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Economic 1echn1qu~ for assessing ( "ff!t1116 Production opnorJ i nrrodLcnon 

Objectives 

Introduction 

Cleaner Production usually requires an investment in tilJle and 
resources. Often, this investment yields an immediate return 

in the form of savings at the plant level At other times, the return 
on investment is a long-term impro\·ement in the em.ironment. 
When Cleaner Production leads to cost savings at the plant level, 
the investment can be justified with ordinary investment analysis LU& 
techniques_ When Cleaner Production results in higher manu-
facturing costs, then the investment must be justified by its en-
vironmental benefits. In these cases, micr~economic analys.es are 
used to determinewhetherthere will be adverse economic impacts 
on the industries coo:emed; 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 Cl? tire economy. !n Leaming Unit 6 we present 
the basics of each of these economic analysis techniques. 

The specific learning objC\."tives of this unit are as follows: 

• To describe how investments in industrial environmental 
management may be justified at the plant, enterprise and 
national levels. 

• To introduce analytical techniques for justifying Cleaner 
Production investments. 

Key Learning Points 

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

• Financial analysis at the enterprise level. 

I 
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Economu: 1«hn1ques for a.u.ming C/ean.n' Production options 

Suggested Study Procedure 

1 Take the test in die Review. Think about the questions raised 
and what you need to learn from this Leaming Unit. 

2 Work through the Study Materials, including the Reading 
F.rcerpts and the video. 

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

4 Complete the exercises in the Review. 
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Ecnnomic: tec:hr.uptes fur assessing Cleaner Production c-plionr Study .\.latma/s 

I 

Study Materials 

T he economic analysis of environmental issues may take 
many forms and use a whole variety 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 LU6 
familiar with each of the analytic techniques. to recognize which 
techniques to apply to different siruations and to under- stand the 
limitations of each technique. 

Fmancial Analysis 

W hen a project involves new investment, then some form of 
financial analysis is required to justify the wvestmenL 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 critical factors such as horizon (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 internal 
rate of return on the investment Discowited cash flow analysis, 
in tum, requires th~ following: 

• Identifying 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. raxes and the final salvage ?alue of the equipment. 

