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Preface To The Third Edition

Thistraining manual is the third edition of NEWMOA'’ s curriculum on the financial
analysis of pollution prevention (P2) investments. The original version - Costing and the
Financial Analysisof P2 Projects: A Training Packet - was published in 1991 and was then
revised and reissued in 1994 under the title- Improving Your Competitive Position:
Strategic and Financial Assessment of P2 Projects. The second edition comprised two
volumes. a Training Manual and an I nstructor’s Guide.

NEWMOA had three objectives in developing this third release:

- Reconfigure some of the material and examples to create greater consistency within and
between chapters and case studies,
Update materia to reflect advances in the methodology of P2 financial analysis and its
practical application over the past four years,
Clarify and expand existing material and introduce additional topics, such asthe
calculation of the cost of capital, to provide a deeper and broader understanding of the
issues and real world complexitiesinvolved in financial analysis.

Thefirst two versions of the curriculum were designed to support introductory, one-
day workshops on P2 financial analysis. Theinitial goal was to provide basic literacy in cost
accounting and capital budgeting that would enable public sector assistance staff to “ speak the
language” of financia analysis and corporate decision making. The second edition of the
manual was targeted more specificaly at the private sector and had the objective of
acquainting small and medium-companies with the benefits of pollution prevention and the
toolsto capture those benefits. In addition to “upgrading” the earlier editions, the third version
was developed to support an advanced, two-day workshop. The longer, more in-depth training
session is designed to elevate the level of knowledge and skill of assistance providersto the
degree where they can lead and guide financial analysis effortsin clients' facilities.

Although this third edition contains information at a more detailed and comprehensive
level than the previous versions, it will serve asthe Training Manual for both advanced and
introductory training. Workshops will focus on the appropriate material that is relevant to the
particular objectives of the session. The existing I nstructors' Guide will not be updated at
this time and will continue to serve as a guidance tool for all levels of training.

For additional copies of these documents or for information about attending or holding
aworkshop, please call:

Terri Goldberg, P2 Program Manager
NEWM OA
129 Portland Street, Suite 602
Boston, MA 02114
(617) 367-8558 ext. 302

printed on recycled paper
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Chapter 1 - INTRODUCTION AND OVERVIEW

PURPOSE OF THIS MANUAL

_ Pollution prevention (P2) has gained POLLUTION PREVENTION
considerable stature over the past five years asthe P2 Act of 1990
preferred approach to achieve environmental
protection and performance. Although itsincremental  |Any practice which reduces the amount
gains have frustrated some proponents who had of any hazardous substance, pollutant,
envisioned amore rapid transition to anew industrial  |or contaminant entering the waste
and regulatory paradigm, pollution prevention andits ~ |Stream or otherwise released to the
numerous semantic relatives (e.g., eco-efficiency, environment (!”C't“d'”g fulg'“"et ment
waste minimization, toxics use reduction) have become  |SMiSSions) prior to recycling, treatment,
the accepted doctrine for many companies and or disposal; and reduces the hazards to

. . X public health and the environment
environmental advocates. Yet, in spite of nuUmerous | ;ssociated with the release of such

success StOI‘IeS, Obﬁades Cont| nueto Impede the Substances, po”utantsl or
adoption of aggressive P2 programs and to hinder contaminants.

investments in pollution prevention equipment and

processes. Lack of proven technology or technical Pollution prevention includes such

information, existing command-and-control regulations | {€chniques as: toxics use reduction, raw
and infra-structure, insufficient financing, and gqalfr:ﬁ;ltj brﬁgfj“i;i'ggt’igrrloc‘igzgt
underestimation of financial and less-tangible benefits rgders)ign’ training, impr(’)\f)ed inventory
al stand in the way of more rapid shift from pollution | control, production planning and

control to prevention.

This manual explicitly addresses one of these obstacles - the tendency for companiesto
underestimate the financia gains and long-term qualitative benefits of investing in pollution
prevention. Many P2 projects generate savings that may not be captured in financial analyses
due to the way that costs are categorized and allocated by conventional management accounting
systems. Compounding the problem of incomplete cost information is the common practice of
estimating the financial impact of P2 investments through the use of profitability indicators that
may be inappropriate and that may rule out projects that ought to merit approval. In addition to
financial gains, pollution prevention projects often have beneficial impacts on a broad range of
such strategic issues as market share and public image that may be difficult to quantify but that
may have long-term competitive value. To provide a comprehensive and accurate assessment
of the potential benefits of a pollution prevention project, it is crucial that all the costs and less
tangible items be identified and evaluated in a project proposal.

The god of this manual isto provide information and guidance to help improve the
practice of pollution prevention financia analysis. More complete and accurate recognition of
cost savings and less-tangible benefits can also lead companies to see how pollution
prevention can advance a firm’s strategic objectives and improve its competitive position. As
a consequence, companies will be encouraged to devote greater resources to P2 investments.




By elevating the practice of financia analysis and demonstrating the link between P2 and
ability to compete, this manual also helpsto address arelated issue - internal and external
obstacles to financing pollution prevention. Companies that perform a comprehensive analysis
of the benefits of P2 may be better able to convince internal corporate decision- makers and
external lenders to provide the necessary funds.

This manual is designed to address a wide audience in both the private and public
sectors, including environmental and engineering personnel, business and financial managers,
technical assistance providers and regulators. It provides useful, hands-on guidance to
corporate employees who will be involved in the planning and assessment of pollution
prevention projects. Staff in state and federal assistance and regulatory programs, as well as
private industry consultants, can also use the methodol ogy to assist companies that are
evaluating P2 investments. Although many individuals who are responsible for pollution
prevention, both in business and government, may not have financial or accounting
backgrounds and/or responsibilitiesin their organizations, an understanding of the basic
concepts and the process discussed here can enhance their contribution to P2 planning. Plant
personnel who design, supervise or work on operational processes and others who oversee
environmental practices and compliance are often members of teams that are designated to
identify pollution prevention options, specify equipment and evaluate a project's feasibility.
Although these team members may have limited exposure to the financial and general business
matters of a corporation, they are invaluable contributors to the assessment of a project's
guantitative and qualitative impacts. Their involvement in plant operations provides
familiarity with relevant costs and insights into less tangible issues that may be obscured from
the perspective of upper management and financial controllers.

Overview of Manual

The financial analysis of pollution prevention projects requires the use of two basic
business management tools: cost accounting and capital budgeting. While all companies
employ these tools to help make business decisions, there is wide variance in the way they are
practiced. Thefirst chapter of this manual provides ageneral overview of these two topicsin
the context of P2 analysis and presents the process of performing afinancia analysis:
collecting cost information and applying measures of profitability. Chapter 2 defines the
parameters of cost information and describes the sources of and procedures for gathering and
developing thisinformation. The third chapter details alternative methods for calculating
profitability and explains the advantages and disadvantages of the different measures. The
fourth chapter introduces the various qualitative or less-tangible issues to be considered in
conjunction with afinancial analysisin order to determine the impact of a proposed project.
Often P2 projects produce significant benefits that are difficult to quantify but that can play a
major role in justifying an investment.



COST ACCOUNTING

Financial analysis of a pollution prevention investment is dependent upon having
accurate information about the costs of an existing manufacturing operation. Few companies,
however, possess good, process-focused, cost information. Anecdotal reports, case studies
and formal surveys" have all confirmed that many environmental and other “indirect” costs are
not included in the calculation of savings generated by P2 initiatives. An understanding of the
basics of cost accounting can help to explain how environmental costs are “hidden” in
overhead, why the numbers generated by poor cost accounting systems should not be used in
project analysis, and what approach is required in order to develop good cost information.

Cost accounting is a sub-set of management accounting, which is the practice of
collecting, organizing and using information about a firm’'s operations to facilitate interna
decison making. Management accounting includes both non-financia information, such as
through-put time, cycle time, and efficiency measures, and cost data related to labor and
materials use. Managers rely on knowledge about a firm’s costs to understand the profitability
of products, to determine the alocation of resources for R& D and production and to perform
capital budgeting. Unlike financial accounting, which reports on financial performance to
external stakeholders according to strictly prescribed principles?, management accounting
provides managers with cost and operational data focused on products and processes. No
external entities dictate what cost accounting practices a firm must employ, though severa

standard methods are used by most companies.
Conventional Cost Accounting

The most common method of cost
accounting, still prevaent in US businessin
the late 1990's, is often referred to as
conventional cost accounting. This method
typically breaks out direct labor and direct
materials and assigns these to specific
products or processes based on measured
average consumption of time and materials.
Most other costs, however, are lumped
together in large pools called overhead,
which is allocated across many products,
processes or departments through the use of
asingle proxy (cost driver), such as direct
labor input or material dollars (Table 1.1).

Table 1.1: Conventional Cost Accounting

Cost Pools Description
Direct Labor | Work performed directly in the
production process
Direct Raw materias that become part of
Materials the finished product
Overhead
Indirect Work that supports production
labor [e.9., equipment maintenance]
Indirect Materials used in production that
materials are not part of the finished product
[e.g., cleaning solvent]
Facility Lighting, heating, facility
costs maintenance, rent
Corporate Administration, marketing, sales
expenses

! Environmental Cost Accounting for Capital Budgeting: A Benchmark Survey of Management

Accountants, EPA 1995, prepared by Tellus Institute

2 Financia accounting is subject to various rules and practices dictated by the Securities and Exchange
Commission (SEC), the IRS, and the Financial Accounting Standards Board (FASB). Many of these are
codified as Generally Accepted Accounting Principles (GAAP).

3




Figure 1.1 illustrates
the concept of a conventional
cost accounting system. In

Figurel.1
Conventional Cost Accounting System

this smplified example,
Process A uses no toxic
substances and produces

DIRECT

MATERIALS WS

Attribution based

only non-hazardous solid

PROCESS ‘A’

waste. Process B, however, +
uses a solvent that requires DIRECT
disposal as a hazardous LABOR

waste. Direct labor and

(non-toxic)

materials are assigned on the +

basis of actual use, but all OVERHEAD
the environmental activities Monitoring & Reporting PROCESS ‘B’
required for Process B are Waste Disposal (toxic)

combined with other
"indirect" costsin overhead.
If the direct labor input is the
same for both processes and
is used as the cost driver,
overhead would be allocated

Utilities & Depreciation
Labeling & Manifesting
Right-to-Know Training
Permits & Fees
Fines & Pendlties
Equipment Cleaning
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|

Allocation based
on Labor Dollars

equally between A and B,

even though more of the overhead costs are incurred by Process B. Thus B would appear to be

less expensive to operate than it actually is, and a pollution prevention project assessment that
relied on this cost accounting system as the sole source of information would probably
under estimate the potential savings available from eliminating the solvent.

Activity-Based Cost Accounting

Y ears ago, when direct labor
and material costs comprised the most

significant portion of a manufactured Resources

product, conventional cost sysemsmay

have provided sufficiently accurate
information to make informed business  (— )

decisions. Over the past few decades, ~ |Resources

however, asoverhead cost poolshave ————

grown to dwarf direct costs in many P
industries, the accuracy and utility of Resources

this type of accounting system has R

severely diminished. Recognition of -

the inherent limitations of conventional (——
cost accounting has generated Resources

significant interest in the concept of
activity-based costing, often referred to

Figurel.2
Activity-Based Cost Accounting System

as ABC. ABC recognizes that making products require activities (e.g., inventory management,
fabrication, finishing) and those activities require resources (e.g., labor, materials, utilities).
By accurately defining, measuring and assigning resources to activities and activities to

4

Spent
Solvent

Disposal

Products

Products




products, it is possible to develop a more accurate understanding of the true costs of producing

aproduct (Figure 1.2).

Activity-based costing can be applied on alimited basis to understand the cost
implications of a single parameter in afacility or on a corporate-wide basis to help run an
entire business. Many companies have successfully used ABC to change their pricing or to
better allocate their resources. The benefits of awell-structured ABC system extend beyond
simply having a more accurate understanding of costs. Because ABC systems focus attention
on the activities that are required to achieve business objectives, they encourage managersto
improve the efficiency of activities and to reduce or eliminate activities that do not add value.

Environmental Cost Accounting

In recent years there has been
considerable academic and corporate
attention focused on the issue of
environmental costs and how well (or
poorly) companies identify, track and
alocate those costs. Research has
shown that due to the prevalence of
conventiona cost accounting systems
and the mandatory nature of many
environmental control and compliance
costs, few companies have an
awareness of either the extent or the
sources of their environmental costs®.
In one celebrated example, amajor
US oil company was found to have
environmental costs equal to 20
percent of its operating costs, far in
excess of the 2-3 percent initial
estimate®. Theinterest in better
understanding and controlling
environmental costs has led to the

Environ-
mental
Accounting

Figure 1.3 Environmental Accounting
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development of a discipline called Environmental Cost Accounting (ECA), a sub-set both of
Environmenta Accounting and of Cost Accounting. Environmental Cost Accounting isthe
practice of defining costs that are related to environmental management and tracing those costs
to the products or processes that generate them. ECA isthe application of activity-based
costing to a defined segment of costs (Figure 1.3).

% Ditz, Ranganathan and Bank, Green Ledgers, Case Studies in Corporate Environmental Accounting, 1995

4 ibid.



While environmental cost accounting can help managers make better decisions about a
range of issues, in practiceit is used principally in the financial analysis of pollution
prevention initiatives. Nevertheless, several consulting firms have developed environmental
cost accounting software, and afew companies have investigated the implementation of ECA
systems on a broad scale. However, due to the resource-intensive nature of collecting
environmental cost information, the practice usually makes sense on a project-specific basis.

CAPITAL BUDGETING FOR POLLUTION PREVENTION PROJECTS

Pollution prevention (P2) can take many forms, from simple, inexpensive
"housekeeping” improvements, to costly equipment installations. Whether or not a P2 project
requires large outlays for the purchase of equipment, it may involve significant engineering
expense, create incremental costs or savings, or require extensive qualitative assessment
related to such issues as product quality or employee health and safety. The analytic tools
introduced in this curriculum are applicable to the assessment of the financia impacts and
other issues for all pollution prevention initiatives.

Capital budgeting is the process of evauating investmentsin long-lived (> one year)
assets, such as new buildings, facility improvements and equipment. In its broadest sense, this
process includes assessment of the technical and qualitative, as well as the financial impacts of
aproject, asillustrated in Figure 1.4. After acompany has determined the appropriate
technical solution to achieve project objectives, it must determine whether the investment will
generate sufficient profitability or other benefits to merit the expenditure of financial and
human resources.

TECHNICAL
ANALYSIS

Figurel1.4
Capital Budgeting Process

FINANCIAL QUALITATIVE
ANALYSIS ANALYSIS

| Draft Project Parameters | | Collect Cost Information | | List Qualitative Issues |
| Send RFP's to Vendors | Determine Incremental | Prepare Assessment Map |
* Cash Flows *
Analyze Proposals v Develop Comparative
for Technical Feasibility Apply Measures of Information
v Profitability v
Choose Equipment Based v | Assess Impacts
on Technical Merits | Interpret Results |

Y

- Prepare Justification Package |
(with supporting documentation)

if approved * if approved

Evaluate Performance ]




Although the three components are common to capital budgeting at most companies, the
evaluation and approval process varies substantially, depending upon company size, culture,
ownership, management philosophy and other variables. In asmall, family-owned company,
project assessment may be very informal: the environmental engineer might approach the
president/owner with arequest for pollution prevention equipment based only a"back-of-the
envelope" calculation of its merits. Conversely, in larger companies, the capital budgeting
process might include a standardized evaluation format and extensive justification package as
well as amulti-level review and approval.

The financial analysis component of capital budgeting seeks to determine whether or
not an investment will add economic value to a business, given a company's current situation,
other investment options, and the availability and cost of financing. Multiple projects must
usually compete for limited resources. Analysis requires a calculation of project profitability
based on the amount of theinitial investment and an estimation of the cash flow generated by
the project over its useful life. The financial assessment of a pollution prevention project
follows four steps:

» Collecting incremental cost information;

* Determining after-tax cash flows over the economic lifetime of the project;

» Cadculating economic impact using profitability indicators (measures of
profitability);

* Interpreting quantitative results.

Although this curriculum concentrates on the financial analysis aspects of the process,
gualitative issues and other intangible factors also greatly influence the outcome of a P2
project proposal and may often outweigh the quantitative analysis. Central to the consideration
of many projects are such issues as.

» relief from liability * green marketing

* regulatory compliance * publicimage

» worker health and safety » technology upgrades

* pro-active environmental policy e community exposure reduction
* customer satisfaction » product or process quality

Gaining Support for a Project

Capital budgeting does not end with the conclusion of the analysis, especidly in the
case of a pollution prevention project that originated with a process engineer or an
environmental manager. If theinitiative requires a sizable outlay of cash, it is usually
necessary to convince senior management, or possibly alender, to provide financing. Thusthe
three analysis tracks shown in Figure 1.4 above all converge on the task of preparing a
justification package, a documented argument for gaining approval and resources.
Constructing a strong justification package requires attention to the following considerations:

- Presentation of financial and less-tangible benefits: It iscritica that both profitability
and longer-term benefits are well presented and supported.
Link to competitive advantage and strategic goals: Convincing management to invest in
a P2 initiative may require more than ssimply showing that the project saves money and



meets profitability objectives. Ultimately a business must invest to further its strategic
goals. Thus cost savings or qualitative benefits alone may not be sufficient to win
approval for aproject if it is competing for money with other initiatives that appear to be
more directly aligned with forwarding the company’ s business mission. However, making
arealistic connection between P2 gains and afirm’s enhanced ability to compete may be
possible. Examplesinclude:

P Better cost structure: lower costs enable a firm to price more aggressively and
win market share.

