4.11	PPO-11.  FILTERS, HVAC



4.11.1	Description



This PPO describes the use of a variety of HVAC filters to condition indoor air.  Newer filters with impregnated chemicals and granular activated carbon (GAC) can last many times longer than conventional filters, and can provide substantially better indoor air quality (IAQ).  Use of the alternative filters will reduce the need to frequently change and dispose of filters.



Pollution Prevention Objective: to reduce disposal of throwaway filters and improve IAQ.



4.11.2	Applicability of the PPO



This PPO applies to the following CE shops:

Chiller Plant

Hospital Maintenance Shop

Refrigeration Shop

Zone Maintenance Shop



4.11.3	Alternatives



The following alternatives are analyzed in this PPO:

Alternative 1 - (Conventional Filters):  Typically employed in an HVAC system and widely available.

Alternative 2 - (Long Term Filters):  New to the market in the last 3-5 years, these high efficiency media filters function 3 to 5 times as long as a conventional filter.  These filters significantly improve the IAQ.

Alternative 3 - (Washable Filters):  These filters may be repeatedly washed and reused but  often do not  provide a substantial improvement in IAQ.



4.11.4	Advantages and Disadvantages of the Alternatives



Alternative

�Advantages�Disadvantages��Alternative 1

(Conventional Filters)�Inexpensive�Do not last more than two months in typical use

Can not be reused

Do not provide good quality IAQ

��Alternative 2

(Long Term Filters)�Last from 8 to 10 months

Provide s better IAQ

�Expensive��Alternative 3

(Washable Filters)�Last for two or three years

Provide better filtering capability than conventional filters but not the better capability of the long term filters.�Highest cost but lasts for years

Requires manpower to clean��

Table 4.11-1 contains a comparison of each alternative based on selected criteria.



Table 4.11-1.

Comparison of Alternatives for HVAC Filters��

Criterion�Alternative 1

(Conventional Filters)�Alternative 2

(Long term Filters)�Alternative 3

(Washable Filters)��Operations and Maintenance�Disposal costs are high since these are one pass filters that must be changed frequently.�Additional initial investment cost for the filter and they are changed much less frequently.�Additional initial investment cost and the filters must be washed periodically, which is labor intensive.��Environment�Waste stream is the largest of the alternatives.�Some waste stream from disposed filters.�No waste stream (other than dirty water).��Management�Typical filters currently used in Base housing.�Requires only that a more expensive filter be purchased, but there are no changes in use required.�Filters must be purchased and a procedure established to wash the units on a periodic basis. ��Economics�Initial cost is low but replaced often.�Initial cost is higher.  Payback is very quick.�Initial and operating costs are high, but units eventually pay back..��

4.11.5	Technical Analysis



The use of filters in Base housing central heating/air systems is required for maintenance of clean air and proper operation of the air handlers.  Conventional filters employ spun glass to trap particulate matter.  While efficient, these filters generally are disposed about once every two months.  Longer service life filters made of alternate materials or washable filters present opportunities to reduce wastes from disposal of the filter.  



The newer long term filters are often impregnated with GAC to improve the removal of airborne particulates and odor, thus improving indoor air quality (IAQ).  In contrast, the washable filters are not impregnated, but do last a long time.  One type of washable filter, the electrostatic washable filter, has proven effective at improving indoor air quality.



This PPO evaluates the cost of each of these alternatives, but does not evaluate the cost of filtration systems for large buildings with central chillers and large air handling units.  Filters for those large systems are more costly and must be matched carefully to the particular system for which the installation is being considered.  Those filtration systems (GAC media, Standard Washable, or Electrostatic Washable) must be designed for the particular system by design engineers.



4.11.6	Economic Analysis of the Alternatives



Table 4.11-2 (Section 4.11.9) provides a detailed cost analysis for these alternatives.



Based on cost figures available, Alternative 3 is the most cost effective and provides a good filter.  While the long term filters can provide a better quality air, particularly for allergy sufferers, the capital cost may not be justified depending on local volume of use of filters.



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



4.11.7	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:�	3M Corporation

	St. Paul, MN 55144-1000

	800-364-3577

		

		Airguard Industries, Inc.

		PO Box 32578

		Louisville, KY

		(502) 969-2304



Alternative 3:�	Airguard Industries, Inc.

		PO Box 32578

		Louisville, KY



		(502) 969-2304�	2 CES/CEO�	Barksdale AFB, LA



�4.11.8	Process-Specific Information



All filters discussed are available from local vendors.



4.11.9	Tailored Spreadsheet for the PPO



Table 4.11-2 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 4.11.9.1.  The calculations for performing the economic analysis of the alternatives manually are described in Section 4.11.9.2.



�Table 4.11-2.��PPO-11  Filters, HVAC��

� EMBED Excel.Sheet.5  ���



4.11.9.1	Basis of Economic Analysis



See Chapter 2 with regard to general assumptions.  

This analysis assumes  that 100 locations will be filtered, and that conventional filters will last about two months.  Thus, in a typical year, 600 conventional filters would be used.  The purchase of the long term filter will amount to about 120 filters (since the long term filters lasts about five times longer than the conventional filter).  

Row 1- Information obtained from manufacturer.

The filter costs were obtained from retail outlets.

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

Row 7 - Cost of the purchase of the filters was obtained from retail outlets.

Row 10 - The cost of disposal for household wastes is assumed to be $25/ton. These values are highly variable depending on the part of the country the installation is located in, so local values  definitely should be substituted here.



4.11.9.2	Economic Analysis Calculations of Alternatives  



Table 4.11-3 illustrates the steps required to perform a manual economic analysis for an alternative.



Table 4.11-3.  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 Filter Purchase [$/yr]�(�Cost of Filters X Amount of Filters Purchased��Disposal Cost [$/yr]�(�Cost of Disposal X Amount Disposed��Recurring Costs [$/yr]�(�Manpower Cost  + Cost of Filter Purchase  + Disposal Cost ��Payback Period (yrs)�(�Startup Costs  / [Recurring Costs for Current Operations  - Recurring Costs for Proposed Alternative]��First Year Cost of Process [$]�(�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.





�4.12	PPO-12.  FILTERS, OIL/GAS



4.12.1	Description



This PPO addresses the management of used fuel and oil filters.  Most states allow the disposal of used filters in ordinary trash as long as they have been properly drained.  Metal-cased filters are a recyclable resource.  This PPO does not apply to filter inserts which have little or no metal content.  The objective of this PPO is to reduce the volume of the solid waste stream.



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



4.12.2	Applicability of the PPO



This PPO applies to the following CE Shops:

Grounds Maintenance Shop

Heat Operations Shop

Liquid Fuels Maintenance Shop

Pavement and Equipment Shop

Power Production Shop



4.12.3	Alternatives



The following alternatives are analyzed in this PPO:

Alternative 1a - (Drain/trash):  Drain and dispose as ordinary trash.

Alternative 1b - (Drain/crush/trash):  Drain, crush, and dispose as ordinary trash.

Alternative 2 - (Drain/recycle):  Drain and recycle.

Alternative 3 - (Drain/crush/recycle.):  Drain, crush, and recycle.



4.12.4	Advantages and Disadvantages of the Alternatives



Alternative

�Advantages�Disadvantages��Alternative 1a (Drain/trash)�No capital investment.

Manpower not required.

�Largest solid waste stream.

Significant oil disposal to landfill.��Alternative 1b (Drain/crush/trash)�No capital investment.

Manpower not required.

Reduced oil disposal to landfill.

�Large solid waste stream.

Significant disposal costs.��Alternative 2: (Drain/recycle)�Solid waste stream is minimized.

Benefit to environment.

Disposal costs are significantly reduced.

Manpower not required.�Capital investment required.



Off-base recyclers may not be readily available.

��Alternative 3: (Drain/crush/recycle)�Solid waste stream is minimized.

Benefit to environment.

Disposal costs are significantly reduced.

�Capital investment required.

Manpower required.

Off-base recyclers may not be readily available.

��

Table 4.12-1 contains a comparison of each alternative based on selected criteria.



Table 4.12-1.�Comparison of Alternatives for Used Oil and Filter Management��



Criterion�Alternative 1a Drain/trash�Alternative 1b Drain/crush/ trash�Alternative 2

Drain/recycle�Alternative 3

Drain/crush/ recycle��Compliance�Regulations must allow disposal in ordinary trash following drainage.�Regulations must allow disposal in ordinary trash following drainage.�No compliance issues.�No compliance issues.��Operations and Maintenance�Minimal O&M.  �Slight increase in O&M to crush used filters and maintain crusher.�Minimal O&M.�Slight increase in O&M to crush used filters and maintain crusher.��Environment�Largest waste stream.�Reduced waste stream.�Waste stream essentially eliminated.�Waste stream essentially eliminated.��Management�No management action required.�No management action required.�No management action required.�No management action required.��Economics�Disposal costs are highest.�Disposal costs are reduced.�Capital costs are highest.�Capital costs are highest.��

4.12.5	Technical Analysis



Improper disposal of oil/gas filters could contaminate soil, surface water, or drinking water.  Before a filter is drained, it can contain anywhere from one pint to one quart of fluid.  After drainage, a filter may still contain two to eight ounces of fluid.  If these filters are not recycled, the waste fluids will end up in a landfill.  Therefore, used filters should be crushed and recycled if possible.



Crushing oil and fuel filters will reduce their size by approximately one-third.  In addition, the filters are drained of greater volumes of waste fluid than without crushing.  This practice produces two significant results.  First, the solid waste stream volume is minimized to its greatest extent.  Secondly, fluid volumes sent to landfills are minimized, or offer a high recycling potential.





Filters can also be recycled. The scrap steel used to manufacture oil and filter also for value. The paper and rubber components have little intrinsic value, but could possibly be incinerated for energy recovery.



4.12.6	Economic Analysis of Alternatives



A manual crusher crushes one filter at a time.  Larger, mechanical crushers are available at costs from $1000 to $5000.  If local regulations require the disposal of filters as hazardous waste, then disposal costs can range from $0.50 to $2.00 per filter.  It does not take a large increase in disposal cost to make Alternative 2 or Alternative 3 attractive.