• D~tem1ining how long the equipment will be used 

-----------·-------- -··-··-----·----- -------' 
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St11ay .\latmalf Economic techniques for aucning Ckano- Prod11t:rwn ••ptions 
~~~~~~~~~~~~~~~~~~~~-

Questions 

• Specifying an interest rate that represents the cost of 
capital 

Some Cleaner Prc.w.luction investments can be justified by 
their ~gnificant financial returns, particularly those with short 
(less lhan one year) paybacks. A payback period of one year is 
equivaient to a l 00 per cent annual return on capiul. 

Some Cleaner Production investments may. however. have 
payback periods of 10-20 years or they may not produce a 
fmancial benefiL 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 besid~s payback are inter­
nal rate "~return and net present valu~. 

Normally, financial analysis considers only direct costs such 
as capital expenditures, maintenance and expenses as well as 
savings in f3W materials, labour, waste disposal, energy etc. 
Cleaner Production projects howe\·e1, 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 health and 
morale etc .• and these should somehow be considered. 

Next Steps 

1 Read "Economic analysis of pollution prevention projects", 
included in the Reading Excerpts at the end of this Leaming 
Unit 

: 2 Test your comprehension oftheinfonnation by answering the l ... quemoos be~ow. Compa~ ymu answers-~ili m~ su:eg:d. - J 

1 What is total cost assessment? 



l:"con(Jltf!C- t«biques for at5~f1ng Cleana- Production options Study .\/aterials ,-
i 
I 
i 

I 
2 What types of costs and benefits does a tocal cost assessment 

analyse? How does this compare to a nonnal investment 
analysis? 

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

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

5 Why are the financial indicators net present value and internal 
rate of return more suitable than payback period to judge pollu­
tion prevention projects? 

·;1w11 po'l1»d ill(/ pun.<.Jq &iry.•~.m fl!/MUq il.U1f( 1a.•!JO 'f'''f" -.·13;1fcul 
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Questions 

LU& 

Economic technrques for assessing Cleaner Pror/111.:lion options 

1V~1Steps 

1 Look over the questions below so that you have some idea of 
what you need to learn from the ~ideo. 

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. 

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? 

8 
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3 For the firm that had to paint metal pans. "hat was the sow~e 
of cost savings of changing from liquid to po\'\·der paints? If 
the payback period had been 24 months raiher than 12 months, 
what would the cap:tal investment have been? 

4 What gains were realized when the firm that made p311:; for .:ar 
motors installed a centrifuge? How would the payback have 
changed if the centrifuge had cost USS 12.000 instead of 
USS 8,000? 

5 What would have been the payback period for Uniroyal if the 
cost of the S02 scrubber had been USS 1,500.000? 

'i.IOtM{'"{' 
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Study Materia& £conom1t: t«hnrqtlG _tOr auessing Cleaner Prod"'1ron optwn.t 

Mic~Economic Impact Analysis 

Questions 

l\Jl"icrCHCODomics can be used to estimate the economic 
.l T ~act of environmental investments oo an entire industry. 
micro.ecooomic analysis looks at the effect of environmental 
investments on prices, plant closing. employmen~ capacity ex­
pansion and export potential. 

Such analysis often shows that the economic impact of the 
Cleaner Production investment is not si!Jllficant, with only small 
increases in prices (I-3 per cent) and little reduction in indusuial 
output. 

Some Cleaner Production investments can be justified by 
sho~ing that a major reduction in pollution problems can be 
achieved Y.ithout causing a significant economic effect on 
productive activities. 

I Next Steps 
! 
i 1 Read .. Choosing an appropriate water treaunent ... included in 
i 

the Reading Excerpts at the end of this Learning UniL 

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

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

10 



_=:.·cononuc l«hntquesji.tr an-essing Clea1ter Productionopi•· · Study .\/atu1aLo; 

2 \Vhy did the audu1. "., 1mmeod that second-grade mills should 
not be required to 1u..;o;l 1979 standards? 

3 The article was \'t · . ;_ ;u m 1977_ How might the current dis­
cussion of Cleane1 : · t • 1ctioo change the analysis? 

·a&orf'~P 111t1111god puo ''""""~" 111-." · '/J'fNU ~qofUO.ffo a.x. 111q .111la111alil&u 
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Study Materials Economic: techniques for '1.U2SSing Cleaner Production options 

Benefit-Cost Analysis 

LU6 

I II 111 I I I 11 11 I 

Benefit-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 C'\·en global level. 

Benefit-cost analysis can be used to justify Cleaner Pro­
duction invesnnents 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 humans 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 influenred by ambient air quality) or surveys 
(asking individuals what they are willing to pay for en­
vironmental quality improvement). 

• 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 ofimproved human 
health, aunospheric 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. 

12 



Study Materials 

Next Steps 

1 Read chapters 1-4 and 6 from "Benefits estimates and en­
vironmental decision-making'', included in the Reading Ex­
cerpts at the end of this Leaming Unit. 

2 Test your comprehension of the information by answering the 
questions below. Compare your answers widi diose suggested. 

Questions 

I II I II I I I I 

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

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

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

·-------------------------
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Study .\faterials Ec:onomic t«lrniqws for m.w.uing Cleaner Production options 

Macroeconomic Impact Analysis 

M acroeconomic 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 mi~ecooomic 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 fums 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. 
Industty accounts for about 2~ 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. 

, -- ------------------ ------·----- --- ---

' i 
I Next Steps 

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

1 Test your comprehension of the inf onnation by answering the 
questions below. Compare your answers with those suggested. 

/./ 
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Economic teclrn1qua for uuessmg Cleaner Prodvcrion opllons ~ .•./aunal.s 

Questions 

1 What is the difference between mi~ecooomic and macro­
economic impact analysis? 

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

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

/ 
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Study .\/armals 

Additional Suggested Readings 

I I 111 I 

---------

This concludes the study section of Leaming Unit 6. For ad­
ditional information on financial and economic analysis, you 
may refer to me follo\\ing sources. 

Behrens, W .• and P.M. Ha\\TaDC~ .\fa11UJ1I for the Preporati0ti of Indus­
trial Feasibility Studies (UNIOO publication, Sales 1'o. E 91.IB.E. I 8 ). 

Pearce, D. W .• and A Markandya, Emnrorunental Policy Benefits: Mone­
tary H1/ualion (Paris. OECD, 1989). 

lietenberg. T .• Em'irorunenlal and Natural Resource Ecor101nics. 2nd ed. 
(Glenview, IDinois. Scott, Foresman, 1988). 

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

USEP~ Office of Pollution Prevention and Toxics, Total Cost Assess­
ment: Accelerati11g Industrial Pollution Prn·ention Through /n110\·a­
ti't:e Project Al'lolysis: U11it Applicatio11s to the Pulp and Paper 
Industry, EPN7-U/R-92'002, 1992. 
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Case Studies 

Case Study 1: Waste Reduction Audit for a Cement Plant 

Based on UNIDOproject USIINT/91!217, Demonstration of Cleaner 
Production Techniques. 

--------------------------------· 

Cement manufacture requires the burning of fuel together 
with limestone and clay, yidding a ~linker which is then 

ground \\ith gypsum to give cement Burning \\ith the modem 
energy- efficient dry process requires very large and efficient 
filters b~ 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 return this 
material to the process results in severe dust emissions and 
production losses. 

In a pilot project to test the waste auditing technique. UNIDO 
assisted a cement industty in Egypt After the initial preassess­
ment, it was decided to focu~ on the cement kiln. Production 
records a:od laboratory data w'~ used to determine input and 
output quantities over a period ot-ooe 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 ~ince as­
sociated losses were deemed insignificant compareti with the dust 
losses. Because there were no direct measurements of dust losses 
to the atmosphere, this quantity was determined 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 E~·pt 

Inputs 
(Average tonnes/day) 

Outputs 
(Average tonneshi.ay) 

Oay 2.292 \loisture 

I CO.: (fr:;;a th~ 

Limestone 5.324 limestone) 2.6-iS 

Dusi-las.> to 

Hematite 16 atmospnerc throug.'1 
filters elC x = 136 

Red day 333 
By-pass dust 21.i 

RawmeaJ Cement kiln 
Oinker -1,569 

~).965 ~c1oy---in1-----> must comr ---our----> L1.965 ~"°' 

Because equipment specification data illggl!Sled that something 
less than 18 tonnes per day sboold be escaping this way. the 
cement-making process and the fihers ~ere examined closely. 
Two imponant observations were made: (a) one fiher, the gravel 
bed filter. was not functioning properly: (b) there were numerous 
kiln stoppages throughout the year (the el~"trostatic filters at the 
main stack \\Ork optimally only lftc:r some time in operation). 

Emissioos from the gravel bed filter were quiclly addressed. 
reducing dusa losses to the atmosphere by approximately 12 
tonnes per day. 

The company was already aware of the by-pass duct losses 
as this wasae was being hauled by trucks and dumped in the 
surrounding desert. The problem is caused by the high alkali 
content of the Egyptian raw materials, which makes it necessary 
to bletd alkali-rich dust from the kiln to prevent clogging of the 
preheating equipment The waste audit exercise spurred the 
company to find a 5\Jstainable and profitable solution. Trials 
suggested that the 21-t 1onnes per day ot by-pass dust could. ~1th 

l-- -----------4·-------------
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Eror.omu: ter:hn1ques for m:sessing { ·1eaner Production options ( ·ase Studies 

