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Introduction

; leaner Production usually requires an investment in tiige and
i resources. Often, this investment yields an immediate returm
in the form of savings at the plant level. At other times, the retum
on imvestment is a long-term improvement in the environment
When Cleaner Production leads to cost savings at the plant level,
the investment can be justified with ordinary investment analysis LU6
techniques. When Cleaner Production results in higher manu-
facturing costs, then the investment must be justified by its en-
vironmental benefits. In these cases, micro-economic analyses are
used to determine whether there will be adverse economic impacts
on the industries conzemed; benefit-cost analyses are used to
determine whether the overall environmental benefits are greater
than the costs; and macroeconomic analyses are used to estimate
the impact on the entire economy. In Leaming Unit 6 we present
the basics of each of these economic analysis techniques.

Objectives
The specific leaming objectives of this unit are as follows:
o To describe bow investments in industrial environmental
management may be justified at the plant, enterprise and
national levels.
e To introduce analytical techniques for justifving Cleaner
Production investments.
Key Learning Pcints

1 The economic analysis of environmental investments may take
many forms and use a range of techniques. including:

e Financial analysis at the enterprise level.




F£conomic techniques for assessing Cleaner Production options Introductron

Suggested Study Procedure

. . I Take the test in the Review. Think about the questions raised |
. and what you need to leamn from this Leaming Unit. ‘

2 Work through the Study Materials, including the Reading
! Excerpts and the video.

3 Prepare answers to the questions posed for the Case Srudies. If
possible, work with a small group to discuss the quesuons
raised. Compare your answers with those suggested.

4 Complete the exercises in the Review.

LU6
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Study Materials

he economic analysis of environmental issues may take

many forms and use a whole varisty of techniques, including
financial analysis (capital investment analysis), micro-economic
impact analysis, benefit-cost analysis and macroeconomic impact
analysis. These various techniques can provide very powerful
and convincing arguments for justifying Cleaner Production invest-
ments. The following sections are designed to help you become
familiar with each of the analytic techniques, to recognize which
techniques to apply to different situations and to under- stand the
limitations of each technique.

Financial Analysis

hen a project involves new investment, then some form of

financial analysisis required tojustify the iuvestment. The
new investment may be roughly compared with the savings to
indicate the number of months or years required to pay back the
investment. Thus, simple financial analysis can produce a crude
measure of payback of the cash to be invested. Such payback
analysis is a very limited measure of investment. It takes no
account of cnitical factors such as honzon (economic life), income
tax or present value of cash flows.

A complete financial analysis requires using discounted cash
flow analysis to determine the net present value or the intemal
rate of return on the investment. Discounted cash flow analysis,
) in turn, requires the following:

o Identisyinyg all cash payments and receipts (or savings)
that result from the investment, including the initial capital
outlay, the annual change in operating and maintenance
costs. taxes and the final salvage zalue of the equipment.

e Determining how long the equipment will be used

e — s
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.
I

e Specifying an interest rate that represents the cost of
capital.

N Some Cleaner Production investments can be justified by
their significant financial retums, particularly those with short
. (less than one year) paybacks. A payback period of one year is
equivaient to a 100 per cect annual retum on capital.

Some Cleaner Production investments may, however, have
payback periods of 10-20 vears or they may not produce a
financial benefit. In such cases, Cleaner Production or even
end-of-pipe technology may have to be justified by other types
of economic analysis. In the United Nations context, the most
commonly used investment criteria besides payback are inter-
nal rate of return and net present valuz.

LU6 Normally, financial analysis considers only direct costs such
as capital expenditures, maintenance and expenses as well as
savings in raw materials, labour, waste disposal, energy etc.
Cleaner Production projects however, often have indirect and
difficult-to-value benefits in areas such as regulatory compliance,
insurance, workers’ compensation, on-site waste management,
liability, product image, company image, employee heaith and
morale etc., and these should somehow be censidered.

Next Steps |
1 Read “Economic analysis of pollution prevention projects”,

included in the Reading Excerpts at the end of this Leaming
f Unit.

' 2 Tewt your comprehension of the information by answering the
8
questions below. Compare your answers with those suggested.

Questions

1 What is total cost assessment”?
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2 What tvpes of costs and benefits does a total cost assessment
analyse?” How does this compare to a normal investment
analysis?

3 What could be the indirect cost/savings of a pollution
preventon project?

4 How can reduced liability costs, which are difficult to value,
still be incorporated in the investment analysis? LU6

3 Why are the financial indicators net present value and intemal
rate of return more suitable than pavback period to judge pollu-
tion prevention projects?
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Next Steps

1 Look over the questions below so that you have some idea of
what you need to leam from the video.

' 2 Watch the video Money Down the Drain.

3 Test your comprehension of the information by answering the
questions below. Compare your answers with those suggested.

Questions

LU6

1 How did the firm that made motor parts transform the disposal
of waste caused by washing the produced parts in hot alkaline

cleaning solution? What was the greatest source of cost
savings?

2 How did the electroplating firm replace the cost-intensive
removal of heavy metals from the rinse-water solution? What
was the greatest source of cost savings?
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Nudh \laterials

3 For the firm that had to paint metal parts, what was the source
of cost savings of changing from liquid to powder paints? If
the payback period had been 24 months rather than 12 menths,
what would the cap’tal investment have been?

4 What gains were realized when the firm that made pans for car
motors installed a centrifuge? How would the pavback have
changed if the centrifuge had cost US$ 12.000 instead of
USS$ 8,000?

S What would have been the payback period for Uniroyal if the
cost of the SO scrubber had been USS 1,500.000?

woad¢ ¢
‘paonpoxd 2q pnoo spnd aiow pup pasvainu suod ays jo aponb

Y[ 2wt} puD 40qn] ‘2NIDISIUNIPD fO 51503 paADs sanf 2] uousnpoid asom paapas 2y 03 e
‘000°000°1 $S.1 4229 2ADY pinom pissussana jopdeo 2y [ “fJo-uns pup Analsiano waosf supo

sasso] asay | ‘pasn purod [pjoy fo g9 sad ¢ 0 2> sad ¢ waif sassop ped pampas sa8ucyd 2y | ¢
RPN [DALL IISOM

Jo 1903 paonpas x5 wouf auipo sEunaos )50 1520243 2y | 41D 45 0) pIsDIRI K sodns 232Om puD pIIDI
-In.2 51 4210 i "sIDIPM C\DAY JuTNICRI0I 2210M ISUL Y] P10 Ioy] dorciodn up Buypmun Ag -C

420 YSOM Jo I 3] sictf 200 sButADS 1503 1531008 My [ 12OM pup
uoynjos Xuunap> ay wodf 51.4Qap syl puv 110 3yt pArindas iny1 waisAs uoimaggifrusm uo Suypeous Agf |

WU}

LU6




Study Materials Economuc techmques for assessing Cleaner Production options

Micro-Economic Impact Analysis

M:::po-economics can be used to estimate the economic
impact of environmental investments on an entire industry.
micro-economic analysis looks at the effect of environmental
investments on prices, plant closing, employment, capacity ex-
pansion and export potential.

Such analysis often shows that the economic impact of the
Cleaner Production investment is not significant, with only small
increases in prices (1-3 per ceat) and little reduction in industrial
output.

Some Cleaner Production investments can be justified by
LUG . showing that a major reduction in pollution problems can be
achieved without causing a significant economic effect on
productive activities.

Next Steps

1 Read “Choosing an appropriate water treatment ™", included in
the Reading Excerpts at the end of this Leaming Unit.

[ 2 Test your comprehension of the information presented by ans- .
wering the questions below. Compare your answers with those |
suggested.

Questions

1 Why did the authors of this study recommend that the Gov-
ernment of Thailand relax its effluent standards for the tapioca
starch mills?

10
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2 \Why didthe athe:  -»mmend that second-grade mills should
not be required to ucct 1979 standards?

3 The article was v .i .. in 1977. How might the current dis-

% cussion of Cleanei ! - i:wction change the analysis?
|
|
|
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Benefit-Cost Analysis

enefit-cost analysis compares the benefits of improving the
environment to the costs of achieving that improvement.

Benefit-cost analysis can be applied at the local, regional,
national or even global level.

Benefit-cost analysis can be used to justify Cleaner Pro-
duction investments that have no positive financial returns to the
enterprises but significant benefits in terms of reduced risks to
health and the environment.

Estimating the benefits of environmental investments re-
quires linking the effect of pollutant reduction on ambient en-
vironmental quality, determining the effects of improved ambient
en- vironmental quality on humais and the environment and
establishing the value of these effects.

In a few cases, the value of environmental benefits is re-
flected in market prices, such as those for agricultural and forestry
products. In most cases, however, the value of environmental
benefits must be either

¢ Directly derived from complementary markets (housing
prices as influenced by ambient air quality) or surveys
(asking individuals what they are willing to pay for en-
vironmental quality improvement).

o Indirectly derived from physical science data and imputed
market vaiues.

There is often considerable uncertainty in linking changes in
ambient environmental quality to physical effects (e.g. the re-
lationship between exposure to sulfur dioxide and mortality) and
in valuing these effects (e. g. what is the value of improved human
health, atmospheric visibility etc.).

Some environmental effects, particularly effects on eco-
systems and effects occurring in the distant future (e.g. leaking
hazardous waste sites), are difficult to include in benefit-cost
analyses.
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Study Materials

Next Steps

1 Read chapters 1-4 and 6 from ‘‘Benefits estimates and en-
vironmental decision-making™, included in the Reading Ex-
i . cerpts at the end of this Learning Unit.

!
' 2 Test your comprehension of the information by answering the
questions below. Compare your answers with those suggested. i

i 1 What is one of the main difficulties of benefit-cost analysis?

2 How can some environmental investments that have no positive
financial returns be justified?

r— o ——

3 Why is it important to place monetary measures on environ-
mental gains and losses?
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Macroeconomic Impact Analysis

Macroeconomic models are useful for tracing the impact of
pollution control expenditures on major variables in an
economy: economic growth, inflation, unemployment, produc-
tivity and the balance of payments.

The difference between macroeconomic analysis and micro-
economic analysis is that macroeconomic analysis assesses the
overall effects that environmental expenditures exert on a national
economy, whereas micro-economic analysis looks at the impacts
on a particular plant, enterprise or industry.

Macroeconomic analysis captures important multiplier and
feedback effects, such as the effects of price changes on firms that
purchase the output of polluting companies and the effects of in-
creased demand on the suppliers of pollution control equipment.

The macroeconomic consequences of environmental expen-
ditures in developed countries have been quite small. The annual
expenditure has been between 0.8 and 1.5 per cent of GDP.
Industry accounts for about 25 per cent of this expenditure. The
other sectors that must invest in the environment are Govern-
ments, households and transport.

The public ultimately pays the costs of environmental im-
provements, if not directly then indirectly through higher taxes,
higher prices or reduced services.

Next Steps

1 Read “Macroeconomic modelling techniques™, included in the
Reading Excerpts at the end of this Leaming Unit.

2 Test your comprehension of the information by answering the
questions below. Compare your answers with those suggested.

14
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Questions

1 What 1s the difference between micro-economic and macro-
economic impact analysis?

2 In which cases does the use of macroeconomic impact analysis
make sense?

3 What percentage of GDP in developed countries is being spent
on environmental protection measures?

/
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Additional Suggested Readings :
l—-—~ —-—s

This concludes the study section of Learning Unit 6. For ad-
ditional information on financial and economic analysis, you
may refer to the following sources.

Behrens, W., and PM. Hawranek. Manual for the Preparation of Indus-
trial Feasibility Studies (UNIDO publication, Sales No. E.91.I11 E.18).

Pearce, D.W,, and A. Markandya, Environmental Policy Benefits: Mone-
tary Valuation (Paris, OECD, 1989).

Tietenberg, T., Emironmental and Natural Resource Economics, 2nd ed.
(Glenview, Illinois. Scott, Foresman, 1988).

USEPA, Office of Policy Analysis, Guidelines for Performing Regula-
tory Impact Analysis, EPA-230-01-84-003, 1983.

USEPA, Office of Pollution Prevention and Toxics, Total Cost Assess-
ment: Accelerating Industrial Pollution Prevention Through Innova-
tive Project Analysis: Unit Applications to the Pulp and Paper
Industry, EPA/741/R-92/002, 1992.
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Cuse Studies

Case Studies

Case Study 1: Waste Reduction Audit for a Cement Plant

Based on UNIDO project USYINT/91/217, Demonstration of Cleaner

Production Techniques. -

cment manufacture requires the buming of fuel together

with limestone and clay, yielding a clinker which is then
ground with gyvpsum to give cement. Buming with the modem
energy- efficient dry process requires very large and efficient
filters be- cause the combustion gases flow counter to the dry
preheated raw material feed in the rotating kiln, carrying 10-20
per cent of the feed to the stack. Failure to catch and retum this
material to the process results in severe dust emissions and
production losses.

In a pilot project totest the waste auditing technique, UNIDO
assisted a cement industry in Egypt After the initial preassess-
ment, it was decided to focus on the cement kiln. Production
records and laboratory data were used to determine input and
output quantities over a period ot one year and to derive a material
balance for the kiln operation (see figure). Fuels and products of
combustion were not included in the material balance since as-
sociated losses were deemed insignificant compared with the dust
losses. Because there were no direct measurements of dust losses
to the atmosphere, this quantity was determmed by subtracting all
known outputs from the inputs.

The material balance made management aware that potential
product, 136 tonnes per day. was being lost through the stack.