P Supply chain positioning: many origina equipment manufacturers (OEM’s) are
requiring vendors to meet tougher environmental management and performance
standards.

P Gainsin through-put or cycle time: enhanced production capabilities that may be
a concomitant benefit of a P2 investment may enable market share gains.

Project origination and context: The context of a P2 project within acompany may
influence how best to support its approval. Examples of contextual issues include the
following:

P Source: aproject directive issued by top management may be evaluated according
to different criteriathan an effort generated by the plant engineer.

P Project objectives: aP2 project driven by regulations, compliance or concern
about a company's public image as a polluter may be judged by its qualitative
benefits while the replacement of existing machinery may require a strong financial
justification.

A pollution prevention team should consider the approvals it may need to implement a
project, and the obstacles that it may encounter, as the team conductsits anaysis. A
justification package that is crafted as an integral part of the assessment process will be
stronger than one developed as an afterthought and will have a better chance of winning crucial
management support.

This chapter has presented an overview of the capital budgeting process and the
objectives and key elements of financial analysis. The next chapter focuses on the process and
tools for identifying and collecting cost information, the core of good financia analysis.

To provide a common theme for the presentation of material in the next three chapters, the
Manual uses the data for many of its examples from an actual pollution prevention initiative
undertaken at the Wrayburn Jewelry Company. (The name of the firm isfictitious but the facts
and figures arereal.) The brief synopsis that follows provides the background context of that
datafor a better understanding of its use in the examples. We strongly encourage al readersto
review the full Wrayburn Jewelry Company case (Appendix B) to fully understand and tie
together the information presented in the manual .

Synopsis of Wrayburn Jewelry Company Case Study



The Wrayburn Jewelry
Company, aleading Massachusetts-
based manufacturer of men's and
women's costume jewelry, has
traditionally exceeded
environmental regulatory
requirements in order to provide
healthy working conditions for its
employees, to alleviate potential
community concerns and to improve
its operating efficiency. The
company is considering a pollution
prevention project to reduce the high
cost of purchasing and disposing of
ethyl acetate as a hazardous waste.
Jewelry pieces are dipped into a
lacquer bath after silver plating to
inhibit the tendency of silver to
tarnish. Ethyl acetateisused asa
solvent to strip the lacquer off of the
plating racks. (See Process Flow
Diagram).

Wrayburn is proposing to
install arecovery till to recycle the

ethyl acetate internally in the facility.

The plant environmental manager,
Peter Thorston, estimates that the
still, which costs $14,000, will
reduce ethyl acetate purchasesto 25
percent of current volume. In
addition to this raw material
savings, the reduced ethyl acetate
usage will save state regulatory fees
and labor time for manifesting.

Wrayburn Jewelry Company
Process Flow Diagram

Metds
Inventory

Pl B

Stamping

Molding

Folding

T

!

.

Pating

'

Lacquer
Dipping

'

Unstring pieces
from racks

p | Strip racks with

ethyl acetate

'

Finishing

'

Packaging &
Shipping

Spent ethyl

acetate disposal




(This page l€eft intentionally blank)

10



Chapter 2- COST INFORMATION

The most important part of performing the financial analysis of a pollution prevention
initiative is the identification and collection of all costs that are relevant to current operations
and proposed P2 alternatives. As mentioned in Chapter 1, research and anecdotal evidence
have documented that companies often fail to include all costsin financial analyses, and
therefore do not capture much of the potentia savings from pollution prevention. Many
companies do not have cost accounting systems that accurately track and allocate indirect costs
by process or product and therefore such costs are not readily accessible and are often
ignored. This chapter describes a process for identifying and collecting the cost information
needed to gain an accurate assessment of the financial impacts of a P2 investment.

Thefirst phase of the financial analysis of a pollution prevention project entails
gathering complete and accurate cost data in the form of relevant incremental costs
calculated on an annualized bas's, as defined below.

I ncremental costs. Incremental (or differential) costs, are the changes, or differences,
between the costs of the current process and the projected costs of the proposed project.

These costs include initial expenditures for equipment purchase and installation, and oper ating
(also called *period’) expenses, such as raw materials, maintenance, waste disposal and
utilities, which continue over the life of the project.

Relevant costs: Relevant costs are those incremental costs that have amaterial impact on the
analysis and that are useful to those who evaluate the project proposal. The test for relevance
depends on the circumstances of the particular case and must be considered within the context
of agiven project. For example, the elimination of 1 of 20 toxic chemicals may save only a
few hours in employee safety training and manifesting, not enough to be relevant to the
analysis. On the other hand, the discontinued use of the same amount of the only toxic chemical
in afacility may enable the elimination of arange of activities with corresponding significant
and relevant savings for the business.

NOTE: A determination of relevance should be made only after the identification and
initial review of all costs. Deciding a priori that a particular itemis not relevant may lead
to the exclusion of costs whose relevance only becomes apparent through its relationship to
other issues or in projections of the 'out years' of a project.

Annualized costs: Table2.1: Examples of Annualized Labor and Material Costs
All costs should be Labor: Activity Hours x Occurrences/'Year x Wage Rate
converted to total An engineer at Wrayburn spends 1.5 hours a month manifesting ethyl
annua amountsin acetate for disposal at atotal wage and benefit rate of $30/hr.

order to perform the

financial analysis with 1.5 (hr.) X 12 (occurrences) X $30 (wage) = $540 (annual cost)
common metrics. (See Materials: Volume Consumed per Week x Weeks x Cost
Table 2.1). The rack stripping operation consumes 780 Ibs. of ethyl acetate a week at

cost of $.61 per Ib., and the facility operates 52 weeks/yr.
780 (Ibs.) X 52 (weeks) X $ .61 (per Ib.) = $24,741 (annual cost)

11



PROCESS OF DEVELOPING COST INFORMATION

Thereevant incremental costsincurred or saved by a pollution prevention project
can be determined using six steps.

Draft a process flow diagram of the existing process
Identify cost generators

Repeat above steps for the new process

Identify incremental cost generators

Attach dollar values

Calculate incremental costs and savings
These steps are described in detail below.

FOR EXISTING PROCESS

(1) Draft a processflow diagram: Draft a process flow diagram of the existing production
process that will be altered by changes in equipment, materials, process design or other pollution
prevention techniques. The diagram should include not only the primary production process but
also derivative process flows that are related to the main activity. For example, if the process
generates wastes that are disposed of off-site, the diagram should show the waste stream, including
itsorigin and disposal method, as shown for the spent ethyl acetate generated by Wrayburn
Jewelry Company (see page 9).

(2) Identify cost generators: Use the process flow diagram to help identify all the cost
generators - labor activities, materials, equipment and other operating expenses - that are
involved in the production and secondary processes. Some of these costs, such asthe raw
materials, labor and the equipment used in the manufacturing operation, may be fairly easy to
identify. Other items may be more difficult, either because the activities are not performed
directly as part of production or because the activities or equipment cover a variety of processes.
In a pollution prevention project the most important activities are those related to the tracking and
disposal of "waste"1, and those related to purchasing, handling and using hazardous chemicals. In
this phase of the analysis, the P2 team should not attempt to attach actual dollar valuesto the items.
Exhibit 2-1 (see page 13) provides a checklist of potential operating costs that should be
considered.

1The use of the term 'waste' here includes all by-products of a process that enter the air, water or land or are
recycled internally or externally. The definition could be expanded to include any material or activity that
does not add value to the products or services a company produces.

12



EXHIBIT 2-1
POTENTIAL OPERATING COSTS"

Materials Regulatory Compliance

direct product materials monitoring

catalysts and solvents manifesting

wasted raw materials reporting

transport notification

storage recor dkeeping

training (right-to-know, safety etc.)

Waste Management (Materials & Labor) training materials

pre-treatment inspections

on-site handling protective equipment

storage labeling

hauling penalties/fines

insurance lab fees

disposal insurance

R& D to comply with regulations
Utilities handling (raw materials and waste)

electricity closure & post-closure care

steam

cooling & process water Revenues

refrigeration sale of product

fuel (gasor ail) mar ketabl e by-product

plant air & inert gas manufacturing through-put change

sewer age changein sales from:

increased market share

Direct Labor improved corporate image

operating labor & supervision

manufacturing clerical labor Future Liability

inspection (QA & QC) fines & penalties

worker productivity changes personal injury
Indirect Labor

maintenance (materials & labor)

mi scellaneous (housekeeping)

medical surveillance

* Thislist is adapted from material published by the Tellus Institute. Theitalicized items are
those that many companies do not include in their financial analysis of a P2 project either
because they are hidden in overhead or because their alocation is insufficiently specific.
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Second and Third Order Costs

Although process mapping is auseful tool for identifying costs, its graphical focusis
often limited to primary cost generators. Many primary costs have second and third order
costs that are a'so important to capture. For example, the full cost of purchased items, such as
protective equipment or specia supplies, is more than smply the purchase price. An
employee must evaluate the options, make a purchase decision, complete an order and process
apayment. When the items arrive, they must be checked, handled and inventoried. Such
activities may represent only asmall part of the cost of an item, but they nevertheless represent
time that could be better spent on more value-added activities and should be considered in a
P2 assessment.

Table 2.2 lists common cost items often associated with pollution prevention projects
(itemsinitalics are those found in the Wrayburn Jewelry case.)

Table2.2: Production And Environmental Costs

LABOR MATERIALS EQUIPMENT OTHER
production work raw materials production equipment depreciation
material handling solvents cleaning/degreasing waste disposal
inspection process water material handling machinery insurance
recordkeeping cleaning water ~ waste treatment utilities
manifesting officesupplies  wastewater treatment regulatory fees
labeling training air pollution control taxes

materials
stocking safety materials  painting equipment maintenance
training parts protective equipment lab fees
permitting storage equipment

FOR NEW or MODIFIED PROCESS

(3) Repeat steps 1 and 2 for the new process. Because the prevention project may reduce or
eliminate many “indirect” costs that are not part of the production process, it isimportant to be

especially attentive to changes in items listed above and included Table2.3

in Exhibit 2-1. Also, be sureto include al initial cost items Initial Costs
related to the implementation phase of a new project (Table 2.3).

Often, changes to a process require initial costsin avariety of Equipment Purchase

areas that may not be immediately obvious or that may be difficult | Insurance
to anticipate. Exhibit 2-2 (see page 15) provides a comprehensive | Start-up & Training
list of initial costs associated with new equipment installation or Delivery

other major changes in a manufacturing process. Installation
Engineering
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EXHIBIT 2-2
POTENTIAL INITIAL COSTS"

Pur chased Equipment Materials
equipment piping
sales tax electrical
price for initial spare parts instruments
process equi pment structural
monitoring equipment insulation

preparedness/protective equi pment

building construction materials

safety equipment

painting materials

storage & materias handling equipment

ducting materials

laboratory/analytical equipment

freight, insurance

Utility Connectionsand New Systems

Site preparation

electricity demolition, clearing etc.
steam disposal of old equipment, rubbish
cooling & process water walkways, roads, and fencing
refrigeration grading, landscaping
fuel (gasor ail)
plant air Engineering/Contractor (in-house & ext)
inert gas planning
genera plumbing engineering
sawerage procurement
consultants
I nstallation design
vendor drafting
contractor accounting
in-house staff supervision
construction/installation
labor & supervision Contingency

taxes & insurance

equipment rental

Permitting - Fees & In-House Staff

Start-up & Training

Initial Charge For Catalysts And
Chemicals

vendor/contractor

in-house

Working Capital (funds for raw materials,
inventory, materials/supplies)

trials/manufacturing variances

Salvage Value of replaced equipment

* Thislist is adapted from material published by the Tellus Institute. Many of these costs may
or may not be capitalized, depending upon the judgment of afirm's financial staff.
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FOR BOTH PROCESSES

(4) I1dentify incremental cost generators: Identify all the places where labor activities,
materials, equipment and other operating costs are likely to change. Examples from the
Wrayburn case include:

purchase of ethyl acetate: reduced from 780 to 195 pounds per week
manifesting: reduced from 12 to 4 times year

disposal of still bottoms: replaces disposal of spent ethyl acetate
TURA fees. decrease due to reduction in toxics use

purchase of recovery still

operational costs of recovery still

(5) Attach dollar values Determine the dollar values for the cost generatorsin the current
process and in the proposed project for those activities and items that will change because of
the proposed project. Remember to trandate all cost information to an annual basis. The
following section - Types and Sources of Cost Information - describes how to collect the
information needed to attach dollar values to the various activities.

(6) Calculate Incremental Costs: Calculate the differences between the current and proposed
process costs (incremental costs). Start with theinitial costs related to the purchase and
installation of the new equipment. Next calculate the differences in the operating costs of the
two processes, subtracting the 'new cost' from the 'old cost' to determine the difference as
either a cost incurred by the project or a savings gained.

Table 2.4 showstheinitial costs of the Wrayburn Jewelry project and the changes in operating
costs and savings for one time period (i.e., one year).

Table2.4: Wrayburn Jewelry - Incremental Costs

Incremental (Cost)

Old Cost New Cost or Savings

INITIAL COSTS (onetime)

Acquisition n‘a 14,000 (14,000)

Instadlation & Start-up n‘a 2,000 (2,000)
OPERATING COSTS (oneyear)

Raw Materials. ethyl acetate -

reduced from 20 tong/yr to 5 tons/yr 24,741 6,185 18,556

Labor: manifesting - reduced from

12 to 4 times/yr @ 1.5 hours X $30 540 180 360

Utilities: electricity for still n/a 221 (221)

Waste Disposdl: still bottoms

instead of recyclable ethyl acetate 10,774 12,333 (1,559)

Fees: TURA - ethyl acetate use

reduced to less than 10,000 Ib./yr 1,100 0 1,100
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TYPES AND SOURCES OF COST INFORMATION

The preceding section describes a method of determining the differential activities
between old and new processes and calculating the incremental costs. To perform this
procedure a project team must be able to attach accurate dollar amounts to each incrementa
cost item. Finding this cost information, however, israrely straightforward and may require
both ingenuity and persistence; for the process will involve more than simply extracting
numbers from a company's financial and cost accounting systems. As mentioned earlier, many
environmental and production costs are "hidden" in overhead accounts in a conventional cost
accounting system and are therefore not readily accessible from that source. While a cost

accounting system may Table 2.5: Sources of Cost Information

provide some of the

information about these Primary Sources

costs, it will be necessary Interviews with operational and environmental staff

to go to primary sources Recor ds from purchasing, payroll, inventory

and collect raw data to L ogs of activities or material usage

form afull cost picture, Receipts and Invoi cgsfrom su_ppliers& \(endors

(See Exhibit 2-3 on page ?\//Iendors of new equipment & industry price trends
. easur ements of times, volumes, flow rates

18 for a comprehensive

inventory of potentially Types of Raw Data

hidden costs and Table 2.5 Time: Actua hours, percentages

for alist of primary Labor Costs: Total compensation rate (fully burdened)

sources and types of raw Materials: Actua quantities, percentages

data.) Fees. Per toxic substance, facility charge percentage

External Costs: Maintenance, waste disposal
General: Percentage of insurance, utilities

Uncovering Hidden Costs

A conventional cost system is often able to provide the information necessary for
determining the direct labor and materials costs associated with a particular product or
process. The cost information in the overhead accounts, however, isin aform that is usually
neither accessible nor useful. A project team must turn to other primary sources to uncover
cost information for these "overhead" items. Often the determination requires an estimate of
the amount of time an employee spends on a particular activity (such as manifesting) or the
amount of aresource that is consumed in the production process (such as the electricity used by
apiece of equipment). Although such estimates often lack precision, if they are made by the
people who actually perform the work or who are knowledgeable about a process, the
information should be sufficiently accurate. Moreover, with planning it may be possible to
conduct actual measurements of these activities to provide more accurate cost data.  The
following sections provide suggestions about where and how to locate information for the
kinds of costs usually hidden in the overhead pools. (See Exhibit 2-4 on page 19 for an
example of sources of cost information.)

