.

Energy costs are reduced.

Less system maintenance is required. 



�Purchase of a microprocessor based purge valve.��

Table 4.7-1 contains a comparison of each alternative based on selected criteria.



Table 4.7-1.

Comparison of Alternatives for Chiller Purge Units - Replace with Purge Valves��

Criterion�Alternative 1

(Purge Unit)�Alternative 2

(New Valve)��Compliance�Small amounts of ODSs are released to the atmosphere which is controlled under Federal law and Air Force directives.�Microprocessor  based valves minimize wasted ODSs reducing possible compliance issues.��Operations and Maintenance�Replacement refrigerant is required.�New purge valves need to be purchased.��Environment�Refrigerant is lost to the atmosphere.�The ODS discharge is minimized.��Management�This alternative is not consistent with current Air Force practice.�Must purchase, install, operate and maintain the unit.��Economics�No initial equipment cost, but refrigerant must be purchased and maintained.  There are also increased energy costs incurred.�An initial equipment cost offsets refrigerant purchase, reduced  maintenance manpower costs and reduced energy costs.��

4.7.5	Technical Analysis



Purge units are installed in chiller systems to remove air which accumulates in the chiller refrigerant system.  Purging of older chillers was done manually with purge valves that did not provide the operator with a very precise control of the purging operation.  Very often significant CFCs were lost along with the purged air.  This may have been an acceptable practice when refrigerant prices were lower and less was understood about the impact of ODSs on the atmosphere.  That is not acceptable today.



In July, 1992, Section 608 of the Clean Air Act finalized regulations requiring the repair of substantial leaks in air-conditioning equipment with a CFC or HCFC charge of greater than 50 pounds.  These rules established an annual leak rate not to exceed 15 percent of the charge for large comfort air cooling chillers.  In addition to these regulations, all production of CFC-11 and CFC-113 were to have been  phased out by January, 1996.  Practically speaking, these regulations now require better management of refrigerants used in chiller systems.  



Newer refrigerant management systems are available for installation that prevent the release of excess refrigerant  to the atmosphere. The new purge valves and associated purge units are designed to remove air, moisture and other non-condensables from low pressure chillers using refrigerants CFC-11, CFC-13 and HCFC-123.  The units come equipped with microprocessor units that collect operating statistics on refrigerant charge, entrained air and provide diagnostic assistance.  They also provide warning of excess air in the system in case the auto purge function is not properly operating.



These units are capable of  a substantial reduction in refrigerant loss.  The minimization of the air in the chiller also optimizes chiller operation.  This reduces the energy cost of chiller operation.



The basic operating principles of the unit is straightforward.  The purge tank refrigerant flow is illustrated in Figure 4.7-1.  The purge can be activated manually by running the purge system and allowing the gaseous refrigerant to flow to the purge unit.  Alternatively, the microprocessor based unit can adaptively sense when purging is necessary and power the purge unit.  



Refrigerant vapor enters the purge tank.  Once inside the tank, the vapor condenses on the purge tank coil and falls to the bottom of the tank.  Non-condensables accumulate in the purge tank only when there is air in the chiller condenser.   Accumulated air is removed from the purge tank automatically by the microprocessor control system without human intervention and without any loss of refrigerant, as was the case with the old manually operated valves.  



� EMBED PowerPoint.Slide.4  ���

�4.7.6	Economic Analysis of the Alternatives 



Table 4.7.2 (Section 4.7.9) provides a detailed cost analysis for these alternatives.



Based on the cost of the automated controls, reduced loss of refrigerant, and energy savings,  Alternative 2 is most attractive economically.  Furthermore, due to the provisions of the Clean Air Act, the rising cost of stockpiled banned refrigerants and their decreasing supply, Alternative 2 soon will be the only solution available to operators of stationary chillers. 