Using a basis of 600 filters changed during the course of a year, and assuming landfill disposal costs of $1 per filter, the analysis shows losses for each of the alternatives.  However, these basis figures may change significantly depending on local installation cost figures.  If filter usage increases, or waste disposal costs increase, then either alternative becomes more economical.



4.12.7	Sources of Information on the Alternatives



Alternatives 1a, 1b, 2, & 3�	ENVIRO$EN$E (http://.es.inel.gov)



	PRO-ACT

	800-239-4356

	DSN 240-4214



Alternative 3�	Container Products Corp.

	North College Road, PO Box 3767

	Wilmington, NC 28406



	Emerson Manufacturing Corp.

	105 West Front Street

	P.O. Box 338

	Emerson, NE  68733-0338

	800-633-5124



4.12.8	Process-Specific Information



The cost for a filter crusher was supplied by Emerson Manufacturing Corp.  Their crusher (Model TC-24) is an air-operated unit that is said to reduce filter size by 75 percent.  The crusher includes a drain hose to collect residual materials that are squeezed from the filter.  The cost includes shipping.  An air source is the only additional requirement needed to operate the crusher.



4.12.9	Tailored Spreadsheet for the PPO



Table 4.12-2 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 4.12.9.1.  The calculations for performing the economic analysis of the alternatives manually are described in Section 4.12.9.2.





Table 4.12-2.��PPO-12  Filters, Oil/Gas��

� EMBED Excel.Sheet.5  ���



4.12.9.1	Basis of Economic Analysis



See Chapter 2 for general assumptions.

A basis of 600 filter changes per year was assumed.

Disposal costs were estimated at $1 per uncrushed filter and $0.25 per crushed filter.  This takes into account a 75 percent reduction in filter size following crushing.

Revenue gained from recycling was estimated at $0.10 per uncrushed filter and $0.30 per crushed filter.

Revenue gained from recycling fluids captured from drainage and crushing was not accounted for in this analysis since this value is so vulnerable to fluctuation.

Manpower costs for recycling alternatives include approximations of time spent finding a recycler.

�

4.12.9.2	Economic Analysis Calculations of Alternatives



Table 4.12-3 illustrates the steps required to perform a manual economic analysis for an alternative.



Table 4.12-3.  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��Recycling Revenue [$/yr]�(�Recycling Revenue per Filter X Number of Filters Recycled��Disposal Cost [$/yr]�(�Cost of Disposal per Filter X Number of Filters 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.





�4.13	PPO-13.  FLUORESCENT BULB DISPOSAL



4.13.1	Description



This PPO discusses fluorescent light bulb recycling/disposal issues.



Pollution Prevention Objective:  To reduce the solid waste stream.



4.13.2	Applicability of the PPO



This PPO applies to the following CE shops:

Exterior Electric Shop

Grounds Maintenance Shop

Hospital Maintenance Shop

Zone Maintenance Shop

Many locations throughout the installation



4.13.3	Alternatives



Several management options are available for disposal or recycling of fluorescent bulbs generated on a monthly basis at an installation. The installation should evaluate which option(s) best fit its needs, taking into consideration current and future liability for releases to the environment.  Before disposing of fluorescent light tubes and lamp ballasts, installation personnel should contact their state regulatory agency to determine the appropriate procedures for disposal since they vary from state to state.  The user may contact PRO-ACT for a list of state fluorescent light tube points of contact or contact the installation environmental coordinator for more information.



The following alternatives are analyzed in this PPO:



Alternative 1a - (Landfill):  Disposed of as a non-hazardous waste.

Alternative 1b - (Crusher):  Bulbs are crushed on-site in a properly designed and operated crusher and disposed of as a non-hazardous or hazardous waste.

Alternative 2 - (Reclamation):  Bulbs are sent to an off-site facility for reclamation.  Reclamation refers to the recovery of some of the materials from which the bulb was manufactured and the reintroduction of those materials into an appropriate manufacturing process.



4.13.4	Advantages and Disadvantages of the Alternatives



Alternative

�Advantages�Disadvantages��Alternative 1a

(Landfill)�Least costly.�Potential environmental liability if improperly disposed.

��Alternative 1b

(Crusher)�Bulb storage problem is reduced.

�More expensive than landfill disposal.��Alternative 2

(Reclamation)�Bulb disposal is not responsibility of installation.�Storage of used bulbs may be a problem.

Most costly.��

Table 4.13-1 contains a comparison of each alternative based on selected criteria.



Table 4.13-1.

Comparison of Alternatives for Fluorescent Bulb Recycling/Disposal��

Criterion�Alternative 1a

(Landfill)�Alternative 1b

(Crusher)�Alternative 2

(Reclamation)��Operations and Maintenance�Coordination with landfill on disposal issues.�Initial investment. 

Disposal costs.�No initial investment 

Accumulation of bulbs.��Environment�Waste stream is the largest of the alternatives.�Waste stream is significantly reduced.�No waste stream to landfill.��Management�No management action required, but may pose liability to installation if LCMs are hazardous.�Must purchase/lease crusher, implement procedure and arrange appropriate disposal of crushed waste.�Must implement procedure to dispose of bulbs through DRMO. ��Economics�Least expensive.�A volume education technique to potentially reduce disposal costs.�Most expensive.��

4.13.5	Technical Analysis



The transition from incandescent, or older fluorescent lamp technology, to more energy efficient lighting using energy efficient fluorescent lamps will result in reduced energy and disposal costs.  Efficient lighting can result in a 50 percent savings in electricity consumption, with reductions in greenhouse gas and mercury emissions from fossil fueled power generation.



Mercury (a toxic) is an essential component of energy efficient lighting.  When lighting equipment containing mercury (LCM) is broken, directly disposed of in a landfill, or incinerated, the mercury can potentially contaminate air, surface water or ground water.  For currently installed lights that contain mercury, there is no reliable method for determining whether a particular lamp (used for a certain number of hours)  would consistently exhibit the toxicity characteristic of hazardous waste from the mercury content.



Currently, fluorescent light tubes are neither listed nor excluded as hazardous wastes under EPA regulations.  Prior to disposal, tubes and lamps can be handled and stored safely without being managed as hazardous waste.  They can also be disposed in any municipal solid waste landfill, as long as the waste does not fail the TCLP and become classified as hazardous.  However, once the waste containing the fluorescent light tubes is declared hazardous, it must be handled as such, with all the accompanying regulations and procedures.  Determining whether an installation’s bulbs are hazardous is a difficult issue.



Disposal rules are important for any fluorescent bulb.  For installations generating less than 200 pounds of LCM per month (approximately 300-450 four-foot fluorescent lamps), manage the LCMs under one of the alternatives.  If the host state of the installation has no rules, the bulb may be disposed of in a local landfill (pending their rules) (Alternative 1a).  If the state has rules regarding disposal as a hazardous waste, then either Alternative 1b (crusher) or Alternative 2 (Reclamation) are appropriate.  In either of these alternatives, the lights should be handled under the Universal Waste provisions described in EPA’s final rule (May 11, 1995) as long as the LCMs are intact and destined for recycling.  Basic requirements include:



Store them intact up to one year;

Consolidate the intact LCMs from different locations at one location at the installation (typically CAP or DRMO);

No manifest is required to ship the waste, but records must be kept on how many and where LCMs are sent;

Store in a manner to minimize the amount of breakage; and

Send LCMs to a permitted, licensed, or host state approved hazardous waste recycling or treatment, storage, or disposal facility.



For locations generating greater than 220 pounds, but less than 2,200 pounds of LCM per month (up to approximately 3,000 to 3,500 four-foot fluorescent lamps) the waste must be managed under the Universal Waste Provision.



For installations generating this amount of the bulbs per month, the crusher offers a good alternative for volume reduction.  



The bulbs should be crushed at the installation site in a container using equipment that operates within OSHA worker safety standards.  If the crushed waste is hazardous waste, the waste can be sent to a reclamation or disposal facility as a hazardous waste.  The shards can be solidified with cement to make them non-hazardous and arrangements could be made with a landfill for disposal.

 

The simplest method of dealing with the disposal issue is resolved through the proper selection of a contractor to whom the bulbs may be shipped.



Table 4.13-2 may help to put the options open to an installation for bulb disposal into perspective.  Note that the enforcement policy of the installation’s host state is subject to change.



�

Table 4.13-2.  LCM Disposal Options��Options�Generate (220 lbs�Generate >220 lbs but <2200 lbs�Generate (2200 lbs��Manage intact LCMs destined for recycling under Universal Waste Rule�YES�YES�YES��Crush and treat LCMs on-site in a container/tank�YES�YES�YES��Manage LCMs under hazardous waste rules�YES�YES�YES��Dispose of untested LCMs in a host state landfill with operator approval�YES�NO�NO��Dispose of non-hazardous LCMs in a host state landfill�unlined - YES

lined - YES�unlined - NO

lined - YES�unlined - NO

lined - YES��



4.13.6	Economic Analysis of the Alternatives



Table 4.13.3 (Section 4.13.9) provides a detailed cost analysis for there alternatives.



Alternative 1a (landfilling) is obviously the least expensive, but because of the potential liabilities associated with the disposal of bulbs in a landfill, most installations would consider this alternative an unlikely choice.  As the installation’s host state is located clarify its regulations, this alternative should be evaluated.



Alternative 1b (Crushing the LCMs to reduce volume), based on a comparison with Alternative 2, is the most cost effective means of disposing of fluorescent bulbs.



4.13.7	Sources of Information on the Alternatives



Alternative 2:�A specially designed crusher must be used.  Contact PRO-ACT DSN 240-4214 (Commercial 800-233-4356) for a current list of equipment suppliers that will meet EPA guidelines.



Alternative 3:�	PRO-ACT

�The following centers recycling fluorescent light tubes (among others):



Bethlehem Apparatus Co., Inc.:

	890 Front Street

	Hellertown, PA 18055

	610- 838-7037

	610- 838-6333

Lighting Resources, Inc.:

	386 South Gordon Street:

	Pomona CA 91766

	714-662-0881 

	800-572-9253

Mercury Recovery Systems:

	2021 South Myrtle 

	Monrovia, CA 91016



Mercury Technologies 	Corporation: 

	140 West Industrial Way

	Bencia, CA 94510

	707-745-5173

Nine West Technologies:

	Newark, NJ 07102

	210-623-0007

Quick Silver Products, Inc.:

	Brisbane, CA

	415-468-2000

Recycling:

	2010 East Hennepin Avenue

	Minneapolis, MN 55413-2799

	800-831-2852





4.13.8	Process-Specific Information



Additional information from PRO-ACT on fluorescent light bulb disposal is available.  At the time of report preparation, the USEPA was continuing to consider the issue of LCM disposal.  No final rules have been established.