17



EXHIBIT 2-3

Examples of Environmental CostsIncurred by Firms

Regulatory

Notification

Reporting
Monitoring/testing
Studies/modeling
Remediation
Recordkeeping

Plans

Training

I nspections

Manifesting

Labeling

Preparedness

Protective equipment
Medica surveillance
Environmental insurance
Financia assurance
Pollution control equipment
Maintenance

Repair

Spill response
Stormwater management
Waste management
Taxes/fees

Potentially Hidden Costs

Upfront

Site studies
Site preparation
Permitting
R&D
Engineering
Procurement
Installation

Conventional Costs
Capital equipment
Materias
L abor
Supplies
Utilities
Structures
Salvage value

Back End
Closure/decommissioning
Disposal of inventory
Post-closure care
Site survey

Voluntary
(Beyond Compliance)

Community outreach
Monitoring/testing
Training

Audits

Qualifying suppliers
Environmental reports
Insurance

Planning

Feasibility studies
Remediation

Recycling
Environmental studies
R&D

Habitat protection
Landscaping
Environmental projects
Financia support of NGO's

Future compliance costs
Penalties/fines
Response to future releases

Contingent Costs
Remediation
Property damage
Personal injury damage

Legal expenses
Natural resource damage
Economic loss damages

Corporate image
Relationship with customers
Relationship with investors
Relationship with insurers

Image / Relationship Costs
Relationship with prof. staff
Relationship with workers
Relationship with suppliers

Relationship with lenders
Relationship with communities
Relationship with regulators

Thislist is adapted from EPA’s publication: An Introduction to Environmental Accounting
AsaBusiness Tool : Key Concepts and Terms

EXHIBIT 2-4
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EXAMPLES OF SOURCES OF COST INFORMATION

The following table provides examples of various environmental cost activities (Activity), the
way those activities might be defined for determining frequency or volume (Cost Driver), the
information needed to calculate the costs of the activities (M easurement), and the sources of

information about the activities (Sour ce).

ACTIVITY COST DRIVER MEASUREMENT SOURCE
Spill/Leak Incident Number of Spills Labor Hours Engineer Interview
Reporting Number of Incidents ~ $/week
Monitoring Number of Toxics Labor Hours Engineer Interview

Number of Processes  $/week
using Toxics
Manifesting Number of Shipments Labor Hours - Engineer Interview
$lweek Manifesting Records
$/shipment or $/drum
Right-to-Know Number of Sessions  Labor Hours Engineer Interview
Training (in-house) $/week Engineering Records
Labeling Number of Drums Labor Hours Engineer Interview
Shipped Off-Site $/week
$/drum
Permitting & Fees Number of Toxics Labor Hours Engineer Interview
Number of Gallonsor $/week Accounting Records
Lb. Discharged fees($/chemical Regulatory Documnt
or/gl)
Maintenance & Number of Machines Labor Hours Machine Manuftr
Repair (Old $/week Vendor
Equipment) Spare parts/equip Outside Repair Shop
$litem
Maintenance (new Number of Machines Labor Hours Machine Manuftr
equipment) $/week Vendor
spare parts/ equip Engineer Interview
$litem
Solvent Disposal Number of Drums $/drum or /Ib Accounting Records
Engineering Records
Permit Fees Number of $/chemical/category  Permit Form
Reportable Engineering Records
Chemicals
Training Supplies Number of $/employee Engineering Records
Employees Trained  $/session Accounting Records
Number of Sessions
Protective Equipment  Number of $/employee Engineering Records
Employees $/q. Ft. Accounting Records
Sq. ft protected
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* Manifesting, labeling and recor dkeeping of wastes. The environmental or
manufacturing staff can provide an estimate of the number of hours per week, per
shipment, or per ton.

» Purchase, handling and recor dkeeping of toxic materials: Actual purchase orders
are probably completed by the purchasing department, which could also estimate time
spent on paperwork. Other incoming recordkeeping and handling may be performed by
materials handlers, the stockroom and/or environmental staff.

» Wastedisposal, protective and safety equipment, miscellaneous supplies The
accounting department can supply invoices for theseitems. Alternatively, vendors are
often excellent sources for such information. Estimates of the use of amateria ina
particular process or its presence in a waste stream can be determined by observation
and by operational staff.

* Insurance: May be either a cost or a savings, or may not be affected by a pollution
prevention project. If aproject dramatically changes afacility's waste disposal status,
for example eiminating the use of all toxic and hazardous substances, environmental
liability insurance may be reduced. An insurance agent should be able to provide an
estimate of a project's potential impacts on insurance premiums.

» Utilitiesand maintenance: Plant engineers can usually provide estimates of utility
consumption and maintenance costs.

* General facility costs: Rarely will general facility costs (e.g., heating and property
taxes) change with a pollution prevention project unless the project is of such ascale
asto require enlargement or reduction in the overall space used or achangein an
operating environment, such as the construction of a temperature and moisture-
controlled room.

Full Cost System

By identifying the sources of overhead costs and attributing those costs to processes
based on actual consumption of time and materials, a project team breaks through the vell that
traditional accounting systems impose on cost information. Figure 2.1 (see page 21) illustrates
the contrast between this full cost approach and the conventional method of allocating
overhead as described in Chapter 1 (Figure 1.1). Overhead costs are attributed directly to the
processes based on the proportion of their actual consumption. For example,
labeling/manifesting, right-to-know training, and permits and fees are caused by the use and
disposal of the solvent and thus are attributed 100 percent to B, while the other costs are split
between A and B on the basis of their consumption. With this kind of information, a project
assessment that examines the elimination of this solvent can show much greater savings than
one using the conventional cost system. The difference in the two systemsis further illustrated
by applying actual numbers to an example, as shown in Table 2.6.
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Figure2.1
Overhead Allocation Using
Full Cost System

20% )
OVERHEAD
[1 ]
Monitoring & Reporting Process ‘A
L abelling & Manifesting (non-toxic)
Right-to-know Training %
Waste Disposal
Utilities
Protective Equipment ~N
Permits & Fees
Process ‘B’
Insurance .
(toxic)
%
Table 2.6: Overhead Costs For ProcessB in Figure2.1
Conventional Actual Full Cost
Annual Cost System* Consumption System
Monitoring & Reporting $1000 $500 80% $800
Labdling & Manifesting 500 250 80% 400
Right-to-Know Training 500 300 100% 500
Waste Disposal 3000 1500 70% 2100
Utilities 1000 500 40% 400
Protective Equipment 800 400 100% 800
Permits & Fees 1200 600 100% 1200
Insurance 2000 1000 60% 1200
Total Overhead Costs $10,000
Overhead Costs of B $5000 $7400

* Thetotal of al the costsincluded in overhead is multiplied by the cost driver, direct labor @ 50%, as
illustrated in Figure 1.1 on page 4.

This manua was not designed to advocate that companies should change their entire
cost accounting structure. The full cost system described above, however, doesillustrate the
use of activity-based cost analysis and is the recommended procedure for identifying and
calculating the costs of those indirect activities that are changed by a particular project. The
accurate inclusion of such costs can have a significant impact on the measurement of a project's
economic value. Many of the costs listed above would be reduced if the toxic substancein
Process B were eliminated.

21



CASH FLOW

After theinitial and incremental costs have been identified, they must be trandated into
annua cash flow over a project’s economic lifetime. The definitions of these terms are
provided below.

Cash Flow: Cash flow refersto the actual outflows and inflows of money - expenditures and
savings - incurred and generated by aproject. Cash flow differs from accounting income,
which can include avariety of non-cash revenues and expenses, and it is considered the best
way to analyze project profitability. There are three types of cash flowsrelated to a P2
project, described below and illustrated in Table 2.7, (those in italics are found in the
Wrayburn case.) Most of the "inflows" generated by a P2 project are avoided costs (savings) -
cash that the company would not have if it did not make the investment. Some P2 projects can,
however, generate incremental revenue by increasing capacity, improving quality, expanding
“green” market and “green” supply chain opportunities or through the sale of a byproduct.

Initial (one-time) cash flows: These include the cost of the equipment and all expenses
required for installation and getting it up and running. Most of these one-time costs can be
capitalized and included in the calculation of depreciation, discussed below. There may
be one-time in-flows if an existing piece _

of equipment that is being replaced can be Table2.7: Typesof Cash Flow

sold (salvage value). Outflows (Costs) Inflows

. . (Savings)
Operating cash flows: Operating (also Initial or One-  Equipment Salvage of old
called period) cash flowsinclude all the time Engineering equipment
incremental costs of operating new Decommissioning
equipment or running the newly- Operating Maintenance Raw materials,
configured process and all the savings (Period) Raw materials Treatment &
(avoided costs) generated by the P2 Repairs disposal
project. Also included here would be Utilities Icnc?rg ;?;ﬁce
mqemental revenues_speuﬂcally Working Receivables
attributable to the project. Capital Inventory

Working capital: Working capital is

additional cash required to finance incremental inventory and receivables. It isessentially
the cost of the money that istied up in inventory and receivables for the duration of project.
Though working capital is usually required for a new plant, new product line or other
business expansion, it may not be required for a P2 modification.

Opportunity Costs: I ncremental Savings versus Incremental Cash Flow

Recognizing the distinction between incremental savings and incremental cash flow is
important. Some avoided costs, such as raw materias, waste disposal and utilities, trandate
directly into reduced cash outflow. Other incremental “savings’, usually indirect labor costs
associated with pollution control activities, such as manifesting, training, ordering or
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handling toxics, often do not reduce afirm’s cash outflow. For example, if acompany reduces
its environmental compliance activities by three hours aweek, it usually does not save cash by
paying an employee for three fewer hours of work. This distinction can be referred to as
“avoidable” versus “non-avoidable’ costs.

Although some companies prefer not to include reductionsin “non-avoidable” costsin
their cash flow projections and financial analyses, P2 project proponents can make a strong
argument for the inclusion of such savings. While non-avoidable cost savings do not have
immediate cash value, they do have economic value, because they represent an opportunity
cost to the firm that can be turned into tangible financial benefit if the saved timeis redirected
to more productive, value-adding activities. Additionally, there are cases where apparent non-
avoidable cost savings do have immediate cash flow implications if reduction of work
decreases overtime or if the saved hours enable a reduction in other spending - for instance, if
an environmental engineer were freed-up to perform testing rather than having to hire an
outside laboratory. Therefore, we recommend including all incremental savings in the cash
flow figures.

Economic Lifetime: Cash flows must be estimated for the economic lifetime of a project,
which is defined as the period of time over which a project is expected to add economic value
to abusiness. The determination of a project’s economic lifetime is ajudgment based on many
factors, including consideration of market and industry conditions, a company’ s business
strategy and planning horizons, and an assessment of project risk and uncertainty. The
economic lifetime of a project rarely corresponds to the physical lifetime of a piece of
equipment purchased for the project. For example, the ethyl acetate still in the Wrayburn case
might have an expected physical lifetime of 20 years. Its economic lifetime, however, might be
considerably shorter due to technological innovation (i.e., development of a non-hazardous
substitute for ethyl acetate), changing product line strategy, declining market demand or other
issues that render it uneconomic to operate. Because economic lifetimes are project-specific
and company-specific, there are no “rules-of-thumb” a company can use to plug in the right
lifetime for a given investment. Historical data, however, does indicate that most companies
use a period of three to ten years as arange for pollution prevention projects.

Inflation and Escalation: Forecasting Cash Flows Over Project Lifetimes

Over the past fifty years, the economy of the United States has been marked by varying
degrees of moderate inflation - the purchasing power of the dollar has declined, causing the
cost of goods and servicestorise. Inforecasting cash flows over a project lifetime, it is
important to incorporate projected inflation, especially when P2 projects derive significant
savings from avoided costs of purchased goods.

There is an important distinction, however, between inflation as a generalized figure
that represents price trends for a entire economy, and price escal ation that refersto changesin
the price of specific items. The “rate of inflation” is usually represented by the Consumer
Price Index (CP1), which averaged 2-3 percent through the mid-90s and which calculates the
average price change for thousands of goods and services that consumers purchase. Such a
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generalized inflation rate may or may not have a close relationship to the expected price
changes for the small number of itemsincluded in a pollution prevention financial analysis.

The preferred approach to incorporating inflationary trendsis to estimate price changes
for each of the individual incremental costsin the analysis. For example, a company may be
using a solvent that is projected to increase in price significantly more than the general
inflation rate. Such a price increase would trandate into significantly higher savings over the
life of the project if solvent use were significantly reduced or eliminated (Table 2.8).
Similarly, labor contracts may dictate that 1abor costs will remain fairly steady over the course
of aproject’s economic lifetime, and therefore those costs should be included at that lower

escalation rate. When it is not possibleto
identify a particular item’ s expected price
trend, then use of a projected general inflation

rate is better than no price adjustment at al. Vear 0 g%?o g%"o
Where possible, however, a P2 team should Yg 1 5 150 5 400
attempt to articulate and include price changes Year 2 5304 5832
that may vary significantly from the general rate Year 3 5.464 6.298
of inflation, if thereis sufficient information to Year 4 5,627 6,802

support them.

Table 2.8: Solvent Price Escalation

Example: $5,000 Cost in Year O

Extending the Wrayburn incremental cost figures from page 16 into a cash flow

projection over the life of the project using a5 percent inflation adjustment would result in the

spreadsheet shown in Table 2.9. In this approach al the new costs are grouped and shown
with parentheses to indicate that they represent outflows of cash (i.e., negative cash flow).

Table 2.9: Wrayburn Jewelry Company, Inc. - Incremental Cash Flow

Year O Yearl Year 2 Year 3 Year 4 Yeabh
Additional Costs of New Process
Purchase of ethyl acetate till (%$14,000
)
Ingtallation of ill (2,000)
Still bottom disposal (12,333 (12,950 (13,597 (14,277 (14,991
) ) ) ) )
Operation - utilities (221) (232) (244) (256) (269)
Sub-total (16,000) (12,554 (13,182 (13,841 (14,533 (15,259
) )
Incremental Cost Reductions
Ethyl acetate purchases 18,556 19,484 20,458 21,481 22,555
Spent ethyl acetate 10,774 11,313 11,878 12,472 13,096
Manifesting 360 378 397 417 438
TURA fees avoided 1,100 1,155 1,213 1,273 1,337
Sub-total 30,790 32,330 33,946 35,643 37,425
Net Annual Cash Flow 18,236 19,148 20,105 21,110 22,166
Total Initial Costs ($16,000

)
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Cash Flow Timeline

A timelineisauseful tool
to develop and understand cash
flows over the lifetime of a
project. The point at which the
capital investment is made (i.e.,
when the company check is cut
for the purchase, delivery and
installation of the equipment) is
Year Zero. Therest of thetime
line represents the years over
which the equipment is expected
to provide service to the
business. For example, Figure
2.2 illustrates the Wrayburn
pollution prevention project with
afiveyear lifetime. Theinitial
capital investment at Year O is

Figure2.2

TimeLine/ Economic Lifetime Cash Flows

ECONOMIC LIFE

YEAR O

1 2 3

4

_

5

N N R B E—

Cash Outflows
Equipment $14000
Ingtallation $ 2000

Total $16000

Cash Inflows $18236

Year 1

$19,148

Year 2
Year 3

$20,105

$21,110

Year 4
Year 5

$22,166

$16,000 (i.e., $14,000 in purchase costs and $2,000 in installation costs). The equipment
reduces the use of ethyl acetate and generates annual net savings (cash inflows) over the
economic lifetime of the project. In this example, cash inflows increase each year due to
projected inflation of avoided costs. A simple project that is not adjusted for inflation,
however, would show the same inflows every year. Alternatively, a project might create
mixed cash flows over itslifetime: savingsfor the first three years and losses due to costs for
maintenance and parts for the fourth and fifth years.

Asmentioned at the start of this chapter, determining the incremental costs (savings),
trandating them into cash flows, and adjusting them for price changes over the project lifetime
is the most important part of financial analysis. Before using the cash flows to calculate
project profitability, however, it is necessary to consider the impact of state and federal

income taxes.

Tax Impacts on Cash Flow

Performing afinancial analysis on an after-tax basis provides a more accurate picture
of the economic impact of aproject. Taxes affect financial analysis of many P2 investmentsin

two ways.

Taxable Income: Increased cash flow that is
generated by reduced costs usualy trandates into
increased income, which is subject to state and
federal income taxes. Increased taxes reduce the
cash flow savings from a project. After-tax cash

flow is calculated by multiplying the annual pre-tax

Table 2.10: After-tax Cash Flow

(40% tax rate)

Annual pre-tax cash flow
Taxes @ 40%
After-tax cash flow

Amount

$6,000
2,400

$3,600

cash flow by the combined marginal tax rates to determine the amount of the tax and then
subtracting the taxes from pre-tax cash flow, asillustrated in Table 2.10. Initial, one-time
investment expenditures are not included in this calculation. They are lumped together and
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depreciated over the life of the project, providing a depreciation tax shield, as explained
below.

Depreciation Tax Shield: Depreciation of the initial capital investment reduces taxable
income and thus increases after-tax cash flow. Thisis an important component of a
financial analysis and is described in detail below.

Depreciation Defined

The accounting definition of depreciation is different than the colloquia use of the
term. Although people often speak about how much their car “has depreciated” in value,
depreciation in business accounting is not a valuation mechanism. Depreciation is aso not
intended to signify the accumulation of afund to replace obsolete buildings or equipment.
Rather, depreciation is an accounting convention that records the using up of along-lived (> 1
year) asset over its useful life. When a company makes an investment in a new piece of
equipment, it spends money to purchase the machine, conduct engineering studies, perform
facility layout work, train employees and pay for other one-time expenses to make the
equipment operational. Theseinitial costs are“ capitalized” - added together to form the
depreciable base, afraction of which is charged as an expense in each of the accounting
periods that it provides service to the business. This gradual conversion of plant and
equipment from "capital” into an expense is called depreciation, and the annua amount
charged isthe depreciation expense. Because the capitalized assets provide service (i.e.
helpsto generate profits) beyond the year in which theinitial costs were incurred, depreciation
helps to provide a more accurate reflection of a company’s performance and financia
condition.