17
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—
Material Balance of Cement Kiln in Egypt
Inputs Outputs _
(Average tonnes/day) (Average tonnes/aay)
' Qay 2,292 Morsture 308
CO: (fizm the
Limestone 5.324 limestone) 2648
Dust-loss to
Hematite 16 atmospnere through
filters etc x =136
Red clay 333
Byv-pass dust 214
Raw meal Cement kiln
Clinker 1,569
7,965 Yoy in > must come our >Y 7.965 Yum

Because equipment specification data suggested that something
less than 18 tonnes per day should be escaping this way, the
cement-making process and the filters were examined closely.
Two important observations were made: (a) one filter, the gravel
bed filter. was not functioning properly: (b) there were numerous
kiln stoppages throughout the year (the electrostatic filters at the
main stack work optimally only after some time in operation).

Emissions from the gravel bed filter were quickly addressed.
reducing dust losses to the atmosphere by approximately 12
tonnes per day.

The company was already aware of the by-pass duct losses
as this waste was being hauled by trucks and dumped in the
surrounding desert. The problem is caused by the high alkali
content of the Egyptian raw matenials, which makes it necessary
to bleed alkali-rich dust from the kiln to prevent clogging of the
preheating equipment. The waste audit exercise spurred the
company to find a sustainable and profitable solution. Tnals
suggested that the 214 tonnes per day ot by-pass dust could. with

/8
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Case Stwdies

Questions

the additicn of 4 tonnes per day of additives, be successfuily
converted to clinker in a small dry kiln without preheaters. The
processing would drive off an additional 26 tonnes per day of
CO2, thus yielding 192 tonnes per day of clinker. The investment
for such a kiln is estimated at 10 million Egyptian pounds (LE)
and the operating costs at LE 20 per tonne.

1 How much did the company increase its daily revenues by re-
pairing the gravel bed filter, given that the semi-finished clinker
escaping to the amosphere is worth LE 110 per tonne?

2 What is the remaining potential for reducing dust emissions to
the atmosphere at the plant? Suggest ways to achieve these
savings.

3 How many years would be required to pay back the investment
of the suggested by-pass dust kiln, given that the clinker is
worth LE 120 per tonne and 300 operating days per year?

4 Do you think that the process technology in use (dry process
preheating) was developed in Egypt?

S Why were average data for one year used instead of making
measurements over one day when the kiln was working
properly?

19
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| PRI

6 What is the main advantage and the main disady antage of deter-
mining the losses by difference. as was done in this case. and
not by direct measurements?

7 World production of cement was in 1988 more than one billion
tonnes. Estimate. using the material balance data for the
Egyptian cement plant, how much CO; was emitted from the
cement industty worldwide in that year and compare this with
the estimate of CO? from fossil fuel buming given in Leaming
Unit 2. For ease of calculation, neglect the fact that gypsum
has to be added to the clinker to make cement. the burning of
fuel in the cement process and other processmg. Having the
answer, would you say that it is important to reduce losses of
semi-finished clinker in the context of global warming?
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Case Study 2: The Ismailia Waste-Water Project

. Next Steps

1 Read ““Benefit-cost analysis for the Ismailia waste-water pro-
ject”, a case study included in the Reading Excerpts at the end
of this Learning Uniz.

. 2 Answer the questions below. Compare your answers with those |
 suggested on the following pages.

LU6
Questions

1 What is the difference between financial analysis and benefit-
cost analysis?

2 How would waste-water treatment reduce recreation-related
illnesses?

21
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3 What is the basis for valuing changes in illness?

4 Why might one be sceptical about the results of this analysis?

LU6

5 List some fundamental data based on questionable
assumptions.
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I

Review

i The foliowing test will help you review the material pre- |
| sented ip this L.eaming Unit.
' | LU6

1 Environmental economic techniques include all of the
followirg except

a. Environmental impact assessment
b. Micro-economic impact analysis
c. Macroeconomic impact analysis
d. Benefit-cost analysis

2 To justify a Cleaner Production investment. the economic tech-
nique that measures cash flows and prefitability over a future
period at plant level is

a. Financial analysis

b. Micro-economic analysis

c. Macroeconomic analysis

d. Environmental impact assessment

3a payback period of one year is equivalent to a

a. 25 per cent return on capital
b. 50 per cent retum on capital
¢. 100 per cent return on capital
d. 200 per cent return on capital
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4 Payback analysis is a limited measure of investment because it
fails to account for

a. Economic life of the investment
b. Income tax

c. Present value of cash flows

d. Ali of the above

5 In developing countries, the key economic motivation for
Cleaner Production is usually

a. Reduced expenditures for employee health care
b. Quick financial payback

c. Low internal rate of return

d. Cultiral benefits

v A discounted cash flow analysis requires

a. Choosing an appropriate technology

b. Determining how long the technology will be used
c. Selecting the manufactures of the technology

d. All of the above

7 The technique that estimates the economic impact of Cleaner
Production investment 2t an industry level is

a. Environmental impact assessment
b. Micre-economic analysis

¢. Macroeconomic analysis

d. Financial aualysis

8 Micro-economic impact analysis examines all of the follow-
ing except

a. Plant closing

b. Product price increases
c. Capacity expansion

d. Balance of payments

9 In practice, the micro-economic impact of pollution control pro-
grammes on many industrics will normally be

a. Very significant
b. Significant

c. Small

d. Zero
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10 The economic technique that measures the cost of a Cleaner
Production activity against possible benefits i1s

a. Marginal cost analysis
b. Financial analysis

c. Macroeconomic analysis
d. Benefit-cost analysis

11 The main difficulty with benefit-cost analysis is usually

a. Quantifying health effects
b. Estmating the costs

c. Valuing the benefits

d. Arithmetical

12 In environmental benefit-cost analysis. values can be

a. Market values based on prices and cost savings

b. Surrogate values based on land values, wage premiums,
travel costs etc.

c. Survey values

d. All of the above

13 Computation of the economic benefits to justify an environ-
mental project using benefit-cost analysis is

a. Usually adequate to justify a project

b. Both scientific 2nd economic analysis

c. Not usaally dependent on the underlying assumptions
d. Often used to justify investments at the plant level

14 1, justify a Cleaner Production investment, the economic tool
that measures the effect of environmental expenditures on GDP.
consumer prices and unemployment is

a. Environmental impact assessment
b. Micro-economic analysis

c. Macroeconomic analysis

d. Financial analysis




15 Expenditure in pollution prevention and control in most de-
veloped countries accounts for what share of GDP?
a. 2 percent
- b. 5per cent
c. 8 percent
d 10 perceat
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Some Ideas to Think About

—- -— -

The following are some additional questions raised by the Study
Materials. Take some time to think about them. If possible,
work in a small group and try to achieve consensus. |

1 Why do experienced business managers still perceive the en-
vironment as another cost of doing business that has no benefit?

2 Does business adopt only the “environmental morality” that it
can afford? Is severe pollution inevitable?

3 Why would the business community support and/or oppose the
use of benefit-cost analysis in environmental decision-making?

4 What are possible economic justifications for exempting plants
from environmental regulations?

S How useful is an economic justification for an environmental pro-
ject if the underlying assumptions are not stated or justified?

6 If a new Cleaner Production idea indicates immediate substan-
tial profitability, will every enterprise in the industry be enthu-
siastic about adopting it?

27
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Reading Excerpts

Economic Analysis of Pollution Prevention Projects

Excerpted, with permission, from USEPA. Office of Solid Waste. Facility Pollution

Prevention Guiide, FPA/600/R-92/088, chap6.

a Ithough businesses may invest in pollution prevention because it is

right thing to do or because it enhances their public image, the
viability of many prevention investments rests on sound economic anal-
yses. In essence, companies will not invest in a pollution preventon
project unless that project successfully competes with alternative in-
vestments. The purpose of this chapter is to explain the basic elements
of an adequate cost accounting system and how to conduct a compre-
hensive economic assessment of investment options.

Total Cost Assessment

n recent vears industry and the EPA have begun to learn a great deal
Imore about full evaluation of prevention-oriented investments. In the
first place, we have leamed that business accounting systems do not
usually track environmental costs so they can be allocated to the particular
production units that created those wastes. Without this sort of in-
formation, companies tend to lump environmental costs together in a
single overhead account or simply add them to other budget line items
where thev cannot be disaggregated easily. As a result, companics do
not have the ability to identify those parts of their operations that cause
the greatest environmenial expenditures or the products that are most
responsible for waste production. This chapter provides some guid-
ance on how accounting systems can be set up to capture this useful
information better.

It has also become apparent that economic assessments typically used
for investment analysis may not be adequate for pollution preventon
projects. For example, traditional analysis methods do not adequately
address the fact that many pollution prevention measures will benefit a
larger number of production areas than do most other kinds of capital
investment.  Sccond, thev do not usually account for the full range of
environmental expenses companics often incur Third, they usually do
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not accommodate a sufficiently long time horizon to allow full evaluation
of the benetits of many pollution prevention projects. Finally, they provide
no mechanism for dealing with the probabilistic nature of pollution
. prevention benefits, many of which cannot be estimated with a high
degree of certainty. This chapter provides guidance on how to overcome
these problems as well.

In recognition of opportunities to accelerate pollution prevention,
the USEPA has funded several studies to demonstrate how economic
assessments and accounting systems can be modified to improve the
competitiveness of prevention-oriented investments. EPA calls this analy-
sis Total Cost Assessment (TCA). There are four elements of TCA:
expanded cost inventory, extended time horizon, use of long-term finan-
cial indicators, and direct allocation of costs to processes and products.
The first three apply to feasibility assessment, while the fourth applies to
cost accounting. Together these four elements will help you to demon-
strate the true costs of pollution to vour firm as well as the net benefits of
prevention.  In addition, they help vou show how prevention-orierned
LU6 invesuments compete with company-defined standards of profitability. In
sum, TCA provides substantial benefits for pre-implementation feasibility
assessments and for post-implementation project evaltuation.

The remainder of this chapter summarizes the essential characteristics
of TCA. Much of the information is drawn from a report recently prepared
for the USEPA by the Tellus Institute. The Tellus report addresses TCA
methodology in much greater detail than can be provided here and provides
examples of specific applications from the pulp and paper industry. The
report also includes an extensive bibliography on applving TCA 1o pollution
prevention projects. In a separate but related study for the New Jersey
Department of Environmental Protection, Tellus analyzed TCA as it applies
to smaller and more varied industrial facilities. A copy of this ieport can
be obtained from the N_J. Department of Environmental Protection.

Expanded Cost Inventory

“A includes not only the direct costs factors that are part of most project
T(cost analyses but also indirect costs, many of which do nct apply to
other types of projects.  Besides direct and indirect costs, TCA includes
cost factors related to liability and to centain “less-tangible” benefits.

TCA is a flexible tool that can be adapted to your specific needs and
circumstances. A full-blown TCA will make more sense for some busi-
nesses than for others. In either case it is important to remember that TCA
can happen incrementally by gradually bringing cach of its clements o
the investment evaluation process. For example, while it may be quite
ciasy to obtiin information on direct costs, you may have more trouble
estimating some of the future habilities and less tangible costs. Perhaps
your tirst ¢ffort should incorporate all direct costs and as many indircect
costs a8 possible. Then you might add those costs that are more ditlicult
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to estimate as increments to the initial analvsis, thereby highlighting te
management both their uncertainty and their importance.

Direct Costs

- For most capital investments, the direct cost factors are the only ones
considered when project costs are being estimated. For pollution preven-
tion projects, this category may be a net cost, even though a number of
the components of the calculation will represent savings. Therefore,
confining the cost analysis to direct costs may lead to the incorrect
conclusion that pollution prevention is noi a sound business investment.

Indirect Costs

For pollution prevention projects, unlike more familiar capital invest-
ments, indirect costs are likely o represent a significant net savings.
Administrative costs, regulatory compliance costs (such as permitting, LU6
recorckeeping, reporting, sampling, preparedness, closure/post-closure
assurance), insurance costs, and on-site waste management and pollution
control equipment operation costs can be significant. They are considered
hidden in the sense that they are either allocated 1o overhead rather than
their source (production process or product) or are altogether omined
from the project financial analysis. A necessary first step in including these
costs in an economic analysis is to estimate and allocate them to their
source. Sce the section below on Direct Cost Allocation for several ways
to accomplish this.

Liability Costs

Reduced lability associated with pollution prevention investments
may also offer significant net savings to your company. Potential reduc-
tions in penalties, fines, cleanup costs, and personal injury and damage
claims can make prevention investments more profitable, panticularly in
the long run.

In many instances, estimating and allocating future liability costs is
subject of a high degree of uncentainty. It may, for example, be difficult
. to estimate liabilities from actions beyond your control, such as an
accidental spill by a waste hauler. It may also be difficult to estimate future
penaltics and fines that might arise from noncompliance with regulatory
: standards that do not yet cxist. Similasly, personal injury and property
damage claims that may result from consumer misuse, from disposal of
waste later classified as hazardous, or from claims of accidental release of
hazardous waste after disposal are difficult 1o estimate. Allocation of future
liabilitics to the products or production processes also presents practical
difficultics in a cost assessment.  Uncertainty, therefore, is a significant
aspect of 2 cost assessment and one that top management may be
unaccustomed o or unwilling to accept.