4.13.9  Tailored Spreadsheet for the PPO



Table 4.13-2 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 4.13.9.1.  The calculations for performing the economic analysis of the alternatives manually are described in Section 4.13.9.2.



4.13.9.1	Basis of Economic Analysis



See Chapter 2 for general assumptions.

This analysis assumes that one bulb is disposed of or reclaimed.

Row 1:  Information obtained from manufacturer.

* The equipment costs for the crusher were obtained from conversations with three reclaimers.

Row 2:  The cost of the initial investment per bulb was derived from the assumption that a crusher will process about 50,000 bulbs before it wears out.

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

Row 8:  The cost of disposal was derived from a variety of sources including PRO-ACT.  The landfill cost was derived by assuming an average landfill topping fee of $33.00 per ton and local collection and haulage rates.  The fee for disposal as a crushed waste was derived in the same fashion.  Currently, crushed bulbs may not be sent to a reclamation facility, only to a landfill (if the LCM is non-hazardous).  The fee for reclamation was derived from discussions with the reclaimers and the literature.  It is similar to figures now reported by PRO-ACT.

Row 11:  The recurring cost is assumed to be the disposal cost (plus the manpower cost for the crusher example).



Table 4.13-3.��PPO-13  Fluorescent Bulb Recycling/Disposal��

� EMBED Excel.Sheet.5  ���



�

4.13.9.2	Economic Analysis Calculations of Alternatives



Table 4.13-4 illustrates the steps required to perform a manual economic analysis for an alternative.



Table 4.13-4.  Economic Analysis Calculations��Startup Costs [$]�(�Cost of Equipment Purchase  + Installation Costs (including power hookups, piping, etc.)  + Training Costs (if any) ��Manpower Costs [$/bulb]�(�Manpower to Operate X Manpower Rate��Disposal Cost [$/bulb]�(�Cost of Disposal  X Amount Disposed ��Recurring Costs [$/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.





�4.14	PPO-14.  FUEL DOWNGRADING PROGRAM



4.14.1	Description



This PPO addresses the recycling of waste fuel by careful management and reuse.  The objective of this PPO is to reduce the volume of hazardous waste and recover the energy value of the fuel.



Pollution Prevention Objective:  Reduce the volume of the hazardous waste stream.



4.14.2	Applicability of the PPO



This PPO applies to the following CE Shop:

Liquid Fuels Maintenance Shop



4.14.3	Alternatives



The following alternatives are analyzed in this PPO:

Alternative 1 - (Dispose):  Dispose of fuel as hazardous waste.

Alternative 2 - (Sell):  Give or sell fuel to a recycler.

Alternative 3 - (Recycle):  Recycle fuel on-base.



4.14.4	Advantages and Disadvantages of the Alternatives



Alternative

�Advantages�Disadvantages��Alternative 1:  

(Dispose)�Efforts are not required to find another user for the waste stream.�Hazardous waste stream is maximized.

Disposal costs are highest.

��Alternative 2: 

(Sell)�Revenue gained from selling waste fuel.

Hazardous waste stream is minimized.

Disposal costs are minimized.

�Searches must be performed to find a purchaser for the waste fuel.

Waste fuel must be monitored more closely to avoid contamination with other wastes.

��Alternative 3: 

(Recycle)�New fuel purchase costs are reduced.

Hazardous waste stream is minimized.

Disposal costs are minimized.

�Searches must be performed to find an on-base user for the waste fuel.

Waste fuel must be monitored more closely to avoid contamination with other wastes.���Table 4.14-1 contains a comparison of each alternative based on selected criteria.



Table 4.14-1

Comparison of Alternatives for Fuel Down Grading��

Criterion�Alternative 1

(Dispose)�Alternative 2

(Sell)�Alternative 3

(Recycle)��Compliance�Waste must be disposed of properly.�Fuel must be kept free of contamination with other waste streams.�Fuel must be kept free of contamination with other waste streams.��Operations and Maintenance�Minimal O&M.�Minimal O&M.�Slight increase in O&M due to requirements for segregation until Fuels Lab approval received.��Environment�Waste stream must be disposed of and fresh product purchased to replace that lost to the waste stream.�Waste stream practically eliminated but fresh product must be obtained to replace that sent to recycler.�Waste stream practically eliminated.  Minimal fresh product needed.��Management�Minimal management attention needed.�Minimal management attention needed.�Increased attention to insure that collected fuels are not further contaminated, rendering them unfit for reuse on-base.��Economics�Disposal costs and new fuel purchase costs are highest.�Reduced disposal costs.  Possible revenue generated from selling fuel.�Reduced disposal and new fuel purchase costs.��

4.14.5	Technical Analysis



Fuel drained from aircraft, refueling vehicles, sumps, fuel tanks, etc. is often collected and disposed of despite the fact that it is as clean as the original fuel.  This fuel can be filtered through a device that removes both particulates and water, and used in vehicles and Aerospace Ground Equipment (AGE) following testing by the Fuels Lab.



If the waste fuel is to be reused, its storage must be carefully monitored to ensure that contamination with other waste streams does not occur, thereby rendering the waste fuel unrecycleable.



The fuel filtration equipment consists of a filtration step to remove particulate matter, followed by a water removal step.  The recycled fuel may NOT be reused in aircraft.  However, it may be used in AGE and other diesel powered equipment.



4.14.6	Economic Analysis of Alternatives



The analysis assumes 1000 gallons of waste fuel per month, purchase cost of fuel is $1.00/gallon, and disposal cost is $1.00/gallon.  A recycler may pay up to $0.10/gallon for waste fuel but will usually offset this payment with a pick-up charge.  The net is usually break-even.  In some areas of the country, you may actually have to pay the recycler.  There will always be small quantities of fuel which cannot be returned to the system; this usually amounts to less than 10% of the waste fuel collected.



Alternative 3 is clearly the most economical choice.  Recycled fuel can be used in AGE.  Finding a user for waste fuel and not having to purchase new fuel is much more economical than disposing of it as a waste.



4.14.7	Sources of Information on the Alternatives



Alternatives 1, 2, & 3�	Enviro$en$e (http://es.inel.gov)



		PRO-ACT

		800-239-4356

		DSN 240-4214



4.14.8	Process-Specific Information



None identified.



4.14.9	Tailored Spreadsheet for the PPO



Table 4.16-2 shows data used to perform the economic analysis of this PPO.  By double-clicking on the table, an Excel( spreadsheet is opened and local cost factors can be entered to determine the costs to implement this PPO at the user’s installation.  Assumptions and data sources regarding the derivation of the figures in this spreadsheet are noted in Section 4.14.9.1  The calculations for performing the economic analysis of the alternatives manually are described in Section 4.14.9.2.



4.14.9.1	Basis of Economic Analysis



See Chapter 2 for general assumptions.

Fuel filtering equipment is estimated at $5,000.

A basis of 10,000 gallons per month of fuel purchased was used.

Waste fuel disposal volumes were estimated at 10 percent of fuel purchase.

When a fuel filtration/recycling system is used, fuel purchases decrease by 10 percent.

Fuel sold to an off-base recycler and the associated pick-up fees are seen as a break even situation.  Disposal costs are avoided with this approach.

Fuels laboratory testing is not included in this analysis.

�

Table 4.14-2.��PPO-14  Fuel Downgrading Program��
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4.14.9.2	Economic Analysis Calculations of Alternatives



Table 4.14-3 illustrates the steps required to perform a manual economic analysis for an alternative.



Table 4.14-3.  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 Fuel Purchase [$/yr]�(�Cost of Duel X Amount of Fuel Purchased��Recycling Revenue [$/yr]�(�Recycling Revenue per Gallon X Number of Gallons Sold��Disposal Cost [$/yr]�(�Cost of Disposal per Gallon X Number of Gallons Disposed��Recurring Costs [$/yr]�(�Manpower Cost + Cost of Fuel Purchase + Disposal Cost - Recycling Revenue��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





�4.15	PPO-15.  HYDRAULIC FLUID MANAGEMENT PROGRAM



4.15.1	Description



This PPO addresses the various options for managing hydraulic fluid and waste hydraulic fluid.  The objective of this PPO is to reduce the volume of hydraulic fluid being sent to disposal.



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



4.15.2	Applicability of the PPO



This PPO applies to the following CE Shops:

Exterior Electric Shop

Grounds Maintenance Shop

Pavement and Equipment Shop

Power Production Shop



4.15.3	Alternatives



The following alternatives are analyzed in this PPO:

Alternative 1 - (Contract):  Collect and dispose of by contract.

Alternative 2 - (Filter/disposal):  Filter to extend life, dispose of by contract.

Alternative 3 - (Filter/recycle):  Filter to extend life, recycle.



4.15.4	Advantages and Disadvantages of the Alternatives



Alternative

�Advantages�Disadvantages��Alternative 1 (Contract)�No initial investment.

No investigations necessary to find purchaser for waste fluid.

�Hazardous waste stream is maximized.

Disposal costs are maximized.��Alternative 2 (Filter/disposal)�Life of process fluid is extended.

Hazardous waste stream is reduced.

Disposal costs are reduced.�Full recycling potential of process fluid is not being attained.



��Alternative 3 (Filter/recycle)�Life of process fluid is extended.

Hazardous waste stream is essentially eliminated.

Disposal costs are essentially eliminated.

�Investigations must be performed to find a purchaser for waste hydraulic fluid.

���Table 4.15-1 contains a comparison of each alternative based on selected criteria.



Table 4.15-1.