Depreciation expense is a non-cash expense because there is no outflow of cash that
corresponds with the annual depreciation charge. The cash outflow occurred at the time the
initial costs wereincurred. Asanon-cash expense, depreciation is a source of cash because
the depreciation charges decr ease taxable income, and thus the tax that is not paid represents
a cash savingsthat should be included in project analysis. Depreciation is known as atax
shield because the non-cash expense "shields’ income from taxes.

Depreciation Calculation

Calculating annual depreciation expense requires a determination of three factors:

Depreciable base: Thisisthe total amount that isto be depreciated. It is calculated by
adding all the qualifying initial costs and subtracting the expected salvage of the equipment
after itsuseful life. Any one-time expenditure that is necessary in order to get a piece of
equipment installed and ready for normal operations can be included in the depreciable
base. Exhibit 2-2 (see page 15) presents afairly comprehensive list of such costs,
examples of which include engineering evaluation, facility preparation, purchase,
installation, operator training and machine break-in. The salvage value is the best estimate
of the actual market value of the equipment at the time it is projected to be retired.
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Length of service (lifetime): The number of years Table 2.11:

used to calculate depreciation is usually set by the Depreciation Schedules

federal tax code, which specifies minimum (from federal tax code)

depreciation schedules for various classes of capital

investment (Table 2.11). In order to obtain the greatest ~ Class Years

advantage from the tax shield, companies usually select | Bildings 39

the shortest allowable schedule, regardless of the Equipment Class 1 10
Equipment Class 2 5

expected economic lifetime of the project. Thus there
may be three “lifetimes’ that apply to a piece of
equipment: physical lifetime, economic lifetime, and depreciation schedule (i.e., service
life).

Depreciation method: The third factor to be considered is the method of calculating
depreciation given the depreciable base and number of years. There are three basic
methods available to cal cul ate depreciation, and these are defined below and illustrated
using the data from the Wrayburn case:

P Example: total depreciable base is $16,000 with aservicelife of 5years

Table 2.12: Straight-Line
Straight-line: In straight-line depreciation an equal —
fraction of the cost of the assets is expensed each Anngfé gggr/eg'a_t"??)ezxo%ense
year. The depreciable base is divided by the number ’ -
of service years, giving the same depreciation Total depreciation
expense for each service year (Table 2.12). 5years x $3,200 = $16,000

Accelerated: Accelerated depreciation, as the name implies, speeds up the rate of
depreciation, allowing alarger amount to be depreciated in the early years, which improves
cash flow over those years. There are many variations of accelerated depreciation, of which
the most common are sum-of-years digits and double-declining balance.

P Sum-of-yearsdigits. For each year the ) Y e P
depreciable base is multiplied by a Table 2.13: Sum-of-Year’s Digits
fraction that is determined by using the Annual depreciation expense
sum of the years of the project’slife as Year 1: $16,000 x 5/15 = $5,333
the denominator and the number of years Year 2: $16,000 x 4/15 = $4,267
of life remaining as the numerator. The Year 3: $16,000 x 3/15 = $3,200
denominator in this example would be Year 4: $16,000 x 2/15 = $2,133
15 or5+4+3+2+1(Table2.13). Year 5. $16,000 x 1/15 = $1,067

Total depreciation = $16,000

27



P Double declining balance: The straight Table 2.14: Double Declining Balance
line depreciation rate is doubled and

applied to the undepreciated balance (i.e., Annual depreciation expense
the book value) of the asset remaining at the Year 1: $16,000 x 40% = $6,400
end of the previous year’ s depreciation Year 2. $9,600 x 40% = $3,840
calculation. For example, afive-year Year 3: $5,760 x 40% = $2,304
straight-line rate of 20 percent (1/5) would Year 4. $3,456 x 40% = $1,382
generate a 40 percent (2/5) double Year 5: $2,074 x 40% = $ 829
declining balance rate (Table 2.14). Remaining Book Vaue = $1,245
Total depreciation = $16,000

Activity-based: Activity-based depreciation calculates the depreciation expense based on the
amount of usage of the equipment rather than on a pre-set number of years. The depreciable

base is multiplied by afraction, whose o
denominator is the total number of hours of Table 2.15: Activity-based

operation expected for a machine’ s useful Total hours of useful Tife. 20.000
life, and whose numerator is the number of Year 1usage 2,000

hours of actual use during the accounting Year 1 depreciation rate: 1/10th (2,000/20,000)
period (Table 2.15). Year 1 depreciation: 1/10th x 16,000 = $1,600

Depreciation, especially when it involves accel erated techniques, can become a
complex issue. Many larger companies use multiple depreciation methods for different types
of investments and are even permitted to use one method to cal culate taxes and a different
method to calculate shareholder reports. A pollution prevention team should ask company
financial officers which initia costs can be capitalized and what depreciation method they
should use to calculate the depreciation expense in a P2 project. In the absence of clear
direction from management, the straight line method is the easiest to use and can provide an
adequate illustration of the cash flow savings derived from the depreciation tax shield.

Table 2.16: Value of Depreciation Tax Shield

Depreciation Tax Shield Calculation: (from example in Table 2.12 - Tax rate = 40%)

The value of the depreciation tax shield is

determined by multiplying the depreciation Year 1

expense by thetax rate. The resulting figure Depreciation Tax
equals the amount of tax that is not paid and M ethod Expense Shield
thus represents the cash savingsto the firm. Straight-line $3,200 $1,280
Table 2.16 shows the value of the tax Sum-of-years- $5,333 $2,133

shields for the depreciation expenses from | digits

the examples listed above Double-declini ng $6,400 $2,560
' balance
Activity-based $1,600 $ 640

After-Tax Cash Flow

By putting together the various issues covered in this section - incremental costs and
savings, inflation, escalation, depreciation tax shields and after-tax calculations, the financial
analyst can generate an accurate picture of the after-tax cash flow for a pollution prevention
project. Table 2.17, uses the numbersin Table 2.9 to show the after cash flow for the
Wrayburn case. In this example, the cash flows are broken out into two discrete components
“operations’ cash flow and “depreciation tax shield” cash flow. Thisformat, whichisusedin
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this text and in the case studies that accompany this manual, was selected because it clearly
shows these two aspects of cash flow analysis. Alternative formats are also commonly used in
financial analysis. They provide the same answers.

Table 2.17: Wrayburn Jewelry Company, Inc. - After-Tax Cash Flow

Year O Year 1 Year 2 Year 3 Year 4 Yearbh
Additional Costs of New Process

Purchase of ethyl acetate till ($14,000

)

Installation of ill (2,000)
Still bottom disposal (12,333 (12,950 (13,597 (14,277 (14,991
)
Operation - utilities (221) (232) (244) (256) (269)
Sub-total (16,000) (12,554 (13,182 (13,841 (14,533 (15,259

) ) ) ) )

Incremental Cost Reductions

Ethyl Acetate Purchases 18,556 19,484 20,458 21,481 22,555
Spent ethyl acetate 10,774 11,313 11,878 12,472 13,096
Manifesting 360 378 397 417 438
TURA fees avoided 1,100 1,155 1,213 1,273 1,337
Sub-total 30,790 32,330 33,946 35,643 37,425
Total Initial Costs (16,000)
Net Annual Cash Flow 18,236 19,148 20,105 21,110 22,166
Taxes @40% 0 (7294) (7659) (8042)  (8444)  (8366)
Operations After-Tax Cash Flow (16,0000 10,942 11,489 12,063 12,666 13,300
Depreciation (straight-line:16000/5) 3200 3200 3200 3200 3200
Depreciation Tax-Shield Cash Flow 1280 1280 1280 1280 1280

(Depreciation x tax rate)

TOTAL CASH FLOW ($16,000 $12,222 $12,769 $13,343 $13,946 $14,580
)

Total Cash Flow isthe sum of Operations After-Tax Cash Flow and Depreciation Tax-Shield

Cash Flow, which are calculated as follows:

- Operations After-Tax Cash Flow: Net Annua Cash Flow (same asfinal linein Table 2.9)
ismultiplied by the 40% tax rate to cal culate the annua tax amount, which isthen
subtracted from the Net Annua Cash Flow.

Depreciation Tax-Shield Cash Flow: the annual depreciation amount is multiplied by the
40% tax rate to calculate the value of the tax shield.

Chapter 2 described how to collect incremental cost information and trandate it into after-tax

cash flow projections for the life of aproject. Chapter 3 describes how to apply profitability
indicators to these cash flows to determine the economic impact of P2 investments.

29




(This page l€eft intentionally blank)

30



Chapter 3- MEASURES OF PROFITABILITY

The financial analyst can calculate the financial impacts of a P2 project after
identifying incremental costs and trandating them into Table3.1
after tax cash flows through the use of profitability M easur es of Profitability
indicators, often called measures of profitability. .
There are four common measures, which can be grouped | Simple:
into two categories: Simple - Payback and Return on Payback
Investment (ROI) and Discounted Cash Flow (DCF), Return on Investment (ROI)
which include Net Present Value (NPV) and Internal .
Rate of Return (IRR) (Table 3.1). Simple measuresof | Discounted Cash Flow
profitability are generally easy to calculate but suffer Net Present Value (NPV)
from several serious drawbacks that render them less Internal Rate of Return (IRR)
accurate.

The following section describes the four most common profitability indicators,
explains their calculation and the interpretation of their results and discusses their appropriate
uses, advantages and limitations. Although discounted cash flow is atheoretically superior
methodology, many companies continue to use Payback and Return on Investment as their
principa financial analysistools. Thusit isimportant that staff who are assisting companiesin
P2 financial analysis be familiar with al four measures. This section will demonstrate each
method using the cash flow information from the Wrayburn Jewelry example shown in the
previous chapterst. It isimportant to keep in mind that while financial analysisisan intrinsic
aspect of the assessment of pollution prevention projects, the results must be considered in
conjunction with potential positive and negative qualitative impacts, which are discussed in
Chapter 4.

METHOD #1: PAYBACK PERIOD ANALY SI'S: Measures the amount of time needed for
an investment to return theinitial capital expenditure.

Table3.2

Payback period analysisis the ssimplest of the Payback Period Calculation

four financia analysis methods. It evaluates how long

aproject will take to return its original investment, and Initial Investment

it ranks projects according to the length of the period: (Yr.1CF+ Yr.2CF...Yr.N CF)
the shorter the payback period, the more attractive the

project. The payback period is calculated by adding or/ if the annual savings are the
together each year of aproject’s pre-tax cash flow same:

(CF) in chronological order until the total savings

equastheinitial investment amount. If cash flow is Initial Investment
projected to be the same for every year, thefigureis Annua Savings

divided into the investment (Table 3.2)

1 A synopsis of Wrayburn Jewelry can be found on page 3 of Chapter 1, and the full case with Exhibitsis
included as Appendix B.
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Payback period analysis has three Table3.3

drawbacks: it does not consider thetime Payback Analysis
value of money or the impact of taxes, and it (Wrayburn Jewelry)
ignores cash flows that occur after the initial

investment has been recouped. A chart that Simple Payback (pre-tax)

tracks the percentage payback of al the cash

flows over the life of the project offers one _’_13 ggg
response to the latter objection. This =0.88 years

refinement preserves the simplicity of the
payback method yet increases its usefulness.
Table 3.3 shows both the simple and the
modified payback period methods. The M odified Payback (pre-tax)
simple payback method shows that the

investment has an eleven month payback Year Cash Flow % Recouped

period, and the modified approach indicates ; }g’ﬁg ;%i

the investment is expected to return 629 3 20.105 359

percent of the original investment over a 4 21110 491

five year period. 5 22,166 629
Payback remains one of the most

widely used measures of profitability, even among larger

firms. Survey results show that the most common payback ba b;:ﬁb':'i?:shol ds

threshold is 1-2 years (Table 3.4), but anecdotal reports y

also indicate that some firms have multiple thresholds for Payback 0h*

projects of different size and strategic significance. (For < 1year 10

example, a 1-year payback for small projects and a 3-year 1-2 years 50

payback for magjor investments in new processing 2-3 years 32

equipment.) A few firms have also indicated that they use a > 4 years 8

longer payback threshold for “environmental” projectsin fgurcei EPA/Tellus Report?
recognition that such projects often produce benefits that % of respondents using payback
are not captured in a short-term financial analysis.

Payback often provides a useful preliminary assessment of a project's attractiveness,
and it may also, in spite of its deficiencies, be sufficient to give an accurate determination of a
project’ sfinancial feasibility in some cases. The key isto distinguish between those cases
when payback is sufficient and those when the use of discounted cash flow analysisis
necessary in order to make the correct business decision.

If acompany islooking at a single project with stable cash flows for which the
payback period is quite short, for example six months or a year, payback analysis may be
enough to justify an approval. Similarly, if acompany is ranking two or three projects all of
about the same investment level, and the same economic lifetime, and one project hasa
significantly shorter payback period (for examples 6 months compared to 3 and 5 years) then
payback analysis would probably be a sufficient indicator of the project’s financial
superiority. There are several genera situations, however, where payback is unlikely to be

2 USEPA, Environmental Cost Accounting for Capital Budgeting: A Benchmark Survey of Management
Accountants, 1995
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sufficient, and where it is necessary to use a discounted cash flow analysisin order to gain an
accurate picture of a project’s profitability and to make the appropriate business decision.

Longer payback periods. Projectsthat have a payback longer than the company threshold
are often not approved on their financia merits, although they may be implemented for
less-tangible reasons. Many projects, however, with three or four or even five year
payback periods may appear economically viable when analyzed using a discounted cash
flow method, depending upon the company’ s discount rate and the economic lifetime of the
project. Itisimportant, therefore, to perform anet present value or internal rate of return
analysis (presented later in this section) for projects that may be excluded because they fall
outside the payback period threshold range.

Variable cash flows: Payback does a poor job assessing projects that have variable cash
flows (i.e. not the same cash flows every year). Thisisespecialy true for P2 investments
that eliminate the use of materials whose purchase and disposal is expected to increase
significantly due to rising costs, fees, taxes or other regulatory or market-driven issues.
Cash flowsthat increase in later years, from rising avoided costs or from such longer-term
gains as green marketing sales, are often undervalued in a payback period anaysis.

Ranking multiple projects. If acompany is evaluating multiple projects that have
variable cash flows, or significantly different initial investment amounts or economic
lifetimes, payback period analysis will

generaly not provide a sufficient method for Table 3.5: Ranking with Payback

ranking their financial attractiveness. Asa Initial investment $50,000
simple example, payback would not : :
distinguish between the two projectsin Table Project A Project B
3.5, both of which have athree-year payback | Year 1 10,000 25,000
period. The cash flows of Project B, Year 2 15,000 15,000
however, are clearly preferable, because a Year 3 25,000 10,000

larger amount of cash is returned sooner
($40,000 after 2 years compared to $25,000).

Even in those cases where Payback may be sufficient to make the correct business
decision, discounted cash flow will provide more accurate and more complete information
about the financial impacts of ainvestment.

METHOD #2: RETURN ON INVESTMENT

Return on Investment is the least precise term among the four profitability indicators.
Whileit isintended to measure the return (i.e., profitability) of a project as a percentage of the
investment, numerous variations of the concept make interpretation difficult and comparisons
potentially meaningless. Some variants use average net cash flow in the numerator while
others employ net income. Similarly, the denominator may be theinitial investment or a
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calculated average to account for

depreciation of the assets (Table 3.6)3. Table3.6 -
Aespwith Payback Period A(nalysis, R)eturn Return on Investment (ROI) Variations
on Investment fails to consider the Time

Vaue of Money (TVM), the economic Annual Cash Flow Savings or Net Income
lifetime of a project and the effect of Initial Cost or Depreciated Investment
taxes. Although many companies continue

to use variations of ROI, payback (Wrayburn Jewelry)

provides a better measure for asimple 13.000 10.000
analysis because it has a standard 16,000 or/ 8,000
definition and interpretation, while 81% ROI 125% ROI
Internal Rate of Return (IRR) is highly

superior if thereisaneed to have a
measure that expresses profitability as a percentage. Simple ROI usualy gives a highly
inflated value that has little relationship to atrue IRR.

DISCOUNTED CASH FLOW - NPV and IRR

As discussed above, there are situations when payback may be sufficient to determine
the acceptability of aproject. There are times, however, when payback is not good enough,
and it is necessary to use discounted cash flow to conduct a more accurate analysis.
Discounted cash flow is the preferred method of calculating profitability because it
incorporates the time value of money, using an interest (discount) rate that istied to a
company’s financial structure (i.e., cost of capital). By providing a more accurate picture of
the financial impact of an investment, Net Present Value (NPV) and Internal Rate of Return
(IRR) can improve the decision-making process.