Questions 

I 
L__ 

the addition of 4 tonnes per my of additives. be successfully 
convened to clinker in a small chy kiln without preheaters. The 
processing would drive off an additional 26 tonnes per day cf 
COi, thus yielding 192 tonnes per day of clinker. The investment 
for mch 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 atmosphere 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? 

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

6 What is the main adYantage and the main disa<h 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 halan.:~ data for th~ 
Egyptian cement plant, how much C02 was emitted from the 
cement industry world~ide in that year and compare this \\ith 
the estimate of C(h from fossil fuel burning 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 processing. Having the 
answer, would you say that it is imponant 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 

Questions 

I Next Steps 

i 1 Read "Benefit-cost analysis for the Ismailia waste-water pr~ 
ject", a case study included in the Reading Er:cerpts at the end 
of this Leaming Cnit_ 

2 Answer the questions helow. Compare your an~wers with those 
suggested on the following pages. 

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

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

'-------------------------------------------
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3 What is the basis for valuing changes in illnes5? 

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

5 List some 
assumptions. 

fundamental data based on questionable 
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Test 

Review 

The following test will help you re\.iew the material pre­
sented io this Learning Unit 

1 Environmental economic techniques include all of the 
folio-wing except 

a. F.nvironmental impact assessment 
b. Micro-economic impact analysis 
c. Macroeconomic impact analysis 
d. Benefit-rost analysis 

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

a. Fmancial analysis 
b. Micro-economic analysis 
c. Macroeconomic analysis 
d. F.nvironmental impact assessment 

3 A payba.ck period of one year is equivalent to a 

a. 25 pt..'f cent return on capital 
b. SO per cent return on capital 
c. I 00 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. Cult-1.!:d benefits 

'1 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 ?.t an industry level is 

a. Environmental impact assessment 
b. Micrllreconomic analysis 
c. Macroeconomic analysis 
d. Fmancial lilalysis 

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

a. Plant closing 
b. Product price increases 
c. Capitcity expansion 
d. Balance of payments 

910 practice, the micro-economic impact of pollution control pro­
grammes on many industries will normally be 

a. Very significant 
b. Significant 
c. Small 
d. 7..cro 

----·---------·----·-. ----·-·-·- -
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10 The economic technique that measures the cost of a Cleaner 
Production activity against possible benefits is 

a. Marginal cost analysis 
b. Fmancial analysis 
c. Macroeconomic analysis 
d. Benefit-cost analysis 

11 The main difficulty with benefit-cost analysis is usually 

a. Quantifying health effects 
b. Estimating the costs 
c. Valuing the benefits 
d. Arithmetic:tl 

12 In environmental benefit-cost analysis, values can be 

a. Market values based on prices and cost savings 
b. Surrogate v;Jues ba~d 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 prqect using benefn-cost analysis is 

a. Usually adequate to justify a project 
b. Both scientific md economic analysis 
c. Not usully dependent on the underlying assumptions 
d. Often used to justify investments at the plant level 

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

a. Environmental imp~ct assessment 
b. Micro-economic analysis 
c. Macroeconomic analysis 
d. Financial analysis 
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15 Expenditure in pollution prevention and control in most de­
veloped countries accounts for what share of GDP? 

a. 2 percent 
b. Sper cent 
c. 8 percent 
d IO percM.t 

--·------ - -- ---· -----------· ----- _ ..... ---- ---·----··---·-· 
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Some Ideas to Think About 

nThe following are some additional questions rai~~y th~;~--
Materials. Take some time to thin..\ about them. If possil>le, 
work in a small group and tty to achieve cooseosus. 

! 

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

2 Does business adopt only the "environmental monlity" that it 
can afford? Is severe pollution inevitable? LU& 

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

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

S How useful is an economic justificatioo for an environmental pro­
ject if the \Dlderlying a~tioos 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 

II II II Ill II I 11 I I I I I 111 I I 



Reading Excerpts 

Econonlic Analysis of Pollution Prevention Projects 

Excerpled. "111.ith pertni'5Son, from USE?.-\. Office of Solid ~""a.~. Facility Pollulion 
Pmenlion Grade, EPA/600/R-921008, chap.6. 

• lthough businesses m:iy invest in pollution prevention because it is LU& 
I1me right thing to do or because it enhances their public image, the 
viability of many pre,·ention invesunerus rests on sound economic anal-
yses. In essence, companies will noc invest in a pollution prevention 
project u~ that project succ,'SSfully competes with alternative in-
vestments. 1be purpose of this chapter is to explain the basic elemenlS 
of 3Jl adequate co.st accounting system and how to conduct a compre-
hensive economic assessment of investment Oplions. 

Total Cost ~ment 

Tn recent years indusuy llld the EPA ha\·e begun lo learn a great deal 
.I.more about full evaluation of prevention-oriented investments. In the 
f IJSt place, we have learned that business accounting systems do noc 
usually u.ack envirorunenul coses so they can be ;illocated to the particular 
produa:on units that created those wastes. Without this sort of in­
formation, cor.ipanies tend to lump environmental cosLc; together in a 
single overhead account 0r simply add them to other budget line items 
where they cannot be di..;;;iggreg.ued easily . .-\s a rc~ult, companies do 
not have the ability to identify those parts of their operations that cause 
the greate'>t envirorunenul expenditures or the products that are most 
responsible for wasle production. This chapler pro\'ides some guid­
ance on how accountin~ systems can be set up to capture this useful 
inf onnation better. 

It has :llso become apparent that economic :issessmenis typically used 
for investment analysis may noc be adequate for pollution prevention 
projects. For example, tr.iditional :malysi..c; m(."{hod-. do not adequately 
address the fact that manv pollution pre\·cntion mca.,urc:; will hcndit a 
laJltt'r number of produC1ion areas than do m,).St other kinclo; of capital 
inve~mcnt Second, thC'\· ck, not usually account for the full ran~l' of 
<·nvironmcnt:il cxpenc;c:s wmpanics often incur "l11ird, lhq• wmallv do 
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nol :u:commodatc a sufficitntly long time horizon to allow full evaluation 
of the lx:ncfits of many pol!ution prevention proje<."t.S. Finally, they provide 
no mechanism for dealing with the probabilistic nature of pollution 
prevention benefits, many of which cannOl be estimated with a high 
degree of certainty. This chapter pro,·ides guidance on how to overcome 
lhese problem.5 as well. 

In recognition of opportunities to accelerate pollution prevention, 
the CSEPA has funded several studies to demonscrate how economic 
ac;sessments and accounting systems can be modified to improve the 
compeitin.·ne~" of pre\"t:nlion-orienc~d inn.:stmcnL-;_ EPA calls thi.-; :iruly­
sis TOlal Cost Assessment <TCA). Tiu.-re :ire tour elements of TG\: 
expanded cost inventory, extended time horizon, use of long-tcm1 finan­
cial indicators, and direct allocation of costs to processes and produCIS. 
ll1e first three apply to feasibility assessment, while the fourth applies to 
cost accounting. Together these four elements will help you to demon­
Slr:ite the true cOSIS of pollution to ~-our f um as well as the net benefics of 
prevention. In addition, they help you show how prevention-oriented 
investments compete \\ith company-defined scancbrds of profitability. In 
sum, TC\ provides substantial benefits for pre-in1plementation feasibility 
as.sL'<iSntents and for post-in1plement:uion project evaluation. 

The remainder of this chapter summarizes the essential characteristics 
of TCA. Much of the information is dr:i"'n from a report recently prepared 
for the L'SEPA by the Tellus 1.n&itute. The Tellus report addres.5es TCA 
methodology in much greater detail than can be provided here and provides 
examples of specific apfolications from the pulp and paper industry. lhc 
report also includes an ex"tenc;in: bibliography on applying TCA to pollution 
prevention projects. In a separate but related study for the i'ew Jersey 
Department of Environmental PrOlection, Tellus an:ilyzed TCA as it applies 
to smaller and more \·aricd industrial facilities. A copy of this 1eport can 
he obtained from the ~J Department of Environmental Protection. 

Expanded Cost Inventory 

"r< ::\ includt:s not onl~· the direct cosl" factors that arc part of most project 
J.. cost analyses but also indirect co..c;(S, many of which do net apply to 

other types of rrojects. Besides direct and indirect cosLc;, TC.\ includes 
cost factors related to liability and to certain ··less-tangible" tx:ncfiL'>. 

TCA is a flexible tool that CUl be adapted to your spt·cific needs and 
circumstances. A full-blown TCA will make more sen<;<; for some busi­
nesses than for oth~. In either case it is important to remember that TCA 
can happen incrementally by gradually bringing <:ach of iL'> clements to 
the inn.·stment cvaluacion process. For exampk, while it may he quit<'. 
e:L'>Y to obtain inform:nion on direct 1.·osL'>, you ma~· have murc troubk: 
1.·stimatinj( some of th1.· future liabilities and ks.' tan~ihlc ("C).'ils. 1'1.·rhaps 
your lirst dforc should incorporat1.· all clire(·t ("{).'il.'i and as 1~1any indiru:t 
ro~;rs .L' pos.o;ihl1.·. ·1111.·n yc111 mi~it acid those: n1.'il...; 1h.1t :m· more dillin11! 

------------------------------------------·-- -- --·· 
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to estimate as increments to the: initiJ.l analysis, thereh,.· highlil<?htin~ to 

management both their uncertainty :md their importance:. 