4.7.7	Sources of Information on the Alternatives



General

	Information about CFC reductions and ODSs can be found on the Internet at:

	Enviro$en$e (http://es.inel.gov)



	PRO-ACT

	800-239-4356

	DSN 240-4214



Alternative 2:

	Possible Vendor:�	The Trane Company�	Commercial Systems Group�	3600 Pammel Creek Road�	LaCrosse, WI 54601-7599�	608-787-2000



		United Technologies

		Carrier Corporation

		PO Box 4808

		Carrier Parkway

		Syracuse, NY 13221

		315-432-6000



4.7.8	Process-Specific Information 



A typical purge unit such an the Trane™ Purifier Purge, saves refrigerant, energy, and maintenance time.  It is a microprocessor-based unit with controls that provide purge and chiller operational data pertinent to managing chiller leaks.  The system allows the purge to run only when air is present in the chiller.  Diagnostic features are easily understood by the operator on the output panel.



4.7.9	Tailored Spreadsheet for the PPO



Table 4.7-2 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 4.7.9.1.  The calculations for performing the economic analysis of the alternatives manually are described in Section 4.7.9.2.



Table 4.7-2.��PPO-07  Chiller Purge Units - Replace with Purge Valves��

� EMBED Excel.Sheet.5  ���



4.7.9.1	Basis of Economic Analysis



See Chapter 2 for general assumptions.  

The initial investment cost is the cost of one purge unit.  If additional units are required, a revised cost would be developed.

Additional energy costs associated with the inefficiencies of a chiller running with entrained air are not included because they are difficult to quantify in a generic analysis such as this.  Each chiller’s operation is affected differently by the amount of entrained air.  The omission of these energy costs does not impact the economic analysis significantly, and is an added benefit when considering the automatic systems.

The cost of the refrigerant is based on a nominal figure provided during the interviews with chiller shop personnel.



4.7.9.2	Economic Analysis Calculations of Alternatives



Table 4.7-3 illustrates the steps required to perform a manual economic analysis for an alternative.



Table 4.7-3.  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 Purchased Refrigerant [$/yr]�(�Cost of Refrigerant X Amount of Refrigerant Purchased [lbs/yr]��Recurring Costs [$/yr]�(�Manpower Cost  + Cost of Purchased Refrigerant ��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.





�4.8	PPO-08.  COMPACTORS



4.8.1	Description



Compactors and crushers reduce solid waste volume and have an immediate application in shops with large volumes of pads, cans, and other compactable items.  In general, the volume of waste can be reduced to one-third of its original volume, which translates into reduced solid waste disposal costs. 



Pollution Prevention Objective:  to reduce the volume of the solid waste stream.



4.8.2	Applicability of the PPO



This PPO applies to the following CE shops:

Central Accumulation Point

Liquid Fuel Maintenance Shop

Paint Shop

Pavement and Equipment Shop

Sheet Metal Shop



4.8.3	Alternatives



The following alternatives are analyzed in this PPO:

Alternative 1 - (No Reduction):  No compactor/crusher used for solid waste reduction.

Alternative 2 - (Compactor):  A solid waste compactor with options.



4.8.4	Advantages and Disadvantages of the Alternatives



Alternative

�Advantages�Disadvantages��Alternative 1 

(No Reduction)�No equipment costs.

Less manpower intensive.

No training required.

�Adds volume to solid waste stream.

Higher disposal costs.

��Alternative 2 (Compactor/

Crusher)�Reduces the waste stream to one third of original volume.�Some manpower costs for operation.

Initial equipment costs.

Some training costs required.

��



Table 4.8-1 contains a comparison of each alternative based on selected criteria.





Table 4.8-1.

Comparison of Alternatives for Compactors��

Criterion�Alternative 1

(No Reduction)�Alternative 2

(Compactor/Crusher)��Operations and Maintenance�Waste is disposed of without any additional handling.�Purchase compactor and provide manpower to operate. Must provide a place to operate.��Environment�Waste stream is the largest of the alternatives.�Waste stream reduced to one third of original volume.��Management�No management action required.�Must implement procedure and purchase compactor.  Must provide operators.��Economics�No initial cost but higher disposal costs.�Initial equipment cost and operator training and operating time.  Reduced disposal costs.��

4.8.5	Technical Analysis



Compactors are available from commercial sources that use a hydraulic system to squeeze or crush waste products.  They come in various sizes ranging from those that operate in a common 55 gallon drum as the primary container to those that can compact up to a 10 to 20-yard container of waste.  All use the principle of the hydraulic ram to compact the waste against a stationary plate.  The waste is then removed from the container in its compacted form and disposed of in an appropriate location.



