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EXECUTIVE SUMMARY
The main objective of this project was to demonstrate the feasibility of using Total Cost Assessment (TCA) as
an effective decision-making tool for evaluating the costs and benefits of pollution prevention investments in the
metal finishing industry. TCA is a capital budgeting method that compares all relevant costs and benefits between
alternative investments or process changes. Traditional capital budgeting methods compare different capital
investment alternatives using only labor and equipment costs and, more recently, environmental costs such as
energy use and waste disposal. Under TCA, the scope of these environmental costs is expanded to include more
indirect and intangible costs for a more complete view of the potential environmental impacts of any given change.
Pollution prevention is the reduction or elimination of waste at the source, or closed-loop recycling that takes
place in a facility. In some cases, pollution is reduced not by reducing the quantity of material used but by
substituting a less-toxic and/or non-regulated material for the material previously used. In other cases, the
efficiency of the process is increased, thereby reducing the actual quantity of waste. Pollution prevention projects
reduce the need for the treatment, transport, and disposal of wastes, and in many cases offer financial benefits
to companies and reduce potential liability.
A previous research project conducted by a team of University of Washington graduate students, as part of a
consulting project with the Pacific Northwest Pollution Prevention Research Center (PPRC), identified TCA as
the least resource intensive and most practical method of pollution prevention analysis for small businesses.
Published in the report Analysis of Pollution Prevention and Waste Minimization Opportunities Using Total
Cost Assessment: A Case Study in the Electronics Industry, the study considered six different decision-making
tools and their applicability to small manufacturers. The methods were assessed for their flexibility, ability to
generate economic data and how they met moderate resource requirements. The methods considered were TCA,
risk analysis, activity-based costing, life-cycle analysis, pollution-added accounting, and design for the
environment. TCA was determined to be the most-effective method of the six.
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As a follow-up to the case study in the electronics industry, a second case study was selected. Documented in
this report, the study analyzed a small metal finishing operation - Production Plating, Inc. - to determine the
feasibility of applying the TCA method to quantify the costs and benefits of two pollution prevention investments
in the metal finishing industry. The study consisted of: 1) a retrospective analysis of an investment in a recycling
module for a powder coating system and 2) a prospective analysis of implementing a rinsewater recycling system
for the company’s metal plating shop.
Because Production Plating had already purchased and implemented a powder recovery system, the TCA method
was applied to provide the company with a better understanding of the costs and benefits of the system. Since
financial information (such as purchase price and data on job runs) was available, and the technology was fairly
simple, the analysis was relatively easy to complete.
The first step in conducting an analysis of rinsewater recycling was to select a system a to analyze. The PPRC
reviewed several rinsewater recycling systems that could replace Production Plating’s current wastewater
treatment system. Technologies reviewed included ion exchange, ultrafiltration, and reverse osmosis. It was
decided to perform a preliminary TCA only on one of the options (ultrafiltration), because at the time of the
analysis accurate operational data could not be collected on many of the unknown, intermediate flow lines that
comprise the rinsewater process. Data could not be collected because many of the rinsewater lines were shut
down for an extended period of time while several in-shop construction efforts were underway. For TCA to be
a truly valuable decision-making tool, it should be applied against several available investment options. At a later
date, a TCA analysis of several rinsewater recycling systems may be done.
Following are the general findings from the study:
l

The retrospective analysis for the installed powder recovery system with an initial investment of $8,000
yielded a $32,368 net present value (NPV) over a IO-year period. The payback time for this investment
is approximately 1.2 years, and the percentage of paint saved is 45.13 percent. The TCA analysis helped
management see the true benefits associated with the implementation of this pollution prevention
opportunity.

l

The prospective analysis for a new rinsewater recycling system with an initial investment of $175,000
yielded a $168,697 NPV over a 10-year period. The payback time for this investment is about 2.3 years.
At first glance, the investment appears unfavorable, however, when put into the context of Production
Plating’s operational costs, the investment proved to be economically viable. The analysis showed a
favorable long-term investment with substantial cost savings.

This study demonstrated that TCA is a useful tool for economically evaluating pollution prevention opportunities
within the resource constraints of many small businesses. Nevertheless, some small companies lack the capability
or resources to both identify and quantify all changes in costs associated with a proposed investment or process
change. TCA, or any method offinancial analysis, requires that companies invest the time to conduct the analysis,
and employ project decision-makers who have an understanding of net present value and discounted cash flows.
Devoting the necessary resources to evaluate investments may be a barrier for some small companies. A TCA
analysis may be done using a simple worksheet; however, having access to a personal computer with software
such as Excel or Lotus makes the analysis easier.
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Production Plating expects to replicate the TCA analysis to evaluate future pollution prevention opportunities.
The TCA framework can also help other small manufacturers make better investment decisions, both
economically andenvironmentally.