Dh:'Cct Costs 

For most capital invescmencs, the direct cost factors are the only ones 
considered when pro;ect costs are being estimated. For pollution preven­
tion projects, this category may be a net cost, even though a number of 
the componencs of the c:tlculation will represent savings. lheref ore, 
confining the CO$l analysic; to direct co..c;t,.c; may k"3<l to the incorrect 
conclusion that pollution prc\'enlion is noi. a sound bu.->int:ss iiwcstmt.·tll. 

Indirect Costs 

For pollution prevention projects, unlike more familiar capital invest­
mencs, indirect co.'5lS are likely to represem a significant net savings. 
Administrative costs, regulatory compliance costs (such as permitting, 
recordkeeping, reporting, sampling, preparednes.s, closure/post-closure 
assurance), insurance costs, and on-site waste management and pollution 
control equipment operation costs can be significant. lliey are considered 
hidden in the sense that they are either all0C1ted to overhead rather than 
their source (production process or product) or arc 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. See the section below on Direct C.oSl Allocation for several ways 
to accomplish this. 

liability Cost.'i 

Reduced lability associated with pollution prevt.-ntion investmenL'i 
may also offer significant net savings lo your company. Potential reduc­
tions in penalties, f mes, cleanup costs, and pt.Tsonal injury and d"lmagc 
claim.c; can make pre\·emion investmentc; more profitable, particularly in 
the long run. 

In many instances, estimating and allocating future liability co.c;t.c; i.s 
subject of a high degree of uncertainty. It may, for example, be difficult 
to estimate liabilitks from actio~c; beyond your control, such a.c; an 
accidental spill by a waste hauler. It may also be difficult to estimate future 
penalties and fines that might arise from noncompliance with regulatory 
stand3rdo; that do nOl yet exist. Similarly, personal injury and property 
damage claims that may result from cono;umer misuse, from dic;posal of 
wac;tc later clas.o;if sed as hazardous, or from claimc; of accidental release of 
ha1A1rclous waste after dispos.11 are difficult to estimate. Allocation of futurc 
liabilities to the productc; or production prcx:c~o;cs also prt·.scntc; practical 
difficulties in a cost :i.•;scs.c;mcnt. t:ncertainty, therefore, is a significant 
aspcct of a cost :L'\."Cs.c;menl and one 1h:u top mana~cnwnt may Ix: 
11nacn1s1om<"cl lo or unwillin~ lo accc:pt 
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~,:::t: :1nn." : .... \C: nt:n.·rtht:ks.-. fr,und :i~:c.·nu1i·.c: w;iys to :td<ln::-;s 
liability ~o.:'l.."'- in pr ·,;c:cl ;uulysis For <:-x:.lmplt:. in t11<: rorr..ali\·e ;iccomp:1.­
n}inlo? a yrc:n.:ibili::.- c-.ilculation, you could include :i olculated t:5lin1a1e 
of li3bility xdt:cti :.n, cite a pen.:ilty or St.'itk·mcnl tr..:il may he a\·oide<l 
I based c.n J. claim igainst a similar company usin~ a sin1ilar process), or 
qualitali\·el~· indiore without auadling dollar \·a.Iue the reduced liability 
ri5k :issoci:lred wi:.~ the pollution pre\-e-Olion pro;ect. :\lternati\·el)', some 
firms lu\·e .:hoser: to I~ the f U'lancial performance requiremenLc; of 
their prc.jec::.-' lo :ic..:ount for li:ibilil~i reductions For tx:imple, lhe required 
p:t\-b:ick peiod c-..... --: he len~ened from chret: ro four \·ears, or the required 
imc.::-Yu! ::-.o:,_ , if rt· _:;1 cm ht: kmc.·rc.·d fn •Ill : .:; [\, : pc.:rct:nt. c Sc.-t_· th ... · 
l "SEP:\ s. Pc·Jutior. ?re\'entinn Bc::ndlts ~tmu;il. Phase II for su~iorL'i 
on fom1Uli:;. tlut r:::.ly be useful for incorpor.iting futcre liabilities into the 
cost :in:;h-s:...--. •. 

Less-Tangible Benefits 

:\ po!L.J.tion ;x\·ention project nuy also a,~(j\·er substantial beracfits 
from an i!:?pro\·d product and company im:iJo,>e or from improved 
t:mployt:c.: :.~:ilth TI1esc: hcncfito;, listed in tht:" cv"'l J.lloc:llion section of 
1his ch:ipi:c.::-. rcrr~~ i:lr~ly unexamined in t.'twironmenul inveslmcm 
cleci'iiOI'.'· .-\hho~µi they :ire often difficult to mc:i:--ure, they should be 
incorpor:uc:-.::i into :he assessment whencn.'T fe:isible. At the very lt.."ast, 
they shoulc be hi~ighted for mangers after pre5Ctlting the more easily 
quantifi3bk- and .:2oc:itable coslc; 

Consicic.-r se•c-nl cx:imples. \X-11cn :i pc,Hution prevention inve'ilment 
impro\t.~ p:-oduc: ;:x:rfomunce lo the point llut thc Ol."W product c:1.n be 
diffcrcmi:icc-d fror:1 its comix:tition, market share nuy increase. Even 
conscn :iti\. c cstir.!.llCS of this increase can incren~nlally impro\'c the 
p:t}-back fr0m the- pollution pren:mion invcsuucnt. Companies similarly 
recognize t:iat lhc: development and nurke1ing of the so-calkd ·green 
products .. :;.ppcal~ lo consumers and increasingly appc:al"> lo intcm1cdia1c 
purdu..~rs who :>...""t: interested in incorporating ··grc-cn" input'> into their 
product.". .-\gain. c.~tima1es of pOlential incr<."1.-.CS in s.Ucs can he added lo 
lhc an~y:-is At lbt: \cry least, the imprn\ cd profitability from :iddin~ lhcsc 
lcss-tangibl<: tx..-nc-:lt"> lo the arulysis should he presented to man:iKcmcm 
:ilongside the more easily estimated co..">ts and benefit ... Other less tangible 
benefit.; m:.iy be more difficult lo qu:111tify, but should ncvcrtl1clcss be 
brought lo manaF:t-mcnrs attention. For example, reduced health main­
lcnancc cOSlS, a\'o:ded future regulatory cosl". and improved relationship.-; 
with rc1~1.Jlaturs pcicntiallv affect the bottom line of the a.•;sc~'imcnt. 

In tirnt, a.-; the mo\'ement toward grcl'n product'> and companies 
grows, JS ~ork<·r.> come lo expect :c;.'\fcr working <"nvironment'>, and as 
<:omp:mil's mon· .iway from simply reacting lo rl'~ulaliono; and toward 
anticip:uing and .1,klrc~o;ing lhc cnvironm(.-nt:1I imp.1(t<; of tht:ir pro<:c:;.<;<:s 
and produc·_c;, !ht' :c.·s.o; 1an¢hlc asp<:ctc; of poll111ion pn·n·n1i1 >ll inv<'stnwnts 
will l>n·· inK mort .1ppan:n1 

L ____ _ 
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Expanded TlOle Horizon 

Since many of the liabilicy md less-t:mgible bt:nefits of pollution 
prevencion will occur O\"U a long period of time, il ~ importanl thac 

an economic 3S'iCS."it11e111 look al .:i long lime frame, llOl tilt: three to five 
ye3IS typic3lly used fOI' odler" cypes of pro;ects. Of course, incre2sing the 
time frame increases the unccrt2"y of the cosc factors used in the anal~-s~-

long-Term Financial Indicators 

~7hen C"..aking pollution pre,·ention dt:t..isions. select long-tcm1 
W financi.3.1 indicators th:u accoum for: 

• all C3Sh flows durin~ the project 

• lhe time ,-aJue of money. 

Three conunonly used fmanci.al indicacors meec lhese criceria: ~ec LU& 
Presenc \"alue (l\-PV) of an invesl111elll, Internal Race of Rerum ORR), and 
Profiubilit~- Index (pl)_ .\nocher commonly used indicacor, the Payback 
Period, does noc meec the £9.·o criceria mencioned abo,-e and should noc 
be useci_ 

Di.c;cussjon." on using mese am ocher indicators "'ill be found in 
economic analysis cexts. 

Direct Allocation of Costs 

"IJ'eW companies alloclle em ironroemal costs lo the products and 
r processes lhal produce these C()S(S. Without a direct allocation, 
businesses tend to lump ilit:se expenses inlo a single o\·crhcad account 
or simply add them co odx.1' budget line iccm.'i where they cannoc be 
disaggregated easily. 1be result is an accounting system chat is incapable: 
or ( 1) idcntifyin~ the produces and procc...·•;scs most respon..o;ible for cn­
\"ironmental co.<>L ... (2) targfting prevt.·mion opportunicy a.._<;c.~-.mcnL" and 
prcn:nti,>n invec;tmcnts to the higl1 <.1wironmcntal cost producL-; and 
processes, :md (.:\)tracking the financial savings or a chosen prevention 
inves{ment. TCA will help you remedy each or these dcficiencic "-

like much of the TCA method, implementation uf direct coot 
allocation should be flexible and tailored to the specific needs of your 
company. T<> help you evalu.ue the options available to you, the 
discussion below introduces three ways of thinking about allocating your 
costs: single pooling, multiple pooling. and service cml<.-rs. TilC discu'i­
!'ion i.4' meant as !(Cneral guidance: and explain.-. somc.· of tl1c ;idvant~agcs 
and di.-;;•dvanla~-s of each appr\'1.tch. Please ~·t· other EPA puhlic:llion'i, 
~t·neral ;tccoumin~ tcxL". :ir.d firuncial spcciali.o;L-; for mort· 'kt;ail. 

-------------------------------' 
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E0110111ic tttluriqua for a.ua.1ing Cleaner Prodra:tion optuJnS 

Single Pool Concept 

With Ll)e single pool medlod, the company dislributes the benefits 
and cOStS of pollution prevention across all of its products or services. A 
genenl overhead or administrative c05l is included in all lr.lnsactions. 

Aduantages. 11lis is the easiest accounting method to put into use. 
All pollut:nn cOStS are included in the general or administrative overhead 
cOStS that m05l companies already h-.ve, even though they may nOl be 
itemized as pollution cOStS. It may therefore nOl be a change in accounting 
med1od hut r:uher :m adju~mem in the m·crhe:id rate. '.':o detailed 
accounting or lr.lcking of goods is needed. Little additional administrative 
burden is incurred to report the benefits of poilution prevention. 

Disadiwztages. If the company has a diverse product or service line, 
pollution coots may be recovered from products or services that do nOl 
contribute to the pollution. 1his has the effect of inflating the costs of 
those products or services unneces.5arily. It also obscures the benefits of 
pollution prevention to the people who have the opportunity to make it 
succcs&ul-the line m3113ger will not see the effect of preventing or failing 
lo pre,·em pollution in his area of responsibility. 

Muhiplc Pool Concept 

The next level of detail in the accounting proce~ is the multiple pool 
concept, wherein pollution prevention benefits or cOStS are recovered at 
the department or othec operating unit level. 

Adl'antages. 111is approach ties the cost of pollution more clo."iCly lo 
the responsible activity and to the people responsible for daily implemen­
tation. It is also easy to apply within an accounting system that is already 
set up for departmentalized accounting. 

I>isadva11tages. A disparity may still exist between respon.-;iblc 
activities and the cost of pollution. For example, con.-;ider a department 
that produces part<; for many out-;ide companies. Some customers need 
stan1 Llrd part'i, while others require some special preparation of the part'i. 
111is special preparation produces pollution. L-; it reasonable lo allocate 