Comparison of Alternatives for Hydraulic Fluid Management Program��

Criterion�Alternative 1

Contract Disposal�Alternative 2

Filter/Disposal�Alternative 3

Filter /Recycle��Compliance�Wastes must be disposed of appropriately.�Wastes must be disposed of appropriately.�Recycled fluid must meet specifications.��Operations and Maintenance�Minimal O&M.�Slight increase in O&M due to operation of filtration system.�Slight increase in O&M due to operation of filtration system.��Environment�Largest waste stream.�Reduced waste stream.�Smallest waste stream, maximum benefit obtained from material.��Management�No management action required.�Management attention needed to ensure hydraulic fluids which are collected are kept as clean as possible prior to filtration.�Management attention needed to ensure hydraulic fluids which are collected are kept as clean as possible prior to filtration.��

4.15.5	Technical Analysis



Most hydraulic fluid is mixed with other POLs (engine oil, fuel, etc.) and disposed of by contract.  Since hydraulic fluid is highly refined and has a high energy content, it has considerable value.  Hydraulic fluid can be filtered to remove particulates in order to extend the life of the fluid.  Waste hydraulic fluid that cannot be filtered and reused is segregated and sold for recycling.



Filtering the hydraulic fluid to extend its life will produce two cost saving results:  costs associated with purchasing new hydraulic fluid will be reduced, and disposal costs will be reduced.  Furthermore, recycling will eliminate the costs associated with disposal all together.



Most recycling of hydraulic fluid requires a complex distillation step to refine the fluid to the point where it can be reused.  This equipment is often quite expensive, and negates the possibility for an installation to recycle hydraulic fluid on-base.



4.15.6	Economic Analysis of Alternatives



Table 4.15-2 (Section 4.15.9) provides a detailed cost analysis for these alternatives.



The analysis assumes original consumption of 150 gallons of hydraulic fluid per month, and a reduction in consumption by 25 percent as a result of filtration.  A local recycler may be found who will pay for the discarded hydraulic fluid (up to $0.50/gal); on the other hand, the best you may do is have to pay a pick-up charge of up to $1.00/gal.

�

There is little difference in the economic analysis between Alternative 1 and Alternative 2.  Alternative 3 is most attractive, but all alternatives depend on the local prices and the amount of fluid being handled.



4.15.7	Sources of Information on the Alternatives



Alternatives 1, 2, &3�	Enviro$en$e (http://es.inel.gov)



		PRO-ACT

		800-239-4356

		DSN 240-4214



		EPA Industrial Pollution Prevention Opportunities for the 1990s, August 1991.



4.15.8	Process-Specific Information



None available.



4.15.9	Tailored Spreadsheet for the PPO



Table 4.15-2 shows data used to perform the economic analysis of this PPO.  By double-clicking on the table, an Excel( spreadsheet is opened and local cost factors can be entered to determine the costs to implement this PPO at the user’s installation.  Assumptions and data sources regarding the derivation of the figures in this spreadsheet are noted in Section 4.15.9.1  The calculations for performing the economic analysis of the alternatives manually are described in Section 4.15.9.2.



4.15.9.1	Basis of Economic Analysis of PPO-15 include:



See Chapter 2 for general assumptions.

Hydraulic fluid filtration equipment costs are estimated at $3,000.

Manpower requirements to operate the equipment are estimated at 16 hours per month.

A basis of 800 gallons of hydraulic fluid per month was used.

Filtration of hydraulic fluid reduces the requirement by 25 percent.

Revenue gained from recycling and associated pick-up costs were viewed as a break even situation.

Approximately 62.5 percent of the used hydraulic fluid is disposed of.  The remaining 37.5 percent is lost through the process.  Recycling essentially eliminates any hazardous waste disposal.
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4.15.9.2	Economic Analysis Calculations of Alternatives



Table 4.15-3 illustrates the steps required to perform a manual economic analysis for an alternative.



Table 4.15-3.  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 Hydraulic Fluid Purchase [$/yr]�(�Cost of Hydraulic Fluid X Amount Purchased��Recycling Revenue [$/yr]�(�Recycling Revenue per Gallon X Number of Gallons Recycled��Disposal Cost [$/yr]�(�Cost of Disposal per Gallon X Number of Gallons Disposed��Recurring Costs [$/yr]�(�Manpower Cost + Cost of Hydraulic Fluid Purchase + Disposal Cost - Recycling Revenue��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





�4.16	PPO-16.  LIGHTING - EXTENDED SERVICE BULBS



4.16.1	Description



This PPO describes the use of extended service bulbs, such as halogen and compact fluorescent bulbs in place of standard incandescent bulbs.  These bulbs will usually provide better light, conserve energy, and reduce the time spent changing light bulbs.



Pollution Prevention Objective: reduce energy consumption and solid waste.



4.16.2	Applicability of the PPO



This PPO applies to the following CE shops:

Self-Help Store

Zone Maintenance Shop



4.16.3	Alternatives



The following alternatives are analyzed in this PPO:

Alternative 1 - (Incandescent bulb):  Typical light bulb used in many fixtures.

Alternative 2 - (Compact Fluorescent):  These bulbs may be used as replacements for incandescents in a variety of wall and ceiling fixtures.

Alternative 3 - (Halogen):  These bulbs (like the fluorescents) may be used as replacements for incandescents in a variety of wall and ceiling fixtures.  Their more common installation is in recessed ceiling fixtures.



4.16.4	Advantages and Disadvantages of the Alternatives



Alternative

�Advantages�Disadvantages��Alternative 1

(Incandescent Bulb)�Inexpensive.�Uses most energy.��Alternative 2

(Compact Fluorescent)�Energy efficient.�May not provide lighting quality desired.

May not fit in selected fixtures.��Alternative 3

(Halogen)�Energy efficient.

Provides a brilliant quality light.�Most expensive.��

�Table 4.16-1 contains a comparison of each alternative based on selected criteria.





��Table 4.16-1�Comparison of Alternatives for Lighting - Extended Service Bulbs��

Criterion�Alternative 1

(Incandescent Bulb)�Alternative 2

(Compact Fluorescent)�Alternative 3

(Halogen)��Operations and Maintenance�Expensive bulb to operate.�May present a problem fitting into certain fixtures.�Good bulb to provide a high quality light.��Environment�Waste stream is the largest of the alternatives.�Waste stream reduced, but bulb may be a hazardous waste (See PPO-13)�Waste stream reduced.��Management�No management issues.�No management issues.�No management issues.��Economics�Initial cost is low  but replaced often.�Initial cost is higher.  Payback is very quick.�Initial cost is higher.  Payback is reasonably good.��

4.16.5	Technical Analysis



Efficient lighting saves energy and money in three major ways:

by consuming less electricity;

by reducing the peak demand for electricity; and

by decreasing the amount of cooling in a building.



Relamping can often provide immediate paybacks.



Light from an incandescent lamp is generated by heating the filament to incandescence.  The hotter the filament, the more efficient it is in converting electricity to light.  However, when the filament operates hotter, its life is shortened. Therefore, the design of each lamp is a balance between efficiency and life.  This is why lamps of equal wattage may have different lumen ratings and different life ratings.  Recent technological advances have made increases in lamp efficiency possible with no loss in lamp life. 

 

Compact fluorescent bulbs offer a good substitute for incandescent bulbs in the right setting. These bulbs may be used as replacements for incandescents in a variety of wall and ceiling fixtures.



Halogen lamps, often used in can-type ceiling fixtures, can provide substantially increased efficiency over incandescent lamps.  This occurs because the construction of the bulb promotes the internal heat generated by the filament to be reflected back upon itself increasing its efficiency.



�4.16.6	Economic Analysis of the Alternatives



Table 4.16-2 (Section 4.16.9) provides a detailed cost analysis for these alternatives.



Many studies have been done to demonstrate that energy efficient lighting, as described herein, can save money for the installation.  The economic analysis demonstrates this.  Relamping should occur every time it is possible.  Further, all lamps used in new construction should be energy efficient.



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



4.16.7	Sources of Information on the Alternatives



General

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

	Enviro$en$e (http://es.inel.gov) under the Green Lights Program heading.



	PRO-ACT

	800-239-4356

	DSN 240-4214



	Defense General Supply Center

	Richmond, VA

	800-DLA-BULB



Alternatives 2 and 3: These bulbs are available from every source. 



4.16.8	Process-Specific Information



Both the typical incandescent and extended service bulbs are familiar to all installation personnel.



4.16.9	Tailored Spreadsheet for the PPO



Table 4.16-2 shows data used to perform the economic analysis of this PPO.  By double-clicking on the table, an Excel( spreadsheet is opened and local cost factors can be entered to determine the costs to implement this PPO at the user’s installation.  Assumptions and data sources regarding the derivation of the figures in this spreadsheet are noted in Section 4.16.9.1  The calculations for performing the economic analysis of the alternatives manually are described in Section 4.16.9.2.



4.16.9.1	Basis of Economic Analysis



See Chapter 2 for general assumptions.

Row 1 - Assumes relamping cost to replace incandescent bulb with selected bulb.  

Row 2 - This analysis assumes  that 100 fixtures are operated.

Row 5 - This is the operating life of the bulb (from manufacturing data).

Row 6 - This is the replacement cost of lamps.

Row 8 - This is the number of hours the bulb is assumed to operate per year.

Row 11 - This is the cost of energy.  It is based on the user’s kWH rate for the installation.

Row 13 -  Manpower Rate (obtain from Resource Management Office), nominal rate of $20/hour used if no other data available

Row 14 - This is the estimated time to replace one lamp.





Table 4.16-2.��PPO-16  Lighting - Extended Service Bulbs��

� EMBED Excel.Sheet.5  ���

�

4.16.9.2	Economic Analysis Calculations of Alternatives  



Table 4.16-3 illustrates the steps required to perform a manual economic analysis for an alternative.



Table 4.16-3.  Economic Analysis Calculations��Startup Costs [$]�(�Cost of Equipment Purchase  + Installation Costs + Training Costs��Lamps Used per Year [lamps/yr]�(�Number of Fixtures X Operating Hours / Lamp Life��Cost of Replacement Lamps [$/yr]�(�Lamps Used per Year X Lamp Cost��Annual kWh Usage [kWh/yr]�(�Lamp kWh rating X Operating Hours��Cost of Operation [$/yr]�(�Annual kWh Usage X Cost of Energy��Relamping Costs [$/yr]�(�Time to change light bulbs X Manpower X Lamps Used per Year��Recurring Costs [$/yr]�(�Cost of Replacement Lamps + Cost of Operation + Relamping Cost��Payback Period (yrs)�(�Startup Costs / [Recurring Costs for Current Operations - Recurring Costs for Proposed Alternative]��First Year Cost of Process [$]�(�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





�4.17	PPO-17.  LIGHTING - REFLECTOR BULBS



4.17.1  Description



This PPO describes the replacement of incandescent reflector bulbs with halogen bulbs as a means of reducing energy use.