Time Value of Money: FutureValue and Present Value

The Time Value of Money Table3.7
(TVM) recognizes that receiving TVM - Future Value Of An Investment

$100 today is not equivalent to
receiving $100 at some point in the
future. The chance to invest the
money and earn areturn (known as
opportunity cost), the loss of
purchasing power (i.e., inflation) and
uncertainty about the future (i.e,, risk) | Where:

al make the value of that $100 worth | Pv = Value of the money received today (PV = $100).

FV=PVx(@1+r)"

FV = $100 x (1+.1)°
FV =$100x 1.21
FV =$121

more today than one year from now. FV = Vauereceived in future when invested at r (FV = $121).
Most people have experience with r = Rate at which funds could be invested (r = 10%)
TVM through the concept of T = Number of periodsin which interest isearned (T = 2)

3 Return on Investment (ROI) does a have precise definition in the context of company ratio analysis, awell-
established tool to evaluate corporate financial performance, where ROI isthe net after-tax profit divided by
total equity.
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FutureValue (FV). If the $100 isinvested to earn arate of return, its future value can be
easly determined if one knows the interest rate and the period of time?. For example, if the
interest rate or rate of return were 10 percent, after one year the $100 investment would be
worth $110, and after two years $121 ($110 x 10% + $110). This$121 isequivaent to
receiving $100 today and investing it at 10 percent for two years. The calculation can be
performed for any number of years and any rate of interest using the Future Vaue formula
shownin Table 3.8. Now assume a person is offered two alternatives: $100 today or $130in
two years. Because $100 today is only worth $121 in two years (assuming a 10 percent rate of
return), the $130 alternative has the greatest value. The $121 and $130 represent values at a
defined point in the future and are known as Future Values(FV).

An alternate way of considering the TVM concept is Table3.8
Present Value (PV). Rather than calculate what an amount

. o Present Value
will be worth at some point in the future, present value

calculates what a future amount will be worth today. Itisthe PV=FV/(1+nNT
inverse of future value, and can be calculated by reversing the

equation to solve for PV, as shown in Table 3.8. Using the PV = $130/(1+.1)2
numbers from the previous example to make comparisons on PV = $130/1.21
the basis of present value, we need to ask: what amount PV = $107.44

invested now at 10 percent will equal $130 in two years?

$130 discounted for two periods at 10 percent has a present

vaue of $107.44, and thus receiving $130 in two yearsis equivalent to receiving $107.44
today and investing it for two years at 10 percent. These two investments can be compared on
the basis of their present values ($100 vs. $107.44) or their future values ($121 vs. $130).

Capital budgeting can employ the concept of present value in financial analysisto
eliminate the distortions of TVM. A company invests money in a project with the expectation
that it will generate cash flows in the future. Trandating those future cash flows into values of
the same time period as the initial investment enables an evaluation of expenditures and cash
inflows (i.e., savings) on an equal basis. The process of trandating (or discounting) those
future cash flows into their present values is the basis of discounted cash flow analysis.

Calculating Present Value

The present value formula shown above is useful for gaining an understanding of the
components of TVM and the impact of compounding interest, but it is a cumbersome method
for performing calculations. The ssmplest way to calculate present value is with a business
calculator or PC spreadsheet software, both of which have TVM functions for NPV and IRR.
These digital tools are the preferred method of performing financial assessment, but because
their electronic calculations are not visible to users, they may not be the best way to learn and
understand the process of performing discounted cash flow analysis. An aternative method
that islesstedious than formulas but more demonstrative than computersis the use of Present
Value Tables (A and B), as shown on Exhibit 3-1 (page 44) and explained below.

Table A: Each cell on Table A shows the present value (PV) of $1.00 received in afuture

4 Therate of return is expressed as an annual rate unless otherwise noted and the period of timeisusually in
years.
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year at agiven discount rate. The Table includes arange of rates between 5 percent and
20 percent for years 1 through 20. To calculate the present value of afuture cash flow,
multiply the amount by the Present Value Factor (PVF) located at the intersection of the
appropriate year and rate.

Table B: Each cell on Table B shows the present value (PV) of $1.00 received as an
annuity - a stream of equal payments occurring at regular intervals - for anumber of years
at agiven discount rate. To calculate the present value of an annuity, multiply the amount
by the PV Annuity Factor (PVAF) located at the intersection of the appropriate number of
years and rate.

Table 3.9: Present Value Calculations @10%

Table 3.9 shows the
calculation of the present value of years Yri Yr2 Yr3
$100 received each year for three Futur_?a%z?shAFl ows $100 $100 $100
e

years(Years1,2 & 3). Because PV Factors (PVF) 9091 8264  .7513

thisisanannuity, thecaleulation | coqflowsX PVF~ $90.91 8264  75.3

can be performed using both TOTAL PV $248.68

TablesA and B. The present

value of a stream of unequal cash TableB

flows can only be calculated with PV Annuity Factor 3 years @ 10% = 2.4868

Table A. Annuity X PVAF 100 X 2.4868 = $248.668
TOTAL PV $248.668

The Cost of Capital and the
Discount Rate

The interest rate that companies use to discount future cash flow is called the discount
rate. Thisrateisbased on afirm’'scost of capital, or the cost of the money (i.e., capital) it
needs to operate. A firm'’sdiscount rate is generally supplied by a company’s financial officer
and israrely caculated by ateam assessing P2 investments. An understanding of the concept
of the cost of capital, however, enhances one’ s ability to interpret NPV and IRR calculations
and to grasp why discounted cash flow is a superior method of analyzing profitability.

All companies, when they begin operations and at various points in their growth,
regquire money to be in business. Companies obtain this capital from three sources. investors
(called equity), lenders (called debt), and retained earnings (also considered equity).
Investors supply money with the expectation that they will receive areturn, either in the form
of dividends and/or through an increase in share value. All companies are funded in part, and
some in full, through the equity investments of their shareholders. Most companies aso obtain
additional capital through borrowing from banks or other financial institutions and in the form
of credit arrangements with vendors. Companies can aso generate capital through profits as
retained earnings, which is considered equity because it belongs to the shareholders. The
types of debt and equity and their relative proportions are referred to as a company’ s capital
structure and together make up the Liability side of a company’ s balance sheet. The Asset side
of the balance sheet includes all the financia and tangible goods that the company holds. In
brief, Assets are what the company owns, and Liabilities what it owes (to shareholders and
lenders), and by definition the two sides must be equal (Table 3.10).
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Table 3.10: Balance Sheet

BALANCE SHEET (summary)
Assets Liabilities
(debt + equity)
Cash 1000 Debt 10000
A company’s cost of capital is Inventory 5000

the cost that the firm incurs to borrow P, P& E* 15000  Equity 10000
money (debt) and the return that it Total Assets 20000  Total Liabilities 20000
must provide to shareholders, anditis *PP&E: property, plant and equipment

calculated by multiplying the

percentage of equity (original capital plus retained earnings) by the cost of equity and the
percentage of debt by the cost of debt. These two costs are then added together. Table 3.11
offersasimplified example of the calculation of the cost of capital, using the balance sheet
shown above. In this case Debt and Equity are equal amounts, and therefore each represents
half the total capitalization of the firm.

Table3.11: Calculation of the Cost of Capital

Formula Calculation
Cost of Debt share Costof Debt x (1-tax rate) x  10% x 40% x 50% = 2%
% of tota liabilities
Cost of Equity share Required return x 9% of total  18% x 50% = 9.0%
ligbilities
Total Cost of Capital Cost of debt + cost of equity = 11%

The majority of US companies have costs of capital ranging between 10 and 20
percent. Large, stable companieswith low business and investment risk have low costs of
capital and small, high risk firms are at the opposite end of the spectrum. (Asexamples:
electric utilities, before the advent of deregulation, averaged cost of capital of around 8 - 10%,
whereas start-ups need to offer the prospect of 30 to 40 percent returnsto attract venture
capital). To perform adiscounted cash flow analysis, companies may use their cost of capital
as the discount rate to trandate future cash flows into their present value. Thus, the discount
rateisintrinsically tied to a company’s financia structure and required level of profitability
for an investment. The discount rate does not, however, always need to be exactly the same as
the cost of capital. If aproject isconsidered to be significantly more risky than the firm’s
average business operations, the discount rate can be raised above the cost of capital to reflect
theincreaseinrisk. Similarly, the discount rate can be lowered to reflect a reduced risk for
particular projects.

Discount rates are usually expressed in “nominal”’ s terms, incorporating projected
inflation. Asdiscussed in Chapter 2, an accurate financial analysis requires that all costs and
savings should reflect expected inflation or price escalation (that is, be expressed in nominal
terms). There may be occasions, however, when it is desirable to perform a discounted cash
flow analysisusing “real” cash flows that do not incorporate inflation. In such casesitis

5 Nomina means “what we observein thereal world”.

37



Table3.12

. i Conversion From Nominal Rates To Real Rates
important to convert discount rates Real Rate = (1+ Nomina Rate)

from nominal to rea terms. '
1 + Expected Inflation Rate) -1
Discounting real cash flows with ( P nflation Rate)

nominal rates, and vice versa, can
lead to large errorsin the analysis.

Conversion From Real Rates To Nominal Rates

Table 3.12 shows the formulas for Nominal Rate =
gvre;ttgg between nominal and (1+ Real Rate) x (1 + Expected Inflation Rate) -1

Just as some companies use alonger payback period threshold for environmental
projects, other companies set alower discount rate with which to analyze pollution prevention
investments. From atheoretical standpoint this can be justified in two ways. First, many
benefits of a project are difficult to quantify, and therefore are not included in projected cash
flow. Thelower discount rate is a means of “quantifying” those less-tangible gains. A second
theoretical justification for the use of alower discount rate for P2 investments may be that the
risk or uncertainty associated with these cash flows may actually be lower than for typical
business-related projects. If the company isinvesting in awell-established P2 technology,
such as reverse osmosis, the savings generated from reductions in purchases of raw materials,
disposal costs, insurance and other potentially hidden costs, may be articulated and quantified
with a high degree of certainty, and therefore there may be little risk associated with the
success of the project and its financial gains. Conversely, some P2 projects may be
significantly more risky than average due to the use of experimental techniques, innovative but
un-proven technology or new types of equipment.

An advantage of discounted cash flow isthat it facilitates this risk-adjusted analysis of
aproject. Determining how much to modify the discount rate is, however, adifficult and often
highly subjective judgment.

METHOD #3: NET PRESENT VALUE (NPV): Measurestheincrease in shareholder
wealth that an investment generates at a given discount rate.

Table3.13

Net t val alys th
present value analysS's Compares ine Net Present Value Analysis

present value of the future cash inflows to the initial

cash expenditure. Using the figures from the example NPV = PV/(Cash Inflows) -
in Table 3.8, one could determine whether a projected F’V(Cas(h Outflows) )
return of $130 in two yearsis worth an initial

investment of $100. To calculate the net present value, NPV = $107.44 - $100
theinitial investment amount ($100) is subtracted from NP%/ - §$7_ 44$

the present value of the cash expected to be received
after two years (107.44), as shown in Table 3.13. This
investment has a NPV of $7.44, indicating that it increases shareholder wealth by $7.44.
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An understanding of the cost of capital and  Tgple 3.14: NPV Rule of Thumb
its relationship to discount rates facilitates an

understanding of how to interpret the results of an NPV >0 Proiect ted
NPV analysis (Table 3.14). When net present value | npy <0 Prg} it ?;Ceecl?ed
equals zero a project has sufficient cash flow to NPV =0 Project equals
meet three objectives: required return

1) pay off theinitia investment,
2) pay creditors who loaned money to the company, and
3) provide the required return to shareholders.

Thefirst objective isincorporated into the calculation of NPV when the initial
investment is subtracted from the present values of future cash flows (when all present values
are “netted”). The second and third objectives are explicitly included in the calculation of a
firm’s cost of capital, the basis of the discount rate used in the analysis. If the discount rate is
an accurate reflection of the cost of borrowing money and the return required by investors and
if it incorporates the proper assessment of project risk, then a discounted cash flow analysis of
aproject using that rate will be acceptable when NPV equals 0. When NPV is greater than O,
the project generates cash flow sufficient to satisfy those three basic requirements plusiit
generates additional wealth to the shareholders. The NPV indicates how much extra return a
project generates above the percent return that is required by afirm's owners or managers. In
the example in Table 3.13 the investment generates $7.44 in excess of the 10 percent return that
isrequired.

Table 3.15 presents the
calculation of the Net Present Net P Tatbl\}?a?.l5A v
Value of the recovery till in resent value Analysis

the Wrayburn example. Each Wrayburn Jewelry Case
cash flow is discounted using a Year Cash Flow 15% PV of
15 percent PV factor. The cash PV Factor*  Cash Flows
flow figures include the after- Year 0 -$16,000 1.0000 -$16,000
tax operating (period) cash Year 1 12,222 8696 10,628
flows and the tax shield savings Xg g 11%-232 Z;g% g,ggg
gre%arﬁ gg’gge equipment Year 4 13,946 5718 7.974

) Year 5 14,580 4972 7,249

NPV @ 15%: $28,279

* PV Factor is obtained from Table A (page 44)
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METHOD #4: INTERNAL RATE OF RETURN: Calculatestherate of return that is
generated by a project. IRR isthe discount rate that would result in a zero NPV.

The Internal Rate of Return (IRR) isthe discount rate that will yield a net present
value of zero for agiven stream of cash flows. This method enables a comparison between the
IRR of aproject and afirm's discount rate. While calculators and spreadsheets have IRR
functions, thereis no smple formula to manually calculate the IRR of an investment,
necessitating the use of atrial and error process that can be cumbersome for projects with long
lifetimes and varying cash flows. Table 3.16 illustrates the trial and error method using the
example of an investment of $100 that returns $115 in one year. |f we analyze thisinvestment
using 10 percent, 15 percent, and 20 percent discount rates, we find the NPV's shown in Figure
3.16.

Table 3.16
NPV of $115 at 10, 15 and 20 Percent Discount Rates
10% 15% 20%
NPV = $115/1.1-$100 NPV = $115/1.15-$100 NPV = $115/1.2- $100
NPV = $104.55 - $100 NPV = $100 - $100 NPV = $95.83 - $100
NPV = $4.55 NPV = $0 NPV = ($4.17)

Discounting $115 at 10 percent resultsin a positive NPV, discounting at 20 percent leadsto a
negative NPV, therefore, the IRR must lie between 10 percent and 20 percent. When
discounted at arate of 15 percent the NPV of the investment is zero, therefore, the IRR of this
investment is 15 percent.

Aswith NPV, Internal Rate of Return Table 3.17: IRR Rule of Thumb
provides an indication of project feasibility

based on a company’ s cost of capital. AnIRR | [RR>discountrate  Project accepted
equal to afirm's discount rate (often also :SS < 3!900“”: r;fe go!gg e eéted
caled its hurdle rate) provides exactly the ~ discount rete oject equars

return that is required to satisfy shareholders required return
and creditors and to cover the cost of theinitia

investment. An IRR greater than a hurdle rate indicates a project that has a higher rate of
profitability than required to be accepted. The IRR for the Wrayburn Jewelry project is 75
percent, far above the company’s hurdle rate.

Comparison of NPV versusIRR

Both Net Present Vaue and Interna Rate of Return are based on the concept of
discounted cash flow. They ssimply solve for different variables of the same equation. NPV
sets the discount rate and solves for present value; IRR sets the present value (at zero) and
solves for the discount rate. Each measure offers useful insights. NPV provides adollar
figure that represents the added shareholder wealth that a project will generate, while IRR
provides arelative measure of profitability that gives management a sense of how much more
or less profitable a project is than the company’s hurdle rate. In most cases, the two methods
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will provide the same accept/reject decision for single projects considered independentlys.
They may not, however, offer the same indications when a company is ranking multiple
projects. Most significantly, IRR ignores the impact of the scale of a project. An investment
of $100 that returns $125 in one year will have the same IRR as a project that requires a
$200,000 investment and returns $250,000 in one year. NPV will aways provide the
theoretically correct answer, a distinction discussed in the next section.

Ranking Multiple Projects

When ranking multiple, mutually-exclusive projects, two situations require special
consideration: projects of different scale (initial investments amounts) and different duration
(economic lifetimes).

Projects With Different Initial Investments

Net present value will always provide the correct theoretical answer when used to
evaluate or rank projects that have different initial investment amounts. Net present value
calculates the increase in shareholder value that each project generates, and the highest NPV
will therefore maximize shareholder value. Internal rate of return will show which project has
the highest relative profitability but will not show which maximizes the creation of shareholder
wealth. Assuming that a company has access to capital to invest in the projects under
consideration, its objective should always be to maximize shareholder value, not necessarily
to maximize the profitability of an individua set of projects. A simplified illustration of this
concept isshown in Table 3.18

Table 3.18: Maximizing Total Return

Option A Option B Option C
Interest Interest Interest
Earned Earned Earned
$1000 @ 5% $50 $100 @ 100% $100 $1000 @ 20% $200
$900 @ 5% $45
Return $50 $145 $200

Option A: If you have $1000 in a bank account earning 5 percent, you would earn $50 in one year.
Option B: If someone offered you a guaranteed return of 100 percent on $100 investment and 5
percent on $900 you would earned atotal return of $145 (option B).

Option C: If another person offered you a return of 20 percent on the entire $1000, your return would
be $200.