INTRODUCTION
In June 1995, the PPRC held a roundtable discussion in Seattle, Washington on pollution prevention
opportunities in the metal finishing industry in the Pacific Northwest. The purpose of the roundtable was for
participants to share their experiences with pollution prevention, identify challenges to the implementation of
pollution prevention alternatives, and discuss sources and methods of dissemination of information leading to
pollution prevention initiatives. During the meeting, the metal platers identified several needs, including having
a more effective, easier-to-use cost estimation method to evaluate pollution prevention projects. Most
participants at the meeting said they need access to cost justification tools to determine the costs and benefits
associated with the implementation of new technologies, adding that if they are unable to calculate the costs of
a pollution prevention approach it is difficult to persuade management to make the investment.
The PPRC applied what was learned from a case study conducted in the electronics industry to demonstrate the
feasibility of using TCA to evaluate pollution prevention investments by conducting a study in the metal finishing
industry. Production Plating, a metal finisher with facilities in Mukilteo and Redmond, Washington, volunteered
to analyze two projects at its facilities. The company’s Redmond facility specializes in powder coating, and the
Mukilteo site focuses on metal finishing (both deposition and conversion). Production Plating, with $5 million
in annual sales and 100 employees, is one of the larger metal finishers in the Puget Sound area. The company
uses various processes to enhance the appearance, corrosion-resistance, and hardness of metal parts in large- and
small-batch sizes.
Metal finishing facilities use a number of chemicals in their operations, including acids and bases, cyanide
compounds, metal compounds (such as cadmium, chromium and nickel) and a variety of solvents. Waste streams
from metal finishing processes include wastewater, hazardous waste, and solid waste. As a result of the chemicals
used in their operations and their associated waste streams, metal finishing facilities are one of the more heavily
environmentally regulated types of businesses in the Northwest.
As a locally owned business, Production Plating is interested in implementing pollution prevention initiatives that
will reduce its environmental impacts on surrounding communities, as well as improve efficiencies and cut costs.
The company believes it can be more competitive by adopting more-efficient and less-polluting processes, and
by staying ahead of regulatory requirements.
Production Plating wanted to evaluate the economic feasibility of implementing a powder coating capture and
reuse system at its Redmond site, and a rinsewater recycling system at its Mukilteo facility. The objective of the
analysis was to 1) assess the economic viability of the two pollution prevention projects, and 2) assess the
feasibility of TCA as a decision tool for small manufacturers. The PPRC plans to share the results of the analysis
with other Northwest metal finishers, in hopes that they will use the TCA approach to evaluate their own pollution
prevention investments, and with technical assistance providers and consultants, so they are better able to help
businesses understand the economic benefits of pollution prevention approaches. The goal is to develop a model
for conducting TCA that can be easily replicated at other companies.

3

Pacific Northwest Pollution Prevention Research Center

This report presents an overview of TCA, describes each pollution prevention project, discusses the methodology used in collecting the data, presents the results of the analysis, and offers recommendations. The report also
details the overall feasibility of using TCA for evaluating pollution prevention projects at small businesses.
Production Plating’s experiences are discussed to show the challenges that may be encountered when performing
a TCA. The necessary requirements for a small business to implement a TCA are identified, along with general
recommendations and conclusions. The financial data is included in appendices.

TOTAL COST ASSESSMENT
In the arena of pollution prevention, many potentially beneficial projects are discounted because all the relevant
costs and benefits of the project have not been included. Traditional methods of assessing the financial viability
of a project utilize only the direct revenues, costs and capital investment, and overlook many of the indirect costs
and benefits that could very well make an unattractive pollution prevention project a viable alternative. Total
Cost Assessment (TCA) provides the tools to fully analyze andcompare one or more projects while incorporating
an expanded view of indirect costs and benefits.
TCA is a capital budgeting method whereby all relevant costs and benefits for a given project are accounted for
and used to compare the project with the current approach used or other alternatives. The Tellus Institute of
Boston, Massachusetts highlighted some key characteristics of TCA in its P2/FINANCE for Screen Printers
user’s manual: “TCA differs from conventional practices in four key ways, because it:
l

l

l

l

Expands the cost inventories, savings, and revenue structures to include indirect, less-tangible items
typically omitted from project analyses;
Emphasizes the accurate allocation of costs and savings to specific process and product lines rather than
lumping them as overhead costs;
Extends the time horizon of the analysis to account for longer-term costs and savings typical of pollution
prevention investment; and
Uses profitability indicators capable of incorporating the time value of money and longer-term costs and
savings” - such as net present value (NPV), which is discussed below.