31

p— —————e T RS




Zeadmyg [xcerpts Eonomic techmiques for assessing Cleaner Production options

S

Some rms e nevertheless found acematice ways 1o address
liability costs in project amlysis. For example. in the narrative accompi-
nying a pre-itabiliy calculation, you could include s calculated cstimate
- of liabiliry reductizn, cite a penalty or setilement that may be avokled
tbased on 3 claim against a similar company using a similar process), or
qualitatively indiczie without attaching dollar value the reduced liability
risk associazed wiz: the pollution prevention project. Altematively, some
firms have choser: 1o loosen the financial performance requirements of
their projects to aczount for liability reductions. For example, the required
pavback period cz= be lengthened from three to four vears, or the required
itk 73 of reom can be lowered from 1S to I opercent. (See the
USEPA's Pcdutior. Prevention Benefits Manual. Phase 11 for suggestions
on formulas that rzav be useful for incorporating futere liabilities into the
cost analysisi,

Less-Tangible Benefits

LU6 A pollztion srevention project may also deliver substantial beriefits
from an improved product and company image or from improved
emplovee f<alth These benefits, listed in the cest allocation section of
this chzoter. remzin fargely unexamined in environmental investment
decisions.  Althouzh thev are often difficult to measure, they should be
incorporated into the assessment whenever feasible. At the very least,
thev shoulc be hizhlighted for mangers after presenting the more easily
quantifiable and zocatable costs

Consicer several examples. When a poliution prevention investment
improves produc: serformance to the point that the new product can be
differentiated from its competition, market share may increase.  Even
consenative estimates of this increase can incrementally improve the
pavback trom the pollution prevention investment. Companies similarly
recognize that the development and marketing of the so-called “green
products” appeals to consumers and increasingly appeals to intermediate
purchasers who z-¢ interested in incorporating “green” inputs into their
products. Agzain. «stimates of potential increases in sales can be added to
the anaivsis At the very least, the improved profitability from adding these
less-tangible benesits to the analysis should be presented to management
alongside the more casily estimated costs and benefits. Other less tangible
benefits may be more difficult to quantify, but should nevertheless be
brought to management’s attention.  For example, reduced health main-
tenance costs, avoided future regulatory costs, and improved relationships
. with regulators poientially affect the bottom line of the assessment.

In time, as the movement toward green products and companics
grows, as workers come to expect safer working environments, and as
companics move away from simply reacting to regulations and toward
anticipating and addressing the environmental impacts of their processes
and producs, the 'ess tangible aspects of pollution prevention investmients
will become more apparent
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Expanded Time Horizon

ince many of the liability and less-tangible benefits of pollution
prevention will occur over a long period of time, it is important that
an economic assessment look at 2 long time frame, not the three 1o five
years typically used for other types of projects. Of course, inareasing the
time frame increases the uncertainty of the cost factors used in the analysis.

Long-Term Financial Indicators

n raking pollution prevention decisions. select long-term
financial indicators thar account for:

e 3l cash flows during the projea
e the ume value of money.

Three commonly used financial indicators meet these criteria: Net
Present \alue (NPV) of an nvestment, Intemal Rate of Return (IRR), and
Profitability Index (PI). Another cecmmonly used indicator, the Payback
Period, does not meet the two cnteria mentioned above and should not

Discussions on using these and other indicators will be found in
economic analysis texts.

Direct Allocation of Costs

w companics allocate emvironmental costs to the products and
processes that produce these costs.  Without 2 direct allocation,
businesses tend 1o lump these expenses into a single overhead account
or simply add them to other budget line items where they cannot be
disaggregated casily. The result is an accounting system that is incapable
of (1) identifying the products and processes most responsible for ¢n-
vironmental costs, (2) targeting prevention opportunity assessments and
prevention mvestments to the high environmental cost products and
processes, and (3) wracking the financial savings of 2 chosen prevention
investment. TCA will help vou remedy each of these deficiencicess.

Like much of the TCA mecthod, implementation of direct cost
allocation should be flexible and uilored to the specific needs of vour
company. To help you evaluate the options available to you, the
discussion below introduces three ways of thinking about allocating your
costs: single pooling, multiple pooling, and service centers. The discus-
sion is meant as general guidance and explains some of the advantages
and disadvantages of each approach. Please see other EPA publications,
general accounting texts, and finuncial specialists for more detail.
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Single Pool Concept

With the single pool method, the company distributes the benefits
and costs of pollution prevention across all of its products or services. A
genenal overhead or administrative cost is included in all transactions.

Advantages. This is the easiest accounting method to put into use.
All pollut:nax costs are included in the general or administrative overhead
costs that most companies already h-ve, even though they may not be
itemized as pollution costs. It may therefore not be 2 change in accounting
method but rather an adjustment in the overhead rate. No detailed
accounting or tracking of goods is needed. Litle additional administrative
burden is incurred to report the benefits of poilution prevention.

Disadvantages. If the company has a diverse product or service line,
pollution costs may be recovered from products or services that do not
contribute to the pollution. This has the effect of inflating the costs of
those products or services unnecessarily. It also obscures the benefits of
pollution prevention to the people who have the opportunity 1o make it
successful—the line manager will not see the effect of preventing or fatling
to prevent pollution in his area of responsibiity.

Mubltiple Pool Concept

The next leve! of detail in the accounting process is the multiple pool
concept, wherein pollution prevention benefits or costs are recovered at
the department or other operating unit level.

Advantages. This approach ties the cost of pollution more closely to
the responsible activity and to the people responsible for daily implemen-
tation. Rt is also easy to apply within an accounting system that is already
set up for departmentalized accounting.

Disadvantages. A disparity may still exist between responsible
activities and the cost of pollution. For example, consider a department
that produces parts for many outside companies. Some customers need
stanelard parts, while others require some special preparation of the parts.
This special preparation produces pollution. Is it reasonable to allocate
the benefit or cost for this pollution prevention project across all of the
parts produced?

Service Center Concept

A much more detailed level of accounting is the secrvice center
concept. Here, the benefits or costs of pollution prevention are allocated
¢ only those activities that are directly responsible.

Adrvantages.  Pollution costs are accurately tied to the generator.
Theoretically, this is the most cquitable 1o all products or services
produced. Pollution costs can be identificd as direct costs on the
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appropriaze coairacts and not buried in che incirect costs, affecting
competitiveness on other contracts. Pollution costs are more accurately
identified. monitored, and managed. The direct benefits of pollution

. ’ prevention are more easily identified and emphasized at the operational
level.

Disadraniages. Considerable effort may be required to tack each
product, service, job, or contract and to recover the applicable pollution
surcharges. Added administrative costs may be incurred to implement
and mainuain the system. It may be difficult to identify the costs of
polluti-n s her: oricing an order or bidding -n a nex contract. It may be
ditficult 10 ideniify responsible activities uncer cerzin conditions such as
laboratory services where many small volumes of waste are generated on
a seemingly continual basis.

Summary

nvironmental costs have been rising steadily for many years now.

Initialty, these costs did not seem to have a major impact on pro- 1U6
duction. For this reason, most companies simply added these costs to an
aggregate overhead account, if they tracked them at all. The tendency of
companies to weat environmental costs as overhead and to ignore many
of the direat, indirect, and less-tangible environmental costs (including
future liakility) in their investment decisions has driven the development
of TCA.

Expanding vour costs mnventory pulls into your assessments a much
wider armay of envircnmental costs and benefits. Extending the time
horizon, even slightly, can improve the profitability of prevention invest-
ments substantially, since these investments tend to have somewhat longer
payback schedules. Choosing long-term financial indicators, which con-
sistentlv provide managers with accurate and comparable project financial
assessments, allows prevention oriented investments 1o compcete success-
fully with other investment options. Finally, directly allocating costs to
processes and products enhances your ability to target prevention invest-
ments to high environmental cost areas, routinelyv provides information
: needed to do TCA analvsis, and allows managers 1 track the success of
prevention investments. Overall, the TCA method is a flexible tonl, to be
applied incrementally, as your company’s needs dictate.
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Choosing an Appropriate Water Treatment

Excerpted. with permission. from R.A. Luken and Y. Unkulvasapaul, "Choosing an
appropriate xater treatment”, Emiironmental Science and Technology, vol. 11, No. 13 ;

{December 1977).

ncrexsing  environmental awareness i the 1570s has led both
Idc-\-c;,pcd and deve.oping nauons (0 adopi more stringent ettluent
sandacds. They have tended to establish uniform standards for similar
categories of activities because uniform requirements are easier 1o
:dminister. In addition. developing naticns have ended to base their
#andards on the experiences of European and North American countries.

While the adoption of more stringent effluent standards is usually a
wise decision, it is more important that these standards be implemented
ov developing nations. In many cases these standards are not implemented
>ecause they do not take into account:

¢ rhe waste treatment technology available (¢ industrial and mun-
icipal dischargers

e the cost of the technology
e the economic impaci on indusuy
e :he local environmental conditions.

Thus the rate of compliance with the effluen: stanclards has been
slow in many cases.

Obviousiy. the rate of compliance with effluen: standards would be
increased if thev were tailored to the unique conditions in caciy developing
nation. One way to adiust the effluent standards for unique conditions is
0 ke into account technological, environmental. ind social conditions
in cach country.

For example, facultative oxidation ponds are usually much more
appropriate than activated sludge waste-water treatment systems in the
Southeast Asian countries because the latter require 100 much mechanical
cquipment and maintenance. Another example is that the permissible level
of dissolved oxvgen in rivers may be lower in Southeast Asia than Europe
because aquatic organisms are more adaptable to adverse conditions in
the ropics.

Assessment

’Imc primary recommendation emerging trom the technological and
ceonomic impact study [of the tipioca starchs industry i Thailand] s
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that the That government zdopt the 1977 and 9™ proposed cifluer:
standards for first-grade rils. but only the 157 prioposed etfluen:
standards for second-grade mills. For both caregories of rills. appropriate
. techrnologics are avaiiable and effecuve. However. ca the bdasis of
economic analysis. onlv the first-grade miils would be required to meet
the 1977 and 1979 standarcs. Requiring the second-grade miills to meet
the 1979 standards is not recommended because of the severe economuc
impact and because trends 1 the market alone mav force these plants to
close in a few vears.

The curent ant mropsed effluent standarcs e ver ditterent. The
current Thai eftluent stanzirds do not allow [ur sigmicant ~ariation
hetween the two different 7vpes of production technole-des anc exceed
the capacity of commonly wsed environmental control technology. While
the proposed effluent standards are not as sringen: as the currer:
standards, they woul€ rescit in a significant pcilution meduction. More
importantly, they would probably be implemented twecause thev are
teasible and do not impose significant adverse economis impacts.

LU6

Table 1. Size Distribution of Plants
I Estimated no. of
Sub-categories ! mills Sizerange | Size distribution
First-grade starch " 2” 40-39 vdav 15%
60-69 35 %
— “0-120 A
1O0%
Second-grade starch 2 0-2.9 NP
E 3.0-9.0 1r%
10y)%%
The Starch Industry

Thrcc representative starch mills rather than all 90-11¢ mills in Thailand
were analyzed because of the impossibility of consiaering all mills. In
dcfining representative mills. all mills were first classified as cither first- or
sccond-grade starch mills «able 1). First-grade mills ire more capital
intensive and thus more mechanized than second-grade mills. They have
better extraction rites and are always significantly larger than second-
Zrade mills. Within the second-grade category, mills w ere dassificd as cither
large (3-9 1ons “diay) or as seall Uess than 3 tons v mills This distinetion
wis meide becanse of concems about the impads on ser small meills

Two rather than one <et of clluent limitanons swese considered tor

cachy of the three represesiative mills 8V ess <o himitaszon tow

| SO - e e m e e s = R U |
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removal of organic material) was propoesed ior 197 A m v stnrzent
limitation (higher removal of organic rmaterialy was proposed for 1979

Control Technology and Costs

Several factors were used in selecting appropriate tecinologics on which
to base the 1977 and 1979 effluent limitations. These factess were:

e sufficient data about the engineering design anc remoevz efficiencies
¢ ccinole v approprile For reCoCing LRZWUT ¥ asies

® Costs

availabitity of land.

Fortunately. the works by Pescod and Thanh (1576) and Unkulvus-
apaul (1973) reviewed the appropriate technologies <1 the bzsis of these
criteria and the following material is a brief summary cf their work. These
studies have many of the features of a I'.S. Envircamenta. Protection
Agency Development Document.

The selection of appropriate waste-treatment tehnologes assomes
that starch mills would install primaryv clarification ponds as part ci the
production process. The settled starch would be recovered and sold zlong
with other starch output.

As a first-stage limitation, the above-mentioned sources agreed that
the anaerobic ponds appear to be the best choice. Anaerobic poncs are
earthen basins in which the rar. waste load i. retained for a short time to
contact with deposited digested solids. These ponds e most appropriate
in view of the very high BOD concentration. low cosis of treatment. and
general availability of land.

As a second-stage limitation. the above-mentioned sources reviewed
several technologies:

e One is afacultative oxidation pond that allows Zur sufficient surtace
area and detention time to stimulate aercdic reactions. This
technology is appropriate where large land areas are available and
cheap.

e Another is an acrated lagoon, which treats waste water on a tlow-
through basis and oxygen is supplied usually by means of surface
acrators or diffused acration units. This technology is appropriate
where land is available to a limited degree, but is costly.

e A third is a rotting biological drum filter, which treats waste water
in 2 heavy wire mesh drum filled with equal-s:zed plastic spheres.
This technology is appropriate where land use must be minimized
and land is verv costly

39
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'l

o A fourth is completciy mixed comimzous-aotivates sludge. whick, ‘
rreats wastenares in a dispersed media by ssing ditfused zir. This i
technology is appropriate where Jand is avadable to a {imited |
degree, but is costy.