In a typical shop model using a 55 gallon drum, hydraulic rams of up to 5,000 psi, squeeze fluids from pads or compact materials.  If pads with liquids are compacted, the removed fluids must be handled appropriately.  While some may be recovered and recycled, most must be disposed of as a hazardous waste.



Crushers also reduce solid waste volume.  They are based on the same principal as the compactors, using hydraulic pressure for the crushing mechanism. 



4.8.6	Economic Analysis of the Alternatives



Table 4.8.2 (Section 4.8.9) provides a detailed cost analysis for these alternatives.



Alternative 2 is the most cost effective.  Even though it requires the purchase of a compactor or crusher, the use of such devices can significantly reduce the volume of solid waste.  This reduces the cost of transport of the solid waste.  If the installation’s host location charges for disposal of solid waste by the yard,  reductions in disposal costs will also be possible.



This PPO illustrates economies of scale.  As volumes of waste to be disposed are increased, the cost benefit in implementing Alternative 2 increases as well.



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



4.8.7	Sources of Information on the Alternatives



General

	Information about Alternative 2 can be found on the Internet at:

	Enviro$en$e (http://es.inel.gov)



	PRO-ACT

	800-239-4356

	DSN 240-4214



Alternative 2:

Implementation Information:

	2 CES/CEV (Central Accumulation Point)�	Barksdale AFB, LA�	DSN 781-5248�	COM 318-456-5248�

Possible Vendors:

	Container Products Corp.

	North College Road, PO Box 3767

	Wilmington, NC 28406



	Pack-Master

	Newstripe

	1700 Jasper Street

	Aurora, CO 80011

	800-624-6706



4.8.8	Process-Specific Information



Operation of both the compactor or can crusher is straight-forward.  The simplest compactors consist of a stand-mounted, hand-operated crusher, while more complex crushers contain recovery tanks, baskets, and hydraulic crushing/compacting units.



The compactor can be used for reducing the volume of material to be disposed of, but it can also be used to squeeze fluids from absorbent pads so that the fluids can be recycled, reclaimed or disposed of.  In some situations, this may allow reuse of some of the absorbent pads.  



When operating a can crusher, nesting cans together prior to crushing, or placing numerous small cans inside a barrel before crushing, further reduces waste volume. 





4.8.9	Tailored Spreadsheet for the PPO



Table 4.8-2 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 4.8.9.1.  The calculations for performing the economic analysis of the alternatives manually are described in Section 4.8.9.2.



Table 4.8-2.��PPO-08  Compactors��

� EMBED Excel.Sheet.5  ���



4.8.9.1	Basis of Economic Analysis



See Chapter 2 for general assumptions.  

Investment costs are representative of  the cost of the equipment provided by the identified equipment manufacturers for a typical 55 gallon drum model. Each manufacturer has several models, the prices of which will vary from the representative figure used.

Additional energy costs are not included since these small units are usually manual or hydraulically assisted.

An estimated volume of 60 cu yd of uncrushed trash are generated per year.  The compactor will reduce this volume by two-thirds.

Local landfill costs of $5.50/cu yd for uncompacted waste and $5.75/cu yd for compacted waste are approximated.





4.8.9.2	Economic Analysis Calculations of Alternatives



Table 4.8-3 illustrates the steps required to perform a manual economic analysis for an alternative.



Table 4.8-3.  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��Disposal Cost [$/yr]�(�This is the cost to dispose of a waste stream in an ordinary landfill.  Cost of Disposal X Amount Disposed��Recurring Costs [$/yr]�(�Manpower Cost  + 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.