One important concept is that of relevant costs/benefits. When comparing one alternative to another, only those
costs/benefits that will change should be included. If the cost or benefit remains the same regardless of what is
‘implemented, it is excluded. The relevant costs/benefits are then grouped into a tier system depending on type
of cost. These tiers are as follows:
Tier 0: Usual costs such as direct labor, materials, equipment, etc.
Tier 1: Hidden, or indirect costs such as monitoring, reporting, record keeping and permit requirements
Tier 2: Future liability costs, such as remedial actions and personal injury
Tier 3: Less tangible costs such as customer response, employee relations, and corporate image
Tier 0 costs can usually be quantified using a business’ existing internal tracking systems, while athorough project
analysis can often quantify Tier 1 costs that ate typically buried in overhead. Often, the costs/benefits in Tiers
2 and 3 are difficult to quantify, in which case they should be accounted for qualitatively.
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Another important concept is that of the time value of money. Receiving a dollar today is worth more than
receiving a dollar tomorrow. This concept gives rise to the method of “discounting.” By utilizing discount rates
(expressed as annual percentages that are analogous to interest rates) and applying them against future cash
flows, a company can aggregate the discounted cash flows to arrive at a single number, which can be compared
to the aggregate number of other discounted streams of cash flows. These “net present values” will illustrate
which cash flow stream is worth more in today’s dollars. This simplifies the decision process when trying to
choose one project over another. The most financially advantageous will have the highest NPV.
Another consideration in calculating the present value of an investment is deciding what discount (or interest)
rate to use. The higher the discount rate, the lower the future costs and benefits are compared to today’s values.
The nature of most pollution prevention investments is such that their benefits are more likely to be realized over
a longer period of time compared to the initial investment costs. By calculating the full costs of operation,
including all environmental costs, firms may begin to view pollution prevention opportunities differently. A
company should inquire with its finance company or bank to determine an appropriate discount rate.
Choice of Depreciation Method
There are many ways to depreciate a capital investment. It is important to note that, when using the TCA
methodology, the method used to depreciate an investment can have a significant effect on the NPV generated.
Choice of depreciation method is company specific, however, generally it is advisable to depreciate an investment
as rapidly as possible to maximize the attractiveness of the project. Rapid depreciation increases the total
adjusted cash flow in the earlier years of the project, which results in an increased NPV since TCA takes into
account the time value of money.
Straight-line depreciation is the most simple depreciation method but also results in the lowest NPV when using
the TCA methodology. Most investments should be evaluated using the Modified Accelerated Cost Recovery
System (MACRS) to obtain a more favorable evaluation. It is also worthwhile to investigate whether the
investment being evaluated qualifies under Section 179 of the federal tax code for a special accelerated
depreciation. Section 179 allows a business to depreciate $17,500 above and beyond what would be allowed
by the MACRS in the first year if the business has taxable income in that year and if the total assets purchased
in the year-are less than $200,000. The amount allowed decreases by $1 for every dollar below $17,500 of taxable
income the company has in the year and for every dollar above $200,000 of assets the company has purchased
in the year until $0 allowed is reached.
To summarize, there are many methods available to depreciate a capital investment. TCA analyses generate more
favorable results when investments are depreciated more rapidly. Individuals using TCA are encouraged to
investigate what depreciation methods are allowable for investments by consulting the federal and state tax codes
and conferring with a tax advisor or professional accountant.