Pollution Prevention Objective: provide a higher quality light, reduce energy use and solid waste.



4.17.2	Applicability of the PPO



This PPO applies to the following CE shops:

Hospital Maintenance Shop

Zone Maintenance Shop



4.17.3	Alternatives



The following alternatives are analyzed in this PPO:

Alternative 1 - (Incandescent bulb):  Standard filament lamps used for spot and flood lighting in many buildings.

Alternative 2 - (Halogen bulb):  Higher efficiency lamps that can replace incandescents in most applications.



4.17.4	Advantages and Disadvantages of the Alternatives



Alternative

�Advantages�Disadvantages��Alternative 1

(Incandescent Bulb)�Inexpensive.�Uses most energy.��Alternative 2 

(Halogen)�Energy efficient.

Provides a brilliant quality light�Most expensive.��

Table 4.17-1 contains a comparison of each alternative based on selected criteria.



Table 4.17-1.

Comparison of Alternatives for Lighting -Reflector Bulbs��

Criterion�Alternative 1

(Incandescent Bulb)�Alternative 2

(Halogen)��Operations and Maintenance�Expensive bulb to operate.�Good bulb to provide a high quality light.��Environment�Waste stream is the largest of the alternatives.�Waste stream reduced.��Management�No management issues.�No management issues.��Economics�Initial cost is low  but replaced often.�Initial cost is higher.  Payback is reasonably good.���4.17.5	Technical Analysis



Incandescent parabolic aluminized reflector (PAR) lamps are used in a variety of spotlighting and floodlighting applications.  Conventional incandescent lamps darken with use, reducing maintained light levels.  Halogen lamps provide improved efficiency by enclosing the tungsten filament within a halogen-filled glass tube.  When small amounts of halogen are added to the filament tube, the vaporized halogen will prevent particles of tungsten from adhering to the bulb wall and will return them to the filament, allowing the lamp to remain brighter.



The combination of the halogen action, an efficient reflector, and an optically designed lens allows 80- or 90-watt halogen PAR lamps to replace conventional 120- or 150-watt PAR lamps.



4.17.6	Economic Analysis of the Alternatives



Table 4.17-2 (Section 4.17.9) provides a detailed cost analysis for these alternatives.



The economic analysis demonstrates that halogen bulbs are more efficient than incandescents.  Relamping should occur every time it is possible.  Further, in new construction all lamps used should be energy efficient.



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



4.17.7	Sources of Information on the Alternatives



General

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

	Enviro$en$e (http://es.inel.gov) under the Green Lights Program heading.



	PRO-ACT

	800-239-4356

	DSN 240-4214



	Defense General Supply Center

	Richmond, VA

	800-DLA-BULB



Alternative 2: These bulbs are available from every source. 



4.17.8	Process-Specific Information



The newer halogen reflector bulbs are somewhat smaller than the incandescent reflector and presents no installation problem.



�4.17.9	Tailored Spreadsheet for the PPO



Table 4.17-2 shows data used to perform the economic analysis of this PPO.  By double-clicking on the table, an Excel( spreadsheet is opened and local cost factors can be entered to determine the costs to implement this PPO at the user’s installation.  Assumptions and data sources regarding the derivation of the figures in this spreadsheet are noted in Section 4.17.9.1  The calculations for performing the economic analysis of the alternatives manually are described in Section 4.17.9.2.
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4.17.9.1	Basis of Economic Analysis



See Chapter 2 for general assumptions.

Row 1 - Assumes relamping cost to replace incandescent bulb with halogen bulb.  

Row 2 - This analysis assumes  that 100 fixtures are operated.

Row 5 - This is the operating life of the bulb (from manufacturing data).

Row 6 - This is the replacement cost of lamp.

Row 8 - This is the number of hours the bulb is assumed to operate per year.

Row 11 - This is the cost of energy.  It is based on the user’s kWH rate for the installation.

Row 13 -  Manpower Rate (obtain from Resource Management Office), nominal rate of $20/hour used if no other data available

Row 14 - This is the estimated time to replace one lamp.



4.17.9.2	Economic Analysis Calculations of Alternatives  



Table 4.17-3 illustrates the steps required to perform a manual economic analysis for an alternative.



Table 4.17-3.  Economic Analysis Calculations��Startup Costs [$]�(�Cost of Equipment Purchase + Installation + Training Costs��Lamps Used per Year [lamps/yr]�(�Number of Fixtures X Operating Hours / Lamp Life��Cost of Replacement Lamps [$/yr]�(�Lamps Used per Year X Lamp Cost��Annual kWh Usage [kWh/yr]�(�Lamp kWh rating X Operating Hours��Cost of Operation [$/yr]�(�Annual kWh Usage X Cost of Energy��Relamping Costs [$/yr]�(�Time to change light bulbs X Manpower Rate X Lamps Used per Year��Recurring Costs [$/yr]�(�Cost of Replacement Lamps + Cost of Operation + Relamping Cost��Payback Period (yrs)�(�Startup Costs / [Recurring Costs for Current Operations - Recurring Costs for Proposed Alternative]��First Year Cost of Process [$]�(�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





�4.18	PPO-18.  OIL ANALYZER FOR PREDICTIVE MAINTENANCE



4.18.1	Description



This PPO describes use of a portable oil analyzer to provide predictive maintenance.  The objective of this PPO is to reduce the frequency of oil changes resulting in reduced oil consumption, reduced waste volume, and less time spent on oil changes.



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



4.18.2	Applicability of the PPO



This PPO applies to the following CE shops:

Pavement and Equipment Shop

Power Production Shop



4.18.3	Alternatives



The following alternatives are analyzed in this PPO:

Alternative 1 - (Status Quo):  Continue to change oil as needed based on calendar run time or use.

Alternative 2 - (Analyze):  Analyze oil to determine if it requires changing.



4.18.4	Advantages and Disadvantages of the Alternatives



Alternatives

�Advantages�Disadvantages��Alternative 1

(Status Quo)�No initial investment required.�Hazardous waste stream is maximized.

Disposal costs are highest.

��Alternative 2

(Analyze)�Hazardous waste stream is minimized.

Purchase and disposal costs are minimized.

�Initial investment is required.��

�Table 4.18-1 contains a comparison of each alternative based on selected criteria.



Table 4.18-1.

Comparison of Alternatives for Oil Analyzer for Predictive Maintenance��

Criterion�Alternative 1

(Status Quo)�Alternative 2

(Analyze)��Compliance�Wastes must be disposed of properly.�Wastes must be disposed of properly.��Operations and Maintenance�Disposal costs for waste oil.�Initial Purchase, lesser disposal costs.��Environment�Waste stream is the largest of the alternatives.�Waste stream is significantly reduced.��Management�No management action required.�Must implement procedure.��Economics�Disposal costs and oil purchase costs are at their highest.�Disposal costs and oil purchase costs are reduced.��

4.18.5	Technical Analysis



Used oil analysis is a proven technique to determine the condition of lubricating oils and monitoring the health of machinery.  It is also a means to identify the need to (or the option to) delay oil changes that are traditionally based on calendar or run time.  The analysis can also detect abnormal metal wear.



Without the use of such an analyzer, oil changes are often performed on a regularly scheduled basis, independent on the amount of mileage accumulated.  Oil changes are often performed when they are unnecessary.  The use of an oil analyzer will not only reduce the amount of fresh oil purchased, but will also reduce the amount of waste oil disposed.



4.18.6	Economic Analysis of the Alternatives



Table 4.18-2 (Section 4.18.9) provides a detailed cost analysis for these alternatives.



Based on cost figures available, Alternative 2, is most economical in the long run.  Economies of scale indicate that this alternative would be more attractive if larger amounts of oil would be tested using the system.  Payback is not quick, based on the estimates used for the analysis.  Perhaps one testing system for the installation would be more cost effective.



4.18.7	Sources of Information on the Alternatives



Alternative 2:�	CSI�	10450 Stancliff, Ste 220�	Houston, TX 77099�	713-879-5100���	Conway Oil Company, Inc�	2116 Fairview Road�	Bellevue, NE 68005�	402-291-5765



		PRO-ACT

		800-239-4356

		DSN 240-4214



4.18.8	Process-Specific Information



Testing oil provides a definite answer as to whether oil needs to be changed.



4.18.9	Tailored Spreadsheet for the PPO



Table 4.18-2 shows data used to perform the economic analysis of this PPO.  By double-clicking on the table, an Excel( spreadsheet is opened and local cost factors can be entered to determine the costs to implement this PPO at the user’s installation.  Assumptions and data sources regarding the derivation of the figures in this spreadsheet are noted in Section 4.18.9.1  The calculations for performing the economic analysis of the alternatives manually are described in Section 4.18.9.2.
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4.18.9.1	Basis of Economic Analysis



See Chapter 2 for general assumptions.

Oil analyzing equipment costs are estimated at $8,000.

Manpower requirements are approximated at 2 hours per month.

A basis of 1000 gallons of oil purchased per year is used.  When oil analyzing equipment is used, this requirement decreases by 25 percent.

It is assumed that 62.5 percent of oil purchased is disposed of as waste.  The remaining 37.5 percent is lost through the process.



4.18.9.2	Economic Analysis Calculations for Alternative



Table 4.18-3 illustrates the steps required to perform a manual economic analysis for an alternative.



Table 4.18-3.  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 Oil Purchased [$/yr]�(�Cost of Oil X Amount of Oil Purchased��Disposal Cost [$/yr]�(�Cost of Disposal per Gallon X Number of Gallons Disposed��Recurring Costs [$/yr]�(�Manpower Cost + Cost of Oil Purchase + Disposal Cost ��Payback Period (yrs)�(�Startup Costs / [Recurring Costs for Current Operations - Recurring Costs for Proposed Alternative]��First Year Cost of Process [$]�(�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





�4.19	PPO-19.  OIL/WATER SEPARATOR REPLACEMENT



4.19.1	Description



This PPO addresses the alternatives for oil/water separation to improve the level of treatment.  The objective of this PPO is protect surface water and ground water from industrial discharges.