�4.9	PPO-09.  CONCRETE RUBBLE - RECYCLE MILLINGS



4.9.1	Description



This PPO describes concrete crushing and the possible reuse of material on an installation.  These options include the recycling of concrete rubble either by crushing in-house or by contractor.  These PPOs will reduce the amount of solid waste going to the landfill, as well as reduce the amount of fill or base material that must be purchased.



Pollution Prevention Objective:  to reduce the volume of the solid waste stream and to conserve natural resources.



4.9.2	Applicability of the PPO



This PPO applies to the following CE shop:

Pavement and Equipment Shop



4.9.3	Alternatives



The following alternatives are analyzed in this PPO:

Alternative 1 - (Landfill):  No recovery of concrete waste.  It is disposed of in a construction and demolition (C&D) landfill.

Alternative 2 - (Installation):  Waste concrete material is crushed and recovered and stockpiled for use as fill material.  The installation provides the crusher (lease) and retains all crushed material.  The alternative assumes concrete is crushed every two years.

Alternative 3 - (Contractor):  Waste concrete material is crushed and recovered and stockpiled for use as fill material.  A contractor provides the crusher and retains a major percentage of the crushed material in lieu of payment.



4.9.4	Advantages and Disadvantages of the Alternatives



Alternative

�Advantages�Disadvantages��Alternative 1 (Landfill)�No initial investment of crushing equipment.

Avoids piles of crushed concrete that need to be monitored.

Only virgin fill material would be available for use.

There would be no storage of concrete to be crushed at the facility.

�Cost of clean fill in applications where crushed concrete could be used.

All concrete waste must be disposed of in a C&D landfill.

Tipping fees for concrete disposal would be encountered.

��Alternative 2 (Installation)�Lower overall cost of fill material purchased.

Decreased volume of material going to a landfill.�The initial locations chosen for stockpiling crushed concrete could require some capital investment for grading and runoff control.  

A rental or lease cost for the crusher would generally be required.  Leasing a crusher may be difficult at many locations.

Concrete to be crushed may have to be stored at the facility until a sufficient amount is available for economical crushing.

��Alternative 3 (Contractor)�Lowering the cost of fill by retaining a percentage of the crushed concrete.  

The cost of crushing is borne entirely by the contractor.

Decreased volume of material going to a landfill.

�Concrete to be crushed may have to be stored at the facility until a sufficient amount is available for economical crushing.��

Table 4.9-1 contains a comparison of each alternative based on selected criteria.



Table 4.9-1.

Comparison of Alternatives for Concrete Crushing - Recycle Millings��

Criterion�Alternative 1

(Landfill)�Alternative 2

(Installation)�Alternative 3

(Contractor)��Compliance�Waste must be disposed of properly.�No compliance issues.�No compliance issues.��Operations and Maintenance�Purchase of fill material. Disposal costs.�Initial investment in crusher.  No disposal costs.�No initial investment, retains a  percentage of crushed material at no cost.��Environment�Waste stream is the largest of the alternatives.�No waste stream.�No waste stream.��Management�No management action required.�Must purchase/lease crusher, implement procedure and arrange stockpiling of millings.�Must implement procedure and arrange stockpiling of millings.��Economics�No initial investment would be required.  Costs for virgin fill and disposal would be greatest.�Lower cost for fill and disposal, but costs for crushing would occur.�No significant economic impact.��

�4.9.5	Technical Analysis



Concrete requiring disposal results from demolishing building foundations, floors, sidewalks, roadways, aircraft aprons, and occasionally roofs and structural elements.  Removing storm or sanitary sewer concrete works also generates waste concrete.  



Crushing concrete is often performed by running a tracked bulldozer over the material several times.  This practice generates noise and dust that may be unacceptable.  Crushing with a bulldozer will not produce small enough particles to use as gravel, but will produce small enough particles to use as fill.  Other methods of crushing include mobile jaw grinders or impact crushers that also include a magnetic separator to remove metal reinforcing materials.



Fixed plants, at a contractor facility, can process up to 300 to 400 tons per hour of concrete rubble.  They consist of: an infeed system; a screening system; a crushing system, either one- or two-stage; and a magnetic separator.