CASE STUDY 1: ANALYSIS OF POWDER RECOVERY SYSTEM
Background
Powder coating is a dry painting process that involves coating electrostatically-charged parts with finely
powdered paint. The powder is applied through a spray gun inside a specially designed spray booth. After the
surface of the part is covered with powder, it is sent through a 400-degree Fahrenheit oven that bakes the paint
onto the part. This process results in a more durable, superior quality finish than traditional wet painting methods.
A diagram of a typical powder coating process is shown in Appendix A.
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The analysis of Production Plating’s powder coating shop in Redmond involved a retrospective financial
evaluation for the implementation of powder recovery. The powder recovery process involves the use of a large
recovery unit that attaches to the existing vacuum and filtration system within the spray booth. The recovery
unit is mobile and simply slides into place behind the existing spray booth (see Appendix B for a diagram of the
recovery unit). The unit contains additional filters and pumps that allow powder, which is vacuumed from the
spray booth, to be returned to the spray gun feed container for reapplication. The value of the powder recovery
process is that less powder is needed, resulting in substantial cost savings and less wasted powder being sent to
landfills. The wasted powder is classified as a nonhazardous waste.
Methodology
The analysis for the powder recovery process was based on the continuous job runs of one part-a component
of a computer system. The part was chosen as a representative sample because it was run consistently for a
significant period of time before (several months) and after powder recovery was initiated. Therefore, it was
possible to make a uniform comparison between the powder coating process before and after the recovery
process was implemented. This comparison was a valuable means of eliminating a possible source of variation.
The company’s records system included all the data needed to perform the analysis (see Appendix C for data on
powder recovery job runs).
Implementation of TCA
Applying the TCA framework to assess the economic feasibility of the powder recovery system was a relatively
simple task because the number of variables that changes after the investment was made were minimal. Most
of the attention focused on Tiers 0 and 1 costs, as would be expected for a material that is classified as
nonhazardous. Costs that qualify for inclusion in these tiers include direct labor, materials, equipment (Tier 0)
and hidden, or indirect, costs such as monitoring, reporting, record keeping and permit requirements (Tier 1).
For this analysis, Washington state sales tax on initial equipment purchased was not included because Production
Plating qualified for a sales tax exemption under Washington state law. Other companies in Washington state
may be able to take advantage of this tax exemption as well.
Many costs typically associated with the first two tiers were not included in the analysis because they were judged
to be immaterial. For example, since the recovery unit is mobile and simply slides into place behind the existing
spray booth, downtime and installation costs were minimal. Operations and maintenance time for the new unit
was also found to be minimal. The significant costs and benefits include the cost of the unit, the cost of filter
replacements (needed every three to four years), and the benefit (or savings) from wasting powder and, therefore,
needing to buy less and spend less on disposal. The disposal costs of $42/ton used in the analysis is Production
Plating’s current cost for solid waste disposal. A salvage value of $2,000 was also included, and is based on
Production Plating’s estimate of the cash value of the equipment at the end of the project.
Many other costs and benefits were difficult to quantify. Tier 2 costs include future liability costs, such as
remediation actions and personal injury costs. Tier 3 costs and benefits include less tangible items, such as
customer response, employee relations, and corporate image. Many of the categories in Tiers 2 and 3 were
considered, but no dollar values were assigned. They were included simply to provide an overall perspective of
all possible costs and benefits.
Example of Job
The powder coating of the computer part was deemed a viable one for powder recovery because of the large
number of parts being run and the long-term commitment by the manufacturer to continue to make the part.
6
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Production levels have remained in the range of 500- 1,000 parts per week for six months, and the same color
of powder is always used to coat the part.
The savings realized from the installation of the powder recovery unit is substantial. Prior to powder recovery,
the average amount of powder used per part was approximately 0.20 lbs. After recovery was implemented and
the recovery unit went through a “break-in” period, the amount of powder per part dropped to 0.11 lbs. This
break-in period occurs because the inside of a new powder recovery unit must become coated with powder before
it will operate at optimal efficiencies. Based on an average production run of approximately 650 parts per week
and $3.50 per pound for powder, Production Plating would realize a savings of $10,876 per year - a 45.13
percent savings for powder costs alone (see Appendix D). (Note: Additional energy required to run the system
when it is fully coated was assumed to be minimal, and therefore was not included in the analysis.) The figure
of 650 parts per week was used for the TCA because this is the production level Production Plating expects to
meet regularly over the next several years.
Results
The savings from the recovery of powder is significant. If the figures are incorporated into the TCA spreadsheet
template, along with other costs and benefits, the result is a positive NPV of $18,334 with a payback period of
approximately 1.2 years. This figure is based on a recovery unit useful life expectancy of five years, with a
production level of approximately 650 parts per week, a paint cost of $3.50 per pound, and a powder savings
of 45.13 percent (see Appendix D). If a project life of 10 years is used, the NPV increases to $32,368 (see
Appendix E). At Production Plating’s request, this analysis was performed using a simple straight-line
depreciation method. Use of other depreciation methods, as discussed on page 5, could improve the NPV of
this investment.
A sensitivity analysis (based on life expectancy of five years) performed for various factors allows for the
determination of the changes that would result from various scenarios (see Appendix F). The results indicate
that the factor with the biggest impact is production level. If an adequate production level cannot be maintained,
the financial viability of the equipment disappears. For example, if the number of parts per week drops from the
current 650 to 325 due to a drop in production, the NPV drops by 65 percent. The payback period jumps to more
than 2.5 years. However, if the production rate doubles to 1,300 parts per week, the NPV increases dramatically
to $42,338, and the payback is reduced to just over six months.
Other factors that have a significant affect on the economic analysis are the paint cost and the percentage of paint
saved using powder recovery. Appendix F also shows the results of changing these values. The results indicate
that paint costs cannot drop too low, and that consistent powder recovery rates must be maintained to make the
investment attractive. Tier 2 and Tier 3 cost/benefits of the recovery system relative to the old system are shown
in Appendix G. These costs/benefits include: materials handling, equipment handling, and future liability (Tier
2); and corporate image, environmental image, customer response, and market share (Tier 3).
A significant factor that should be considered is the assumed useful life of the equipment. A shorter useful life
makes the investment appear less worthwhile as compared to the 5-year useful life scenario. (Again, refer to
Appendix D for a 5-year time horizon and Appendix E for a lo-year time horizon.)
Recommendations
Based on the positive results of the analysis, implementing the powder recovery system appears to be an
economically and environmentally wise investment for Production Plating. As long as the company is running
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large, long-termjobs or multiple small jobs that use the same color of powder, it will save money using the powder
recovery system. The time period required to qualify as “long-term” depends on the size of the job run and the
amount of paint used per part. Production Plating is attempting to move toward more large, long-term jobs or
multiple small jobs that use the same powder color.