the benefit or co.<;l for th~ pollution prevention project across all of the 
part-; produced? 

Service Center Concept 

A much more detailed level of accounting i-; the service center 
concept. f !ere, the bcne~it-; or cost-; of pollution prevention arc allocated 
to only tho~ activities that arc directly rcsponsihlc. 

Ad1·a11/f.l!{t'S. Pollution rost<; arc accur.1tdy tied to the generator. 
·111('or<:tically, this is the most cqui1ahlc lo all product.'> or .<;crvices 
produrnl. Pollulion l'oSl.'i cin h<.· ilkntilkd :is clirtTI rosl.'i on th<: 
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Summary 

Reading Excerpts 

:ippropri:i:e cc:i.cr:icLo; md not huri<:d in :ht: inc:rcct costs, alkcting 
compcriti\·ene5S on other contracts. Pollution cost5 are more accurately 
identified. monitored, and man:iged. The direct benefits of pollution 
prevention are more easily identified and emphasized al the operational 
le\-el. 

Disad1vm1agPS. Considerable effort rmy be required to tack each 
product, ~ice, job, or contract and to recover the applicable pollution 
~'Urcharges. Added administr:ltive costs nuy be incurred to implement 
and m:iinuin the system. It may be difficult lo identify the costs of 
r·•lhni·-n ";"\.her: ;:iriciniz :in order or hiddin~ -,n :1 n<:--'- contr:id ll m:iy be: 

difficult to identify responsible acrivi1ies unct:.-r ceruin conditions such as 
laboralory sen:ices where many small volumes of wl.Sle are generaled on 
a seemingly cominual basis. 

EmironmenL'll costs have been rising s1eadily for many years now. 
Initially, these costs did not seem to h:i\·e a major impact on pro­

duction. For this reason, most companies simply added these costs to an 
aggreg:ire overhead account, if they tracked them 3C all. l11e tendency of 
companies to treat emironmental costs as m·erhead and to ignore many­
of the direct, indirect, and les..c;-tangible em·ironmental costs (including 
future liahility) in their investment decisions has driven the development 
of TC:\. 

Expanding your co5ts 11wcn1ory pulls into your :issessmenL'> a much 
wider :uray of envircnmemal costs and benefiLc;. Extending the time.· 
horizon. even .slightly, en improve the profic:ibilicv of prevention invest­
ments $\Jbstantially, since these investments cend to h:ive somewhac longer 
payback schedules. Oloosing long-cerm f mancial indicacors, which con­
sistently pr-ovide managers with accurace and comp:uablc projecc financial 
a.ssessmeru.s, allows prevention oriented inn.:stmems co comp<:tc success­
fully with other investment option.c;_ Finally, directly allocating cosLc; to 
procL-....o;cs and produCLc; enhances your abilicy co urgcc prc\·ention invest­
menLc; to high environmental cosc areas, roucinel~ provides infom1ation 
nt:.-cdt-d to do TC.\ analysis, and allows man:igcrs u crack che success of 
prevention investmencs. Overall, the TCA method i.'> a flexible t<Y>l, to be 
applied incrementally, :is your company's needs dictate. 
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Eror.omrc i«hniqu.ts_li.1r m~1ng Ckan~ Productim opciom Reading Excerpts 

Choosing an Appropriate \\Tater Treatment 

Excerped. ~·ith p<:nnission. from R.A. Luken and Y. l"nkuh-asapaul, ··choosing an 
:ippropriate -,,;ater treatment-, Environment.al Scin~a11d Tecbrwlogy, vol. 11, No. 1~ 

(December 191). 

I ncrt::-:....'-:.ng em·ironn:enul J.W:.lre~S-.... iL tht..· 1.:.-ffs !11_-; led IX>th 
cic-H·.-~pt..'..i and dt:\c,0pmg rutl\.ms tu :.llK•p• mc,r~ ~tru1gcnt t:ltlut.:nl 

~ ... '.u1±1ds. TI1cy h.:ive tended to establish unifom1 5landards for similar 
c3tegories of acti\·ities because unifom1 require:!1ents are easicr to 

:.dmini.."<er. In addition. developing mtions h:i,·e :ended to ba.-;e their 
Sl3ndard.s on the experiences of European and '.'\orth .\merican countries. 

While the adoption of more stringent ctlluent 5t;mdard<> ic; usually a 
wise decision, it is more importam that these st3nd.l!dc; be implemented 
::,y de\·eloping nations ln many cases these stanchrds :ire not implemented 
'.:-ec:1use they do not t:ike into .lccount· 

• me waste treatment technolo~y avaibble to industrial and mun­
icip3.l discharge-rs 

• the cost of the technology 

• r.he economic impaCi on industry 

• :he local cnvirorunental conditions. 

Thus the r:ue oi compliance with the t.."f!1u<:n: ..;tanctmlc; has lx:<:n 
:<low in nuny c1o;cs. 

Ob\·iousiy. the ratt.> of compliance with c:fllucn: srancbrdc; would Ix: 
incrca.c;ed if rhc\· were tailored to rhc unique conditions in c:ach developing 
:ution Ont: w:1y to adiusl lh<: dlluc:nt st:incbrcb for uniqut..· L"ondition..; j_o; 

:,> llk<: intr_, account tc:chnolo¢cal. l'n\·ironmt..·ntal. .<ncl social condilions 
::1 <:;ich ~:ountr.·. 

For example, facultative oxidation pondc; arc· usuall~· much mor<: 
lppropriate lhan actinted sludge Wl$tc-w:ilt:r tre:ir.ment systems in the 
:\outhc3_.;t Asian countries because the I:iuer require h><> much nwchanical 
equipment and maintenance. Another example: i.<> th:u the pc·rmissihle lcvd 
of dissolved m.·ygen in rivers mly be lower in Southc:;L'>t Asi;i than Europe: 
because aquatic organi<>ms are more ldaptable to ldvcrsc: conc•ition!'i in 
the tropics. 

Assessment 

T.1<.· primar~· rccommc:ncl;lli1lll t:nwr~ing from th~.- l<.·chnc1logic1l and 
<."<'I'll• 1mi<.· impan :--iudy lof th<.· t1pi1 >C:I ~!.lrd 1 inJustn 111 Tli:iiLmdl is 

-------------------- ·-· --· -- ·- -·- - . ··-
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Ec.,;wm1c techniques fi>r ~ng C:~ano?r Prt.Juction •Jpcmns 

~iut iH.· ·n1ai gon.·mnwm ~:i,>pl lht: 1977 and ~ 9'-) p: ,p.._i.."'t:d t.:ftluc:r.: 
:'tand:lrd'> for first-grade rr..:.ils. but only the 1:;,- pLposed etlluen: 
:'tanchrd'> for second-g:-.ide =-:Ulls. For bolh ,:a!egoi.B of r:.:lls. appropriat<: 
techr.ologi<:-s are a\·ail.:ibk.· .:ind effect1\"C. HJ\H:n:·r. c.n the n:lsis of 
economic analysis. only the first-grade mills wodd be required to met:{ 
the 1977 and 1979 su.nd:lrG.s. Requiring the .second-graee mills to mec.~ 
the 1979 scand:lrds is noe re::::ommended because of c.he 5e\·ere economic 
imp:ict and because trends :n the market alone m.:iy force these plants to 
clo.."C in a few ve-.us. 

·:lit· nirn-nl ;i:-::: :-r<>r -"'cd t:ftlut:nl ~t:uhlm.> .::-c \c-:-; l:iff<::-cnt ·nx 
cum:nt llt:ii c:flluem :'l:ln :.irdo; do not :ilk>w : A :'ig=-..::k:mt ·. :iri:llic,:; 
bc:l\'. t:c:n tltt: two diffc::-rer.t :~.-;x-s of production tci:h.'1ok -~t:S anc excet.-d 
the c:ipacity of commonly L..'C"d em·ironmenul ccnlrol t(:".:hnology. \\l1iie 
the proposed cll1uen: str.d:lrd-. are not 2s s-_'ingen: .:is lht.: cum.·r.~ 

5lanchrds, they woulc res-..::t in a significant pdlution :-eduction. .\lc:e 
inlportantly, they would r:obably be irnpkmc::lted bc-cmsc :hey are 
feasible and do not impose significant ad\·crse economi.: impaCG. 

-- -· - - -- - - .. --- . - ---- -- -- ·-· ·-· 

Table 1. Size Distribution of Plants 
··- -- --- - -- ---- -----~-- ---------------- -------- ------- -

I Estimated no. of 
Su b-c:itegorics ! mills Size range Size distribution 

: 

First-gr:idt: ~larch r -iO-·)9 ti d:iv I::; )t. 

60-69 55 Yr. 

""'n-120 y,y,, 

llJ•J!ri 

Second-grade starch -1 0-2.9 ')cfYr, 
I 

.:H>-9.0 Hr Yr, i 

Jc)O'V.~ 

The Starch Industry 

T.1rcc: rc.·pn .. ~c;c:nc:itiH: sl.'ldt mill~ r.llhcr than all 91>· 111 :-nill.s in 111ail:mJ 
were analyzed because.- of the impo~-;ihility of con-;i~·ring .111 millc;. In 

defining r<:prc.scnt:iti\·c mill:<. all mills were fir.st d.l."-'>ifi<.·l: .l." <.:ilhc.:r first- ,)r 
.second-grade .starch mills 1 ublc I). First-grad<.· mill-; .;.re: mon..· capiul 
intt·n,.ivc: and thus nl<Jre nlc.'chanizc:d tl1an .scconJ·gr.t(k mills. ·111c.:y h:l\c.· 
bcnc:r extraction r.llt:.s and ;ire.: alw:iy.s significantly lar~r than sccond­
gr:idc.· mills. Within ll1<.: ';(_·cor.d-~adt· catc~ory, mill' \\ <.:r<: .-LLo;.c;ific.·d .L" c.-itl11.·r 
Llr>-"-' C."'\·9 lon . .; 1<ia\l or ;Lo; sr::.111 <ks-; than 5 tons 1:...1\·1 mi!>• ·111is c.!i.stinni,·n 
w:L' made: lit:c111sc: nf <.one.'-~l." about th<.· imp: Kl." , •fl H-r. 'llUll 11:ilb 

Two r.llhn clun qnc.· ,c.·t of dllucnt limitat1. •I\.'- \\c. ~t· ( '>ll"t,ic.·rcd ll'f 
l".tc. !1 4 ,f tltc.· tlirn· rc;--•n·:'-o( :·.:.ttl\(" mills .\ k~~ <r:; .~c: .· 11111it.1'.:, .11 r}, \\ 

i....--- ·-·- ----------- -.---------·----------··· ... 
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rc-:"10,·;ii of t)rg:.:Uc matc:ri;il) wa.." prc,?osed ••Jr i9- .\ 1m ~:: slrir . .::t:nt 
limit;ition lhigh<.--r rcmo,al 0f organic ff..'.ltcrialJ w:1s pr·,poseci :·or 19""'9 

Control Technology and Costs 

Se,·cral factors were used in selecting :ipproprute tecmologie:> on "'hich 
to base the 1977 and 1979 effluent limitations. Tht::5e factc.:s were: 

• sufficieru data about the en~g design .me :-emo,·i. etlkieKies 

• cost.S 

• :n·ail:ibilirv of land. 

Fortun:itely. the works by Pescod and Th:inh <1'1-6) :in.:! Cnkdns­
apaul ( 19-:-5) re\iewed the appropriate technologi~ ..:::l the b."-sis of :hese 
criteria :ind the following material is a brief sumnury cf their work These 
scudies ha\·e mmy of the features of a C.S. Envirc:unenti Protection 
:\gcncy Dc,·elopment Document. 

The selecti0n of appropriate wi.;te-tre:umc:nt tt-.::hnolo¢cs :i.ss-..:mc:s 
r.lut surch mills would install primary clarification p.:>nds as part C'i the 
produaion process. lhe settled surch would be reco,c:red and 50ld ::.long 

with other starch output. 

A.s :i first-st1ge limiution, the abo,·c-memioned :>ourn::" J~t.tci tlut 
the an:ierobic ponds appear to be the best choice . .-\ .. 1:it:rob:..: pc,nC.... arc 
earthen basins in which the rat>. waste load i.. rel:linej for a :>c1ort time to 
contact with deposited digested solid". Tiu~e pondc; ~ .. -e most .ippropriate 
in view of the 'ery high BOD concemntion. low co=-=--" of trc:-.iun<.-m. :ind 
general a\·ailability of !:ind. 

As :i second-stage limitation. the .ibon:-mcntionc<l SCJurct.:S r<.-\ i1:\\ e:d 

S<:n:ral technolo¢es: 

• One is J facultati\·e oxidation pt)nd th:lt :illow:" :·, 1r suffi.:i1.:nt Sl::-fac<.­
:irea and detention lime to shmul:ite a<.-rC't>ic n.·J .. "tionc; ll1i"> 
technology is appropriate where large land are-.is are J\:iilabk :ind 

cheap. 

• .\nolher is an aerated lagoon, which treats w:i....qc w:Jtc:r on a rlow­
through basis and oxygen is supplied usually by me:u~" of surface 
:icrators or diffuf.<!d aeration uniL'i. TI1is tcchnt1logy is .appropriate 
where l:md is :l\·ailahlc to a limited ck-wee, :>tll is co:'tlv. 

• :\third i..; :1 rotating biological drum filk·r, whil":1 tr<.:al" w:L">tl' \\ :itcr 
in a ht•J\Y wir<: mesh drum filled with l'qual.:-;:n·d pl.i...;cic spl:c:rl·s 