Of the four available technologies, th.e best choice for the :apiocs
starch industry in Thailanc appears to be aerated lagaons (table 2). A
survey of the industry indicates that land is relatively available, particu-
iarly o firsi-grade milis, and is relatively inexpeasive. Thus utlization
of a rotating biological drum filter. which is 2 capial-intensive treatmen:
SUSECT OIS I ecessenv Iominimize lan 2 olse The estimaten oSt

activzied sludge is oo figh

The work of Unkulvasapaul (1975) cuompared the capital. and op-
erati~r: and maintenance costs for a faculative oxidation pond and an
aerated lagoon and found that both types of cests were greater for 2
Zacuiiative oxidation pond given land costs in the south of Thailand. The
higher operation and maintenance costs were aigibuted to the monthlv
LU6 land tzntal, which accounted for 73% of these costs. In addition, facuiiative
cxidztion ponds probably could not achieve the same removal efficiencies
as aerated lagoons. Thus utiization of ar acrated lagoon rather than i
faculiative oxidation pond as the second-<aze requirement is preferable
on the basis of cost minimization.

Table 2. Technologies Available and Evaluations

Tested
: removal Appropriate for’
2 efficiency in reducing Relative land
! Technology Thailand organic wasies ! Relative costs  requirements
?. B B e e e e ie e —— e e e i e e e - I N
First-stage requirement ‘
i Anacrobic pond Yes Yes ‘oW medium
1 e . .
' Second-stage requirement
Facultative pond No Yes i Jow-medium high i
: e S D S . B
. Acrated lagoon Yes Yes | low-medium medium .
T o T ""_”y:‘ o T T T T ""‘_"" N * o ',
Rotating drum Yes Yes high | low !
s g RS UV SRRy AN S PR
) Activated sludge Yes Yes L high | medium x
. ...__Source:_Pescod and Thanh (1976) and Unkubhvasapad (1975 i
Treatment costs for representative plants for tirst: and second-stage
requirements are summarized in Gble 3 Acteal teatment costs will van
largely from plant 1o plant depending upen thie design and operation o
'he production factlitics and local condions, particularly Tand prices
L ——————)
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Furthermore, effluent treatment costs vary great!y from one nstallation to
another, depending upen bookkeeping procedures.

Economic Impact

Several economic factors were also important in determining ap-
propriate technologies. The factors considered were:

® price

e production

e employment and plant closure

balance of payments and
e growth.

Potential price increases are based on the acditional costs per ton of
starch that might be incurred by a plant having to purchase an entire
treatment system to achieve the proposed effluent limitations (wble 4).
These price increases would be less than estimated because the treatment
costs do not take into account in-place techinology. In addition, part of the
costs might be passed on by an increase in the selling price of production
wastes, which are used as animal fced.

The potential price effects through the 1970's for scgment categories
are insignificant except for small second-grade mills. However, even ihis
price increase is dwarfed by variations in the market price, which has
increased and decreased annually by as much as 304 and increased by
140% from 1970 to 1974,

The ability of the segments to pass envircamental control costs on
o the consumer will depend upon future supply/demand balasnices and
substitute products. For the domestic market, the supply/demand balance
is expectes to be loose through the 1970's. However, there are no
competitve substitutes for starch, so it is likely that a small price increase
can be passed forward.

Social Consequences

oduction cffects would vary among the three categories of miills. For

first-grade mills, no shutdowns or production curtailments are pro-
jected owing ‘o environmental control regulations for either 1977 or 1979
requirements. These arger mills have sufficient return on investment,
available capital. and cash flow to finance expecied pollution control
expenditure through the 1970's, However, if the market deteriorates as it
did during 1975, so.ne mills would curtail production for reasons other
than pollution conirol costs.

Large sccond grade mills would not shut down wich the 1977
requirements While the owners would not reccive any return on their

— - —— et e e 1)
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l Table 3. Summary of Costs per Representative Plant
s - R . —

capial investinent. they would cover e additional - oerating costs
However, the seven mills would shut down with the 1975 requirements
In this case, the owners would not be able o cover their perating costs
Closure of these seven mills would decrezse total indusiyv capacity by
three per cent.

Operation & maintenance

SUZLICTL Capital cost $ cast & oot
First Stage:
T ]
| _ 6ouday .
| sccondgade mw ____wm ]
b 84tday B
| Sccondgmade o w0
, 2eday _ ] R
' Second Stage: i
First grade 37 300 20040 ]
E 60 v dav
L Second grade ~300 A0 }
3.4t dav
[ Scecond grade 3200) BLL !
. 2t day e
% Source: Unkulvasapaul (1975

small secend-grade mills would probably not shut down with the
197 requirements. in spite of the fact that the owners would not be able
to cover their operating costs. They probably would not shut down
because they might be able to reduce operating costs or disregard poliution
control requirements. In the latter case, the operating costs are too large
to be absorbed by skillful management of the plants. Closure of these mills
would decrease total industry capacity by seven per cent.
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Table 4. Annual Treatment Costs per Representative Plants” i

Cost per Incremental pollution

) ' ton of starch  Potential incremental control cost as percent of
production  pollution control cost $/ton  vear end 1975 starch prices
S IR R
) Segment s 1977 1579 1977 1979
First grade 145 .10 20 <l 1.5%
64 t dav
Seond = 13 o ot 1
zrade
8-t dav
Second grade 150 25 33 <1 28
2edav
? Includes capital recovery and operation and maincenancs costs.  Assumes ro environmental control !

faalities are in place. Assumes a 2)-vew life of facdities. 22~ interest rate, and 12-month operation.

T , e M LUG

Both the large and smali second-grade mills might dose even in the
absence of environmental control ~equirements. Over the past ten years.,
the number of second-grade mills has decreased by approximately 5046.
These mills. particularly the small caes, barely covered their variable costs
in 1973,

If pellet producers continue o bid up the price of roots and labor
costs increase more rapidly tran tw selling price of outputs, the second-
grade mills could easily be - a siuation where they would not cover
varable costs. Most likely, this situation would occur some time during
the next five years. Thus the environmenual control problems caused by
sccond-grade mills might be solhed by gencral cconomic conditions,
which would induce the secend-grade mills to cease production.

Similarly, employment eZects w ould vary among the three categories
of mills. No adverse employvment cifects are propected for the first-grade
mills because there are no production curtailments foreseen as a result of
pollution control. While there are no adverse employment effects associ-
. ated with large second-grade mills meeting the 1977 requirement, there
would be adverse effects meeting the 1979 requirement. As many as ol
employees could lase their jobs if ull seven plants close.

Similarly, there are no adverse emplovment etfects associated with
small second-grade mills mecting the 1977 requirement, but there
would be adverse effects meeting the 1979 requirement. As many as
260 emplovees could lose their jobs if all 65 plinis close

Thailand’s balince of pavmer:s would not be adversely affeced by
the proposed offluent Timitasons cecuse ey would not signiticantly
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atteat the cost of production for 906 of industry capacity ¢ first-grade mills)

This statement is reinforced by the fact that factors other than export price.
particularly Japanese wriff barriers, are more significant determinants of
Thai starch purchased abroad.

i avironmental control expenditures may affect growth by reducing
profitability or by reducing the amount of capital available for expansion.
This analysis is based on the assumption that, in most cases, the cost of
environmental control could be passed on through price increases. Even
it the industry dfirst-grade mills) could not pass on prices. they would
expand if there were not excess capacity.

While the 1977 and 1979 effluent limitations would decrease the
intemal rate of retum on investment from 26 o 20, the rate would still
be sufficiently high to attract new capital. This estimate would be low if
the industry experiences another year like 1974 in which plant owners
apparently repaid their capital investment in one vear. Therefore, it is not
anticipated that the proposed effluent limitations could deter expansion
in a tight supply-demand balance, although in the short run, they might
slow down addition to capacity.

': Table 5. Current and Proposed Effluent Standards
' for Thai Tapioca Starch Industry

Raw waste load Current Proposed™
BOD SS BOD SS BOD 3 Year
sub-category  mg/l.  mgl mgl mgl mg L mg L
First grade 4500 - 2000 20-60 30-130 1800 360 1977
Second grade 3500 - 1000 20-60 _ 30-130 1§00) 180 1977
tHarged
First grade 4300 2000 20-60 3()-150 270 A060) 1979
Second grade 3500 1000 20-60  30-150 1-400) 180 | 1979
(large) ‘
Source: Unkulvasapaul (1975) and Parker (1971
? These proposed cffluent limitations are seen as averages of duily values for thinty consecutive
davs. There should be 2 maximum value for any one day, but data 1o make this estimate

were not available at the time of the study.
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Benefits Estimates and Environmental Decision-Making

!
Excerpted, with permission. from OECD, Benefits Edimates and Ertironmental |
Decision-Making (Paris, 1992). chazs. 1-4 and 6. !

Chapter 1

Introduction

enefit and damage estimation (BDZ) involves the placing of money LUG

alues on the giins and losses rom economic activity. Benefit
estimation has a long history in termas of activities such as valuing increases
in agricultural productivity induced by water resource projects and time
savings and losses in transportation projects, but it is of relatively recent
origin in terms of environmental impacts. A number of surveys of both
the theory and practice of BDE exist.! still less researched is the way in
which BDE is actually used in decision-making. This is the purpose of the
current report. The aim is:

® to see how far BDE is actually used in government (central and
local),

e what the expernience of using it is,
e what the obstacles to its more widespread use might be, and
¢ and how wider adoption of BDZ techniques might be encouriged.

The report builds on previous OECD work, noiably a report on the
available techniques and the resulis dxy have so far produced,” and a
report on the use of BDE in six countsies: USA, UK, Netherlands, Germany,
. Norway and luly 3 The six country studies have been supplemented here
with a further OECD questionnaire carried out in 1990 in seven further
countries: Sweden, Finland, Greece, Austria, Portugal, Turkey and Japan.

YOn the theory, sce Freeman, A.M. (1979), The Bensfiss of Eraronmenval Improvement, Johns Hopkins
University Press, Baltimore; Johannsson, P-O. (1987, Tbe Ecomomic Theory and Measurement of
Environmental Bencfits, Cambridge University Press, Cambridge. On the practice, see Kncese, A.V. (1984),
Measuring the Benefits of Clean Air and Xater, Resources for the Future, Washington D.C., and Pearce,
D.W. and Markandya, A. (1989), Fredrommerial Policy Benefits, Monetany Valuanon, OFECD, Paris

Ipearce and Markandya, in OECD, 1989, np.cis.

Ysee Barde, |Ph., and Pearce, D.W. (1061), Valuing the Engiromment. SIx Case Stedses, Fartbscan, Lordon,
1R
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Chapter 2

Why Value Benefits?

DE is controversial. - iz imp<s2ant to understand what economists do
when they ‘value things’. Misconceptions about the purpose znd

nature of economic valuziion aczsunt for the major part of the dispute
between ¢conomists ans non-eC: Sanuss.

Vilte, to the coon: i nuss, res e 2 people. Value drses wigenees
a want o7 preference is sztistied Viive is lost whenever a negative want’
or “dispreference” occuss. ie. there = dissatisfaction. Gains in value zre
alse, termed benefits ar.d losses = value are termed costs. Values are
instumenial. ie. they ze of and in people, for thnrgs. Traditionzly.
economisss would have reserved this sense of the tem: “valee 1o mean
‘value in use’ i.e. the cagacitv of something, when used, to satisty a want
or preference, as oppcsec 1o ~ilue in exchange’, ie. the worth of
something in terms of its capacity 0 be exchanged for something else * >
As we shall see, the tern: value it use is now somewhar misleading, since
the same tvpe of valve—ie. U< capaaty to salisfy wanis--arises in
contexts where use dces not «ocur. A major part of the recent ind
substantial literature on viluation 3zs been devoted 1o this non-use vaue’
phenomenion. The process of n.iduatior is then any procedure which
uncovers or clicits instrumental viives

instrumental value ~eeds to T contrusted with fntrinsic vilue wiich
is regarded by ecologics’ priloseriens as being i things. There isa wide
spectrum of opinion as 1o what s of things possess intrinsic vzlue, as
illustrated by the debates 220out e “new naturalistic™ ethics.!” eapeciadiv
whether conscious things cnly hive valses, or non-conscious things Jo
as well” Typically, debzies betwevn advocates of one form of value or
the other wend o asseme that e pursuit of instruments! ~aluc
inconsistent with the protecion T intricsic values: By and Lizze thes s
because value in use is acompaet

o witt much mntrinsic valie ¢ g

$he distingion between value in use and value in exchang: nas t developed by Anstetle i hes Pz
and was cliborated on by Adam Smith in his Teaih of Mmons Interestingy, however, Aristotle did aot
advocate the design of social systems according to the maximisation of value in use. Rather the comimaon
good could be achicved only by limiting wants and desins Wants were relevant only in so far as <axe
basic goods—agricultural goods and  necessites—were concemad.  Thereafter, denial of wants aas
necessary (o achieve the common good. To some extent Dwerdfore. Anistotle advocated Timits to growth’,
4 vicwpoin: which some emvonmentalists find arractive o this day.

$he theon of value in cconomiics is, however. abeas tie Zeury of determining value in eadung: Vo
inuse is, of vourse, exsential for exchange to e place, ot tse there woukd be no incentive (o enchanee
see Allinghum, M. (1932), Vidze, Macmiillan, loaden.