Pollution Prevention Objective:  protect surface and ground water from industrial discharges.



4.19.2	Applicability of the PPO



This PPO applies to the following CE Shops:

Pavement and Equipment Shop

Water and Waste Shop



4.19.3	Alternatives



The following alternatives are analyzed in this PPO.  They are listed by type of oil-water separator:

Alternative 1 - (Gravity Separation):  The traditional form of oil/water separation.  Lighter oil rises to the surface, water flows under a baffle to be discharged.

Alternative 2 - (Flotation Devices):  Air is added to the oily waste stream to assist small oil droplets to rise to the surface.

Alternative 3 - (Centrifugal Separators):  The separator uses centrifuges to create a high gravity environment which rapidly separates the oil from the water.

Alternative 4 - (Demulsification):  Mechanical or electrical means are used to break down an oil-water emulsion.  This technique is often used in concert with other techniques.

Alternative 5 - (Carbon Adsorption):  Activated carbon is used to adsorb oil that is dissolved or suspended in water.

Alternative 6 - (Ultrafiltration):  A membrane that is permeable to water, but not to oil is used to separate the components.  The system operates at high pressure.



4.19.4	Advantages and Disadvantages of the Alternatives



Alternative

�Advantages�Disadvantages��Alternative 1

(Gravity Separation)�Low equipment costs.�Low oil levels in effluent are difficult to obtain.

��Alternative 2

(Flotation Devices)�Oil contaminant is substantially reduced.

�Not applicable in all situations.��Alternative 3

(Centrifugal Separation)�Oil contaminant is substantially reduced.�Doesn’t work well when water is in greater concentration than oil.

��Alternative 4

(Demulsification)�Emulsified oil can now be removed.�Subsequent separation steps are required.

��Alternative 5

(Carbon Adsorption)�Very effective at removing small amounts of oil.�High costs for carbon regeneration.

Should be followed by an additional separation step.

Investment costs are high.

��Alternative 6

(Ultrafiltration)�Very effective at removing small quantities of oil.

�Investment costs and maintenance costs are high��

Table 4.19-1 contains a comparison of each alternative based on selected criteria.



Table 4.19-1.

Comparison of Alternatives for Oil-Water Separators��

Criterion�Alternative 1

Gravity Separation�Alternative 2

Flotation Devices�Alternative 3

Centrifugal Separators��Compliance�In compliance if oil waste disposal in accordance with applicable regulations; oil removal levels are variant.�In compliance if oil waste disposal in accordance with applicable regulations; oil removal levels are variant.�In compliance if oil waste disposal in accordance with applicable regulations; oil removal levels are 50-70 ppm.��Operations and Maintenance�Low O&M costs.�Moderate O&M costs.�High O&M costs due to complex equipment.��Environment�Low oil levels not easy to attain.�Oil contaminant is substantially reduced.�Oil contaminant is substantially reduced; Best used when oil is in greater concentration than water.��Management�Ensure proper disposal.�Ensure proper disposal.�Ensure proper disposal.��

�

Table 4.19-1.

Comparison of Alternatives for Oil-Water Separators (cont.)��

Criteria�Alternative 4

Demulsification�Alternative 5

Carbon Adsorption�Alternative 6

Ultrafiltration��Compliance�In compliance if oil waste disposal in accordance with applicable regulations; oil removal levels are 1-50 ppm.�In compliance if oil waste disposal in accordance with applicable regulations; oil removal levels are variant.�In compliance if oil waste disposal in accordance with applicable regulations; oil removal levels are variant.��Operations and Maintenance�Moderate O&M costs; Need for additional separation may exist.�High O&M costs due to recharging carbon filters.�High O&M costs due to sensitive equipment.��Environment�Emulsified oil is now removable; additional separation methods are required but final oil concentrations are very low�Trace quantities of oil are removable.  Doesn’t work well with high oil concentrations.�Can produce essentially oil-free effluents.��Management�Ensure proper disposal.�Ensure proper disposal.�Ensure proper disposal.��

4.19.5	Technical Analysis



Many industrial shops generate waste streams consisting of oil entrained in a water stream.  The oil levels must be reduced to meet effluent standards before the water stream can be released.  There are many different methods for reducing the oil levels in these streams.  Each method has a scenario in which it works most effectively.



Gravity is effective at removing large quantities of oil from water.  This is a good process to use before additional separation steps, since it is not effective at reducing oil concentrations to very low levels.



Flotation devices are very effective at removing oil from oil-laden solids.  The buoyancy differential between oil and water is increased by attaching small air bubbles to slow the rising oil globules.



Centrifugal separators are very effective if oil concentrations are higher than water concentrations.  The process involves a substantial capital investment.



Demulsification is an effective method for breaking oil/water emulsifications.  This process is nearly always followed by additional separation steps.



Carbon adsorption is most effective at reducing low levels of oil to even lower levels.  Carbon adsorbers should be used sparingly due to their high capital costs and high maintenance costs.



Ultrafiltration should be used sparingly for the same reasons as carbon adsorption.



Many alternatives are available for replacing standard gravity separators.  As illustrated, each alternative has a specific situation in which it works best.  Careful attention should be paid to the process and the results desired before substituting current methods.



4.19.6	Economic Analysis of Alternatives



Table 4.19-2 (Section 4.19.9) provides a detailed cost analysis for these alternatives.



The economics of each situation vary widely and must be investigated on a case-by-case basis.  Generally, carbon adsorption and Ultrafiltration require the highest capital and operating costs and should be used when oil-free effluents are desired.  The methods previously described can be combined in series to increase the oil/water separation.  However, each scenario is unique and has its unique economic analysis.  Some estimates have been used to provide a rough economic comparison of the alternatives.



All alternatives show a negative payback period, meaning the investment will net a loss in each year.  However, payback period must be viewed slightly differently in this PPO.  Alternatives should be pursued when additional separation (when compared to a gravity separation unit) is desired.  Costs associated with the installation being in a state of non-compliance were not addressed in this analysis.  These costs, when considered, may net a positive payback with any or all alternatives.



4.19.7	Sources of Information on the Alternatives



Chemical Processing, December 1984

The National Environmental Journal, May/June 1993



4.19.8	Process-Specific Information



The sources of information provide information applicable to process.



4.19.9	Tailored Spreadsheet for the PPO



Table 4.19-2 shows data used to perform the economic analysis of this PPO.  By double-clicking on the table, an Excel( spreadsheet is opened and local cost factors can be entered to determine the costs to implement this PPO at the user’s installation.  Assumptions and data sources regarding the derivation of the figures in this spreadsheet are noted in Section 4.19.9.1  The calculations for performing the economic analysis of the alternatives manually are described in Section 4.19.9.2.



4.19.9.1	Basis of Economic Analysis



See Chapter 2 for general assumptions.

Initial equipment costs and manpower requirements are estimates.  Exact figures were not available.

Carbon costs associated with Alternative 5 are estimated at $3000 per changeout.  Changeout will occur once every month.





Table 4.19-2.��PPO-19  Oil-Water Separator Alternatives��
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4.19.9.2	Economic Analysis Calculation of Alternatives



Table 4.19-3 illustrates the steps required to perform a manual economic analysis for an alternative.



Table 4.19-3  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 Carbon Purchase [$/yr]�(�Cost of Carbon + Amount Purchased��Disposal Cost [$/yr]�(�Cost of Disposal X Amount Disposed��Recurring Costs [$/yr]�(�Manpower Cost + Cost of Carbon Purchased + Disposal Cost ��Payback Period (yrs)�(�Startup Costs / [Recurring Costs for Current Operations - Recurring Costs for Proposed Alternative]��First Year Cost of Process [$]�(�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





�4.20	PPO-20.  PAINT BOOTH FILTERS - WET/DRY



4.20.1	Description



This PPO addresses the alternatives of paint spray booths with dry filters and those using waterfall curtains for capture of paint overspray.  While the choice of paints dictates whether or not the filters or water must be handled as a hazardous waste, the dry filters create the bulkiest waste stream; and, hence, the most difficult to dispose.  The objective of this PPO is to reduce volume of solid waste.



Pollution Prevention Objective:  reduce volume of solid waste.



4.20.2	Applicability of the PPO



This PPO applies to the following CE Shop:

Paint Shop



4.20.3	Alternatives



The following alternatives are analyzed in this PPO:

Alternative 1 - (Dry):  Spray booth, dry filters.

Alternative 2 - (Waterfall/change):  Spray booth, waterfall, change water.

Alternative 3 - (Waterfall/filter):  Spray booth, waterfall, filter water.



4.20.4	Advantages and Disadvantages of the Alternatives



Alternative

�Advantages�Disadvantages��Alternative 1

(Dry)�Costs associated with sustaining a constant water wash curtain and pump maintenance are avoided.�Removal of paint overspray from walls, floor, vent pipes, and fan blades is difficult.

Filters are plugged rapidly.

��Alternative 2

(Waterfall/change)�Paint overspray is captured most effectively.�Large investment costs.

Water contaminates faster than if filtered.

��Alternative 3

(Waterfall/filter)�Paint overspray is captured most effectively.

Water costs are reduced because filtering extends life of the batch.

�Large investment costs.���Table 4.20-1 contains a comparison of each alternative based on selected criteria.



Table 4.20-1.

Comparison of Alternatives for Paint Booth Filters - Wet/Dry��

Criterion�Alternative 1

(Dry)�Alternative 2

(Waterfall/change)�Alternative 3

(Waterfall/filter)��Compliance�Filters must be disposed of in accordance with applicable regulations.�Washwater must be disposed of in accordance with applicable regulations.�Filters must be disposed of in accordance with applicable regulations.��Operations and Maintenance�Periodic changing of filters,  weekly to semiannually depending on use of booth.  If filters are hazardous waste, they must be packaged for disposal.�Periodic changing of water - weekly to semi-annually, depending on use of booth.  If water is hazardous waste, it must be drummed.�Periodic changing of water filters - weekly to semi-annually, depending on use of booth.  If filters are hazardous waste, they must be packaged for disposal.��Environment�Bulky waste, takes large landfill volume for weight.�Large volume waste, simple to treat.�Low volume concentrated waste.��Management�Management attention limited to proper operation of system.�Management attention limited to proper operation of system.�Management attention limited to proper operation of system.��Economics

�Highest costs for filter purchases.�Highest disposal costs, no costs for purchasing filters.�Lowest overall cost of process.��

4.20.5	Technical Analysis



Many newer spray booths use dry filters to capture paint overspray before the booth air is exhausted.  Over a period of time (depending upon the amount of paint used) the filters become clogged and must be replaced.  Depending on the type of paint used, these filters may become hazardous wastes (filter material may fail the toxic characteristics leaching procedure (TCLP) if the paints contained metals such as lead or chromium).  Even if the filters are non-hazardous, they are bulky and require disposal in a landfill.