'll1ic; technology is appropriatt· where: bnd 11~ musr 1~.- minimi1.ul 

.__ ______________ :_in_c_I -l:_m_1_l _is_· -vt-·f\_· -n-1s-·t-I}_· -------------------- J 
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o .-\ fourth is u-,mpkK!y mi.xt:d conl::-_:x'1s-~:.ri\·;itt:r; slud)i!t:. \\hie::. 
treaL" W1."lt:warer in 3 Jispt:rscd ITK::iu b~· .L->ing d:ffuscd :-.ir. 11ti.' 
tt.:·chnoln~y is apprupri:llc.- wh~r<.- :..ll1d i!' J.\·at.laL:<.- to ~ iirnitc.:-C 
d<:gree. bur is costly. 

()f the four anilablc tedmologies, l~.e hest cho~ce- for the- ~apioc::s 

:'larch indusu·~- in naail:mci J.ppears [Q bt- :ier.:ite-:1 lag".>0ns ltab!e 2). :\ 
sun·e-y of til<: industry indicues that land :S rd:.ni·.e-ly :ixJ.ilable. partiru­
hrly co firs~-grade mllis. and is rdati,·ely :.1expe-:isi\·e. Thus utiiintion 
.1f a ~ ·1t:itiniz bioloiz:c:il drum filter_ which ~ :i c1p'.:al-inret.<:i\·e trt:-:itmer.: 
... \·~t,_ ~~~ i~ r;· ·~ :~t:i..·t ''. 1 ~· l• n1tnira1izt: Lt:--+: · __ ,c.- ~!i.e t.·,~::11.1tt·t. : "'-t I ~ 

The- work of L"nkuh·as3paul C 1975) ompan::d the :::ipit:il. :snd op­
c-r.iti.:r. and nuintenmce cost5 for :i facu:::Jti\·e (.,xidation pond :ind :l:-1 

.ier.ltt."d lagoon :ind found that both typc-5 cf cc.sts wc:re grearer for .i 

:"acu:<ati\·e oxidation pond gi\·en land CO$L' in the south or lliaifa ... "ld. Hk" 
higher oper:ition am.I maintenance C().5(5 were anribured to the momhh: 
land 1.:ntal, which :iccounted for 75% of tlx-5e co.st. .... In ad~ition, facu:rati\e 
~xiciuion ponds ~robabty could not :>.chie\c- ti:e si."lle remo\·;,] efficiencib 
3.S :ie-:ited l:igoons Thus utilization of ar: :ier:itej lagcx,n rathe th:m .i 

:-acubfr;c oxicbtion pond 1-; the sccond-~..:i~ re~:iirement is preier.ihk 
:in ti:c- bio;is of cost minimization. 

Table 2. Technologies Available and Evaluations 

T cchnolof"y 

r\raacrohic pond 

Facultati\'c pond 

Aerated lagoon 

Rotating drum 

Activated sludge 

Tl'Stt:"d 
rcmo\·al 

efficiency in 
l11ailand 

.-\ppropriate for · 
reducing 

org:mic Wa5\es ' Rebti\·e co.c;tc; 

Fir.>t-siage requiremc.nt 

Yt:s Yes ()\\ 

Yes 1 lo\'-·-mcdi&Jm 
·-----~------ --

Yes Yes i km.--mcdium 

Yes Yes I high 
-·---- -- - -- - ···--· --·--·- --~--r-- ---·------ -·-- ---- r 

Yes L 
- --·-- --- .. - -

hipJ1 Yes l 

RelatiH· !:ind 
rcquirc-ment.;. 

m<:di:Jm 

medium 

lo"' 

medium 

Trc:atnll'nt co . .;t, fpr r<:prt.·scntati\'c- pl.•nL"> for first· :ind ~T< ·nd- sta;.."\: 
r<:q111rl·nll'nt..; are surnrnariz~:d in t1bk 5 .-\~·11;:Jl lR-:llnll'n! cc ,st.-; ''ill \';&f\ 

lar~d\' from plant hi plant dl'fl(;nding t1pl'!1 t!1l' ~:~:siKll .md <1pt·r.ll1r,n I'! 

'.Ii<· pr< 1d1Kti• •fl fan I ill<. s ;ind locil CfJn<I:::, W.'-. J'.1rt1n1l.id\· la1h! pm~-, 

I ______ ) 

.JO 

I II II 111 Ill I I 



!-.i:onum1c techniques for aness;ng Cleaner Production options 

Furthem1ore, effluent trcatmt:nt co.."L'> \-:.lrf gn::u'y frc.m om.: :nstall:ttion !u 

another, depending upt''l bookkeeping procc.:durt.-s. 

Economic Impact 

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

• price 

• production 

• employment and plant dosure 

• balance of payments and 

• growth. 

Poeential price increases :ire ba..~d on the aGditional costs per ton of 
starch chat might be incurred by a plant ha\'ing to purchase an entire 
treatment system to achieve the proposed effiuent linlitations (table 4). 
111<.:se price increa">CS would be less lhan estimated because the treatment 
costs do not t~c into account in-plaet: technology. In :.iddition, part of the 
costs might be passed on by an incre:ise in the selling price of production 
wastes, which are used a:; aninlal feed. 

"flle potential price effects through the l970"s for segment caregories 
arc insignifica'lt except for small second-grade mills. However, even thi' 
price increase is dwarfed by variations in the m:irket price, which has 
increased and decreased annually by as much as .:\O'}'O and incrc2scd by 
14c1'>Ai from 1970 to 1974. 

The ability of the ~egments to pass em·irc:m1ental control cosl'i on 
to the consumer will deperad upon future supply/demand balauce.s and 
.substitute products. For the domestic market, the supply/demand balance 
is cxpecteci ro he loose throllgh the 1970".s. l lowc·1cr, t.here arc no 
compt"tillve '>uhstitules for starch, so it i.5 likdy thar :1 small price increase 
can ht: passed forward. 

Social Consequences 

~oduction effect'> would vary arnong rhc tlm:~ categories of mills. For 
C firsr-bfadc mills, no l"hutdowns or production curtailment'> arc pr<>­
jcctcd owing ~o environmcnt.-il control regulations for dther 1977 or 1979 
requirement'>. 111c:se ;argcr mills h:t\·c sufficient return on investment, 
available capital. and cash flow to finance expected (A>llution comrol 
exp<:nditurc throuJd1 the 1970".s. However, if ~he market deteriorates ;L'i it 
did during 1975, so.nl· mill'> would curtail production for rc;L'>on-. o<her 
rhan pollution control c:cisL'>. 

l.ar~e sc:rond gr:ld(· mills would not shut d11wn with th<: 1977 
n-1p1in·m<·n1s While tilt· ownns would 1101 rl"n-1H· :my fl"tllrn 011 !li('ir 

L-----------------------------·--·-----
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R~adtng E'<o:ttrpl'I Ecrmom1<: t«hmque:, _.·;,,. a.~.wss-mg Cllancr Pmdu.-tzon 11pt1ons 
.--~__;;._~~~~----~-~~~~~~~~ 

capi::ll mn::-llfa::1t. tht:y \\:(Juld c.:•,\ 1.:r ti r::: .. 11..lditi<>n:1l . ;.-(..-r .. nii:~ 1.:, '-"l' 

llO\\CH:r, the: SC\·t:n mill" \\Ould s!tut dow~ .. \\ith th1.: 197 n.:quirc.:m(..·nL ... 
In this CL"<:. the ~1wnc:rs would not tJt: :ihlt: :c1 con:r their ·,pc.:r.iti.:'.i c,)St'­
Closurt: of these sen:n mills would dt:crt:::....'t." tot:il indus:ry c1p:icity tA 
tlm.:e pc.:r a:nt. 

Table 3. Summary of Costs per Rq>rcsentative Plant 

Opc-r:ition & ~n:iint<:n:u~n.-

First Stage: 

l -- -.~~~;~!~~----====-=~= --=-----69~;==~~-~-=--· -------= ~=--~ ~; .. --- - -· --
I 
[ 

60 l d3\' ------- ------. ---- -------- ------------, 
-----·- -- _LE~1.. - ------ --~------- - !•• J Sccond_gr:id~ __ _ 

- -- -, 
. Second g:-:icl~. _ _ __ _ ____ }00 I 

2 t ch\· 

] ~:,;;:~de ---n 

. 60 l d;l\ 

37 300 201)(1 

~r==--_--'s~·c~c~o~n~d~gr=--.1~c~lc_· __ ~---~--~3_ft_1 _____ ~----~~-'-M_• ___ ~=i 
i-U t da\· 

~~ ___ s_·l_·c_o_n_d_gr~a_d_e_·_~~--~-~~3_2_<~_) _____ ~~-~--'-''-' ~--_____J 
2 t cfay 

~urc.,-: I Jnkuh·asap:iul I 197.:; · 

Small ~:c,·,nd-.!!radc mills would pn 1:ubly not shut d<Jwn with th(..· 
19- req11in:nK:1L". in spill' of the: fact tha! the: 0\\ nc:rs ''. 1uld ll<'l h<.: able.: 
to CO\'<:T th1.•ir OfX:r.lling COSL._, llwy prob:ibJy would not shut de)\\ 11 

bcc:iuse the\· might bt: able lo reduce opcr:iting cosLc; or di..,rt:gard poliution 
control rcquiremenL'i. In the Jancr case, the opcr:iting costc; arc too Jar~ 
to ht.· absorbed by skillful management of the planl'i. C:lo""ure of these mills 
would decrease tot:il industry capacity by ~\·en per cent. 

______ ,, __ -------------------------------------------·----
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EnmCJm1c Ct!chmquttS for asu.umg Cll!tmer Prod11Ction options Reading E:rc-.trpts 

I ~-~ 

Table 4. Annual Trealment Costs per Representative Plants3 

Co.st per 
ton of starch 
production 

Pocemial increm<:ntal 
pollution control C05t S/ton 

lncrt:menul pollution 
control COS( as percent of . 

year ffid 19-:-5 search pria:s I 
-- ·------------------------ -- --- - ~ 

Segment S 1977 1979 I 

First erade 1-45 _JO 2.0 L5% 

61J t cU\" 
!.:; - ' l -

:a:idL" 

8 -it cb\" 

Secondw.i~ 1.:;o .,-__ ., 
~ :l <I 28 

2 t cU\" 
3 

Includes c:ipiul reco•-~· :md oper.uion and nuir~::- costs .. \»umo r.o t.'t'l"·ironmc.-nul control 

t:i1...!itics are in pl:ic,; _-\.s.sunl<!S :i !0-yeu life oi faclilie.. : ..'.'-" interot nte . .md I .!-month operation. 

Both the large :md sm:ill :'C?Cc,:-:d-~dc.- mills might close: c.:n:n in the.: 
3bx-nce of em·ironmenul co:1trol x-quirt:mt:nt'>_ O\er tl1t: p:i.st ten yc::i.rs. 
the number of second-gr:i.de :nills hJ.S decreased by approximately 50%. 
ll1e:-'l: mills. particul:lrly the sr:ull c::t:s. barely cmuc.:d tl1eir vari:i.ble cost.-. 
in Fr5. 

If pellet producers cont:...1ue :,-:. hid up the.- p~icL" of root-. :md labor 
cost.' increa.-;e more: rapidly cj-;.3.0 u-~ scllirlir: price: <>f output'>, the sccond­
grade mill-. could easily be ::i a :-::u:ition \\ ht:rc tht:y would not cm t·r 
,-ari.lblc: co..'\t'>. ~o..'\t likely. thi.'> sit'.Jtion \\l)uld f!("cur some time during 
the.- nex-c fj\·e y<.-ars_ llms the envir..:mmcnul control problem.-; caused by 
second-grade: mills might be soh cd by ~nt:ral ..-conomic conditiorL". 
whid1 would induce tht: ~'C<:.·::ld-iz;-_idc mill' to Cl".L"C.' production. 

~imil:irlv. emplovn1<:nt c::'t:cl" "c >lild \.in- :101< •ng tht· tlm-T citq.:oric.·s 
of mills. ~o :ld\·t:rsc: employr:Jent c.-:kct'> an: proin:kd for tht· first-gr:idt· 
mill:' tx:cau."C thc.-rc :i.rc no producti,m curuilmt:nL' forc:'<:t:n a." ;i rt:suh of 
pollution control. \Xnilc there are no adver.-c t:mploymcnt effect-; associ­
ated with large sccond-gr:ide mill:- mectin~ the 1977 requirement, there 
would be adverse effect'> meeting the 19i9 requirement .-\s m:iny a.-; oO 

employees could ln-.e their jobs if .JI seven plant" dose. 

Similarly, there arc no advcr~ c.:mplovmt:nt dft:cts :1ssoci:ned with 
small second-grade mills mectin~ the 19'"'7 rc.·quircmc.:nt, hut tht·rt· 
would be ;1(1\·t:rsc: dfcct:-; mcetin1' the Jl)-<) rcquircnwnt. t\:-; many .is 
2(>fl c.·mplon-cs c:ould lose.· tl'.dr i• .;1:-; if all 11.:; pb:Hs dose 

"11 iail:ind"s hal.UKl' of pl~;nll"t::_, wrm(,! 11111 I >1: .1thTN:ly affl·ncd Ii\" 
i!ic pr<,posnl c-fflm·nt limit:1(:rm." ··~:c111st !l.cv \\. ·iild 111 '' si~nilic:111tl\ 
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Ecnnomtc tedrn;ques for a.ue.~-ung <·leaner J>roJu~·ttt1'f opcu»t~ 

:.ttkct the cost of production for ';)()':i> of industry ap.:1.city' fir.-t-gr.:1.<lc mills 1 

lllis statement is rcinforct:d by the fact th:u factors olhcr rhan (..'Xporl price:. 
p:irticularly Jap.:1.nesc tariff barriers, :ue more signific..':.lnt detennirunL'> uf 
Tiui starch purchased abroad. 

Lwironmental control expenditures m.:1.y affect gro\\th by reducing 
profitability or by reducing the amount of capital available for exp311.5ion. 
Tilis analysis is based on the assumption that, in most cases, the cost of 
em·ironmental control could be pa.'i.5ed on through price incre:J.Ses. fa·en 
if dl<: indu5try I fir.>t-gr-.!de milLo;) could '.:I)( r:1~-- on r!"'.cc-... rhey wnuld 

expand if there were not excess capacity 

While the 1977 3Jld 1979 effluent limitations would decre:i.se the 
intem:tl rate of return on invescmenc from 26 to 20'Yo, che r.:1.ce would still 