“See Tumer. RK, “Wetland Conservation: Economics and Pihas”™, m Collard, 1, Pearce, DR and 170
D). (1948), Feonomics, Growth and Sustainable “n- zonmes s Maomillan, London

Tsce Regan T, “The Natuse and Possibility of an Envronaxncd B, Envronmental Frbics 1931, Vs 3,
PP 19-34; and Nacess. A, “The Shallow and the Deep Long Runge Feology Movement A Sumnuany ™. frugacn,
Vol 16, Neo 1, 1974, PP 93 )
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use of land for developrment s inconsistent v ith e use of the land as a
wildemess. But, as we shall argue later, the inconsistency is only partial
The extreme position taken by advocates of intrinsic value ends to rest on
- 100 narrow an Aristotelian interpretation of use values, ignoring the ways
in which non-use values arise. These points will become more clear as
we proceed.

Pursuing economic values as a goal is a value judgement. The
implication is quite clear, i€ that economic values rather than intrinsic
values should be pursued. Tustifying” one vilue judgement rather than
anuthier requires 4 picti-othiczl judgenent Y me ?
consideration arc supplied lazer.

actors relevant o this

At the practical ievel, BDE mauers for several reasons.

First, environmental services often have the appearance of “free
goods™ because there are no obvious markets in them. Clean air is not
directly bought or sold, for example. An implicit pricing of many environ-
mental services emerges however through the regulatorv system. As LUG
environmental standards are set, so polluters have to invest in abatement
technology which raises their costs and the prices of the goods they
produce. The environmernt ceases to be free” once environmental regula
tion occurs. Nonetheless, many environmental resources are not subject
to regulation. The global atmosphere, for example, is not currently
‘reguiated’ in respect of a number of important greenhouse gases such as
CO», methane and nitrous oxides (it is regulated with respect to CFCs).
The world's oceans are similarly treated as ‘open access’ resources, ie. as
being. to all intents and purpuses, free. By placing values on the services
of such environmenis socictics come to learn that natural environments
are not free goods—they have bounds to what they can provide. By not
valuing them, there is a risk of perpetuating the free good” syndrome, and
anything that is free tends to be over-used. Valuation then becomes part
of the process of correcting economic distortions in the market place.

scecond, vzluation encourages consistency in decision-making. If
there is no consistency in values, say about risks to human life, then there
is a danger of over-allocating resources to, sav, a health sector as opposcd
to a transport sector, and so on. Once again, the valuation process is part
of a wider process of correcting economic distortions.

Third, valuation can frequently serve the quasi-political end of
demonstrating that natural environments matter. This is an extension of
the first observation. It is ¢asy to ignore environmental impacts if they are
thought to be unimportant, and ‘importance’ is often best demonstrated
by putting environment on the same economic footing as the benefits of
cconomic development, i.e. by using moncey values.

Fourth, valustion measures preferences It is theretore inherently
‘democratic’, although, as is well known, measuring preferences thrugh
willingness to pay means that the recorded measures are weighted by
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ircome Gas are mesket poees). Ignoring valuation ag Zroachie s does noat
mear: that preferences are ignored. but using valuatic o techriques Zoes
rrcar: that individuals’ preferences are more likelv. rater thar less lixely,
) be intezrated into the process.

Overall, the rtionale for monetary valuation lics in the searct: for
economic efficiency. Valuation assists that process. &t also raises the
profile’ of environmental concems by placing envirorment ¢n an eyual
footing with other values, e.g. development values.

Chapter 3

Basic Concepts in Benefit Estimation

1is section and annex 1 briefly review the central concepts in benetit
estimation. More extensive reatment is to be four:Z in the survevs of
the theorv of BDE 'see footnote 1).

The bHasic cost-benefit decision rule is that a oroject. policy or
prozamme is acceptable in vconomic etticiency terms = the teal beretits
genemated over time are greater than the total social (laad. labour, czoital
and envircnmental impacts) costs incurred over the ime time horizon.
Both cost and benefit streams are discounted bv an zppropriate rate of
discount and the result is usually expressed as a net present value number,
or a discounted benefit-cost ratio. Positive net preser: values and bene-
fit cost ratios >1 signify cconomically efficient projecs. policies or pro-
grammes.

Take a development decision that involves displzoing an altemative
land use. as well as the generation of environmental pollution. Imagine a
port and marina complex is scheduled and that it is tc be sited so that it
intrudes into an environmenually valuable wetland zrea. An important
question to answer is what exacdy does society lose if the wetlard is
damzged or displaced completely. It tums out that wha: we need to know
is the total cconomic value of the foregone weland rescurce. Total
ceonomic value is the sum of all cconomic values. AL economic vilues
are either use values (e.g. walking, birdwatching, rambling etc. in the
wetdand undentaken by visitors and residents) or exi<ence values (e.g.
residents and visitors may value the wetland quite independently of any
use they make of it, as indeed might non-resident, non-visitors).

The possible loss of both wetland use and existence values, as well
as any pollution impacts should all be taken into account in any benelit-
cost appraisal of the pont and marina project. Only if the project benetits
outweigh all these combined social costs can the preiect be said 1o be
ceonomically efficient.

in the real world there is often the further complication of uncertainty.
In the enviconmental context there will be uncertainty arout the continucd
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availability of the environmental asset in question. It is not clear how much
damage some wetlands cin sustain before they are effectively lost
altogether. Alternatively the prospects for wetland restoraton or new
- wetand creation are difficult to judge. It is also the case that we cannot
be sure now whether an individual expressing a valuation may still
"demand’ the commodity at the time of use in the future.

The incorporation of uncertainty into the benefit-cost procedure is
not a straightforward matter. But a majority of analysts have argued tor
the recognition of a further value concept, option vilue. In certain
conditiens this value s related 1o a kind of Cinsurance premium’ that
individuals are prepared to pay in order to retain the option of future use
of an environmental asset.

The basic cost-benefit model (CBA) can thercfore be extended to
include estimates of expected use values, option value, existence value
relating to a given environmentl asset, plus pollution damage costs. It is
the total sum of all these costs that must be weighed against the project
benefits. if the economic efficiency status of the project is to be established. LU6

Chapter 4

Valuation Techniques

iis section offers a very brief overview of the available techniques for
BDE. Full expositions are available clsewhere 3

Four different methodologies have been suggested for sccuring
money measures of environmental benefits/damages in the absence of
markets:

a) Identification of Surrogate Markets
(Revealed Preference Approaches)

This method requires finding a market in some other good or service
which is influenced by the non-market environmental good. Taking the
’ property market as an example, one of the factors influencing this decision
to buy or sell may well be the level of air pollution in the ncighbourhood,
or the level of noise, or proximity to waterfrontage, or changes in
aesthetic surroundings, or some combination of factors. The so-called
hedonic price method and technique therefore secks to identify the
inferred preferences of individuals for environmental quality via an
analysis of the housing market.

B See Peane, DY, and Markandya, A (OECD, 1989) and Johannson, P.O. (1987 op.cit. On contingent
valuation, see Mitchell, Roand Casson, R 1O, T sin Surmeys fo Value Puablic Cooeds, Resources for the Future,
Washingon, ¢
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Another revealeddinferred  preference approach, the tavel cost
method, has been tested in the recreation context. The extent to which
individuals” willingness to spend time and incur costs travelling to a
recreation site has been used to infer their valuations.

b) Market ‘Creation’ via Questionnaire-Based Methods
(Stated/Expressed Preference Approach)

Individuals are surveyed and asked directly what thev are willing 1o
pav or willing to accept in compensation for environmental gains and losses.
The contingent validation method (CVM) offers much promise as long
as individual responses in the sunvey can be relied upon, with some
acceptable margin of error, to reflect what their values would be if a
real world market existed. It may also be possible to use CVM to model
aspects of public preference expression, by reflecting what values
would be in real world situations involving taxes and rates payments
made by households.

c) Dose-Response Data Linked to Valuation

The first stage in this approach is the identification of a dose-resporse
relationsbip, i.e. a connection between some level or change in pollution
and observable physical/biological changes (especially damage) in the
ambient environment. Thus, one could model the relationship between
air pollution .1nd vegetation damage, or erosion of building surfaces. The
value of the damage (damage cost) done could then be approximuted by
looking at the monetary cost of crop loss (adjusted for taxes and subsidies),
or accelerated replacement or repair of buildings (markct prices). A related
mcethod, the alternative cost method, investigates what “defensive’ expen-
diture would be necessary to remove the environmental damage impact
in question, i.c. expenditure on double glazing o reduce external noise
nuisance inside buildings.

In cases where “critical natural capital asscts” are threatened by
development projects some investigations of potential substitutions seems
sensible.? Valuable habitats threatened with destruction or quality dete-
rioration because of development may be replaceable. There may be
degraded habitats elsewhere in the region which could be restored, or
alternative habitats may be artificially created. It is ¢ven possible that a
habitat could itself be transferred to a new site. !0 If an environmental
standards (sustainability constraints) approach is adopted then the analyst
would be required to quantify the expenditure necessary to satisfy the
constraint (¢.g. cost of some substitute for the threatened environmental
assct, known as the shadow project). This expenditure would have to Ixe
incurred if the development project were to go ahead.

pearce D W, Markandva, A and Barbicr, B (1980, Blueprms for a Green Economy, Eagthscan, London.
196, 1 Buckley, e (1930, Biodogrcal Habwar Reconserucnon, Belhaven Press, London
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adequate soostituies are not available then e sustainability
conxinaint becomes tinding  The social opportunsty costs of toregoing the
devel spment optior. wvill then have to be balanced agairst the loss of the
envic snmental asset

d) Public Preference Identification

dentification cf public (social) preference values. as reflected in
socia nomns, rules. regulations and legislation. Proxy measures of public
preference value mav be reflected by expert opinion and/or political
weigws. The Eurczean Community's Environmentallv Sensitive Area
aavments to farmers and mznagement agreemen: paviments (adiusted for
man:enknt ccsts . 2or example, could be interpreted us crudely indicat-
ing t:e social value -t environmental conservation.

e) Hypothetical/Indirect Approach to Valuation

These methods are based on procedures in which individuals are
asked to respond t: hypothetical market situations, bu: their responses
are caly indirecidy related to valuing the environmental zood in question.
Amcag the methods in this category are contingent rankinz and the priority
valuziion technique

Contingeni rarxing (CR) can be combined with oifier methods. CR
and travel cost (TC» methods can be used to value a proposed recreation
site. Under a hvpotietical TC method respondents might be asked how
far they would drive -0 use such a site. Under the CR method, they would
then de asked how Siey would rank a set of sites with disterent attributes.
The assumption in Ciis two-stage approach is that respondents are better
able o give meaninzul answers to relited behaviour questions than they
are to direct valuatica questions.

Methodologies «) and &) are sometimes referred to as Direct Valu-
ation Methods and techniques and c)and d) as Indirect Viluation Mcethods
and iechniques

Chapter 6

The Purpose of Benefit Estimation

enefit estimatior, involves the use of monetary values to indicate the

social worth of 1n environmental improvement or the social cost of
environmental damage. Benefit and damage estimation are obverses: a
beneifit can be thougiit of as reduced or avoided damage. Damage, or cost,
can be thought of as a foregone benefit.

Although BDF has primarily been developed in the context of
cost-benefit analysis. its uses are broader. Table 1 illustrates these uses in
terms of:

LU6
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Function Level | Awareness Decisions Decisions  fustify Decisions|

Policy

Regulation Yes Likelv Possible Possible

Project

o stimulation of envirormer.al awareness. e.g. of the scale of
environmental damage or gzins;

e influencing decisions. At ore extreme, decisions might be made
wholly on the basis of BDE compared to cosis. At the other,
decisions might be onlv marginally influenced by BDE:

e identifying decisions, i.e. establishing what type of decision should
be made;

e justifving decizions. ¢itwr ov ante. before a decizion is made. or
X post atter a dedsicn is made and support o it needs to be
found.

Table 1 suggests various .evels where BDE is used. These are:

¢ policy choice—i.e. the use ot BDE to establish the importance of
environmental policv ~elative to other policy areas:

e regulation—i.e. the use of BDE in an analysis of the desirability of
a given regulation or £he de zree of regulation;

e project appraisal, 2s i the cost-benefit analysis of projects.

The “cells™ in the matrix intabe 1 have been completed on the basis
of an analysis of the six case studies cf benefit estimation plus seven further
less-detailed questionnaires.

e =i mmime s - cm e

Table 1. Functions and Levels of Benefit Estimation

o e e e o — o —— - - -

i

Stimulates Influence Identify

Unlikely

¢ -
i Yes Pussiole Unlikely

No Yo Likely

- e memmmmemos i s 2 mmememe Tem et = — e e e e

Likely

In addition to the general funcions illustrated in table 2 BDE assists
in integraring environmental concems into other policy areas. Thus, all
cconomic policies iimpact on the environment and BDE assists in ensuring
that environmental impacts are properly accounted for in policies which
arc not ostensibly concemed with the environment—e g industrial and
agricultural policy, regional development, energy policy etc.