CASE STUDY 2: ANALYSIS OF PLANT RINSEWATER RECYCLING
Background
The metal plating process is chemical and water intensive. Due to the chemicals and waste streams associated
with Production Plating’s metal plating facility in Mukilteo, the site has a greater environmental risk than the
powder coating facility. To meet regulatory requirements, Production Plating’s goal is to decrease the amount
of water used for and discharged from the rinsewater process. In doing so, the company would not only reduce
its costs associated with water usage, but also reduce the environmental impact of the facility.
Currently, Production Plating’s rinsewater system is a multi-staged process (a basic diagram is shown in
Appendix H). The various rinsewater baths use plain tap water as a base liquid. Spent rinsewater is collected
in four different surge tanks, depending on the type of rinsewater. The four types of rinses are non-heavy metal,
acid/chrome, mildly alkaline/cleaner, and alkaline. The non-heavy metal rinsewater is pH adjusted and
discharged directly to the sanitary sewer. The acid/chrome rinsewater is first sent through a reduction step,
labeled tank “3- 1,” that converts hexavalent chrome in the water to trivalent chrome, a much less hazardous form.
After additional mixing takes place in tank 3-2, the mildly alkaline/cleaner rinsewater is added to the acid/chrome
rinsewater in tank 3-3. Any necessary adjustment of pH also takes place in tank 3-3 through the addition of
sulfuric acid or caustic solution using metering pumps. The mixed acid/chrome and mildly alkaline/cleaner
solution then are equilibrated in tank 3-4.
The alkaline rinsewater is alternately pH adjusted and equilibrated in tanks 4-1 through 4-4. The contents of tanks
4-4 and 3-4 are combined in another tank, and a chemical coagulant is added. Next, the mixed rinsewater is
pumped through a flash mixer where flocculent is added and delivered to a clarifier. Sludge from the clarifier
is processed in a filter press to reduce the water content. The sludge then dries at room temperature and is shipped
off-site as hazardous waste. The clarified water is sent through a sand filter. After sand filtering, the water is
either sent to a final pH adjustment and discharged to the sanitary sewer, or added back to the mildly alkaline/
cleaner surge tank, along with water discharged from the filter press, for additional processing. The entire
rinsewater treatment occupies approximately 5 percent of Production Plating’s operating floor, displacing
revenue-generating floor space.
The PPRC identified several alternatives that could allow Production Plating to reduce or reuse rinsewater. One
alternative was a rinsewater recycling system that would decrease the amount of water discharged by 90 percent.
The system is an ultrafiltration system offered by Zenon Environmental Systems, and would replace the chemical
additive and filtration processes of Production Plating’s current system. This change would result in more
available floor space, less chemical additives, less chemical handling, and decreased water usage.
Methodology
With the help of the PPRC and the Washington Department of Ecology’s Toxic Use Reduction Program, options
to reduce Production Plating’s rinsewater use and discharges were investigated. An evaluation of the company’s
Mukilteo plating shop showed several opportunities to reduce the overall use of rinsewater prior to the
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installation of a rinsewater recycling system. For example, opportunities include minor modifications in the
operational approach taken by shop workers during processing (drain times were not long enough, resulting in
cross-contamination of rinses); the installation of several additional, strategically located rinsewater baths; and
replacement of existing ball valves used tocontrol rinsewater flows to the rinse baths with gate valves or solenoid
valves connected to conductivity meters. Implementing these minor modifications has the potential to reduce
overall rinsewater flows in the process by 50 to 90 percent, or more. These recommendations followed from
a logical pollution prevention approach to decision-making, which favors reduction in use before considering
recycling.
The PPRC and Washington Department of Ecology recommended that Production Plating make the minor
process modifications before formally considering investing in a rinsewater recycling system to reuse water on
site. While pursuing implementing the changes, Production Plating wanted to analyze the costs associated with
its current wastewater treatment system and the economics of installing a rinsewater recycling system for its
current flow rate (27,500 gallons per day).
The PPRC reviewed several rinsewater recycling systems that could replace Production Plating’s current
wastewater treatment system, including ion exchange, ultrafiltration, and reverse osmosis. It was decided to
perform a preliminary TCA analysis on only one of the options, because at the time of the analysis accurate
operational data could not be collected on many of the unknown, intermediate flow lines that comprise the
rinsewater process. Data could not be collected because many of the rinsewater lines were shut down for an
extended period of time while several in-shop construction efforts were underway. At a later date, when the entire
shop is fully operational, the necessary data can be collected and an accurate TCA analysis of several rinsewater
recycling systems may be done.
Ultrafiltration was selected as a candidate for a preliminary TCA analysis because it has less ongoing chemical
requirements than ion exchange and much lower pressure requirements than reverse osmosis. The PPRC worked
with Aqueous Engineering, the Seattle-area representative of Zenon Environmental Systems, to develop
preliminary cost data for a rinsewater recycling system using ultrafiltration.
Implementation of TCA
While the PPRC was gathering cost data, the University of Washington students collected data from Production
Plating to determine current operational costs. Costs such as direct labor, materials, and equipment are
considered Tier 0 and hidden, and indirect costs such as monitoring, reporting, record keeping, and permit
requirements are considered Tier 1. Tier 0 costs for Production Plating include chemicals for the rinsewater
treatment, worker and management labor, monitoring costs, and filter costs. Tier 1 costs obtained from
Production Plating include violation fees (current and future), labor used for testing and reporting, and sludge
disposal costs.
Tier 0 costs were estimated as follows. Operations and maintenance expenses were estimated by Production
Plating by estimating the number of labor hours (both management and nonmanagement) required to check the
system and make adjustments. Estimated management and nonmanagement labor rates were also provided by
Production Plating. Sludge handling expenses were based on Production Plating’s estimates of the amount of
labor involved with preparing the sludge and conveying it to a dumpster for pickup. Chemical additive expenses
were based on actual chemical usage data for July through December 1995. This data was then annualized to
arrive at projections for future expenses. Water input and disposal expenses were based on current usage levels
from the water utility bills and were averaged to arrive at a daily rate.
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Tier 1 costs were estimated as follows. Sampling, testing, and reporting expenses were based on estimates
provided by Production Plating for the estimated amount of management labor expended to sample the
rinsewater and for reporting requirements of local POTW and the Washington Department of Ecology. Sludge
disposal expenses were based on current monthly costs to haul away the current levels of sludge produced by
the filtration process of the rinsewater system. Expenses for penalties and fines are based on historical data for
the past year when Production Plating had been fined twice ($2,000 and $1,000) by Ecology. While the company
is striving to incorporate pollution preventing measures, it wanted to account for possible future fines. The
current amount of $3,000 was used to project future fines, however, according to representatives from the
Washington Department of Ecology, it is likely that future fines would be significantly higher. Nonetheless, the
$3,000 value was used for this analysis. All Tier 1 costs, once accumulated, were annualized and projected to
arrive at the cash flows expended to operate the current rinsewater system.
At Production Plating’s request, this analysis was performed using a simple straight-line depreciation. Use of
other depreciation methods could improve the NPV of this investment.
Information for the new rinsewater recycling system from Zenon Environmental Systems and the associated
operational costs were provided by the PPRC. These costs are discussed below.
Results
Cost Using Current System
The cost analysis for the current rinsewater system showed that annual operating expenses were approximately
$123,000 for the first year, and rose steadily there after due to inflation. Production Plating’s main cost driver
for its current system is water. The company incurs charges for water inflow ($1.50 per gallon) as well as water
outflow ($4.50 per gallon). At an average usage of 27,500 gallons per day, water represents approximately 35
percent of the company’s process costs. Any reduction in water usage reduces the cost substantially. The other
major cost drivers are sludge handling anddisposal (20 percent), chemical additives (21 percent), andoperations
and maintenance labor (20 percent). These costs are shown in Appendix I for the current system and Appendix
J for the proposed rinsewater recycling system. Appendix K shows the chemical additive costs for the current
system.
Cost of Rinsewater Recycling Svstem
The preliminary TCA analysis (see Appendix L) for recycling rinsewater using ultrafiltration yielded a positive
NPV of $168,697. This figure represents the savings of using the rinsewater recycling system compared to
Production Plating’s existing system over a lo-year horizon, and is the amount of money the company would
save over a IO-year period if it invested in the rinsewater recycling system.
This analysis was based on a preliminary estimate of the cost and performance of the new ultrafiltration system
manufactured by Zenon Environmental Systems. The preliminary estimate can be further refined when current
construction efforts at Production Plating are completed, and real operational rinsewater samples can be taken
and analyzed for use in a revised engineering analysis. The assumed initial capital cost of $175,000 is a typical
value for a fully automated ultrafiltration system capable of processing the 27,500 gallons per day required for
the rinse lines in the plant. Other assumptions used in the estimate were:
l
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$50,000 is the estimated salvage value of the existing equipment, which could be sold if the ultrafiltration
unit was installed. The $50,000 figure was included in the analyses in year 0 and offsets part of the purchase
cost of the new system. Including the current system’s salvage value in the new system’s economic analysis
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is not typically done. Typically, the salvage value of the old equipment is calculated into the economic
analysis for the old equipment. The approach used in this case study was requested by Production Plating.
l