be sufficiently high co attract new capicaL lhis estimace would be low if 
the industry experiem::es mocher ye.:1.r like 197-i in which plant owners 
:ipparently rcp.:1.id their c.:1.pical in\:estment in one ye::ir. Therefore, it is not 
::inticipated chat the proposed effluent limitations could deter expansion 
in J. eight supply, dem:i.nd balmce, alchou~h in che short run, chey mi)idll 
slow down :i.ddicion co c.:1.p:icity. 

·--- --~ ----------·-----------------------
Table 5. Current and Proposed Eftluent Standards 

for Thai Tapioca Starch Industry 
-- -- --· --- -------------- -------- ·---- --

R:i.w waste load Current 
- --- ----- ·---- ----------·--------- --- ---~- ----- -----

Sul >-caccgory 

Fir.;c ;u-.idc 

Second 2r.ldc 

BOD 
mwl 

4500 

3500 

SS 
mg;L 

2000 

1000 

BOD 
mgtL 

20-60 

20-60 

SS 
mg;L 

j0-1 .:;,·, 

~0-1.:;(1 

BOD 
mg- L 

180•) 

l ·iOO 

ciS 
mg L 

--- ----
5611 

18CJ 

y l:J.r 

--- -

19T 

1977 

~--c_l_a~rg~(:_' '--------------------------------' 
-~()I I 19-:-"l) 

l81J I 1979 

-fiOP 200ft 20-C)O 50-1.:;,·, 2-,, 

.;'ioo 1000 20-60 ;\0- I"" l·tllO 

Fii:,-;r gr:1<lc..-

~1<l gi:idc: 

~itir2l') 
Soun.:c: I ;nkulv:is.1p:iul Cl9i5) and P:ukcr t I<F I 1 

3 
·n1csc propoSt."tl c..ffluc..:nt limiutioru arc 5a.'fl as a\·cr.iges of d.1ily valuo for thirtv consc..'\:uti\·c 
cby~. Thc..-rc should he a m;iximum •·:due for any one cby. hut cbu 10 make d1is cstiJ1l:ltc 

wc..-rc nOl J\"Jilahlc .1t the time of the sruclv. 

I 

I 
--------·-·----------------------------- -- -1 
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Benefits Estimates and Environmental Decision-Nlaking 

- ---·------------------------

Excerpted, ~ith pennission. from OECD, !JenL1its Btima~ and Erutronmental 
Derision-.t.falling 'Paris, 1992>. cha~- 1-i and 6. 

--------------------------- ---

Chapter 1 

Introduction 

uenefit and damage- estimation (80~) irwoh·es the placing of money 
.Dvalues on the g:iins and lox;es :rom economic activicy_ Benefit 
CSlimation has .i long hislory in terr.15 oi .ictivities such 15 \·aluing increast.---s 
in agricultural producti\-i(}· induced by water resource projects and time 
savings and losses in tr.llb-porution projectS, but it is. of relatively recent 
origin in terms of emironmental impa.:ts_ A number of sun·eys of both 
the theory and practice of BOE exisl_ 1 Still less rese:uched is the way in 
which BOE is actually used in decision-:n:iking. l11is is the purpose of the 
current report_ The aim is: 

• to see how far BDE is actually used in gon-mmem I cemr.d and 
local), 

• what the experience of using it L.-., 

• what the obstacles to its more \videspread u..;e might be, and 

• and how wider adoption of BO:: techniques might he t.-ncour.1gcd. 

·n\e report build" on prc,iou.s Oh:D \\ork, nui.ibly a rc:port on th<: 
available techniques :ind the results the}' have so fa.r produced,.! and a 
report on che use of BOE in six countries: t:SA, L"K, ~et.herland-., Gc:miany, 
Norway and Italy.3 The six coWltry scudies hd\·e been supplemented here 
with a further OECD questionnaire carried out in 1990 in seven further 
countries: Sweden, Finl:lnd, Greece, AUSlria, Portugal. Turkey and Japan. 

1 On the theory, see Frecnun, A.M. 0979), 1be Beneftss ~ /!nt'fffmmnual l"fJml"t'PMnl, Johns tlopkim 
University Press, 82ltimore; Johanrwon, P-0. ( 1987), 1be &·onomic ~- and .\leasurrmeru of 
F.nuimmnental Hencftt.f, GunhridgdJniversily Press, Cambridge. On the prJCticc. ~ Knc.-c:sc, AV 1 I 984 >. 
.Weasm'inR tbe Benefits of Clean Air and 11",...,., ~ for w Future, Wa.mingion O.C., :and Pearce, 
D.W. and Markandya, A. I IC)W)), F.nt-trrmm,111111Polto·11ntef11$. \lanetarr \ aluar.on., < >F.CO, Pari!\ 

l Pearce :mcl Markandya, in OF.Cl>, 191'), np.cil. 

'Sec ltmlc, J.Ph., :ind P<.':m:c, O.'l'. I I~ I l, lill"'"R tlx' l:"nt1mnrnmt St:1: <.aw Sr11.lu·.'· f.arrb.(c:a11, I or<lon, 

'""" 
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Chapter 2 

Why Value Benefits? 

BOE i_.; contro\·ersial. :: is irllJX·::-.i.--it to understand whal ec0nomisl.<. do 
wlK·n 1hey 'value :_~~·- ~.~.;;.c .. 1ncep1ions aboul die pi.;:-rx~ ::.nd 

n:uure of economic ,·aL.'.lti.:h'l :ic..::0:;:-tl for the nujor p:ut of :ik- di.'>f->Jlc 
l><.-t\\it.~n cconomist.." :in:: n.:-•n-ec:·=:.)~li.."[S 

\":.tlLc:. lo the.: c.: •. :or, _ :::;_''· r~ . ...:c:• 11; pt'C>{Nt' \";ih.c: :.i.rL'c' ·.•.: ~.-1-.... .c.:: 

;,t w:1:'!t u~ preference is ::-~r:S:led ·;~:;e is lost whenc\t:-r a ·ne;c::!:i\c- w~:-tt 

or ·d:.Sprc-fercnce· occu~. i c:. thcx i._..; di....:;s:i1i.-.faaion. G:iins i.1 \3.lu(· ::.n.~ 

:dSt ... ~cm~cd benefits ar:.= k~ :...-: ,-:ilue :ire term<:d co.."t.". \·:tlu~ :.m:­
instrumt:n<.J.L i.e. they ~"e of a::.:'. !n people, for lhn~gs. Tnditior,;cly. 
economi.'5 would h:i\·e r~rvee :h:S sense of the tern: ·\·:ih:c· ro mc:in 
·value in use· i.e. the ca;:r.ic:y of ~ething, when used, to S.J.tisfy a w:mt 
or preference, as oppc:seC to -.-:Uue in exchange", i.e. the worth of 
something in terms of its O?l.ciry ~o be exchanged for something elSc'" "*. 5 

As we sh:ill see, the ten:: \·i'ue u: :..:..--e is now somcwh:u mi.'>le:<din~. si..-:ce 
the same type of ,-aluc--: e. C-:e np:irny to s:itisfy wanL..--J.rise- in 
conte~·1s where use ck..c~ :"lot (..:..:-'..::-.. -\ major part of the r{:C('flt .;,,-id 
subsunti:U literature on .,.-Jlu:ation :US been devoted to this ·non·LL~ viJe· 
phenomc·non. The pro.x-ss of l•.i!:uztion is then :my procedure:· wl:'.ch 
une<1,:ers or eliciL" instn;:nc:-:ltal '..:.:ix·s 

in,..rumcnt:il \·alu(· =:c:~C.s to:-~ contr.L"led with i11tri11sic '::Iuc.- wi .:.:-h 
is r<:g:srd,·J by ecologic;~ p:-..:Jo....:·: ::(·:-5 3-' t~ing i11 tbi113s lltt::l· i ... :1 ''- :,k 
spectrum .>f opinion as:,) what.::..._'=' of :hings posses.' intrin:-:~· \.:tlm· .. L ... 

illustr..tt<:d by the debak-s :i'.-.iOut :.~<:· ·nc..·w natur:1li.,.tic· ethics:· l.·s;x·n.~lly 
whether ~·on..<Kious thin~ c.:tly bk \al:.;c.'s, or non-con."cious lhin~s J,, 
;Lo; wd( Typic:illy, deh..:.:e- bet''~~~:-'. achocncs of one.· form , •! .,. :tlul· , 1r 
the.· < 1lht·r tl.'nd to 1'\."~'.11(:- tlu: :::c: r::rsuit of ins1runwn1.d •. :illll !:­
incof'-"L"h.'Ol with lhe p~:tc.-c-:ion :· ::;1ri:_,ic ,-:1h11.:s lk :md L: . .!c. 1k- ; ... 
f)(:c:1uS<: \.1lut: in uS<: is :.·K:,mp.,:::·\· \\::::much illlrinsil· \:tLl t· ~ :'.tt 

-'·111e di.stin••:Vn t~'l'<"t.'-'fl ~;Aluc.· in u.~ ;ind ~·alu..· in c:-xclun~· ":..~ lir.-1 denfop.:d liy .\ri.'>«,,11.· :n tm /'1.::::~, 
;&nd v.·4~ d.&bor.11cd on by Ad.un Smilh in his 'J«zi,;b of .\..:.::r1•1S ln1<-rcs1in!':ly. how.·n.T, :\ri...:.,ak di.i :1ol 

;J(!.-ocate 1h.· dcsi1>'11 of St)Ci.tl S\"stl."fll.'i accordin~ It> the nw,,"ir.tis;iti,-.n of valu..· in u.~·- R.·llh<T th.: <r.n;n-;r,11 

.'-:"""could he achi<"R-d only by limiting v.':lnL• .ind dC'Sir<-:< '1·anL• were 1'1.-1 .. .,,";tnl only in :;.>far as ~ m•: 
lr.1sic good.•-agriculruraJ ~xis and ncces.'i~,,_,-cr<" ..:or.<l.'Tl'l<'l.I ll1<·r~fk-r. dc.-ni.;al ol w:.nLo; ·-•:L.., 
nc.'\:~aty ''' .1chic~·e !he common good. To !lo.~ extent :.~~for•·. Aristoll•• .1dw>o:;llt.'tl 'limi1:> to gro"th'. 
.1 vic..-v.poin: which ~ t.'fl' ironm<."n~ist.s fiO.: ..uu-..aiv•' :.> fr.is <L'. 

~·111.: ·tfic·of\ ,,f ,-alu«· in ocorl<lfltics is, howc...,_.,,._ .lbr...ut Lit<' :.c.""A'V ol ,f..tt.T111inin~ v;1luc.· in •. ,.., lun~.- \ . .:u,· 

in tL'IC i'>, 1 ,f .-oursc, t-s.~-nti.al for <"ll:Changcl" ul..c.·pl~t-. oUtt~ -:. .... · 1hc.T•· woukl l>o: n<1nK•-rllin·1, ·r c..-:>.< 11.1::...:<' 
..._ ... Allin~un1, '.f. I 1•.>:i.!1, I i.li:1e, '.f:tlmillan, J.'fldt-Al 

"Sc.·t· Tum<'1. Rt\., ·-u·c.1lan<I C,>n...._TV;llion: Eco1-..lff1K.s an.~ ~·:i:i<.!\-. in Coll;1rd. I>. l'.-.m.-. I>\\ .1:1cl l";-11 
I>. I I'~>. r,onomks. C~owth ;mcl S11:;1;1in;1hk ~·n·.:r1mnw:·:.• \bnnillan, l<>rnlon 

7 Sc.'l'. Rc..ic;m T . ''ll1t• N;uurc :in.I l'o!'i.'.ihilicy of ar. F.n·.·ironn-it~:.J ELl1i.:". Fnnmm1u.,1t.1l l:"lh1, '· l·•~I. \·,; ~­
PP ''J·.31; .in..l N;u: .. \.'i. A , ·'Jlt<• '.'IL1llow ;md tlw i1'.''P I.on)! :\.i.'1.(t.' F .. •lo~ Mo'·•'flt<·nl .\ S11111111.1r\ -. /11<f..:'l. 

\"ol 11,, N•' I. 1 1)7.~. pp 'J<i !"•' 
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Ecnnomi,; t«hniC[Ut!S /or cusessing Clreanu ProJuctmn opt;U#l.S 

uS<: of l:ind for dt.·n.:lopntt.·nt :...; incon.-;.i..<;tt.·rn ··" iih ti.c tL~· , ,r tht.· bnd :.L" :.1 

wildemes..__ But. :.L'\ wt_- skill J.rgue later. th<: incon."i.."tt:nc:y i" only p:.uti..11 
The ex"treme po."ition t:.iken b\· adHx·ates oi intrinsic value encl" to rest on 
too narrow an Aristotelian int<:rpret:llion of uSt.' ,-alues, ignoring the ways 
in which non-use \--:ilues ari..."C. TileSe points will become more cle:.lr :.ls 
we proceed. 

Pursuing economic values 3S a go:il is a ,-aluc judgement. llle 
implication is quite cle-.u-, i.e that economic ,-:ilues r.ither than intrinsic 
,-:dues should be pursued _·~scifyin1f one ·.:llue iud~m".?nt richer rh:m 
:.mutl1c.:r rt.·qutrc• ..1 r~:c.:L.i-<.th; _ _,_: iud~L~:<.:":.: ' :Ht.· :·.i,·turs rek-\·:.mt lll ll•is 
COl\.'>ider.uion :in: supplied b:t=r. 

At che practical le,·el, BDE maners for ~,·eral rea.'iOn.'>. 

First. em·ironmenul ser\·ices often hJ.,-e th<: apix::ir.mce of ·free 
goods· bec:iuse there :ire no ob,·ious m:irkt:ts in them. Clean air i.." nOl 
directly bought or sold, for eurnple .. -\n implicit pricing of many environ­
mental services emerges howe,·er chrough the regulatory system. :\s 

environmental sr:indl.fdc; an: :<:t, so pollute15 ha\·e to invest in ab:.ltemem 
technology which r.iiscs their costs and the prices of the goods they 
prod:.ice. The em·ironmer.t cf-1Ses to be ·free once environmental rcgula 
lion occurs. :\onecheless, mmy em·ironment:il resources arc not subject 
to regulation. The global :umosphere, for example, is not currently 
·rcguiaced" in respect of a number of in1porunt greenhouse gases such as 
C01. methane and nitrous oxid<:s (it is rc~lated with respect to CFC-.). 
ll1e world·s occ:in.-. :ire similarly crc.-ated as ·open access' resources, i.e. as 
being. to all intcnLc; :md purp~l.Scs, free. By pl:lcing \·alucs on the services 
of such environmcnr.s societit.·s come to le:im th:u natur:il t.•nvironmcnts 
are not free good-.-they ha\C bound-; lo wh:ll they can provide. Hy n<,l 
valuing them, there is a ric;k oi perpetuating the ·frtt good' syndrome, and 
an}'thing that is free tends to he over-used. \"aluation then becomes part 
of the process of cmn'ClinR t•conomic distortions in the market ~,Jace. 

St.·cond, \ ;:luation encourages consi..c;tt.·ncy in deci.c;ion-making. If 
there is no con.-.i..-.cency in valm.·.c;, say :ihout ri,.ks to human life, tht:n tht:rt: 
is a danger of over-:illoc:iting resourct-s to, s;1v. a lll.":1lth sector as oppos<:d 