Assuming that these are mutually exclusive investment opportunities and assuming you would leave any
remaining funds in the bank and did not foresee other opportunities on the horizon, it would make the
most economic sense to invest the entire $1000 at 20 percent to maximize the total return. The 100
percent investment would maximize profitability for the given amount but would not generate as much
wealth. Because NPV measures total return and IRR measures relative profitability, NPV provides the
correct answer when ranking these projects.

6 Even in these cases, however, there are occasions when IRR can be misleading.
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In practice, if acompany is evaluating two pollution prevention options that have
widely different investment requirements, the financial analysis will need to be understood in
the context of many other factors to determine the best investment. The larger investment,
which may have asmall IRR but alarger NPV, might be theoretically preferable, but the
investment amount might be larger than the capital budget would allow and therefore might
require external financing that could impose extra costs on the firm. There also may be many
less-tangible reasons that might argue for making the smaller investment with the higher IRR.
NPV theory must be weighed against al the factors found within the context of that particular
business decision.

Ranking Projects With Different Economic Lives

Comparing the net present values of projects with different economic lives - projects of
five and ten years - on an even basis does not provide an accurate assessment of their relative
financial worth. The projects must be artificially adjusted to enable comparison of projects
with equal economic lives. Thistheoretical approach relies on what is called an “assumption
of repeatability,” which states that a project can likely be repeated after the termination of its
useful economic life. Therefore the correct method for analyzing projects with different
economic livesisto repeat one or both of them until you reach a comparison between multiple
projects of the same duration. For example, if the analyst is comparing projects of five and
ten years, it is necessary to determine the appropriate cash flows, including new investments,
asif the shorter project were repeated at the end of year five. Essentialy the analysisthen
would be comparing two ten-year projects.

The viability of the assumption of repeatability receives different treatment in
academic finance texts. In practice, the manner in which a company might handle such an
analysis would again depend on all the factorsinvolved in the decision making process,
including:

the relative difference in the economic lifetimes,

the difference in the net present values calculated for the two projects,

the differencein their initial investment amounts,

differing levels of risk, and

different less tangible benefits that might accrue from implementation of the projects.

Although financial analysisis always acritical piece of any project assessment, when
comparing projects with significantly different economic lifetimes it becomes even more
important to consider all the additional variables that might influence the investment decision.

This chapter has described the most common measures of profitability used to evaluate
project cash flows, and Table 3.19 summarizes the key aspects of these measures. The full
analysis of the Wrayburn Jewelry cash flows using Net Present Value is shown on the spread
sheet on page 68. An alternative to creating a spreadsheet from scratch is to use software
designed specifically to evaluate pollution prevention investments. Appendix C provides
information about one such product, P2 Finance, originally developed by the Tellus Institute
in 1990. With funding from EPA, Tellus released version 3.0 of P2 Finance in 1996 and has
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also developed industry-specific versions with detailed cost inventories relevant to the target

industry.
Table3.19
Summary of Investment Performance M easur es
M easures
Consders | Scaleof Gain Key Advantage
Ease of Use TVM When toUse | Disadvantage
No.- but NO - looks Very smal Does not
0 - but can - scale projects | consder TVM
F,\)/?ébhfg Simple adj. method to tc;r;lgna;totgren wheremajor | or cash flows
accommodate | o oqet | datagathering | over the entire
back isnot justified life of the
project.
i No: Does not look at
Return | Smple- Uses Looks at project cash
On readily No impact on Never flows, only
Investment | | valable accounting accounting
information eanings eanings
Need to Yes: Prioritize
estimate cash Uses risk- Yes- and/or M easures risk
Net Present flows over adjusted measures evaluate: adjusted value
Value life of project | discount rate- | value added major added to
and opportunity | tofirminPV | investment or business
estimate cost of terms process
discount rate capital decisions
Yes-
Internal Need to Measures | No - Produces | Useasinitia Canuseto
Rate of estimate cash | timevalueof | rateof return | screen and as screen or
Return flows over money with asmeasure | further check | prioritize w/o
life of project | discount rate on investment estimating
(IRR) implied decisions discount rate
by cash flows

The following chapter discusses impacts and benefits of P2 investments that are
difficult to quantify and to include in the financial analysis but that can have a major bearing on
overall project evaluation.




EXHIBIT 3-1: Present Value Tables

TABLE A
Present Value of $1 Received at the End of n Periods
Yr. 5% 6% 7% 8% 9% 10% 11% 12% 13% 14% 15% 16% 18% 20%
1 .9524 9434 .9346 .9259 9174 .9091 9009 8929 880 8772 8696 .8621 .84/5 .8333
2 .9070 .8900 8734 8573 8417 .8264 8116 7972 7831 7695 7561 7432 7182 .6944
3 .8638 .839%6 .8163 .7938 7722 7513 7312 7118 6931 6750 6575 .6407 .6086 .5787
4 .8227 7921 7629 7350 7084 .6830 6587 6355 6133 5921 5718 5523 5158 4823
5 7835 7473 7130 .6806 .6499 .6209 5035 5674 5428 5194 4972 4761 4371 4019
6 7462 .7050 .6663 .6302 5963 .5645 5346 5066 4803 4556 4323 4104 3704 .3349
7 7107 .6651 .6227 .5835 5470 5132 4817 4523 4251 3996 3759 .3B3B 3139 2791
8 .6768 .6274 .5820 5403 5019 4665 4339 4039 3762 .3B06 3269 3050 .2660 .2326
9 .6446 5019 5439 .5002 4604 4241 3009 3606 3329 3075 2843 2630 2255 1938
10 .6139 5584 .5083 4632 4224 .3855 3522 3220 2946 2697 2472 2267 1911 1615
11 5847 5268 4751 4289 3875 .3505 3173 2875 2607 2366 2149 1954 1619 1346
12 .5568 4970 4440 3971 3555 3186 2858 2567 2307 .2076 1869 1685 1372 1122
13 .5303 4688 4150 3677 .3262 .2897 2575 2292 2042 1821 1625 1452 1163 .0935
14 5051 4423 .3878 .3405 .2992 .2633 2320 2046 1807 1597 1413 1252 0985 < .0779
15 4810 4173 .3624 3152 2745 .23 2000 1827 1599 1401 1229 1079 .0835  .0649
16 4581 .3936 .3387 .2919 2519 2176 1883 1631 1415 1229 1069 .0930 .0708 .0541
17 4363 3714 .3166 2703 2311 1978 1696 1456 1252 1078 0929 0802 .0600 .0451
18 4155 3503 .2959 .2502 .2120 1799 1528 1300 .1108 .0946 .0808 .0691 .0508 .0376
19 .3957 .3305 .2765 2317 1945 1635 A377 1161 0981 .0829 .0703 .0596 .0431 .0313
20 .3769 3118 2584 .2145 1784 1486 1240 1037 .0868 .0728 .0611 .0514 .0365 .0261
TABLE B
Present Value of an Annuity of $1 per Period for n Periods
Yr. 5% 6% 7% 8% 9% 10% 11% 12% 13% 14% 15% 16% 18% 20%
1 09524 09434 09346 09259 09174 09091 09009 0.8929 0.8850 0.8772 0.8696 0.8621 0.8475 0.8333
2 18594 18334 18080 17833 17591 17355 17125 16901 16681 16467 16257 16052 15656 15278
3 27232 26730 26243 25771 25313 24869 24437 24018 23612 23216 22832 22459 21743 21065
4 35460 34651 33872 33121 32397 31699 31024 30373 29745 29137 28550 27982 26901 25887
5 43295 42124 41002 39927 3.8897 37908 3.6959 36048 35172 34331 33522 32743 31272 2.9906
6 50757 49173 47665 4.6229 44859 43553 42305 41114 39975 38887 37845 36847 34976 3.3255
7 57864 55824 53893 52064 50330 4.8684 47122 45638 44226 428383 4.1604 4.0386 38115 3.6046
8 64632 62098 59713 57466 55348 53349 51461 4.9676 4.7988 4.6389 44873 43436 4.0776 3.8372
9 71078 68017 65152 62469 59952 57590 55370 53282 51317 49464 47716 46065 43030 4.0310
10 77217 73601 7.0236 6.7101 64177 61446 58892 56502 54262 52161 5.0188 48332 44941 4.1925
11 83064 7.8869 7.4987 7.1390 6.8052 6.4951 6.2065 59377 56869 54527 52337 50286 46560 4.3271
12 88633 83838 79427 75361 7.1607 6.8137 64924 61944 59176 56603 54206 51971 47932 4.4392
13 93936 88527 83577 7.9038 74869 71034 6.7499 64235 61218 58424 55831 53423 4.9095 4.5327
14 98986 92950 87455 82442 77862 7.3667 6.9819 6.6282 63025 6.0021 57245 54675 5008l 4.6106
15 103797 97122 91079 85595 80607 7.6061 71909 6.8109 64624 61422 58474 55755 5.0916 4.6755
16 108378 101059 94466 88514 83126 7.8237 73792 69740 6.6039 62651 59542 56685 51624 4.7296
17 112741 104773 97632 91216 85436 80216 75488 7.1196 6.7291 63729 6.0472 57487 52223 47746
18 116896 108276 100591 93719 87556 82014 7.7016 7.2497 6.8399 64674 61280 58178 52732 4.8122
19 120853 111581 103356 9.6036 89501 83649 7.8393 7.3658 69380 65504 6.1982 58775 53162 4.8435
20 124622 114699 105940 98181 9.1285 85136 7.9633 7.4694 7.0248 6.6231 6.2593 59288 53527 4.8696




Chapter 4 - QUALITATIVE ISSUES

Asdiscussed in the overview to this manual, the financia (quantitative) analysis of a
pollution prevention project should be augmented by the evaluation of other factors that are
difficult to quantify but that may have strategic significance. A project'simpact on market
share, public image, financial liability or stakeholder relations can often dwarf strict economic
criteriain the decision-making process. Although such factors are often referred to as
"qualitative" or "intangible", such a strict either/or classification (i.e., quantitative/qualitative
or tangible/intangible) is often mideading. Many issues fall between these end points and may
be subject to some form of quantification or projection, especially given the ease of using a
computer spreadsheet to perform sensitivity analysis. Moreover, apitfal of defining issues
too smplistically as"qualitative" or "intangible" is the tendency to pay less attention to those
items that are not expressed in numerica terms. The emphasis on measurement (as some have
said, "you are what you measure'), often leads to devaluation of issues that are outside the
guantitative domain, even though their significance to the long-term success of an enterprise
may be high.

It isimportant, therefore, to explore ways to quantify the issues discussed in this
chapter before relying on a purely qualitative evaluation. Capturing a portion of the true cost
or savings of a particular less-tangible item may often be possible. For example, negative
publicity related to toxic pollution might take up a senior manager’ stime (a highly measurable
activity) and might also be suspected of having an impact on sales (perhaps more difficult to
measure). |If the toxic were eliminated and the negative publicity ceased, the saved
management hours could be included in the quantitative analysis while the prospect of
increased sales might be addressed qualitatively. Of course, every caseis different and must
be considered on its own merits. Few benefits are qualitative a priori; many have the
potential to be quantified and should receive that attention.

While pollution prevention projects often generate significant less-tangible benefits, it
isimportant to recognize that the impacts are not always advantageous. While some issues,
such as improved public image, are presumed to be beneficial, other qualitative issues, such as
product quality, may be either positive or anegative. Some may be both. A project that
reduces workplace hazards may clearly improve employee health and safety but may be
viewed skeptically by those same stakeholdersif it also reduces the labor requirements and
appears to threaten job security. After determining the nature of the impact, a P2 team must
figure out how best to communicate fully the positive benefits of a project, or the group must
consider ways to restructure the project to minimize undesirable consequences. The following
section reviews the most common less-tangible issues, explains why they may be important and
suggests ways that a project team can focus attention on them to emphasize their significance.
As stated above, quantifying these issues and including them in the financia analysis wherever
feasible can be beneficial.

Product quality. Customers areincreasingly demanding environmentally-friendly products yet
arerarely willing to surrender price or quality to achieve their demands. A pollution
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prevention project that is detrimental to product quality (e.g., through inferior material
substitution or process changes that fail to meet design specifications) may result in lost
sales or increased costs of rework and downtime. Alternatively, a pollution prevention
initiative that improves quality may help to boost sales. Concerns about impacts on quality

need to be addressed upfront by:

» conducting sufficient engineering review and testing before specifying equipment or

changing a product or process,

» securing guarantees by the vendor, perhapsin the form of a performance bond;
» planning for incremental ramp-up of production using the new process or new material;

and/or

» securing feedback to determine what impact changes may have on customer acceptance.

If there are concerns about impacts on quality, a project proposa should outline those
concerns and describe in detail the measures that a team has taken to ensure that they have
been addressed and resolved. Almost nothing can kill a project faster than the fear that it
may harm product quality, and the project team should take steps to address those fears as
much as possible. If, on the other hand, there is clear evidence that a P2 initiative will
improve quality, that benefit should be communicated strongly, especially in those cases
where quality plays a significant role in differentiating a company’ s products. Factorsto

consider in assessing the impact of higher quality
include reductions in: scrap, rework, raw
materials, product returns and warranty costs, and
potentially increased sales.

Productivity/Capacity. Process changes resulting
from the implementation of a pollution prevention
project could potentially increase or decrease the
productivity and/or effective capacity of a plant.
For example, switching from a solvent-based to an
aqueous-based coating might require longer drying
time, reducing capacity. Conversely, installing an
ultra-violet coating system with a short drying

cycle might substantially increase capacity. In both

Quality and Productivity Example

A manufacturer of forged lighting fixtures
replaced a conventional solvent spray coating
system with a powder coating one. In addition
to significant savings in raw materials and
labor, the new technology improved the
quality of the coating, substantially reducing
the amount of touch-up painting required. It
also increased capacity by enabling coating in
humid summer conditions that had previously
halted production, and by allowing faster

drying.

cases, of course, the impact on capacity would be afunction of the entire system and the
location of its bottlenecks, but the choice of coating technology could have a significant
impact. Aswith product quality, engineering review of new process specificationsis
crucial to assessing a project's effect on production. Thorough review may enable the
impact on productivity/capacity to be estimated with sufficient certainty to permit its
inclusion in the financial analysis. If thisis not possible, the potential impacts should be
explored and described qualitatively, perhaps using sensitivity analysis to quantify their

effect.

Public image: The importance of an environmentally-friendly image has greatly increased in
the past decade, and many companies now tout their "green" credentials. While agood
public image is important for its own intangible reasons, its value is increasing as the link
between a company's public image and market acceptance of its products becomes
stronger. Image can be especialy important to a company that has suffered a poor
environmental reputation. For example, Polaroid, which had received alot of negative
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publicity for its toxic discharges, now promotes its pro-active strategies of pollution
prevention and recycling. The company has received widespread recognition for many of
itsinnovative environmental programs.

Although most real pollution prevention projects can bolster the environmental record of a
business, one that directly addresses a publicly-recognized problem can be especially
valuable. If aproposed P2 project eliminates a source of bad publicity, such asthe
discharge of effluent that discolors awaterway, the potential public relations benefits of
the project should be strongly emphasized in the justification package. To demonstrate this
impact, ateam might include a brief description of asimilar company that used its
environmental activities to strengthen itsimage and improve its financial position. Public
relationsinitiatives that are linked to an environmental effort must, however, be based on
verifiable actions or progress or they could easily backfire.

“Green” market share: Numerous surveys have documented the trend of green consumerism,

and companies have responded by emphasizing environmental attributesin new product
development. The growing inclination of consumers to buy "green" refers to purchases of
products or services that are environmentally-benign or that are offered by companies with
good environmental records. A pollution prevention project that "creates' a green process
or product may have a significant impact on sales, depending upon customer demand. A
project justification proposal could promote the value of this factor by including survey
datarelated to the particular industry or product type. Additionally the report could show
how a specific product or company, in asimilar situation or industry, either gained market

share after emphasizing its green qualities or lost
market share due to a poor environmental record.
To further demonstrate the significance of this
issue, developing computer-generated scenarios
based on experiences of similar companies could
be valuable in demonstrating how even small
impacts on market share can generate large returns
on the bottom line.

Supplier certification: Similar to the “green”
consumer market isthe “green” supply chain.
Though perhaps later to emerge than its retall
cousin, the green supply chain israpidly gaining
momentum as companies that have elevated their

Green Market / Supply Chain Example

A Massachusetts manufacturer of surface
preparation hand tools (e.g., paint scrapers,
putty knives, and plaster blades) was selected
by a national hardware/homeware chain based
in part on the supplier’ s proven environmental
track record, which included an aggressive
adherence to pollution prevention and quality
management. In 1997 the company was on
the verge of achieving zero wastewater
discharge, compared to 30,000 galonsaday in
the early 1990's.

own environmental management systems and practices are looking for the same from their
suppliers. Thistrend islikely to accelerate as more companies adopt 1SO 14000t Some
wholesale customers make specific environmental demands on their suppliers, and
pollution prevention initiatives that eliminate toxic or hazardous substances may directly
enable the retention or acquisition of customers. In contrast to the green consumer market,
where potential market share gains may be very difficult to estimate, in the wholesale or
Origina Equipment Manufacturer (OEM) supply chain segment it may be possible with

11S0 14000 refers to the environmental management system that is being approved and promulgated by the
International Standards Organization (1SO) and is similar to 1SO 9000, a quality management system, which
has become a de facto standard for doing businessin Europe and is gaining global attention.
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some certainty to relate a P2 investment to a quantifiable gain in sales and increase in cash
flow.