Mobil plants can operate at a job site and can handle up to 100 tons per hour, assuming the feed material is approximately the same size  The mobile plant generally has the same components as the fixed plant.



4.9.6	Economic Analysis of the Alternatives



Table 4.9.2 (Section 4.9.9) provides a detailed cost analysis for these alternatives.



Based on cost figures available, Alternative 1 is the most costly.  Alternative 2 provides a cost-effective means of processing concrete waste, provided a crusher is available to lease or rent locally.  Alternative 2 is also cost effective if a local contractor subscribes to this process and is willing to work with the installation on this use of waste concrete.  Alternative 3 has a life-cycle cost of $1,500, which is less than the $7,000 for Alternative 2.  The primary difference is the lease cost of the equipment and manpower to operate it.  There is no payback on Alternative 3 since there is no initial investment cost.



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



4.9.7	Sources of Information on the Alternatives



Alternative 2:

Possible Vendor:�	Local contractors will have information on leasing of concrete crushers.



Alternative 3:

Possible Vendor:

	Local contractors will have information on leasing of concrete crushers.



Implementation Information:

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



4.9.8	Process-Specific Information



A contractor could be hired to process all accumulated concrete on an annual, bi-annual, or as needed basis, depending on the amount of concrete accumulated.  Contractual arrangements could be worked out to retain a portion of the concrete processed for the processing costs.  Or, the installation could lease or rent a crusher as needed to process accumulated concrete.  It that case, the installation would keep all the process concrete for fill material as needed. 



Figure 4.9-1 is a schematic showing the alternative methods for disposing of concrete rubble.



�

Figure 4.9-1.  Disposal Options for Concrete Rubble��

4.9.9	Tailored Spreadsheet for the PPO



Table 4.9-2 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 4.9.9.1.  The calculations for performing the economic analysis of the alternatives manually are described in Section 4.9.9.2.



Table 4.9-2.��PPO-09  Concrete Rubble - Recycle Millings��

� EMBED Excel.Sheet.5  ���



4.9.9.1	Basis of Economic Analysis



See Chapter 2 for general assumptions.  

The initial investment cost is the annual cost of leasing of one unit.  The value shown is one-half the cost, since it is assumed that concrete rubble is crushed once every two years.

Additional energy costs are not included.

The cost of clean fill is based on a nominal figure provided during the interviews with shop personnel and information in literature.  Clean fill costs vary depending on the region of the country due to its availability.

Crushers vary in complexity and the number of operators required to operate.  The commonly accepted number is three persons to operate.

�

4.9.9.2	Economic Analysis Calculations of Alternatives



Table 4.9-3 illustrates the steps required to perform a manual economic analysis for an alternative.



Table 4.9-3.  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 Purchased Clean Fill [$/yr]�(�Cost of Clean Fill X Amount of Clean Fill Purchased��Disposal Cost [$/yr]�(�Cost of Disposal X Amount Disposed��Recurring Costs [$/yr]�(�Manpower Cost  + Cost of Purchased Clean Fill  + Disposal Cost ��Payback Period (yrs)�(�Startup Costs  / [Recurring Costs for Current Operations  - Recurring Costs for Proposed Alternative]��First Year Cost of Process [$]�(�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.





�4.10	PPO-10.  DECAL AND VINYL alternatives to paint



4.10.1	Description



This PPO investigates the replacement of paints with either decal or vinyl alternatives.  The newer machines allow preparation of signs and displays without use of paints, lacquers, or enamels thereby reducing emitted VOCs.  They can produce designs on vinyl or decal material and can also produce vinyl lettering from the same machine.



Pollution Prevention Objective: to reduce the air emissions (VOCs), and other waste streams generated from the use of paint.



4.10.2	Applicability of the PPO



This PPO applies to the following CE shops:

Central Accumulation Point

Sign Shop



4.10.3	Alternatives



The following alternatives are analyzed in this PPO:

Alternative 1 - (Paint):  Paints, lacquers, or enamels are used for sign painting.