BDE also contributes 1o <he consistent treatment of environmentl
gaiains and losses across secte.rs, Thus the *weight” given to a4 defined
cnvironmental impact should fae the same resgardless of the sector in which
that impact occurs
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Finally BDE is an integral paist of solicies to secure sustaingtic
cevelopment. Ukimatelv. sustainable deveopment is about underscoring
the importance of environmental stecks znd quality in securing balanced
. economic progress. As long as environmental asscis are reated as if thev
had zero prices, the environment will be abused and resources will be
wrongly allocated within the economy To secure a proper balance
between environmental and man-made zssets it is essential to place the
environment's economic functions on a comparable basis to other ¢co-
nomic functions. This is an important fearre of sustainable development
and BDE contributes to the process of e-suring compzrabilitv. Table 2 :
shows more detzit of oo unr-ies” sesmonses

el e m i sws e

| Table 2. What is the Purpose of BDE? | |
AUS POR|NETHINOR JAP G !GRE UK FIN USA!ITA !SWE! ’
To stimulate X X = X X X
awareness , .‘ [ LU6
Tojusifa X X | X X N X - * X X X X : |
decision ‘
To evaluate : X X ;X Xy Lt X j |
regulations ! ! ‘ ‘ |
Toindicate X y (Xb e X | l
relevance to i ;
| Macroeconomic i :
objectives
To determine : ! X !
compensation i i ; i
- [ e e e e e A e i . = - PR N 1
KEY: ! !
AUS = Austria X = ves : b
NETH = Netherlands N\ = ves, 1o some extent
NOR = Norway . = modente use i
G =  Gemuny i} = {imited use
UK = United Kingdom ; |
FIN = Finland
UsA = United States
- ITA = laly
POR = Portugal
TUR = Turkey, no responses to this question
- JAP = Japan
GRE = Greece . )

On the basis of the six detailed case studies the following general
observations may be made about BDE in OECD countries.
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BLI 3 more extensive than gty be thought from casual ob-
sematons (see able 3);

the use of BNE s increasing;

its use is increasing in counirics where legislation mandates or
pemmits its use and in countries vhere there is no decision-making
tframework which particularly :zvours BDE;

BDE influences policy on the environment through the stimulation
of awareness, but is limitea n its direct use for determining
o iz nmental policy:

the use of BDE in project apprzisal is increasing;
BDE is used in some countries ‘o evaluate regulations;
techniques for more reliable BDE are improving;

wiile environmental impact assessment (EIA» procedures exist in
ccantries, BDE is not generally pan of ELy;

BDE has covered both “hard™ « 1lues (e.g. changes in crop vields,
buiding corrosion etc.) and soft” values te.g aesthetic pref-
crences)—sce tables 4 and 3;

“had” values have more acceptabilitv to decision-makers than
“soft” values because of concerns over accuracy, limited capability
to comprehend soft valuation procedures, and concems that some
issucs are not susceptible to BDE (e.g. “human life,” some nature
censervation), and concems that BDE fails to capture legitimate
sovial objectives conceming future generations;

some objections to BDE are “puiitical™ due to the potential of BDE
1o force a more cpen statement of alternative values; political
“reluctance” is also due to the lack of knowledge about BDE
techniques and results;

the costs of performing BDE ire not (generally) an obstacle to
BDE. but time taken is a factor:

BDE is seen as a contributing zactor in the “fusing” of cconomics
and ecology.
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Table 3. The Use of BDE in Selectcd OF.CD Countncs
‘(,Rr.. JAP | |SWE| NETH |NOR| TUR| G AUS| UK {POR{USA' rr.~\li FIN
g\mde ;‘(\ g
R [ SRR 2N : N — e . {
- ! Medium | - | -0 X X .- X |
i& ,___,.___*, — l -—J’.» b —_— - e - . . , jl
lLimilcdiX!XEX - - x b o rx o X
N e D O T :
e YoM ORCD
Table 4. Type of Benefit or Damage Measured+ 1
© FIN ; NETH | NOR >WE) (.T UK g(,RE USA  ITA ,AUb ! POR |
S S S ! SRS S LU6
. : ! | i
User values: | j ; i - ;
(1) Direct usc
marke X X | X X X! Xf{X|X X . X X
shadow prices | : : : |
! f
- option X (X) X X X Xy -] X X X
values l ; i
(h) Indircct use
T .T : - - .
«cecosystem | - ) | - X - 0 - X
function ‘ | : ! :
Non-usc values
existence | - 0 L x X xio! - X o X
. ', - B . - . . . .
-bequest - (X) |1 X X i X
+Japan and Turkey produced a nil retum on tis question
Note: All countries indicated expectations of more extensive benefit and damage
estimation in te future,
’ source: OECT
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i Table 5. Areas of Application of BDE ;
- - . 'T“‘———'-”—" - _'_‘—T e :" T : = - T !
SWE{ NETH {NOR FIN: G UK '!AUS'USA POR ITA JAP
National | - | X | - X - X ™ -
- Damage | | S ;
Estimate 1 i . : i
Specific Pollution Damage
R I : ' e e -
-air (™ X ' X * X - - X . - X ]
-water *) X v X X X X .- X . X
-soil/land N - X ¢, - X * X
-toXics e X - * - - - XM
-noise L. X IX ™ X b - - X
LU S e
-waste ’ - X0 - * - R X . X .
-oil spills - S S .- X e
-other e | s - )
‘ Al defence _
Resource Concerns:
-wetlands - A - X X
-forests X - T X X X)X X . X
-coastal zones ¢ - - i - (X) - - X X X
-wildiifc/nnlurc: * .- X * x* ! X): X X
fish stocks ¢ () 1 - X (X) * l -
reeveling . X - . . X («X) - (3 X X
Risks:
S 1 R A A ;
“life’ b - X | -1 X - |
. , [ B P T B '
-pollution ! P Ty ': ]» i» ‘( P |
| i
-ecological l - I - - ™ - le l - ! X1 ™
Source: OECD
, agricultuml waste
“ under way
4
“in the near future
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Case Study of the Use of Benefit-Cost Analysis in
Decision-Making: Lead in Gasoline

der Executive Order 12291 of 1981 in the US A, government agencics
U:'cre required to use Regulatory Impact Analysis” (RIA) and o adopt
regulatory processes that would maximize ‘the next benefits to society”.
The Order was the first to establish the net benefit objective as te criterion
for adopting regulatory processes. although its adoption has been circum-
cised by existing law's relating 10 other objectives

Benefit-cost analvsis piaved animpornant role i the adoption ot
regulations conceming icad in gasoline.  Ambient lead concentrations
were thougli to be linked o serious health effects, including retardation,
ridrney disease and even death. The Environmental Protection Agency
conducted a benefit-cost study with the results shown in Table 6.

The regulation involved reducing lead in gasoline from 1.1 grams per
gallon (gpg) to 0.1 gpg. The caosts of the rule are shown as “total refining
costs Refinerv costs increase because lead has inditonally been used 1o
boost octane levels in fuel. and other means waould have to be found o
achieve this. The benefits included:

¢ improved children's health:
* improved blood pressure in adults;

® reduced damages trom misfuelled vehicles, arising from hydro-
carbon. NOx and CO emissiofs;

* impacts on maintenance and fuel cconomy

Children s bealth. The EPA study found that blood lead levels closely
tracked trends in gasoline lead.  Medical costs for the care of children
would be reduced by reducing lead concentrations, and there would be
less need for compensatory educiation for 1Q-impaired children. These
savings are shown as children’s healih oftects” m Table O

Adudt blood pressure. Blood lead leveds were thought to be associated
with blood pressure and hypertension. Medical costs would be saved if
these illnesses could be reduced.  Moreover, some hicant attacks and
strokes would be avoided. A value of a “statistical lite” of $1 million was
used for the latter. The resulting values show up in the “adult blood
pressure’ row of able 6. They are seen to be high because of the
involvement of mortality-avoidance in this benefit.

Other pollutarts.  Reducing lead in gasoline also reduces other
pollutants. This is because making unleaded fuel the norm' reduces the
risk of ‘misfuclling —i.e using leaded fucls i vehicles designed tor
unleaded fucls The mechanism whereby mistuelling s reduced s
through the higher cost of leaded fuels at the new low-lead concentration
This deters drivers trom purchasing the leaded tuel  As nustuclhing s
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red_oed. so emissions of HOE, NOy and CoO are reduced. Damage done
by Tese pollutants was estimated by studies of ozone pollution damage
oz ne arses from HC and CO emissions - but estimates were also made
. of T valuc of the equipment destroyec by misfuelling.  The figures
appeanng in the row ‘conventional polluiants” in table 6 are in fact an
avenage of the two methods.

Maintenance and fuel economy. Maintenance costs for vehicles
were expected to fall due to reduced corrosive effects of lead and its
sca2:zngers on engines and exhaust svsterrs. Fewer engine tune-ups and

Tooanges would Teoneede & exhizust steems would ast longer. Fuel
ccocmomy was expected to nise as the new technologies to raise octane
leve s to what thev were previously also hicrease the energy content of
fuc:  There would also be reduced fouling of oxvgen sensors. Mainte-
nar.;e benetits outweighed fuel economy Senefits by around 6 to 1. The
totzs are shown in table 6.

LUG Table 6. Year-by-Year Costs and Monetized Benefits of Final Rule,

Assuming Partial Misfuelling (Millions Of 1983 Dollars)

1985 1936 1937 1983 1989 1990 1991 @ 1992 :

Monct'secvlrl;crtrxcﬁls %
Children's fealZ. offecss 225 600 517 502 453 Al 39 358
dult Bloo prosure 1728 5897 3675 5437 5087 4906 4682 4,691 °
Conventior=] poilutants o - 21-7-”7 222 - 521‘ '"’22() - 28 - 239 . 28
Maintenance . [n2 ) 79176 ‘ 8*‘)1 818‘8& ' 76T 754 79 3
Fuel cconcmy | 5% - '3{ | -1"“- - “5" 134 - 139 - 172 10+ ;
Total monct's?d | rl.“-“»l . 7..\‘214 7,-1'rim"",ih<“ 6,7&% - 6517 - 6,216 . 0,211 '
benefits
Total refining costs - 90 - oS - 538 . 35;2 - 3604 ' TN TN B B

' Net benefits . 1,953 - 7,213 - 6916 . 6,5'_40 0,243 . 6,043 ‘ 5772 5,770 ‘

. i Net bcn;ﬁls o - 204 - l,ﬁlé “1.2-ilﬁ*vi;}2<. -_l,f);X) - 1,079 ‘ 1,090 { 1,079
| excluding blood |
| pressurc ,l

The net benetits from reducing lead in gasoline are scen 1o e
subsantial, even it the blood pressure benefits (which dominate the
aggregate benefits are excluded  Indeed. inspection of table = shows that
the segulation would be worthwhile even s=all beadth enfits are exclieded
In = e event. the blood pressure boenefits were excluded trom the hinal

b e ———
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decision because the research establishing this link was judged oo recent
to permit adequate review.  The lead regulation was also ol interest
because of the introduction of a ‘lead permits sysiemy’ 1o reduce the
- ticancial burden on the refining industry.  Essentially, this aliowed “lead
quouas’ to be traded between refiners. Refiners who found it casy to get
below the limit were allowed to sell their “surplus’ lead rights to refiners
who found it expensive to get back to desirable octane levels without
lead The particular feature of the lead-in-gasoline benefit-cost study that
made it a powertul aid to decision-making was the clear-cut nature of the
net benefits even when uncertainties about benefits were allowed for. But
it was also executed carctully and in conprehensive detail. As Portney
(199! puts it: “It is important to realize that in spite of the difficulties
that arise, benetit estimation is a useful input in policy making when used
carctully™.

LU6

Hporney, P., *Air Pollution Policy”, in Portney (o) Public Poltctes for Envirmonmential Protection, Resourees
for the Future, Washington, D.C. See also USEPA, EPA's '« of Benefit-Cost Analysis 19311050,
FPA 230 05 8708, Washington, D.C, August 19387
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Macroeconomic Modeling Techniques

: Excerpted. with permission, from OECD, Tbe Macroeconomic Impact of
: Entivonmental Expenditure (Paris 1935), pp. 8-12.

| N -— ———————

acrosimulation models start with small units, evaluating the effect of
M:l rolicy change on individual h u<cholds or businesses, and work
up, tracing the effect of those responses on changes in demand, product
and prices. In contrast, macroeconomic models work from the top down.
A system of aggregate relationships is specified, and the ways in which a
policy change may effect one or more important variables in the system
are identified.

Macroeconometric models, usually based on some form of Keynesian
economic theory, stant estimating aggregate variables, such as Gross LU6
Domestic Product (GDP) or total employment. They also break the
variables down into their component parts. GDP, for example, can be
broken down into consumption, investment, impotts, exports and govern-
ment spending. Consumption and investment are in turn linked to such
variables as income, interest rates and profits. Relationships between
industries are often described by an input/output matrix, and the level of
emplovment is determined by the demand for labour from the productive
sectors. and by the amount of labour supplied by various categories of
workers. The model may include a financial sector, and sets of estimated
equations, to show the effect on prices of changes in production costs and
the amount of utilised capacity.

Evaluation of Environmental Regulations
in OECD Countries

Summary of Findings

ince the early 1970s, a number of OECD-member countries have been

developing macroeconomic modelling capabilities, and using these
capabilities to assess the economic impact of their pollution control
programmes. These assessments try to quantify the direct and indirect
effects that environmental programmes might have on the major macro-
. cconomic variables in each country. The first studies in this area, reviewed
in an carlier OECD report!, were carried out at a time when the economices
of most member countrics were operating at close to full capacity. They
therefore wended o stress the unfavourable short-term cffects which

YSource: The Macro-Foomonuc Impact of Enpionment Expenditure, OECD (1935)
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pollution control programmes were likely to have onintlat o ane
intemational competitiveness.