Stakeholder relations.  The term "stakeholders® can be broadly applied to almost any person,
group or organization with which a business has contact or impacts, including: employees,
stockholders, lending institutions, customers, suppliers, surrounding communities and
others. Though small, privately-held firms may not be as susceptible to shareholder
pressure as large corporations, they may be equally or more sensitive to the interests of
such other stakeholders as the surrounding community and employees. For businessesin
small towns, where they are one of the major employers, many of these interests overlap.
The benefits of a pollution prevention project may affect relationships with these groupsin
different ways, as detailed in discussion of some of the other issues (i.e., public image,
employee health and safety, and market share). Generally, most firms place importance on
the value of being recognized as a good neighbor. If thisisan important value to company
management, it should be mentioned as part of the justification argument in a project
proposal.

Employee health and safety: Improving working conditions can have both substantial short
and long-term benefits, many of which may be quantifiable, including lower worker
compensation rates due to safer conditions, lower health care payments, increased
productivity, reduced absenteeism and reduced OSHA regulatory oversight. If aproject
enables immediate reductions in insurance or OSHA regulations, those projections can be
incorporated into the financial analysis. Additionally, one can build support for a project
by citing the gains other companies have realized by improving employee health and safety.
Combining equipment/process specifications with occupationa health and safety data can
provide documentation of expected improvements in working conditions. Improved
workplace health and safety often trandates into improved employee morale, which in turn
can generate enhanced productivity.

Pro-active environmental management / enhanced compliance capability. Environmental
regulation shows a clear trend toward increasingly stringent limitations for contaminantsin
air emissions, wastewater, and hazardous waste. Companies that anticipate these tougher
levels and incorporate them into their strategic planning will have advantages over those
that are content to comply with current standards. P2 projects have the ability, inherent in
their prevention philosophy, to position a company to meet or surpass projected future
toxic use and discharge limits. A strong argument for a pollution prevention project isits
capacity to alleviate such unknown factors as purchase price, disposal costs, or new health
issues, that accompany the use of substances known to be environmentally damaging. A
project team can mention these issues in a project justification packet and point to
proposed new regulations or regulatory trends to support their arguments.
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POTENTIAL LIABILITY

Financial liability: The financid liability from using and disposing of hazardous
substancesiis potentially unlimited. One of the greatest benefits of a pollution prevention
strategy is its capacity to reduced exposure to potential liability: Financial liability may be
associated with:

* Disposal » Storage » Transportation .
Real property damage » Civil actions * Toxictort suits
* Finedpendlties

Although reduction of liability can be one of the most significant advantages of a
pollution prevention strategy, this benefit is often difficult to quantify and thus may be
‘'underweighted’ in a project assessment. In addition to having difficulty developing realistic
estimates of the monetary impact of potential liability, companies may be reluctant to disclose
their estimates due to requirements by The Securities and Exchange Commission (SEC) and the
Financial Accounting Standards Board (FASB). Those agencies may require companiesto
establish accounting reserves to cover liabilities expressed in monetary terms.

Companies, environmenta consultants, the academic community and others have
developed avariety of methods that attempt to quantify potential liability risk. These range
from precise projections of financial exposure based on historical data of actual occurrences,
such asamodel developed by General Electric, to work at a university that attempts to use
“fuzzy logic” to trandate mangers qualitative responses into quantitative assessments. 1n 1996
the US EPA’s Environmental Accounting Project published a compendium of techniques for
estimating the monetary impact of potential environmenta liabilities2 Asno method has
gained wide acceptance and many are complex and require considerable time and expertise to
employ, it is beyond the scope of this manual to describe their design or use in detail.
However, even without a quantitative projection, it is possible for a pollution prevention
project team to develop a picture of the nature and potential consequences of specific sources
of liability.

Liability Risk Assessment

The following steps offer an approach to thinking about liability risk that balances the
need for accurate information with the cost of conducting an analysis. As with the Assessment
Map above, the process described here is more a conceptual framework thanitisarigid
procedure that will be applicableto al projects and conditions. The use of ethyl acetate in the
Wrayburn case provides an example for assessing liability.

(1) Draft processflow diagram (PFD) for current process, marking potential liability
sources. The Wrayburn PFD on page 9 indicates the use of ethyl acetate, atoxic
substance.

2 USEPA, Valuing Potential Environmental Liabilities for Managerial Decision-Making: A Review of
Available Techniques, 1996
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(2)

Arrange liability sourcesintorisk groups: To assemble information about sources of
risk and to define risk groups, we suggest using atable such asthe oneillustrated in
Figure 4.3 (afull-scale version is included as Exhibit 4-2). The types and sources of
pollution and waste are listed along the vertical axis and the activities associated with
use and disposal along the horizontal axis. The categories listed here are examples only;
every company and process would have its own types of liability. The intersection of
these categories defines arisk group. For Wrayburn, ethyl acetate could fit under
"solvents' or could comprise its own waste category. Activities related to the substance
would probably include: on-site storage, process use, air emissions and external
recycling or fuel burning (depending upon how the company disposed of the spent
solvent). Each of these 'intersections would be a separate 'risk group’ with its own set of
possible exposure events.

FIGURE 4.3
DEFINING RISK GROUPS
VOC's
Solvents
Process Chemicals
TYPES & _
SOURCES Hazardous Materias
of Heavy Metals
POLLUTANTS Process Water
Hazardous Waste
Municipd Waste
On Site Storage / \ Trangportation
Process Use Air Emissons
Internal Recycling Land Disposal
. USE & WASTE
Externd Recydmg MANAGEMENT ACTIVITIES WaStewater
Incineration
Steps 3
through 5 are then applied to each risk _
group. For our example, illustrated in Figure4.4
Figure 4.4, we use the risk group defined by Ethyl Acetate Process Use
the intersection of solvent (ethyl acetate) and Event Probability ~ Severity
process use. _ _ (1-5)* 1-5)*
Minor spill or leak 3 1
(3) Listvariousexposureeventsfor 'I\Eﬂxajp%sggr']” or lesk i g
each risk group: Each risk group Employee exposure 2 3

would have an associated group of
events that could be potential sources

*1 = lowest; 5 = highest

of liability. The P2 project team can assemble this list from discussions with plant
personnel, hazardous materials information sheets, vendors and internal brainstorming.
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(4) Assign probabilitiesfor each event: Any aphanumeric (e.g., 1-3, 1-5, A-E) or
gualitative (e.g., low, medium, high) system can be used aslong as thereis consistency in
the plant over time to ensure equal comparisons between projects.

(5) Estimate severity of event: Aswith the assignment of probabilities, any consistently-
used system is acceptable to characterize the severity of the event in terms of its
environmenta and health impacts.

(6) Usebest professional judgment to assign high, medium, low degree of risk to overall
liability: The assignment of probability and severity is subjective and based on best
professional judgment. The process of thinking through the possible consequences of
each of therisk groups can help ateam to develop and convey ageneral sense of the
overal liability risk associated with the use of certain substances. Asan additional
benefit, even if apollution prevention project does not completely eliminate the use of
those substances, this process may assist management in devising ways to reduce risk by
addressing those areas with the highest probability or severity of occurrence.

A project team could further characterize the possible consequences of specific
liability risk groups by tracking recent judgments, fines, penalties and suits stemming from
events similar to those that might occur at itsfacility. Including specific detailsin a proposal
about the liability costs other firms have incurred can be a persuasive tools to sell apollution
prevention project that has the ability to reduce the risks of those costs.

Quantifying potential liability isless complicated when acompany is considering a
single type of event and has access to comparative cost data. As one example, a consulting
firm quantified the potential liability costs of along-term replacement strategy for electric
transformersto eliminate PCB’s. The analysis of potential |eakage events projected alow,
though probable, likelihood of an event with very high costs to address the contamination and
remediation. Based on the assessment, the company decided to adopt an accelerated
replacement schedules.

Criminal liability: The EPA and many states have markedly increased criminal
prosecutions of environmental crimes, and recent court rulings have expanded the liability of
owners and managers of businesses for environmental crimes committed unintentionally or by
employees without their direct knowledge. Although most businesses operate within the law,
managers should be aware of the increased exposure to criminal liability that these ruling have
created when they manage facilities that use and dispose of toxic and hazardous substances. A
project proposal could identify the reduction of thisrisk as one additional reason for
implementing a project.

3Tellus Indtitute case study
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PSYCHOLOGICAL BURDEN

The successful implementation of a pollution prevention strategy has the ability to
reduce the psychologica burden that often accompanies the management of an
environmentally-regulated company. Anyone who has received a certified letter from the EPA
Superfund division, been cited by a state environmenta agency for non-compliance, or simply
spent innumerable hours compl eting emissions reports knows how enervating such events or
activities can be.  When abusiness reduces or eliminates its pollutant-causing activities to the
point whereit is no longer under the jurisdiction of aregulatory body, the benefit to owners
and employeesisimmeasurable. A pollution prevention project that starts or drives a
company along the road to "zero regulatory oversight” has alarge reward asits final
destination.

In some cases the initiation of a pollution prevention project can appear to add to
manageria headaches, at least in the short-term. For a company that is currently in compliance
with existing regulations and has developed and instituted a sound environmental program that
manages wastes in an acceptable manner, the effort, time and cost of starting a P2 project that
is not mandated by regulation may seem burdensome and excessive. Proponents of a P2
project may encounter the argument: "Why rock the boat? We're in compliance now." Issues
described in this section - market share, public image, employee health and safety - can offer
sound arguments to promote a particular P2 project in these cases.

Responding to advances in environmental and health knowledge and technical
expertise, environmental officials continue to promulgate ever-more-stringent regulations.
With increased knowledge about the dangers of pollutants and refinements to the sensitivity of
analytical tools to measure them, regulatory agencies correspondingly ratchet-down the
allowable limits on their discharge. While regulatory compliance pushes companies to meet
tougher environmental targets, market forces are starting to pull them along that path with even
greater speed. Green consumerism, manufacturers demands on suppliers, and socialy
responsible investing all encourage more pro-active management of environmental issues.
Thus, smply being satisfied with meeting today's compliance requirements and environmental
standards will leave companies stranded in both the regulatory and competitive backwaters,
while organizations with forward-looking strategies pass them by. A pollution prevention
strategy can be a necessary basic ingredient both for meeting future regulatory limits and for
improving a company's competitive position.
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A FRAMEWORK FOR ANALYZING ISSUES

Figure 4.1 provides a mapping framework for charting the strategic and quantifiable
dimensions of issues that a business should consider in ng a pollution prevention
project. (A full page version of the map isincluded as Exhibit 4-1). The framework is
intended to be aflexible, conceptual tool that practitioners can use in avariety of waysto help
guide project assessment and inform the development of a justification package. Initially a

project team might use the Figure 4.1: ASSESSMENT MAP

map to identify those _ _

issues that are likely to be Comenonal e L ess Tengibie Costs

of the greatest

significancc_a in order to HIGHER Raw M aterialls
focus attention and Waste Disposal
limited resourcesin their Training
analysis. Alternatively, Recordkesping
the team might use it to Mgmt Resources
think through which Fines/Pendlties
factors should be ;TG F;I’TZE%CE Finandia Liability
included in the financial Market Share
analysis and which Product Quality
should be addressed Employee Relations
qualitatively. Use of the Public Image
framework may also Crimind Liability
prove valuablein a LOWER Shareholder RItns
written proposal or oral |
pr&entation toillustrate QUANTITATIVE QUALITATIVE

the fact that many less
tangible issues are often of high strategic significance. The map can thus help to highlight some
of the benefits of pollution prevention projects that may tend to be ignored or undervalued.

We recommend that ateam make afirst pass effort to fill in the map prior to performing
any detailed analysis and then revisit the process later in their work. Thelist on the right-hand
side of Figure 4.1 provides examples of issues on which a pollution prevention project is
likely to have an impact. Although these examples are common to many projects, thelist is not
intended to be comprehensive; conditions peculiar to specific projects can create a variety of
other issues. Theitems can be plotted onthe Y axis according to their relative strategic
significance and on the X axis based on the feasibility of quantifying them.

The map groups items into three cost categories. Thefirst vertical section indicates the
realm of "conventiona costs' that are usually included in atypical capital budgeting analysis,
and the second section shows the expansion of the capital budgeting model to include the
indirect "hidden costs' that are usually buried in overhead accounts. Chapter 2, Cost
Information focuses on the identification and determination of these two costs areas. The right
vertical half of the map includes less-tangible impacts whose costs are more difficult to
project but may have quantifiable ramifications.
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Figure 4.2 Figure 4.2: Assessment Map Example
offers one example of
how issues might be Conventional Hidden
mapped for a Costs Costs Less Tangible Costs

particular project. The

placement of these HIGHER
factorsisnot an * Prd Quality/
absolute ranking of the Market Share
importance of these
issues for an ® Financial Liability
organization; rather it ® Shareholder

. . . * M t R
is relative and project anagemept Resourees Relations

® Criminal Lib
® Public
Image

specific and thuswill ~ STRATEGIC
vary considerably SIGNIFICANCE
even within the same

company for different

projects. We

emphasize that thisisa ® Training
subjective process and ® Waste Dispdsal

that the exampleis * Recordkehping
presented to illustrate LOWER Raw Materials

® Employee Health & Safety

® Fines

how the mapping QUANTITATIVE QUALITATIVE
framework can be

used, NOT to establish a pattern of interpretation to be copied.
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EXHIBIT 4-1
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EXHIBIT 4-2
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Appendix A - GLOSSARY & TERMINOLOGY

Financia and managerial accounting employ many specific termsin their practice.
Although some are precisely defined, others acquire severa different meanings as they cometo
be used in avariety of contexts. The advent of "environmenta accounting” has exacerbated
this trend, creating widely variant definitions of such terms as "full-cost”, "life-cycle" and
"cost-benefit". This Glossary & Terminology appendix presents definitions and explanations
of some of the most common terms used in accounting and financial analysis.

GLOSSARY

Accounting Rate of Return - The rate of return of an investment, over its lifetime, based on
the net income that the project generates. Average net income of the project divided by the
initia investment.

Annuity - A level stream of equal dollar payments that exists for afixed period of time.

Capital Budgeting - The process of planning and evaluating expenditures whose returns are
expected to extend beyond one year.

Depreciation - A non-cash expense that is used to allocate the cost of a piece of equipment
over its economic lifetime. The only impact of depreciation isto reduce the taxable income of
the firm.

Depreciation Tax Shield - This represents the tax savings that are created each year, in a
profitable firm, due to depreciation. The depreciation tax shield is calculated by multiplying
the annual depreciation figure by the firm'stax rate.

Discount Rate - The interest rate used to discount future cash flowsto their present values.
This represents the rate of return that could be earned by investing in a project with risks
comparable to the project being considered.

Future Value - Value of asum of money at afuture date when it isgrown at a periodic interest
rate.

Hurdle Rate - The minimum rate of return that a project must generate in order to be accepted
by the firm. Projectsthat provide arate of return below this rate will not be undertaken by the
firm.

I ncremental Cash Flows - The difference of afirm's cash flows with and without a project.
Only cash flows that change with a particular project are relevant to the analysis.

I nternal Rate of Return - The discount rate at which the net present value of an investment is
zero. The IRR of aproject can be compared to afirm's hurdle rate to determine economic
attractiveness. The General IRR ruleis:

If IRR > hurdleratethen accept project.

If IRR < hurdleratethen regect project.
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Net Present Value - Theinitia investment of a project subtracted from the present value of
future cash flows, discounted at the opportunity cost of capital. NPV shows how much value
will be created (destroyed) if a project is undertaken by the firm. The general NPV Ruleis:
If NPV > 0 then accept the project.

If NPV <0 then reect the project.

Nominal Cash Flows - A cash flow isnominal if it represents the actual dollars, adjusted for
projected inflation, that are expected to be received (paid out) in future periods.

Nominal Interest Rates - The nominal interest rate is the actual rate that an investment would
earn. It can be viewed astherea interest rate plus the rate of inflation (cf. real interest
rates).

Payback Period - The number of years required for afirm to recover aproject'sinitial
investment from the cash flows generated by that investment.

Present Value - The value of afuture cash flow discounted at the appropriate interest rate.
Real Cash Flows - A cash flow isreal if it is expressed in terms of current purchasing power.

Real I nterest Rates - Thered interest rate does not include the rate of inflation. Thereal rate
represents how much the purchasing power of a sum of money hasincreased (cf. nominal
interest rate).

TERMINOLOGY
A basic digtinction is between financial and managerial accounting.