Alternative 2 - (Decal):  A machine is used for sign preparation on a decal medium.  In addition these machine are capable of cutting the decal material.

Alternative 3 - (Vinyl):  A machine is used for sign preparation on a vinyl medium.  In addition these machine are capable of cutting the vinyl material.



4.10.4	Advantages and Disadvantages of the Alternatives



Alternative

�Advantages�Disadvantages��Alternative 1

 (Paint)�Large initial investment not required.�Continues to require paints that emit VOCs.  

Some applications may require lead-based paint.  

��Alternative 2

 (Decal)�Eliminates VOC emissions.

Saves time in the preparation of the transfer.

Provide a product that equals or exceeds paint in durability.

This process has the capability to produce nearly any desired sign or design.

�For decals the equipment is limited to the decals available.

Large capital investment required.��Alternative 3

 (Vinyl)�Eliminates VOC emissions.

Saves time in the preparation of the transfer.

Provide a product that equals or exceeds paint in durability.

This process has the capability to produce nearly any desired sign or design.

�Capital investment required, although much less than a decal machine.��

Table 4.10-1 contains a comparison of each alternative based on selected criteria.



Table 4.10-1.

Comparison of Alternatives for Decal Alternative to Paint.��

Criterion�Alternative 1

(Paint)�Alternative 2

(Decal)�Alternative 3

(Vinyl)��Operations and Maintenance�Minimal O&M.  Dispose of solid waste and hazardous waste resulting from painting.�Purchase of equipment.  Must provide a place to operate.�Purchase of equipment.  Must provide a place to operate.��Environment�Waste stream includes  air emissions, used sign material, and paint cans and brushes.�Minimal waste stream.�Minimal waste stream.��Management�No management action required.�Must purchase equipment.  Must provide operator training.�Must purchase equipment.  Must provide operator training.��Economics�Has lowest costs over a three year period, but hazardous waste disposal costs are not minimized.

�Investment costs are high initially, but defrayed costs of hazardous waste disposal eventually make this investment worthwhile.  A quality product is produced.�Investment costs are moderate initially, but defrayed costs of hazardous waste disposal eventually make this investment worthwhile.  A quality product is produced.��

4.10.5	Technical Analysis



Paints have long been used to apply decorative patterns to both signs and aircraft.  However, the application of these paints emits high levels of VOCs, particularly because water based paints cannot be used.  In addition, several hazardous waste streams are created through the use of such paints.  



Recently, equipment has been designed that, when linked to a computer system with powerful graphic software, can generate designs on either decal or vinyl substrate created by the end user, and subsequently cut the transfer media to almost any shape or size.



The decals formed on these systems are simply peeled from their backing, and applied to any suitable surface.  The decals  have been shown to stand up to the extreme conditions encountered by an aircraft at high altitudes and speeds.  The decals also perform well in inclement weather.  These decals are a proven substitute for paint.  Their use speeds the production of a design, reduces the generation of hazardous waste emissions, reduces the drying time associated with paints and provides a great deal of flexibility to the user.  In addition, once a design is created it can be stored, recalled and the decal reproduced on the machine with little additional effort.  This improves the quality of the end product.



Nearly all wastes associated with painting operations are considered hazardous and must be disposed of accordingly.  These wastes include waste paint, empty cans, etc.  If a decal machine is implemented, disposal costs are limited to dumping waste decals in ordinary trash.  These disposal costs will be drastically reduced.  This is the main economic benefit that justifies implementation of this PPO.



The vinyl transfers and lettering are available in numerous fonts, and vinyl lettering material is available in a wide variety of standard and non-standard colors or shades which are ultraviolet resistant.  The system can be programmed to cut the vinyl or decal  substrate to almost any shape or design.



4.10.6	Economic Analysis of the Alternatives



Table 4.10.2 (Section 4.10.9) provides a detailed cost analysis for these alternatives.