- The changed economic circumstarces prevailing at present in Lot
OECD countries suggest that a somewha: different emphasis mzyv be e
appropnate. In addition to the contiruirg interest in price anc daiance of

payments effects, policy-makers may also wish to know wrai imgpaa |
environmental expenditure may have on employmemt trer:Zs ind on !
longer-term growth of productivity and output.
Tl prosent repor summarnizes o results S -eoesiln ool o
modelling in six countries—Austria, Fland, France. the Noleorlands .
Norway and the United States. A summary of the resclts. »Tich ire .
. . . . i
displaved in table 1, is given below: i
- - - . !
e The effects of increased pollusion control expendit_res on e i
Zronth of output are indetermirte. The range of resL s suggesis

that the level of GDP in the fina programme vear cou. 2 Ie oilier
LUG higher (1.5 per cent over 10 veass in the case of Norwar - orlower i
(1 per cent over 18 years in the case of the United Siitesi. with '
mos results showing intermedizie values.

¢ The etfects on inflation would 2aopear to be slizhtlv ur-is ourzsic
In virtually ali countries, the prc zrammes boost consumer prices:
in some cases the increase over the period would be :s much as
S 10 7 percentage points, equivaent o AN AvVerage ann._ il NCrease
of about 0.3 10 0.5 percentage Toints.

o Comversely, employment is stintulated. With few exceniions. n- :
emplovment levels are reduced oy pollution-control «vpendii_re. '
particularly under some variantz in the United Maies. Trance znd.
especially, Norway. The counterpart of this resuit is an implci
worsening of productivity grow?1 (output per unit of Laxwar) This
occurs because GDP growth rawes are cither somewhat iower. or
only slightly higher, than thev ccherwise wonld have teen. wihile
iabour input increases beczuse of environmenial e soes

e Developments through time suggest that the initia mpact o
environmental expenditures is riore favourable than thx iong-ermm
cffects. In the short-term, increased investment in po.ution con-
trol equipment boosts output and activity. Over the longer-term.
however, lower profits and or higher prices crode some or most
of the short-term gains.

While these various results are of interest in their own right, the main
conclusion which emerges from them is that the macrocconemic effects
of environmenial policies are relativeiy small. Most of the tigures re-
portcd—with the exception of some of the results tor consumes price
inflation—arc in the range of a few wentes ol a percentage po:t oer vear
Furthermore, itis important to recall that these smaldl eftects wene re gistered
during a peniod tthe 1970s) of peak pollition-control activity, when efions
were dhreced not only at imiting n coing pollution. ber ais 2 dean

e e —— et e
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ing-up e backlog caused by meglect o the environment during the 1950s
and 19« s,

v Tais general conclusior. on the relatively minor estimated impact
also sugzgests that pollution ccatrol measures were not a major cause of
the slowdown in productivity zowth of the 1970s, as has sometimes been
argued By the same loken, environmental measures are not likely to be
a major constraining factor in = more expansionary strategy for the 1980s.

Table 1. Effects of Additional Environmental Programmes on

Selected Economic Variables ;
‘Range of Gifferevces between level wsth and withou entironmenial programmes) i
PP ————— e —
Iifects on: :
GDP . Consumer Prices Unemployment j
i — - bt |
i First year Final year | Fisst year Final yea- First year ; Final year ; LU6
(percentage pents) tthousands) A
Ausria .. -06 0.5 - 0.4/1.7 (a)
e — e
j Finland n.3 06 . 0.2 0.2 35 1 75
France - 0.1.0. . 0.1 D211 -13.2/-435!
Netherlands o 1 -0.3.-06 204 08 43 -1.47-23 0 -38/69
Norway 13 0.1 09 . -25.0
| United 0.2 06 -1.1 a2 5.0.6.7 800 -150.0/-300,
© Stales o)
" Memorandum itenis (¢) i
hetd e . . ;
Italv . 41204 D3ns .
. Japan 1226 01/02(E) - 2238 dower) (lower)
1 [ S e e el e e e e . . .
;
(2) GDP deflator.
(b) Parly estanated by Secretariat.
(c) Published in earlier OECD repor:
(d) For period as a whole, suggesting negative results for final year.
= Not available
= Nil

e e e
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Benefit-Cost Analysis for the Ismailia
Waste-Water Project

o ——— —_—

Excerpted from R. Luken, “Benefit-Cost Analyses for the Ismailia Waste Water Project”,
United States Agency for International Development (Washington, D.C., 1987).

Introduction

Statutory Versus Legal Mandates

T‘he usual justification for building waste water reatment facilities is a
statutory mandate. Public Law 48 of the Government of Egypt (GOE)
requires that domestic waste be treated to meet discharge standards of 40 LU6
mg 1 of Biological Oxygen Demand (BOD) and 30 mg/1 of Total Sus-
pended Solids (T53).  Similarly, Public Law 92-300 of the U.S. requires
treatment to meet discharge standards of 30 mg/1 of BOD and 30 mg/1 of
TSS. At least in the case of the US,, rhere are exemiptions from these
standards where holding lagoons are feasible, usually in rural areas, and
where ocean discharge is feasible. In these cases the standards are not
as stringent because holding lagoons are an adequate form of treatment
and ocean discharge usually does not result in serious environmental de-
terioration.

For many nations, the transition from uncontrolled to conuolled
discharge of waste water is viewed as a benchmark of progress. Substan-
tial resources are often devoted to this effort, at the expense of other
programs, without the benefit of detailed economic and environmental
analyses.

Much of the emphasis placed on improved management of human
wastes is related to concems over the relationship between basic sanitary
conditions and public hecalth. Economic assessments of the benefits are
problematic, due 1o uncertainties regarding the quantification of health
- cffects and wvaluation of changes in morbidity and mortality. These
problems are compounded in developing countries because of scarcity of
dat. Nonctheless, sufficient information is available that an attempt at a
quantitative cconomic evaluation is possible.

Methodology

The study examines the cconomic benefits of building a waste-water
treatment plant in Ismailia, Egypt. It first characterizes the environmental
sitation there with and without the water and waste-water projects and
then estimates the poiential benefits.
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The bendfits assessrent is conservziive. [tis only e anrzal benetits
anticipated in 1995 when these facilities will begin op<ration rather than
levelized annual benefits  Levelized arnual benetits would account for
the growth in benefits over the 30 vear Lie of the projects because it is an
average over 30 years rather than benefits in vear cne of the project.
Levelized annual benefits were not calculated because no reasonable data
were available to make 39 year projections.

Ismailia Waste-Water Project

Introduction

e city of Ismailia is located on the north and west shore of Liake
Tirisah, which is an integral part of :he Suez Canx. Lake Timsahisa
relatively shallow saline waterbody of 12 km> The present waste-water
treatment plant discharges untreated waste into the West Lagoon area of
the lake. The proposed waste-water teaument faciliv would be a new
land disposal system that would eliminate domestic waste-water discharge
into the lake.

The population of Ismailia was estimated at 30¢. 00 in 1985 and is
projected to reach 470,000 in 1995.

Existing and Proposed Uses of Lake Timsah

Current Uses of Lake Timsah

The lake provides oppontunities for recreational swimnung, boating
and fishing. Swimiing beaches are currently on the northwest shore,
south shore and nor.n end of the lake. The lake is used tor sailing, rowing
and power boating with docking facilitics concentrated on the north shore.
Recreational fishing takes place throughout the lake, west lagoon and the
drains entering the system, such as El Mahsama Drain.  Total recreation
use in 1987 is estimated at 750,000 - 1,020,000 recreaton davs with 80 1o
9 o of e users coming trom Cairo.

Finfish, shellfish and crustaceans are harnvested commercially, pro-
viding the main source of income for 2 number of area residents. The
commercial catch in 1963 was 332 1, consisting primarily of mullet (170 1),
loot (76 1) and shrimp (39 1), and the value of the catch was LE 763,800
(LE 1986).

The high aesthetic quality of Ismailia is due largely to Lake Timsah.
This quality makes passive use such as walking, sitting and relaxing
extremely important. The presence of a presidential retreat on the north
shore also attracts attention and visitors to the area

Finally, an important use of the like system s the topic of this
evaluation, namely, as the receiving waters for waste water generated in
the area The waste-water treatment plant discharges to the lake via 1l
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Madisazia Drain Raw waste wier. onigin:ung e o unse s ered areas or
overflows in the sewer system. is also discharged 1) the lzae

Proposed Uses of Lake Timsah

Major studies have outlined specitic proposais for the future uses of
the [smailia area and Lake Timsah. These are the Ismailia Master Plan.!
and the Tourism Development Plan for the Suez Canal Zone = The Suez
Canal Authority has also proposed specific future uses for cortions of Lake
Timsal:

The Ismailia Master Plan proposes 2 numbxer of uses for 2w lake
which are anticipated to become integral .2 essential clemers in the
future development of the ciny® In genera! e plzn reccmments maxi-
mum utilization of Lake Timsah to promote comesic toursm anz recrea-
tion.

The Ismailia Master Plan recommends ase of the Jake's :zesthetic
quality through development of walking anc sitting areas to en'syv visits LU6
of the Iake. Development of properties with views of the lzxe is proposed
This development includes dav cabins, hcie: sites. casincs. apitments,
restaurants, and walking paths on the west Sars of Lake Timisah. Potential
hotel sites are identitied on the west end of Chevalier Island and the west
bank of the Suez Canal on the north end of the lake. The expansion of
active forms of recreation including swimming. rowirz. sailing, and
water-skiing is recommended. Also propesec is expansiin of e lake s
commercial fisheries.

The Tourism Development Plan recommends extensive use of Lake
Timsah for recreation and tourist-related activities. The tourism plan
reccommendations center on international tourism in contrist to e prime
consideration given to domestic tourism in the Master Plan. The tourism
plan, like the master plan, proposes the west shore of the laxe for extensive
development. The study calls for an internazicnal Lotel anc beacl. Cacilities
at this location. The report considers extersive domesiic and possibly
internaiional turism and recreational develepment on S cast bank of
the lake.

The Suez Canal Authority (SCA) has propused uss for Cie Lake
Timsah system which could affect existing conditions in the lake ¥ The
SCA is presently straightening the navigation channel through Lake
Timsah. When this work is completed, the existing channels and tortions
of the lake will be used as an anchorage for canal traffic  The SCA also

L Culpen and Pantners (19700, Tsmailin Master Plan udy” (Arab Republic of o Pt Funded by UNDP),

2 smail Professor Dr. Hassan  and Partners, et al., Tourism Detelopmens in o Sues . anal 7. ne, (Arab
FZeputin of Egypt, United Nations Development Program, Draft Find Repont, 1974,

Yfetea and Eddy , Isouilis Waterwvorks and Wastee Water Facilities Master Plan™ rAral Repubhe of Egvpt.
~undesd by TISATD 1970

Euttca s S Felde, Vol 6, Appencdix )
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has long-range plans for constructing a new navigation channel which
would bypass Lake Timsah. A navigation connection between the Lake
and the canal would be maintained to allow for ship anchorage in the lake
and canal-related maintenance activities.

Water Quality Problems

Past investigations indicate that overall water quulity in Lake Timsah
is good. However, there are areas with the poteatial for creating both
immediate and long-term water quality problems.  Both the in-depih:
quality survey in 1978% and the 1986-87° data show several areas with
fecal contamination (fecal coliform concentrations in excess of 1,000/ 100
ml, which is the WHO standard for contact recrcation). The area of
immediate concem is the northwest shore of Lake Timsah. The north and
south shore, as well as the west Lagoon, are all areas with potential water
quality problems given the anticipated increase of waste-water discharge.

Economic Evaluation

The economic evaluation is based on anticipated use patterns of Lake
Timsahin 1995. One paitern assures building of the waste-water treatment
plant and elimination of fecal contamination of Lake Timsah. As a result
recreation use and tourism development will occur as anticipated by the
Department of Tourism. The other pattern assumes that the plant is not
built and that Lake Timsah becomes polluted to the extent that recreation
activities and tourism development are discouraged.  The economic
benefits of the project are the differences between the two patterns.

The potential economic benefits fall into four categories: recreation
use, recreation related illness, amenity value and commercial fishing.

Recreation Use

An estimate of recreation benefits must be based on the predicted
level and value of recreation activitics.  The Department of Tourism
provided their best estimates of future use of Lake Timsah for recreation.
With no significant pollution of the lake, recreation use is projected to be
1,500,000 visitor days in 1995. Without the project, recreation use is
projected to be 500,000 visitor days.

To value each user day, two techniques are used. The first is a simple
travel cost model.  The underlying idea of this technique is to use
information on the amount of money and time that people have spent in
getting to a recreation site to estimate their willingness to pay for the
experience.

S Metealf

& Fddy, Vol 6, Appendix .

fGevemonate of Bsmailia, Depanment of Health, (1957)
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The application of the technique here estmiates e willmgess ©
p2y on the assumption that users of Lake Timsar come rom eiher Caimo
or Ismaiiia. The direct coss for recreationisis fr-m Cair for a cav trip o
the lake amcunt to roughly LE 11-12 per user (LE =% for ruund wp
transportation: costs” and LE 6 for the value of tire>. 'l ~< dires costs fur
recreationists from Ismailia is zero.