» Financial Accounting describes the information that a company preparesin order to report
its financial performance and condition. |f acompany is privately-held, thisinformation is
only for the benefit of the owners and for a determination of state and federal tax liability.
A publicly-owned company, however, must provide financial information to such external
parties as shareholders, creditors, suppliers, bankers, government agencies and the general
public. The form and substance of financial statementsis set and revised periodicaly by
the Financial Accounting Standards Board (FASB) and is codified as GAAP - generaly
accepted accounting principles. Financial accounting information is presented in three
types of financial statements:

> |ncome statement: to report sales, expenses and income for a set period of time (e.g.,
one quarter or one year).

> Balance sheet: to report the financial condition of a company at one point in time (a
snap-shot) - cash, receivables, inventory, debt, equity etc.

> Cash flow statement: to report the actual flows of cash into and out of abusiness during
aset period of time. This statement isimportant because the intricacies of accounting
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rules often create alarge disparity between the level of income shown on the income
statement and the amount of actual cash that flows into a company.

Managerial Accounting: In contrast to financial accounting, managerial accounting is
intended solely for internal use and is not required by any governmental body or regulatory
agency. The objective of managerial accounting isto provide information that enables
managers to make decisions that further a company's pursuit of its strategic business
mission. Because companies operate in vastly different ways and use different criteriato
make decisions, the structure and content of managerial accounting reports vary greatly
from company to company, even within the same industry. Although managerial accounting
traditionally has involved only financial information presented in terms of costs,
businesses are increasingly collecting, analyzing and using non-financial operating datain
conjunction with cost information to assist in managerial decision-making. Genera
examples of business issues for which managerial accounting information is used includes:

~ drategic planning

~ product profitability analysis
~ operational control

~ resource utilization

~ tracking of quality

Cost information, with which we are concerned here, can be organized and presented in a
variety of ways. Conventional managerial accounting seeks to alocate all costs incurred
by an company to the products, product lines, or services produced. Costs, such as labor
and materials, which are directly attributable to the production unit, are labeled dir ect
costs. Many other costs, which are not easily attributable to particular products, are
lumped together into cost pools labeled 'overhead' that are then alocated to products on the
basis of a cost driver, such aslabor hours or material dollars.

Activity-Based Costing: The practice of allocating overhead cost pools on the basis of
labor hours made sense in the early days of industrial activity when labor was the major
input of a product's cost and overhead was relatively small. Today, however, in most
manufacturing companies, the labor input is dwarfed by the overhead of expensive plant
and equipment and large management, research and sales staff.  Activity-based costing
(ABC) seeksto reduce the distortions to product costing caused by using such measures as
labor hoursto alocate large overhead pools. The practice attempits to attribute 'overhead'
costs to products on the basis of the activities that are actually performed in production.
For example, costs related to inventory management might be attributed to products on the
basis of the numbers of different partsin aproduct. The underlying concept of activity-
based costing is central to the costing of pollution prevention projects: examining the costs
of activities related to particular products or processes.

Full-Cost Accounting is the term with perhaps the widest variations of use. Asastrict
accounting term defined by GAAP, full cost accounting refers to the requirement that a
businessinclude al costs (expenses) and revenuesin its financial statements. In
environmental accounting, the term denotes the practice of attributing all costsin a direct
manner to products, production processes or services. The process is conceptually similar
to Total Cost Assessment (TCA), aterm and method developed by the Tellus Institute for
analyzing P2 projects. In addition to including all costs, TCA aso emphasizesa
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lengthening of the project lifetime in order not to omit savings that may be realized only
after a project has been in place many years.

Life-Cycle Cost Analysisis now commonly used in several related but different ways. As
an environmental public policy tool, life-cycle costing refersto the effort to identify and
quantify the costs of all the components and inputs of a product throughout its lifetime, from
research and development to final dissolution. Although the state-of-the-art of life-cycle
costing is till initsinfancy, thistype of analysisis gaining currency in environmental
debates as a means to compare the impacts and costs of competing products or materials.
For example, there have been several life-cycle assessments (LCA) of disposable versus
cotton diapers and of polystyrene versus paper cups.

(Modified) life-cycle costing is also atool that companies are beginning to use to analyze
the costs of a product or service over its extended economic life, including R&D and
disposal. Itisamorelimited analysisthan the public policy-driven LCA and is used for
different reasons.

Cost Benefit Analysisisapublic policy tool that is used to evaluate the social costs and
benefits of a proposed regulation or project. Analysts assess policies by monetizing the
positive and negative impacts through the use of historically-derived formulae. Although
the term "cost benefit analysis' is occasionally used to refer to the capital budgeting
process, it isnot in its strict sense applicable to business decision making.
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Appendix B - WRAYBURN JEWELRY COMPANY

Company Background

Wrayburn Jewelry is aleading US manufacturer and distributor of men's and women's
jewelry, personal leather goods, and personal accessory items®. Wrayburn's major
manufacturing facility islocated in Sutton, a small Massachusetts town. The Sutton facility
employs 400 non-union workers on the shop floor, and 100 in management positions. This
facility produces the firm's line of men's and women's high fashion costume jewelry pieces, as
well as private label brands.

Wrayburn has traditionally been a maternal company where working conditions are
constantly upgraded so asto improve worker satisfaction. This approach has lead to a steady,
well motivated and loyal workforce. This materna attitude has also extended to the
surrounding community of Sutton. The facility has aways been community oriented, and has
been aware of the potential environmental concerns of the town of Sutton and its residents.
Because of this, the facility has maintained a strategy of exceeding regulatory requirements.
For example, the firm was 20 years ahead of regulatory requirements when it installed its
waste treatment plant. The firm was aso ahead of regulations when it installed extra exhaust
hoods for the comfort of employees.

In terms of the capital budgeting process, William Sutherland, the Vice President of
Quality and Environmental Affairs, drafts the capital budget for the upcoming fisca year. He
presents the budget directly to the board of directors. As such, the company does not have an
extensive approval process, requiring only the sign-off of the board. During the year
Sutherland has the discretion to approve expenditures up to $1,000; expenditures in excess of
this must be approved by corporate headquarters.

Manufacturing Process

Despite the fact that Wrayburn's jewelry designs are constantly changing, the materials
used remain the same. Metal sheets are Ssmply molded, stamped, folded or plated according to
the design schematics. The plant produces two types of finishes- white and yellow. The white
finishesinclude silver plate, rhodium and tin-based finishes. For various artistic and
production reasons Wrayburn has found silver to be the most desirable metal to use for white
finishes. Because silver tarnishes, however, the silver plated pieces must be lacquer dipped
prior to finishing. The silver jewelry pieces are strung onto plating racks and passed through a
dip lacquering system. The silver pieces are then removed from the racks, and the plating
racks are stripped of the lacquer using ethyl acetate. Currently the firm purchases the ethyl
acetate, usesit to exhaustion, and then pays for its disposal as a hazardous waste. (See Exhibit
1 for the facility's process flow diagram.)

1We use fictitious names for the company, its employees and location in this case study to ensure
confidentiality.
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Pollution Prevention Project

In April 1991, Sutherland and the plant's new environmental manager, Peter Thorston,
met with a representative of the Massachusetts Office of Technical Assistance (OTA). The
three discussed changes to the dip lacquering system with its high costs of ethyl acetate
purchase and disposal. They reasoned that a change was not necessary on regulatory grounds
since the facility was in compliance with al applicable requirements. However, based on the
trend set by Toxics Use Reduction Acts (TURA) nationaly, the firm saw an opportunity to
reduce the facilities costs while at the same time reducing its use of ethyl acetate. A solvent
recovery still would drastically reduce the volume of ethyl acetate used by the firm. The firm
gueried several vendors on various still models, and settled on a $14,000 unit, which also
required an additional $2,000 in installation costs.

Since the investment was not part of the capital budget submitted by Sutherland,
approval for the purchase was needed from corporate headquarters. Sutherland and Thorston
drafted a detailed proposal comparing the costs of the current and proposed systems (See
Exhibit 2). The present method amounted to $683 per week in purchase and disposal costs,
compared with $356.13 for the proposed method, a weekly savings of $326.87. Based upon
these savings the still had a payback of eleven months. Despite this seemingly strong payback
period the proposal had been "languishing” somewhere in corporate headquarters.

In the current process eight barrels of spent ethyl acetate are generated each month.
Thorston spends approximately one and a half hours manifesting these barrels monthly. Instead
of manifesting 12 times per year, the new process would require manifesting only 4 times per
year, freeing up Thorston's time for other activities. Based on the premise that time is money,
the labor reduction was treated as a cost savings, calculated at $30 per hour. The still will
reduce the facility's TURA fees by $1,100 annually. Theinstallation of the still will not
impact the firm's right to know training, due to the other chemicals used at the firm. Likewise
the still would have no impact on Thorston's normal daily monitoring activities. Thetime
spent monitoring the still is roughly equal to the amount of time spent checking the dip
lacquering system for malfunctions.

Since Sutherland received no response to the original proposal, he sought the help of
the OTA representative in preparing amore formal financial analysis format. He hoped that
thiswould help to demonstrate the financia attractiveness of the project. A discounted cash
flow analysis was used (Exhibit 3) and assumed a five year useful life for the equipment?, a 15
percent cost of capital, a5 percent inflation rate, and a 40 percent corporate tax rate. This
analysisincorporated al of the cost savings from the project, and yielded a favorable net
present value of more than $26,000. While the payback of eleven months was convincing, the
discounted cash flow took into account the time value of money, tax and inflation effects, and
the less obvious savings associated with the project. The net present value of roughly
$26,000 more than justified the proposed project.

2The actual case assumed aten-year useful life. It has been shortened to 5 yearsin this example for
simplicity.
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EXHIBIT 1
WRAYBURN JEWELRY COMPANY

Process Flow Diagram
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EXHIBIT 2
WRAYBURN JEWELRY COMPANY

Cost Savingsfor Ethyl Acetate Still

CURRENT METHOD: Purchase/Use/Disposal

Purchase Costs:
Current consumption of ethyl acetate stripping:
600 - 700 racks per day = 100 gals/wk
Densty = 7.81bs/gal.
Weekly purchasesin pounds = 780 Ibs.
Cost of new ethyl acetate = $0.61 per Ib.
Weekly cost to purchase ethyl acetate = $0.61 x 780 = > > $475.80

Disposal Costs:
Evaporation/dragout losses = 5%
Current weekly disposal volume = total purchased volume less 5% =
95 x 780 = 740 Ibs/week
Disposal cost of spent ethyl acetate = $0.28 per |b.
Weekly cost to dispose of ethyl acetate = .28 x 7401lbs = > > $207.20

Total current weekly cost for ethyl acetate > > > > $683.00

PROPOSED METHOD: Purchase/Recover In-house/M ake-up asrequired. Purchase of
solvent still will permit recovery of approximately 75% ethyl acetate, disposal of balance as
still bottoms.

Purchase Costs.
Purchase cost of ethyl acetate per week =
25 x 780 Ibs'week x $ 0.61
1951bs. x $058 = > > > > > > $118.95

Disposal Costs:
Disposal volume of still bottoms = .25
X 740 Ibs./wk = 185 Ibs/wk

Disposal cost of still bottoms estimated @ $ 1.28 per Ib. (Note: unit disposal cost of
still bottoms is significantly higher because recyclable product has been removed.

Weekly disposal cost of still bottoms =
1851bs. x $1.28/Ib = >> > > > > $237.18

Total proposed weekly cost for ethyl acetate > > > > $356.13
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EXHIBIT 2 (cont'd)
Cost Savingsfor Ethyl Acetate Still

Estimated Weekly Savings:
Weekly cost - current method $683.00
Weekly cost - proposed still 356.28
Weekly savings $326.72
Cost of Still
Still and peripheral equipment $ 14,000
Installation cost (in-house labor and materials [not capitalized]) 2,000
Tota estimated cost $ 16,000
Payback Anaysis

$ 16,000 total cost/$327 savings per week = 49 week payback (11 months)

Notes
o Still can be operated at no additional |abor cost

» Utility costs for operation are estimated at:
> 15 galsrecovered per 8 hours of operation
> 100 gallong/15 gallons/8 hours x 53 hours per week
> Power requirements = 4 kW
> Weekly power consumption = 212 kW hours
Operating cost = 212 kW hours per week x $ 0.02 kW hour = $4.25
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EXHIBIT 3

68



WRAYBURN JEWELRY COMPANY
NOTE ON DISCOUNTED CASH FLOW ANALYSIS

ADDITIONAL COSTSINCURRED USING NEW PROCESS = The incremental costs that
are associated with the implementation of the new system. These include the costs of
purchasing and installing the new equipment and the costs associated with its operation. Only
costs that are incurred as a result of the new system being installed should be considered. In
this case afive percent inflation rate is assumeds.

Purchase Ethyl Acetate Sill = The cost of the equipment used in the ethyl acetate
recovery system, $14,000. Sincethisisacapital purchase it needs to be depreciated
over the economic life of the project.

Installation of Sill = Those costs associated with the installation of the ethyl acetate
still, $2,000. Sincethisisa capital purchase it needs to be depreciated over the
economic life of the project.

Operation - Utilities = The yearly cost associated with the additional power used to
run the still, $221 annually.

Sll Bottoms Disposal = The yearly cost associated with the disposal of the still
bottoms generated in the new process. 185 Ibs. will be generated per week with a
disposal cost of $1.28 per |b., resulting in disposal costs of $237.18 weekly or
$12,333 yearly.

INCREMENTAL COST REDUCTIONS FROM DISCONTINUED PROCESS = Those
incremental costs that will be saved by discontinuing the current process. Only those costs that
will change with the discontinuation of the present system should be considered. In thiscase a
five percent inflation rate is assumed.

Ethyl Acetate Purchases = The cost savings associated with the reduction of the firm's
need to purchase ethyl acetate. The firm expects to reduce its purchases of ethyl
acetate by 75 percent, or $18,556 annualy.

Spent Ethyl Acetate Disposal = Disposal costs for ethyl acetate after it is used to
exhaustion. 740 Ibsis currently generated weekly, at adisposal cost of $.28 per Ib.,
$207.20 weekly or $10,774 annually.

Manifesting = The still will reduce the necessary manifesting activities associated
with the handling of ethyl acetate. The still will reduce the manifesting activities from
12 times per year to four, with an average of one and a half hours for each event. Using
awage rate of $30 per hour the annual savingsis $360 (8 x 1.5 hrs x $30/hr = $360).
TURA Fees Not Incurred = The still will reduce the facility's MA TURA fees by
$1,100 annually.

3 Although the 5 percent inflation actually startsto occur during Y ear 1, for this example the spreadsheet
incorporatesinflation only in Y ears 2-5 in order to permit easier understanding of the relationship between
the cal culations described in these Notes and their location on the spreadsheet.
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Total Incremental Savings - PreTax = The total incremental cost reductions from
discontinued process less the total additional costs incurred using new process. This
represents the cash flow impact that the project will have on the firm each year (excluding
depreciation) on a before tax basis.

Taxes - The increased taxes that result from the lower costs of the new system. The
installation of the system resulted in lower costs for the firm, therefore, taxable income
would be higher. Thisline represents the additional taxes that the firm will have to

pay.

Total Incremental Savings-After Tax = The actua benefits, on an after-tax basis, that the
firm will realize from placing the new system into operation, excluding depreciation. Total
incremental savings = (Pre tax savings less taxes).

Operating CF NPV @ 15 percent = The net present value of the after tax operating cash
flows, excluding depreciation, discounted at the firm's discount rate. Thisfigure represents the
value that is created from the operation of the new equipment.

DEPRECIATION = The value of a piece of equipment that is considered to be "used up" each
year. Thisis calculated for tax purposes and is based on set schedules depending on the type of
asset purchased. The amount "used up" each year istaken as atax deduction in that year.
Depreciation represents anominal cash flow, hence the discount rate should also be expressed
in nominal terms.

Straight Line Method = Total capital purchases of the system divided by the useful life
of the equipment. Inthiscaseit isthe cost of the still and itsinstallation allocated over
the five year life of the project. [($14,000 + $2,000) / 5 = $3,200]

Tax Shield = Thisisthe tax savings that the depreciation will produce each year,
calculated by multiplying the depreciation amount by the tax rate [$3,200 X 40% =
$1280.] Inthis case the firm's taxes will be reduced by $1280 each year due to the
depreciation of the equipment. If the firm werein anon-tax paying situation, then there
would be no value to thistax shield.

Depreciation NPV @ 15 percent = The net present value of the depreciation tax shield
discounted at 15 percent. Thisfigure represents the value that is created from the depreciation
tax shield.

Base NPV = Thisisthe net present value associated with the operating cash flows and the
depreciation. Thisisthe value that is created from the firm undertaking the proposed project.
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Appendix C - P2 FINANCE

P2/FINANCE is a spreadsheet software package designed for data collection and
analysis of pollution prevention projects. Itisisaflexibletool designed to complement a
company's existing project evaluation practices while ensuring that prevention investments
receive balanced and unbiased treatment during the capital budgeting process.

P2/FINANCE uses a Total Cost Assessment (TCA) approach, which differs from
conventional practicesin four key ways:

a broader inventory of cost and savings,

allocation of al costs and savings to specific process and product lines rather than
to overhead accounts,

expanded time horizons for the capture of long-term benefits, and
the use of profitability indicators that incorporate the time value of money.

The accompanying pages provide information about how to obtain copies of the
software and User’s Guide.
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