l

l

l

l

After 10 years, the new system is given a $0 salvage value. This was done to offset the salvage value on
the old system that was claimed, as discussed above.
By installing the ultrafiltration system, it is estimated that water used in the rinsewater lines would be
reduced by 90 percent. This figure needs to be verified by laboratory tests performed when current
construction efforts are completed at the facility.
The labor required for system maintenance was reduced to reflect the increased automation of the new
process.
The reduced chemicals required for the new system were based on typical requirements for a metal plating
rinsewater recycling unit operating at 27,500 gallons per day.
It is estimated that the amount of sludge generated, and requiring disposal, would be reduced by 70 percent.
This percentage of reduction in sludge is typical when using the system designed by Zenon Environmental
Systems.

The main Tier 0 cost is the purchase price for the new system - $175,000. At first glance, it seemed too high
for Production Plating. When put into the context of the company’s operational costs, Tier 1 cost savings, and
other intangible factors (Tier 2 and Tier 3 costs/benefits), the alternative proved to be viable and productive with
a payback period of about 2.3 years. If an analysis had not been done, the rinsewater recycling system easily could
have been overlooked or dismissed as not financially feasible.
Intangible factors add information to the decision-making process. These factors are difficult to measure, but
can have significant influence. For example, moving to the Zenon system would reduce much of the employees’
need to handle some waste treatment chemicals. This would reduce the opportunity for human errors and would
potentially decrease the likelihood of worker injury. These factors are indicated in Appendix M, and are an
important part of Tier 2 and Tier 3 costs in TCA.
The analysis is based on the assumption that the Zenon system is a viable alternative for Production Plating’s
processes. A detailed compatibility analysis is currently being conducted to determine whether the system is
acceptable. It must also be noted that the costs used in arriving at the positive NPV above are preliminary
estimates. A pilot test using a Zenon-like unit must be done to assess the actual reduction in water and chemical
additive usage rates. The TCA analysis should be continually updated to reflect new information to ensure the
financial viability of the project.
Recommendations
Prior to investing in any rinsewater recycling system, Production Plating is considering several, less capitalintensive alternatives that will reduce its water usage substantially. The environmental “hierarchy” of resource
use indicates that businesses should reduce first, then reuse. Once reduction is accomplished and new water
flow rates are established, another detailed TCA analysis should be performed to assess the financial viability of
installing an ultrafiltration rinsewater recycling system.
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However, in lieu of data for possible reduction options, the positive results of the preliminary analysis indicate
Production Plating should consider installing the Zenon system. Assuming this alternative is compatible with
Production Plating’s processes, it is an economically and environmentally viable solution.
It is also recommended that Production Plating use TCA for future pollution prevention decisions. Initially,
Production Plating experienced “sticker shock” when told how much the Zenon system would cost. However,
the TCA analysis showed a favorable long-term investment with substantial cost savings.