The corsumer surplus for recreationists nithout mainuining warer
quality in Lake Timsah is LE 3,500,000 (table 1 The onsumer surpius
per visit is LT 700, The consumer surplus fr- recrezsionists with the

mainicnance Hf water quiinvis LElos 0 me D The

surplus per visit is LE 11.«- :
Tablc 1. I.ake Tunsah Travel Cost Calculations —thout Pro,ect
Origin !T Visits Population ' per capitz visits  Trave] cost
A Cairo , 450.484) 12.500,000 - 0.0 1.0
Jsmalia 0 S006  ¥.000 0 015 A A
Consumer surplus (LEX: ~ Toul S 3500 e o
1 Consumer surplus (LE): Per visit ‘ T-‘_" s

Table 2, Lake Tmmsah Travel Cost Calculatxons —th Pro;cct
Origin | i - Visits W;(;éulal;on . Per capitz visits Traved cost
CCaire | L0000 12000000 005 1oh
Clsmalia | 100000 a0000 0 028 ol
Consumer surplus (LE): Tolnl ; 16,300,563 0))
EL Consumer surplus (LE)Y: Ptl‘ visit P ;
4 _ll55=l_l"l8(lum 985 ;

An altemnative estimate of the value of a cav of recreation may be
obtained by utilizing estimates derived in the U3, Several studies have
derived reliable estimates of the average consumer sumplus of a day of
recreational fishing. These values range from roughly §23-10 $35 per day

7'The round trip travel expenses range from $00-500 piasters (pt) per person. The 40 pt is hased on the
cost of a round trip bus ticket from Cairo to Ismadia. The 300 pt is based ca wavelling in a private car for
250 km at 10 pt per km with 5 people in the car.

B according to the Depastment of Tourism, 3646 of the Egyptian population takes a vaation and recreaton
clay trips from home. The average houschold income for this 2000 of the population i 1980 & estimated
A LE 30 vear, Thus, the weekly income is [F 33.00 and the hourdy inccme asseming 40 hours, is LF
1iS/hour Assuming 2 hous tras o] time in cach Jdirection, the vilne of trinvl ime s approximately 1F o

i e e ———— — s
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(31982) depending on the desirability of the species sought. Evidence on
the willingness to pay for swimming are less reliable, bui indicators are
that a day at the beach is valued at least as highly as a day of fishing.

It would be inappropriate to assert that a typical Egyptian values a
beachday as mwuch as an American because the standard of living is
significantly different between the two countries.

However, 2 meaningful comparison can be made by relating leisure
values (such as for recreation) to income. In the US. average weekly
camings are between $275.8300,0 Therefore a dav of water based recrea
tion is valued at roughly 10% of the wecekly gross carnings of the average
worker ($30/8287).

A reasonable assumption is that a comparable recreation experience
in Egypt is valued at the same rate relative to local earnings. As
indicated in an earlier footnote, the average weekly earnings for those
likely to participate in recreation activities is LE 58.00. Applying the
LU6 Ieisure value income ratio described above, a value of LE 6.10 per
recreation day is derived (10.5% x LE 58.00). [t is important to note
that this value of a day of water contact recreation applies to all uscers,
not just workers. Earnings have simply served as a metric by which to
gauge relative values. This value is consistent with the consumer surplus
value derived with the simple travel cost method under the without project
SCCNATo.

In addition, the recreation benefits should reflect more than the use
value to those who recreate in Lake Timsah, There are intrinsic or non-use
benefits (existence of resources in pristine conditions and bequest for
future generations), due to preserving witer quality.  In the US. several
studies have found that total non-use benefits amount to roughly halr the
reereation benefits.  In a developing country such as Egypt, existence
benefits are a smalier percentage of the total vilue of environmental
improvement, due to incomie effects and culral attitudes. Thercfore,
a reasonable assumption is that existencesbequest values would equal
10% of the recreation values. Morcover, this value applies only to the
recreation benefits associated with the project given that the project
would maintain satisfactory water quality in the lake.

In summary, the values for recreation use are estimated at LE 3,500,000
for the without project scenario and at LE 16,500,000 for the with project
scenario. The total recreation value for the with project scenario would be
slightly higher if existence/bequest values were included in the analysis.

Recreation-Related Illness

An cstimate of recreation related illness must be based on the
predicted level of morbidity associated with water contact and the value
that individuals would pay to avoid the illness. The usual approach to an
ceonomic assessient is the indirect estimation procedure that relies on
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an exposure response relationship and an enhanced cost of diness valu
ation. Such data are not avaslable o recreational rebated aliness in Favpt
However, information is available from the US that may be adjusted for
Egyptian conditions and that will give estimates of morbidity and an
approximate value to avoid the ilness.

studies about the relationship between water quality and enteric
discases in the US. date from the 1950s. The most accepted exposure
response relationship relates fecal contamination to acute gastrointestinal
; " (AGD svmptoms, such as vomiting, diarrhea, stomach-ache, and nauscea,
iealth statistics on AGH are usually reported as enterie diseises - tvphoid
and paraivphoid, hepatitis and dysentery.

In order to estimate the risk of bacterial infection associated with
recreational contact, the following assumptions are used:

¢ The auack rates observed by Cabelii® of 16 cases/ 1LO0O marine
exposures is increased to 20 cases/1,000 marine exposures
because of high level of fecal contamination. LU6

e Fecal concentrations at all r . mtion areas will exceed the 1,000/
100 ml WHO standurd for coaact recreation

‘ e Al 500,000 recreation days in 1995 will result in some water contact
recreation.

: An estimate of the potential AGH can be calculated as follows:

: 20 cases X cases
X = 10,000 cases
(1000 exposures) (390,000 exposures)

studics about the relationship between water quality and visald
diseases tin this case skin rashes and eve, car and nose infections) are
hmited in number and not of the same scientific quality as those tor
bacterial diseases  Given the limited available data, the Higher Instinate
? oF Health in Alexandria suggested that the rate ob virsl diseases s

approxzmately one half the rate tor AGH

Given the same general assumptions used for calculating cases of
bacterial indueced discase, an estimate of the potential rashesziniections
can be caleulated as follows:

1) cases . X cases

X = 5,000 cases
€ . (1000 exposures) (500,000 ¢Xposures)

The cost-olillness approach is the usual starting point lor determin
inz the benetits of avoiding illness 1 However, the cost of illness

Yeabelio A TOA TP Dufour, 11 M_Cabse, and MA. Levin, A Manine Recreational Water Quulity Criterion
Consistent with Indicator Concepts and Risk Analysis™, foririal Water Pollutiens Congrol Federatum, (195 3)

Voltome 5o Namiber 10, pugnes 13001300

73




LU6

Reading Excerpts

Economic techniques for axsessing Cleaner Produchon optons

—

apr: sach unde sstates the benetits of health protection e that it excludes
pair. and suffering zosts. in other words, the ¢ust of Lness is a lowe:
hound of the willizgness to pay for sustained gooc healil. Sever:!
adjustments zre mzie here, however, in an attempt o 2ccouni for this
shorcoming.

First, wage ear-ers suffering a parasitic episcde are presumed to miss
one week of work. implying an average loss per worker of roughly 1=
38.0x. Next, this figue is doubled to account for pain and suffering. BaseZ
an me Cooper anc Rice findings for the U S | direct (medical - costs f- -
nte cive and zoime oo diseases were ronghv TN gre coer then camin
iosses. Such medial expenses undoubtediv w suld be much lower =
Egvri but until betzr information i available. it s assured tha: LE 08.:7
:1.15 x LE 58.0: ), i< "he per case cost. This resulss in a rither liberal tors
of 12 18445 per cise per Egyptian worker afiected E 389 in I
camrings, LE 358 00 25t pain and suffering and LE 63.45 {:r direct medica
expenditures). I ore-third of the aftfected populizion are sorkerstincluz-
ing ~ousewives anc others who perform tasks tor which thev do n:
rece:ve financizl reimbursement), and the other mvo-thircs oo voung, .2
or izr some reason. unable to work, then the average value per case
avoided would be duced to LE 144.30.1!

"’(I(mpcr, B.S. and D.P Rice, “The Feonoric Cost of lness Revisited™, Waowa, secienn Sullenn, 19760 v,

39, pages 21-36

HeFor non-workers, the value per case as cided would erqual LE 5800 for pam and subering and LE 68 23
tor madical expenditaes. A weighted seorage of this total of LE 12005 aweh the 1h 19045 per cear jur
worker viclds LI 1 son
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Table 3. Estimated Economic Benefit in 1995 With and
Without the Ismailia Waste Water Treatment Plant

Benefit Categores With Project ; Without Project
Quantitative 'Qualitative Estimates
Recredation
i H
User days . 1,300,000 S040,000 :
Hiness Negigible 10,000 AGl

S oon pash infection

Amertity Value

Rental income Full increase in rental 10-23% Decrease in rental
income for 5,000 - 10,000 income for 5,000 - 10,000
_units units_

Commercial Fisheries
Net retums . Negligible L Negligible

Monectary Estimates (LE 000)

Recreation
User dlays 16.500 3,500
_ Hliness ) . 7 2,100) ., ;
, Amenity Value X
Rental income o 12500 - 25,000 ) 11,250 -18,700 .
Commercial Fisheries
Net returns L o
Sum ) 31,100 - 43,000 ) 14,750 - 22000
Lower Bound Estimate for the Benefits 16,350 ‘
Uppecr Bound Estimate for the Benefits 21,400 5
1US$ =1E 218 (Qune 1987) [

The benetit per case avoided tor skin rashes and eye and car
infections would not include foregone wages because these infections
would not result in lost work.  Consequenty, the valdue for case avoided
is LE 120645 (LE 38.00 for pain and suffering and LE 68.45 for medical
cexpenditures).

Combining the cases of morbidity for the with and without project
scenarios with the values per case avoided provides a basis for calculiating
a total health beneit for the year 1995, With the project, there would be
no more parasitic infections as a result of water contact recreation.
Without the project, there would be 500,000 recreation days at the Like
These 500,000 recretion days would result in 10,000 case of AGHE and
5,000 case of rashes and infections . The benetit of avoiding these cases

is LE 2,240,250 0 10,000 case times LY Tia 30 bor atotal of TE 1,553,000 and

sy
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3000 cases times LE 126 25 for g total of LE <3225, These health
damuages resulting under the without project scenario should be attributed
to the with project scenario as a benefit because they would be avoided
- if the project wene built.

. Amenity Values

One direct valuation technique, property values studies, can provide
a surrogate measure of the value of environmental amenities. Econo-
mists have conducred numerous studics of the intfluence or absence
cF redborion levels - e mrorerty muarkens RO With salticient
market and pollution daza and use of appr.priate statistical tech-
niques. the property value approach attempis to infer how much
people are willing to pay for an improvement or 9 prevent deterioration
in environmental quality. Although data and time are not available to
conduct a full scale property value study. a simplified version of the
approach is used to infer willingness to pav.

LU6 The number of housing units along Lake Timszh is approximatcly
1,007, The potential number of housing units could be between 3,000
and 18,000 units. In the 2bsence of alarming nformation about water
pollution and adequate infrastructure development, the number of hous-
ing units could reach the lower bound estimate of 3,000 and might be as
high as 10,000 units by the late 199Gs. Approximuately 24 million people
are projected to live within 130 km of Lake Timsah by the year 2000
Assuming that 2 of these people take weekend vacations and that there
are S people per household. approximately 1,060,000 households will take
vacations and weekend trips. Assuming that one percent of these house-
holds maintain second homes on Lake Timsah appears 1o be reasonable.
The approximate value of these housing units, mosdy for weekend recreation
activities, is etimated at LE 125,000,000 - 250 000 (0w} (this assumes cach unit
is valved at LE 25,000). The implied annual rentad incosae is 10% of the
market value. giving an annual rental income: between LE 12,500,000 and LE
25,000,000).

The with project scenardo assumes that all dxse housing units will be
built and that they will achicve potential renal income. The without project
scenario assumes that these units would loose between 10-253% of their rental
income if the lake becomes too pelluted for safe water contact recreation.
The housing income would be onlv LE 11,250,000 to LE 18,750,000. The
benetit of maintaining lake water quality would be the difference in rent
between the two situations.  These benefits are in addition to the recreation
days because they reflect amenity values o propenty owner rather than
TCCTCAON USCrS.

2 Frevnun, A Myrick, LIl The Benefits of Enwimmmenisal Improvemens. Theary and Practice Balimore ( The
Jobrs Hoplesns Untinerssny Press for Resoues for the Future, 1979)

"V ashire, DS, MA Thayer, W.D.Schulze, and RO dPAnge, "Valuing Public Goods: A Comprariaon ol
sun s and Hedonic Appreaches™, The Amentcan: booomse Revien (1932 vol 72 pages 105177
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Commercial Fishing

Commercial fishizz in the lake is limited and would not be signili-
candy ciminished over & the project were not built Ly 1995, Water quality
in the West Lagoon. the current discharge point of comestic waste, would
continue 1o senve as a:arge hoiding basin and shouid be able to assimilate
most of the organic mater, according tc ihe Master Plan for Water and
Waste Water. 1?

Cost-Benefit Analysis

Al Lt FORIIS TR B L SUIN De Dol it cach category tor the
with and without prowd seenarios. The economic benedits in the with
project scenario mange brtwenn LE 31,1000 and LE 43,600 004); the
ccononic benefits in the without project scenaris range between LE
14.750. w0 and LT 22200004 vable 31, The annual benefits that could
be derved from the saste-water treatnent proje<t range between LE
10,3509y and LE 214 «oei).

The annual cost ¢ the projeat is LE 18340000 this sum includes the:
tull ame ttization ¢! deb: and operation & maintenance). The annual cost is
on the high side given Zie numier of consenvative assumptions buili into the
technica analysis  Changing somie of the consernvatnve assumptions could
reduce the annual coes by approximately 25 per cent. The mid-point
estimate of annual berefits, 1E 18,873.000, exceeds the annuai cosis.

The project is jusiified on economic grounds because there is a
postive cost-benetit rziio The mid-point estimate of annual benefits,
LE 18,5875.000 sliziuly exceeds the conservative estémate of annual costs,
LE 18,530,000

Hinteroalt X Fddy Vol o Apsendix ¢)
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