In spray booths utilizing waterfalls, the water collects the paint overspray and eventually must be changed or cleaned.  If the water is changed, the collected water may be a hazardous waste.  Typically, if metal containing paints were used, the water may have sufficient metals in the suspended paint sludge to exceed discharge limits.  Using filtration systems, the paint booth water can be cleaned and recirculated with water added periodically to make up for evaporation.  As the water filters become clogged, they are replaced.  The type of waste represented by the filters depends on the paints being used.  If the paints contained metals then the filters are likely to be hazardous wastes, otherwise they may be discarded as ordinary trash, depending on local regulations.



A new technology currently under development is the use of a new filter for dry paint booths.  The filter is made of styrofoam.  When the filter plugs with paint, it may be unplugged by using a forced air stream to force the paint chips out of the filter.  When the filter is no longer reusable, it may be placed in a waste solvent container where it will dissolve.  This alternative is not analyzed in this PPO.



4.20.6	Economic Analysis of Alternatives



Table 4-20-2 (Section 4.20.9) provides a detailed cost analysis for these alternatives.



If the paints used are non-toxic and the quantity of paint used over time is low, there may be significant differences based on local disposal costs.



The analysis assumes that booth filters or water changed monthly.  Alternative 3 is the most attractive alternative based on cost figures used.  



4.20.7	Sources of Information on the Alternatives

Alternatives 1, 2, & 3�	ENVIRO$EN$E (http://es.inel.gov)



		PRO-ACT

		800-839-4356

		DSN 240-4214



		Fremont Industries, Inc.

		Valley Industrial Park

		Shakopee, MN  55379

		Paint Booth Maintenance Guide



4.20.8	Process-Specific Information



No additional information



4.20.9	Tailored Spreadsheet for the PPO



Table 4.20-2 shows data used to perform the economic analysis of this PPO.  By double-clicking on the table, an Excel( spreadsheet is opened and local cost factors can be entered to determine the costs to implement this PPO at the user’s installation.  Assumptions and data sources regarding the derivation of the figures in this spreadsheet are noted in Section 4.20.9.1  The calculations for performing the economic analysis of the alternatives manually are described in Section 4.20.9.2.



4.20.9.1	Basis of Economic Analysis



See Chapter 2 for general assumptions.

A basis of 35 dry paint filters used per month is used.

A basis of 25 wet paint filters used per month is used.

A basis of 200 gal/month of paint contaminated water is used.

Filter costs and disposal costs are dependent on type.



�
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4.20.9.2	Economic Analysis Calculations of Alternatives



Table 4.20-3 illustrates the steps required to perform a manual economic analysis for an alternative.



Table 4.20-3.  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 Filter Purchase [$/yr]�(�Cost of Filter X Number of Filters Purchased��Disposal Cost [$/yr]�(�Cost of Disposal per Unit X Number of Units Disposed��Recurring Costs [$/yr]�(�Manpower Cost + Cost of Filter Purchase + Disposal Cost ��Payback Period (yrs)�(�Startup Costs / [Recurring Costs for Current Operations - Recurring Costs for Proposed Alternative]��First Year Cost of Process [$]�(�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.



4.21	PPO-21.  PAINTING EQUIPMENT CLEANING ALTERNATIVES



4.21.1	Description



This PPO addresses alternatives to current practices of hand cleaning painting equipment using solvents.  The use of gun washers, either with or without recycling of the solvent, will significantly reduce the quantity of waste generated.



Pollution Prevention Objective: reduce VOC emissions and reduce paint thinner disposal.



4.21.2	Applicability of the PPO



This PPO applies to the following CE Shops:

Carpentry Shop

Paint Shop

Woodmill Shop



4.21.3	Alternatives



The following alternatives are analyzed in this PPO:

Alternative 1 - (Rinse/No Recycle):  Rinse paint guns and dispose of dirty solvent.

Alternative 2 - (Gun Washer/No Recycling ):  Install a solvent-recirculating gun washer and dispose of solvent when dirty.

Alternative 3 - (Gun Washer/Recycling ):  Install a solvent recirculating gun washer and recycle/reclaim dirty solvent (decanting or distilling (see PPO-27).



4.21.4	Advantages and Disadvantages of the Alternatives



Alternative

�Advantages�Disadvantages��Alternative 1

(Rinse/No Recycle)�Initial investment is not required.

�Hazardous waste stream is maximized.

Solvent purchase is maximized.

��Alternative 2

(Gun Washer/No Recycling)�Solvent is used more effectively.�Hazardous waste stream is not minimized.

��Alternative 3

(Gun Washer/Recycling)�Hazardous waste stream is minimized.

Disposal costs are minimized.

Solvent is used most effectively.

�Largest initial investment cost.���

Table 4.21-1 contains a comparison of each alternative based on selected criteria.



Table 4.21-1.

Comparison of Alternatives for Cleaning Painting Equipment��



Criterion�Alternative 1

(Rinse/No Recycle)�Alternative 2

(Gun Washer/No Recycling)�Alternative 3

(Gun Washer/ Recycling)��Compliance�Solvent must be disposed in accordance with applicable regulations.�Solvent must be disposed in accordance with applicable regulations.�Solvent must be disposed in accordance with applicable regulations.��Operations and Maintenance�Minimal O&M; purchase new solvent; dispose of old solvent.�Minimal O&M; purchase new solvent; dispose of old solvent; maintain gun washer.�Moderate O&M; purchase new solvent; dispose of wastes; maintain gun washer & recycling unit.��Environment�Higher solvent emissions due to lack of closed system.�Air emissions reduced due to solvent contained in closed system. Less waste due to solvent recirculation.�Air emissions reduced due to solvent contained in closed system. Minimal waste due to solvent recycling.��Management�Ensure proper disposal of waste solvent.�Ensure proper disposal of waste solvent.�Ensure proper disposal of wastes.��Economics�Highest solvent purchases costs and disposal costs.�Decreased solvent purchase costs and disposal costs.�Lowest solvent purchase costs and disposal costs.��

4.21.5	Technical Analysis



A large percentage of painting operations are carried out using paint spray guns.  Although these spray paint guns are effective at painting large areas rapidly, they must be kept clean to achieve high efficiencies in the painting process.  Cleanings are required when a painting process is completed, a color or paint change is needed, or maintenance is required during regular operation.



Current cleaning operations utilize hand cleaning methods with an appropriate cleaning solvent.  These cleaning solvents are highly volatile and yield significant air emissions during cleaning operations.  In addition, the cleaning solvents are wasted based on their appearance and not their remaining cleaning capacity.  Therefore, the greatest opportunities for reducing pollution emissions and waste disposal costs lie in the handling of these cleaning solvents.



4.21.6	Economic Analysis of Alternatives



Table 4.21-2 (Section 4.21.9) provides a detailed cost analysis for these alternatives.



Alternative 2 appears to be the most attractive economically.  Alternative 3 provides a payback in less than three years.  These periods are dependent on the amount of solvent use and recycled.



4.21.7	Sources of Information on the Alternatives



Alternatives 1, 2, & 3�	ENVIRO$EN$E (http://es.inel/gov)



		PRO-ACT

		800-239-4356

		DSN 240-4214



4.21.8	Process-Specific Information



None provided.



4.21.9	Tailored Spreadsheet for the PPO



Table 4.21-2 shows data used to perform the economic analysis of this PPO.  By double-clicking on the table, an Excel( spreadsheet is opened and local cost factors can be entered to determine the costs to implement this PPO at the user’s installation.  Assumptions and data sources regarding the derivation of the figures in this spreadsheet are noted in Section 4.21.9.1  The calculations for performing the economic analysis of the alternatives manually are described in Section 4.21.9.2.
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�4.21.9.1	Basis of Economic Analysis



See Chapter 2 for general assumptions.

Equipment costs are estimates.

Manpower requirements are estimated at 2 hours per month for operating gun washers.

Amount of purchased solvent is reduced by 60 percent when a gun washer is used.

Disposal volumes are reduce by 25 percent when recycling alternatives are implemented.



4.21.9.2	Economic Analysis Calculations for Alternatives



Table 4.21-3 illustrates the steps required to perform a manual economic analysis for an alternative.



Table 4.21-3.  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 Solvent Purchase [$/yr]�(�Cost of Solvent X Amount Purchased��Disposal Cost [$/yr]�(�Cost of Disposal X Amount Disposed��Recurring Costs [$/yr]�(�Manpower Cost + Cost of Solvent Purchase + Disposal Cost ��Payback Period (yrs)�(�Startup Costs / [Recurring Costs for Current Operations - Recurring Costs for Proposed Alternative[��First Year Cost of Process [$]�(�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





�4.22	PPO-22.  Paint mixing - undercoat



4.22.1	Description



Excess paint, paints with expired shelf lives, and unwanted paint can create significant disposal costs.  However, these paints could be reused as undercoat paints for other painting projects.  This PPO describes the use of these unwanted paints as undercoat paints.



Pollution Prevention Objective:  to reduce use of paint that may emit VOCs into the air, to reduce the quantity of material that may go to a landfill, and to more effectively use resources.



4.22.2	Applicability of the PPO



This PPO applies to the following CE shops:

Hospital Maintenance Shop

Paint Shop

Self-Help Store

Zone Maintenance Shops



4.22.3	Alternatives



The following alternatives are analyzed in this PPO:

Alternative 1 - (CAP/DRMO):  Unwanted paint is not used as an undercoat, but is disposed of through CAP or DRMO.

Alternative 2 - (Undercoat):  Unwanted paint is used as an undercoat and not thrown away.



4.22.4	Advantages and Disadvantages of the Alternatives



Alternative

�Advantages�Disadvantages��Alternative 1

(CAP/DRMO)�Always have new basecoat available for use.�Usable paint wasted or disposed of.