CONSIDERATIONS FOR USING TCA IN SMALL BUSINESSES
The main objective of this project was to demonstrate the feasibility of using TCA for evaluating pollution
prevention investments in the metal finishing industry. One of the challenges in using TCA with small companies
is getting the decision makers to view costs and benefits more broadly. While TCA can provide a well-structured
method for approaching investment analysis, it still requires time, effort, and skills beyond the scope of those
available by many in the industry. For example, most small companies typically measure projects in terms of
payback, without regard for the time value of money. The nature of most pollution prevention investments is
such that their benefits are likely to be realized over a longer period of time compared to the initial investment
costs. In most cases there must be a clear financial benefit for a small business to undertake any investment,
environmental or otherwise. To the extent that. TCA can be presented in a form that is relatively quick and easy
to use, it can be a valuable tool for metal finishing companies to make more-informed pollution prevention
investment decisions.
Performance of TCA at Production Plating
Production Plating, like most small companies, has limited resources. While the company is interested in
understanding new ways to analyze project decisions for the long term, the realities of near-term resource needs
are always a concern. While having access to a personal computer with software such as Excel or Lotus is not
essential to conduct a TCA analysis, it does make it easier. One challenge to using TCA at Production Plating
is the availability of computer hardware and software. The Redmond facility has no personal computers. Even
if calculations were made without the use of computers, project decision-makers would need to have an
understanding of net present value and discounted cash flows.
Analysis of Powder Recovery System
The changes associated with implementing the powder coating recovery process were minor. And, because it
was a retrospective analysis, and data was available for both before and after the powder recovery unit was
installed, the TCA analysis for this process was easy to perform. This is important for two reasons. First, many
of the metal platers in the initial industry roundtable mentioned the importance of actually seeing the benefits of
proposed systems. The powder recovery TCA analysis showed positive results for an existing project. Second,
the analysis showed that even for relatively simple projects, TCA can provide a much better understanding of
the true costs and benefits over the longer term.
Analysis of Rinsewater Recycling: System
The rinsewater recycling project was a successful demonstration of a more complex use of TCA. This analysis
presented challenges because of the significant capital investment and process complexity. The relatively high
cost of a new rinsewater recycling system makes it more difficult to justify to management, even though the longterm benefits are much greater than the benefits of the powder recovery system. As discussed on page 9, the TCA
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for rinsewater recycling presented in this report is very preliminary and will need to be refined to be truly useful
for decision-making.
Feasibility Within the Metal Finishing Industry
TCA has been shown to be an effective tool for evaluating pollution prevention investments. But, is it feasible
to gain widespread use within the metal finishing industry? The two projects conducted for Production Plating
emphasize the need for economic analysis tools to be relatively quick and easy to use. Smaller companies typically
do not have the expertise to apply the TCA framework to prospective projects.
There is also the issue of customization; each shop has a slightly different process and job stream. The nature
of job shops is that they are driven by customer relationships, product quality, reliable service, and price. Each
shop may use a proprietary process or technology to give it an advantage over the competition. The use of TCA
by itself does not represent a proprietary advantage. However, the sharing and demonstration of TCA for
particular projects within an industry presents challenges of information sensitivity.
Therefore, the goal is to develop a model for conducting TCA that can be easily replicated at other companies
in the metal finishing industry. First and foremost, businesses need to be willing to expand their scope of
environmental costs and benefits. Production Plating has shown its willingness to do this by actively working
with the PPRC. To build an appropriate model for widespread use, more feedback should be received on the
requirements of the industry. The Production Plating case studies, in combination with feedback from other
companies, could be used as a baseline for developing such a model. The PPRC has a crucial role to play by acting
as a catalyst for changing the way small companies view pollution prevention investments. In cases where
companies lack knowledge of technologies, the PPRC can help by providing the necessary information to
businesses. The Washington Department of Ecology, or other state regulatory agencies, can also help businesses
evaluate pollution prevention alternatives using the TCA method.
Requirements for Small Businesses to Implement TCA
Following are some of the requirements of using TCA to effectively evaluate the costs/benefits of pollution
prevention investments, which were identified during this project:
l

l

l

l

l

A project leader should be identified to coordinate the collection, quantification, organization, and analysis
of data. This person may delegate tasks to others, but an overall project champion is critical.
Money will need to be spent on data collection, technology searches, additional staff time, and potential
equipment acquisition.
A personal computer and software (Excel or Lotus) is recommended to perform a detailed TCA to reduce
calculation time. However, for companies without access to such tools, the analysis can also be done using
a simple worksheet.
An understanding of capital budgeting concepts, such as NPV and discounted cash flows, is needed. This
is required not only of the person completing the analysis, but for the decision-makers who will use the TCA
results to make pollution prevention investments.
A willingness to modify/augment existing accounting systems so that finer details on costs for individual
inputs, outputs, processes, and jobs can be tracked. This data tracking may not need to come from existing
systems, but could be done from a separate or new system.
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CONCLUSIONS & RECOMMENDATIONS
Based on the study performed by the University of Washington project team and the recommendations the team
presented to the PPRC, the following conclusions and recommendations were developed by the PPRC.
l