Alternative 1 is the least expensive since it does not incur capital investment costs.  However, this alternative does emit VOCs and is much more manpower intensive. It does not allow easy replication of a standard design.   Alternatives 2 and 3 are more expensive than Alternative 1, but are also more versatile.  The initial investment costs for computer equipment are high, thus resulting in no annual savings during the analysis period.  The software processors may need some upgrading over the life cycle of the machines, and new technology is most likely to impact these alternatives positively.  The cost of the machines is dropping rapidly, while solid waste disposal costs continue to rise.



This analysis assumes that the decal/vinyl machine will only be used in the preparation of signs.  If the use of this machine is extended to aircraft and other large scale machinery, the decal/vinyl machine will show even greater economic savings.



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



4.10.7	Sources of Information on the Alternatives



General

	PRO-ACT

	800-239-4356

	DSN 240-4214

�

Alternatives 2 and 3

Implementation Information:

	2 CES/CEO

	Barksdale AFB, LA	



	55 CES/CEO

	Offutt AFB, NE

	DSN 271-5550

	COM 402-294-5550



	436 CES/CEO

	Dover AFB, DE

	DSN 445-6259

	COM 302-677-6259



Possible Vendor:

	Newstripe, Inc.�	1700 Jasper St., #F�	Aurora, CO  80011�	Phone 1-800-624-6706



	Gerber Scientific Products

		151 Batson Drive

		Manchestor, NH  06040

		603-625-2459



4.10.8	Process-Specific Information



The decals are applied to a sign-back surface of either aluminum or plastic composition.  The decal is attached  to the surface of the backing, providing a durable, finished sign.  The vinyl lettering material comes in several widths to match the cutting heads available.  A large array of colors of vinyl lettering material is also available from several manufacturers.



Both materials come in a self-stick or heat-activated mastic.  The self-stick material has a pre-applied adhesive on the decal or vinyl media that does not require activation.  The backing of the media is removed and the decal or vinyl is applied directly to the backing media such as aluminum.  The heat activated media must be applied to the backing medium such as aluminum and the adhesive activated by heating (often by a special heat set press.)



4.10.9	Tailored Spreadsheet for the PPO



Table 4.10-2 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 4.10.9.1.  The calculations for performing the economic analysis of the alternatives manually are described in Section 4.10.9.2.



4.10.9.1	Basis of Economic Analysis



See Chapter 2 for general assumptions.  

The initial investment cost is the cost of one computer unit, software and ancillary attachments.

The cost of the material is based on a nominal figure provided during the interviews with sign shop personnel.

The analysis assumes that 120 signs per year are prepared.

Disposal costs assume that, when painting operations are used, one pound of hazardous waste is generated per sign.  Disposal of these materials is estimated at $5.00 per pound.  Disposal of the paper waste associated with decal/vinyl applications is probably inconsequential, but for the sake of this analysis is estimated to be one-tenth that of using paint.  These disposal costs are estimated at $0.50 per pound (compacted).

Manpower requirements associated with using decal/vinyl equipment are estimated at one-sixth the requirements for painting operations.



�Table 4.10-2.��PPO-10  Decal and Vinyl Alternatives to Paint��

� EMBED Excel.Sheet.5  ���



�4.10.9.2	Economic Analysis Calculations of Alternatives  



Table 4.10-3 illustrates the steps required to perform a manual economic analysis for an alternative.



Table 4.10-3.  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 Materials [$/yr]�(�Cost of Paint/Decals/Vinyl X Signs Produced Annually��Disposal Cost [$/yr]�(�Cost of X Amount Disposed��Recurring Costs [$/yr]�(�Manpower Cost  + Cost of Sign Materials  + Disposal Cost ��Payback Period (yrs)�(�Startup Costs  / [Recurring Costs for Current Operations  - Recurring Costs for Proposed Alternative]��First Year Cost of Process [$]�(�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.
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DISCLAIMER

Air Force comments or use of brand names or trademarks in this report do not indicate an endorsement or approval. These names are provided for discussion purposes only. Many manufacturers produce similar products.  The product merits and capabilities must be gauged in relationship to the specific tasks addressed.  The reader is advised to contact Pro-Act and/or other bases for additional product names.
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