Disposal costs for unusable paint.

��Alternative 2

(Undercoat)�Greatly reduced waste stream.

Economic savings due to reduced purchase of basecoat.�None���Table 4.22-1 contains a comparison of each alternative based on selected criteria.



Table 4.22-1.

Comparison of Alternatives for  Paint Mixing - Undercoat.��

Criterion�Alternative 1

(CAP/DRMO)�Alternative 2

(Undercoat)��Compliance�Waste must be disposed of appropriately.�Waste must be disposed of appropriately.��Operations and Maintenance�None.�None.��Environment�Waste stream is unwanted paint.�Minimal waste stream.��Management�No management action required.�Waste paints available for reuse must be segregated.  Contact between waste paint generator and possible user must be made.��Economics�There are no savings with this alternative.  Costs may be incurred for disposal.�Considerable savings accrue with this alternative.  These costs are largely attributable to reduced disposal costs.��

4.22.5	Technical Analysis



Many paints that are otherwise disposed of can be used by other applications occurring at an installation.  Candidates for this reuse include excess quantities of paints, expired shelf-life paints, and unwanted paints.  Sometimes, a shop will order more paint than needed for an application.  There is nothing wrong with this paint, and it can be used by other shops as a undercoat for their application.  Many technical orders will not allow the use of paints with expired shelf lives.  Many of these paints with expired shelf lives are still good.  These paints could also be reused as undercoats.  In other cases, shops may order paint, and store it with the intent to use it.  However, this paint may become unwanted.  Again, other shops could use the paint as an undercoat.



This PPO is only applicable to paints that are of lighter shades.  The undercoat must be of a lighter shade than the topcoat that will be applied over it.  If not, it will show through the topcoat.  At some installations, large quantities of waste paint are generated, and this is an excellent opportunity to find a use for that waste paint.



4.22.6	Economic Analysis of the Alternatives



Table 4.22-2 (Section 4.22.9) provides a detailed cost analysis for these alternatives.



Based on cost figures available, Alternative 2 is clearly the best option.  Payback is immediate; as soon as the first bucket of unwanted paint is used as an undercoat, savings are generated.. There are no life-cycle costs involved since no initial purchase of equipment is required.  Disposal costs can be drastically reduced.  The only cost in implementing this PPO is that involved with the location of potential users for your waste product.  This may translate into a slight manpower requirement increase.  However, when weighed against the reduction in disposal costs, this minor investment is very beneficial.



Implementing the assumptions in Section 4.22.9.1 (which will vary greatly for each installation), an estimated savings of over $500 per year is shown when Alternative 2 is implemented.



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



4.22.7	Sources of Information on the Alternatives

Alternative 2:

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



	PRO-ACT

	800-239-4356

	DSN 240-4214



4.22.8	Process-Specific Information



None available.



4.22.9	Tailored Spreadsheet for the PPO



Table 4.22-2 shows data used to perform the economic analysis of this PPO.  By double-clicking on the table, an Excel( spreadsheet is opened and local cost factors can be entered to determine the costs to implement this PPO at the user’s installation.  Assumptions and data sources regarding the derivation of the figures in this spreadsheet are noted in Section 4.22.9.1  The calculations for performing the economic analysis of the alternatives manually are described in Section 4.22.9.2.



4.22.9.1	Basis of Economic Analysis



See Chapter 2 for general assumptions.  

A nominal value of 24 buckets of undercoat per year was used for cost analysis purposes. This, of course, will vary by installation needs.

It was assumed for Alternative 1 that 24 buckets of paint, along with any excess contents, were disposed of.  An average disposal cost of $5.00 per bucket (and contents) was estimated.  In Alternative 2, 24 buckets were again disposed of.  However, the disposal cost per bucket is reduced.  This is due to the consumption of paint that would have been disposed of in Alternative 1.

A reuse rate of 75 percent was estimated.  This is reflected in the need to only purchase 6 new buckets of paint in Alternative 2 versus 24 new buckets in Alternative 1.

The time required for shop personnel to find a user for their waste was estimated at one hour per bucket of paint.

Alternative 2 reduces the waste stream and saves money.  This alternative won’t work in all cases; it requires that someone issue the unwanted paint for undercoat. All persons must understand the intended use of this material.  Some tints are not acceptable as undercoat and must be disposed of as waste.

Values were obtained during interviews.
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4.22.9.2	Economic Analysis Calculations of Alternatives



Table 4.22-3 illustrates the steps required to perform a manual economic analysis for an alternative.



Table 4.22-3.  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 Undercoat Purchase [$/yr]�(�Cost of Undercoat X Amount of Undercoat Purchased��Disposal Cost [$/yr]�(�Cost of Disposal X Amount Disposed��Recurring Costs [$/yr]�(�Manpower Cost + Cost of Undercoat Purchase + Disposal Cost��Payback Period (yrs)�(�Startup Costs / [Recurring Costs for Current Operations - Recurring Costs for Proposed Alternative]��First Year Cost of Process [$]�(�Startup Costs + Recurring Costs��Three Year Cost of Process [$]�(�Startup Costs + [Recurring Costs X 3]��First Year Savings [$]�(�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





�4.23	PPO-23.  PAINT PROPORTIONING - VARIABLE RATIO



4.23.1	Description



Large amounts of paint waste can be generated during the tinting of paints.  This PPO describes use of a variable-ratio paint proportioning system to reduce this waste.  



Pollution Prevention Objective: to reduce waste volume.



4.23.2	Applicability of the PPO



This PPO applies to the following CE shops:

Paint Shop

Self-Help Store



4.23.3	Alternatives



The following alternatives are analyzed in this PPO:

Alternative 1 - (Hand Mix):  This alternative is the hand-mix method, whereby the customer receives paint in a minimum of gallon containers.

Alternative 2 - (Variable):  The alternative considers variable blending of tints needed by users in the amount needed.



4.23.4	Advantages and Disadvantages of the Alternatives



Alternative

�Advantages�Disadvantages��Alternative 1

(Hand Mix)�No initial equipment cost.

�Disposal costs for unused paint.

Larger waste stream than alternatives.

Greater manpower use for manual mixing.

��Alternative 2

(Variable)�No disposal costs for unused paint.

Smaller waste stream.

Decreased manpower use for manual mixing.

�Initial equipment cost.���Table 4.23-1 contains a comparison of each alternative based on selected criteria.



Table 4.23-1.�Comparison of Alternatives for Paint Proportioning - Variable Ratio��

Criterion�Alternative 1

(Hand Mix)�Alternative 2

(Variable)��Compliance�Wastes must be disposed of properly.�Wastes must be disposed of properly.��Operations and Maintenance�Disposal costs for waste paint.�Initial purchase of mixing equipment. ��Environment�Waste stream is the largest of the alternatives.�Waste stream is significantly reduced.��Management�No management action required.�Personnel must be trained to properly use equipment.��Economics�Primary costs are manpower to manually mix paint and disposal costs.�Primary costs are for initial equipment and manpower for use of the mixing equipment.  Disposal costs are reduced.��

4.23.5	Technical Analysis



Paint proportioning systems are extremely effective at reducing waste paint.  Paints used at the Paint Shop and by Self-Help Store customers are typically paints that are multi-color, multi-component issues, or must be mixed by a shop or customer prior to use.  When paint is mixed manually, it is not uncommon for excess quantities of paint to be generated before the correct tint is created.  It is usually not possible to store this excess paint for later use.  Therefore, disposal costs are at their highest.  The variable paint mixing system consists of pots for each paint component, pumps for the components, and a mixing manifold.  The system pumps paint components from the individual pots into the mixing manifold, according to tint desired. The system automatically mixes the paint based on preset ratios for each component. This eliminates the need to mix paint manually.  The proportioning system can significantly reduce paint waste.



4.23.6	Economic Analysis of the Alternatives



Table  4.23.2 (Section 4.23.9) provides a detailed cost analysis for these alternatives.



Based on cost figures available, Alternative 2 is the most attractive option.  The life cycle cost of this alternative is approximately $12,000.  For the same three-year period, Alternative 1 would cost about $16,000.  The reduction in disposal costs and manpower requirements by using the variable mixing machine allow the investment to be paid off in less that two years.



Economies of scale indicate that this alternative is more attractive if larger amounts of paint are processed through the system.  Payback is a little over three years, based on the estimates used for the analysis.



�4.23.7	Sources of Information on the Alternatives



Alternative 2:

Possible Vendor:

Fluid Management

Wheeling Road

Wheeling IL 60090-5773



Implementation Information:

CES/CEO 

Offutt AFB, NE

DSN 271-5550

COM 402-294-5550



PRO-ACT

DSN 240-4214



4.23.8	Process-Specific Information



None presented.



4.23.9	Tailored Spreadsheet for the PPO



Table 4.23-2 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 4.23.9.1.  The calculations for performing the economic analysis of the alternatives manually are described in Section 4.23.9.2.



4.23.9.1	Basis of Economic Analysis



See Chapter 2 for general assumptions.  

A nominal value of 120 buckets of paint was used for cost analysis purposes. This, of course will vary by installation needs.

It was assumed for Alternative 1 that 30 buckets of paint were disposed of.  This value was reduced to 0 buckets in Alternative 2 due to use of the mixing equipment.

�



Table 4.23-2.��PPO-23  Paint Proportioning - Variable Ratio��� EMBED Excel.Sheet.5  ���



4.23.9.2	Economic Analysis Calculations of Alternatives



Table 4.23-3 illustrates the steps required to perform a manual economic analysis for an alternative.



Table 4.23-3.  Economic Analysis Calculations��Startup Costs [$]�(�Cost of Equipment Purchase  + Installation Costs (including power hookups, piping, etc.)  + Training Costs (if any)��Manpower Costs [$/yr]�(�Manpower to Operate X Manpower Rate��Cost of Paint Purchase [$/yr]�(�Cost of Paint X Amount of Paint Purchased��Disposal Cost [$/yr]�(�Cost of Disposal  X Amount Disposed��Recurring Costs [$/yr]�(�Manpower Cost  + Cost of Purchased Paint + Disposal Cost��Payback Period (yrs)�(�Startup Costs / [Recurring Costs for Current Operations - Recurring Costs for Proposed Alternative]��First Year Cost of Process [$]�(�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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