l

l

l

TCA is a valuable tool for analyzing pollution prevention investments in the metal finishing industry, both
past investments or prospective projects. TCA also does tend to promote pollution prevention investments
by making them more appealing than they would appear using less comprehensive methods of project
analysis.
Computer tools can reduce the time required to do the calculations for TCA, but are not a requirement.
Templates in the form of computer spreadsheets for performing TCA that are customized for metal finishers
would help metal finishers or consultants they hire to conduct a TCA.
Most small metal finishers are capable of using TCA, but they must be willing to commit the time and
resources required to understand the method and concepts associated with the time value of money upfront to be able to use TCA independently. This time commitment is roughly equivalent to one day worth
of labor time. Although this is not a significant amount of time, many smaller businesses are not able (or
not willing) to set this amount of time aside. Smaller businesses may be able to overcome this barrier to
using TCA if conveniently located and scheduled TCA training workshops can be offered that include
hands-on use of the method. This training would allow a business person to try the method, which is likely
to increase his or her comfort in using it when calculating future investment decisions.
While TCA is particularly useful for analyzing pollution prevention investments, because it helps show their
true value, TCA is actually a useful tool for helping make decisions on whether to invest in almost any
project. This point was specifically mentioned by Production Plating when post-study discussions took
place to find out the company’s impressions of TCA. Even if a particular project has little or no
environmental considerations, TCA can still be used to measure the value of a project in a way that accounts
for the time value of money. It may be that promotion of TCA as a valuable decision-making tool for small
businesses would be enhanced by promoting it without the associated label of it being specifically intended
for environmental projects.
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Appendix A

Production Plating
Powder Coating Facility Process Flow

Appendix B

Production Plating
Powder Recovery System

Appendix C
Production Plating - Powder Recovery Data
(Savings Based on Job Runs from 3/8/96 to 4/18/96)

Appendix D
Production Plating
Powder Recovery Total Cost Assessment
(Using paint savings of 45.13% and 5 year time horizon)
Assumptions:
Paint Cost (per lb.)
Pounds used per year (before recovery)
Percentage of paint saved (after recovery)
Pounds of Paint Recovered
Paint Disposal Cost ($/ton)
Inflation Rate
Discount Rate
Useful Life (years)
Tax Rate
Disposal Rate Increase

Net Present Value
Payback

$18,334
1.2 years

$3.50
6885.26
45.13%
3107.32
$42
5%
15%
5
40%
10%

Appendix E
Production Plating
Powder Recovery Total Cost Assessment
(Using paint savings of 45.13% and a 10 year time horizon)

$32,368
1.2 years

Appendix G
Production Plating
Powder Recovery Total Cost Assessment

Qualitative factors (powder recovery relative to historical system)

Tier 2

(Costs)/Benefits

Materials handling
Equipment handling

+

Future liability

+

Tier
Corporate image
Environmental image
Customer response
Market share

Appendix F
Production Plating
Powder Recovery Total Cost Assessment
(Using paint savings of 45.13% and 5 year time horizon)

Sensitivity Analysis

Baseline NPV

Discount Rate
Inflation

$18,334
line Value
15%
5%

Paint Cost

$3.50

% of Paint Saved

45.13%

Parts Coated per Week

650

New Value
10%
20%
3%
7 %
$4.50
20%
30%
50%
325
1,300

New NPV
$
$
$
$
$
$
$
$
$
$
$

21,942
15,377
17,523
19,175
11,521
25,148
4,968
10,287
20,924
6,332
42,338

Appendix H

Legend
Blue Letters - alkaline solution
Red Letters - acidic solution
Light Blue Letters - mildly alkaline solution
SF - Sand Filter
NHMR - Non Heavy Metal Rinses
A: Discharge
B: Etch rinses on chemfilm line
Blue Line - alkaline solution flow
Red Line - acidic solution flow
Light Blue Line - mildly alkaline solution flow
Dark Green Line - coagulated metal solution flow
Light Green Line - precipitated solution flow
Alternating Dashed Blue Line - effluent flow
Dashed Blue Line - pH adjustable solution flow
Brown Line - sludge flow

Appendix I
Production Plating
Metal Plating Rinsewater System Current Costs

Appendix M
Production Plating
Metal Plating Comparative Total Cost Assessment

Qualitative Factors (Alternative relative to current system)
(Costs)/Benefits

Less Chemical Handling

+

Improved Air Quality
Risk of chemical accidents

+
+

Risk of new system not working
Work space
Toxicity

+
+

Liability

+

Solid Waste

+

Paper Work

+

Chemical Additive Monitoring
Emission violations

+

Manual errors

+

Worker Injury

+

+

Tier 3 (Costs)/Benefits
Employee Moral

+