to a transport sector, and so on. Once again. the valuation process i-; part 
of a wider process of correcting economic distortion'>. 

ll1ird, valuation can frequently serve che quasi-political end of 
demonstrating chat natural em·ironmcnLc; nuncr. ll1is is an extension of 
chc first observation. le is et.c;~- co ignore cmironmcntal impacLc; if they arc 
thought to IX' unimportant, :md 'importann·· is often best demonstrated 
hy putting environment on the same economic footing :L-. the hcncfiL'> of 
economic ckvclopmem, i.e. h\· using mon<:v valuc:s. 

Fourth, \'aluacion rnca:-am:s prdt.·n·nn·s II is chndorc inht.-rt·ncly 
'<krnocratic'. :1lthou¢1, a.c; i." ''di known, nll':L'iurin~ prdl'rl·nn·:: clwiugh 
willin~nc·.'>" IP p:iy 11w:1no; 111.11 th<· rl·cr ••<k.1 111(';1 ... 11rt·s :1rt· W<'igh!l'd hv 

-------------------
49 

LU6 



LU6 

R~aJmg r:.xcerpL" 

i:-.~·u::w e;,, :m.: m .. :.:k1.:l pnd:S) l~n.,rin~ \"J.lu:Hiun .ir :- :. •.Kh1., d,>c.:' :1<1l 
n:c.::1r. 1.h:n prdt:rc.:ncc.:s :m: i~1orc.:d. hul using ,-alu.itir ·:"'.. h:dir.:qUt.~ ::, , .. _.s 
mt:'..ir: 1.h:.it :n<li,·i<lual~; prc.:fc.:rc.:m:c.:s arc mort: likdy. r:n:_c:r thar. !c.:s."' li.....:r:h·. 
r.-, b~.· imq::ralt:d into 1.ht. proces..o;_ 

un:nll, the ntionalc.: for monelary valuJ.tion lie.."'- in the.: ~J.rcL for 
eco11omic efficienc_r. Valuation as._<;i..o;rs that proces...,_ :c also r:ii.';(_-5 tht: 
profile· of emironmental con<.."ems by placing emiro:-_-nent u:1 :m t""..tual 
footing with olher \alucs. t:.J.?- development valut:s 

Chapter 3 

Basic Concepts in Benefit Estimation 

~.i" section and annex I briefly review the centr.11 .::0ncepts in bt:nefit 
.I. estim:Hion. Morc.: ex"ten5ive treatment i.<; to be four::: in the ~rn·\s ol 

the c..:,cory of BDE •sec foomote I)_ 

11w :>J.sic cost-benefit clt:ci.'iion ru!t: is th:lt :.i ?rojec.1. poli1.~• or 
r:u~.:m111:1.: is :ico:plJ.bk in c.:conomic c.:fficic.:ncy lt:ffil.' -..::.·the tc .. iJ lx:r:diL" 
;.::1.:nc..-:--.itc.:d . 1n:r tin:1.· :ire gn::nc.:r th:in the.: ~otal soci:tl <!.:...J.d. bb.:·ur. C:t?it=1l 
:ind t.·rwirc.:unc.:nul impacL' 1 cosLo; incurrc.:d on:r the :" .. ilne tin!e horizon 
Both cost and lx:nt:fit streanl.'i are di.-;counted by an .::ppropriale r:11c of 
di.,.count :md lhc result i.<; u5ually expressed as a net prc:~nt ,-alue number, 
0r :i ::fo;co-.mt<:cl bencfit-co5t r.llio. Positi,-c: net pR~: \-:i)uc-5 :ind hc-ne­
fit cc~5t r.1ti·)S >I si)Ulify (·conomically efficient projec-..::. polices or ;xo­
w:m'...~cs 

Take- ::i development decision that involves displ::.~ing an ::ilterruti\·c: 
bnd USC. JS well 3.$ the generation of environmental rvUution Imagint' a 
port :ind nurina complex i.c; scheduled and that it is tc be sited so th::it it 
intrudes into an m\·ironmentally valuable: wetland i--ea. An import:int 
quc.:~ion h) answ1.·r is wli:H exactly docs socic.:cy lo.'<.· if the- wellar.d j_c; 
d.1nuged or displ:l\:t:d complc.:tdy. It tumc; out th:u wh.;: \Vt: nc.""t.-d to k:iow 
i.; che toul c:conomic value of the f oregonc wetl.r.J rt.-s0urcc.: -:·, >L'll 
c.:i:nn·.>mic \;iluc i." tlie sum of all c.:conomic v:ilues. -~: c.:con,,mic ,-. .iuc.:s 
arc either use values (e.g. walking, birdwatching. ri11bling ccc. m the 
wt·tla.nd undertaken by vi.,.itors and resident<;) or exi."ence v:tlues ic.g. 
re-idents :ind visicors may ,-ah .• e the wetland quite in<kpendently of :my 
u~ they make of it. as indeed might non-resident, nor.-vic;itor.;)_ 

The possible loss of both wetland use and existence values, as well 
a." any pollution impacts should all be ca.ken into account in :my bcndit­
cosc appr:ii.o;:il of the port and marina project. Only if the projc..·ct bcnd1Lc; 
outw«:igh :111 chesc comhinc:cl social co.c;L" can chc prc~ct be.· ~id 1,, Ix: 
<.·~·nnrJmic1lly efficicnL 

in lhc.: rc.:al world there.· is ofccn chc further complic.i'.i\ln of uncc:rc:iinty 
l n tht: <"fl\ 1r.,nmc.·nul conc<.·xt th<:rl' will h<.· unn·rtaintv .1: ·, nll the 1.·c int ir~u(.'(I 
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Reading E..m!'Tpt." 

:i \·:iil:lbilit}· of the em·ironmcntal asset in qut.-slion. It i.c; not dc:ir how much 
danuge some wcllands can sustain before they arc clkctivdy lo."t 
a!logether. Alternatively the prospects for wc..1.lan<l rcstor.ition or n<:w 
wetland creation are difficult to judge. It is al<;0 the case th:u we cannot 
be sure now whether an individual expressing a valuation m:iy ~"till 

·demand" the commodity at the tin1e of use in d1e future. 

The incorporation of uncertainty inro d1e benefit-cost procedure is 
not a straightforward maner. But a majority of analyses have argued for 
the rcco~ition of ;i further value concept, option \':llue. In certain 
~. ,n~!iti .. :•s thi.'i \·aim: ~" rd:it<:d to a kind uf ·jn.sur:incc prunium· that 
indi\·i<lualc; ;ire prep:ired lo p:iy in order lo retain the option of future lL'it.' 

of an cn\"ironmental asset. 

The b:i.sic cost-benefit model CCBA) c-.J.n therefore be ex'tended to 
include estimate. of expected use values, option value, existence value 
relating to a given em·ironmental asset, plus pollution damage costs. It is 
the tot:il sum of all these costs d1at must be weighed against the project 
bcnef1L'>. if the economic efficiency status of the project is to be established. 

Chapter 4 

Valuation Techniques 

~his !'t.'Ction offers a very brief ovcn·iew of tlle ;iv:iilablc lcchniqu<:s for 
.I. BDE Full exposition." arc available dsc:whcre.:i 

Four different mcthodologic~ have been suggested for securing 
money measures of environmental benefit-./d::1ma~s in the absence of 
market'>: 

a) Identification of Surrogate Markets 
(Revealed Preference Approaches) 

llli.'> method requires finding a market in some oth<:r good or service 
which i.c; influenced hy 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 he the level of air pollution in the neighbourhood, 
or the level of noise, or proximity to waterfrontage, or changes in 
aesthetic surroundings, or some combination of factors. 'l11e so-called 
lwdonic price method and technique therefore stTks lo identify the 
inferred preft·rences of individuals for environmental quality via an 
:11ulysis of the housin)ot markt·t. 

11 StT i'l"arn·. J>.\X' .. ind ~l.1tkincly:1, /\. «>ECI>, 191i1)) ;111d Johannson, l'.C>. c l'JH".'l ofnlt. C >n <.:ontingcnt 
val11;11 i< .n. we ~litdwll. It and C1r~on. It I I <Jifll, 1 '(1'1X .\'11nY'V( to 1 ·a111e /'11flllc: <;,,,>fl(. Rco;ourcc.~ for tlll' F11111rl·, 
W.1:.hi11)..11•n. Ill' 
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:\nocht:r rc:\·c:alcd/infcrrcd prden:1Kl· appro:tch, tl 1t: tr~l\ d 1.:0.-.;t 

method, kLo; been tested in the recn:-ation context. lhl· t:Xt<:m to which 
indh·iduals· willingness to spend time and incur costs tr:.t\"dling to a 
recreation site lus been used to infer their \·aluationo;. 

b) Market 'Creation• via Questionnaire-Based Methods 
(Stated/Expressed Preference Approach) 

Individuals :ire smveyed and asked directly what they :ire willing to 
pay or will in).! to :iccept in comp<:n.sation fort·m·ironment:tl )or.lino; :md h >~·s 
111e contingem \·alidation method ( CVM) offers much promi.c;e :.is long 
as individual responses in the sun·ey can be reHed upon, with some 
acceptable margin of error, to reflect wlut their values \vould be if :.1 

real world market existed. It may also be possible to use CVM to model 
aspects of public preference expression, by retlecting what \':.tlues 
would be in real world situations involving taxes and races paymentc; 
made by households. 

c) Dose-Response Data Unked to Valuation 

111e first stage in tllis approach is the identification of a dose-n•s/J011.se 
relalio11sbip, i.e. a connection between some level or change in pollution 
and observable physical;biological changes (especially damage) in the 
:.imbient environment. llms, one could model the relationship between 
air pollution .md vegetation damage, or erosion of building surfaces. ·111e 
v:.ilue of the d"lmage (damage cost) done could then be appr.ixim:.tted b}' 
looking at the monetary cost of crop loss (adjusted for t:.ixc:s and subsidies), 
or accelerated replacement or repair of buildings (market prices). :\ related 
method, the alten1alil!e cost method. investig:.itcs what ·dcfeno;ive· expen­
diture \Vould lx: necessary to rcmm·e the environmental dam:.ige impact 
in question, i.e. expenditure on double glazing to reduce external noise 
nuisance in.;;ide buildin~s. 

In ca.<;t·s whl·rc.: "critical natural capital :iss<:l._ .. arl· chn.:atc.·nl'd hy 
devdopment projn·cs somt: invt:stig:llions of potl·ntial substitutions set:ms 
sensible.? Valuable habitat.;; threatened with destmction or quality dete­
rioration because of development may be replaceable. ·111cre may he 
dq.~radcd habitats elsewhere in the region which could be restored, or 
alternative habitatc; may be artificially created. It is even possible that a 
habitat could i!SClf lx: transferred to a new site. 10 If an environmental 
standard" (sustainability constrainL'\) approach is adopted then the analyst 
would be required to quantify the expenditure necessary to satisfy the 
con"traint k.R cost of some substitute for the thre:.itened environmental 
;L'\SC:t, known ;Le; the ·shadow projecn. ·111is l"Xpcnditure would have lo Ix: 
incurred if thl· dcvdopment project were: lo go ahl·ad. 

'> l't·arn· I>~· .. \tirbPclva. :\ and ll.1rhi•T. F fl I I'>~». U/11111m1tfr•r n < :n·n1 l'.1 """"'I', Earthscan, London 

1°1; I' ll11< kin. cd f 1 1 1.-~11. /lrfl{r~r. t1l I lt1hrr111 N1•1 r•l/.\f/71Cf1rm. lklh.I\ <"II l'n-.\:,, London 

l. --- ---·---·-
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.ldc.:qu:fa: ~-. '-'litUll"'' .m.: nul :l\·;iiLthlt: thit.·n :: .it.· SU'.'-1.J.ill:thility 
l.·,m ..... :: .iiJH becomes : ~ding lhit.." social opponuni:y cost.'- • 1f forc.:goin1'? the 
de·<:~ .pmt.·nc optior. will tlK:n h:in' lo be tuhno.:d a!ot.iir..st Ullt.." loss o!. tht: 
it.•m·i: ,nn1ental .l..'--.c..·; 

d) Public Preference ldentificadon 

:demification cc· public (social> preference ,-aJut:S. as reflected in 
soci:-il nomlS, rules. :egulations and legishtion. Prox-y me:isures of public 
preft:rence value rr..iy be reflected by expert opinion and/or politic.ii 
weipts. "l1le Eurci;:c::m Community·s Em·imnmencalh- Sensiti\'C Art:a 

=-'.1\-:-:·.c:.:nL" to fa::-ilit.·r• .<:1d nu:1:i~·nu::nt :.lj?rt:c.:nwr:: p:t\"lfa::1•s I :1c.!iustul ft)r 
man;~mt.'nl c..::.sts •. :or example, could Ix- intit.-rprcted :.i5 cruddy indic:ll­
ing t:~e soci:il \ .l.lut- ~f en,·ironmemal con..c;e-f\·:ition. 

e) Hypothetical/Indirect Approach to Valuation 

TI1ese method'- .:ire bi.'Cd on procedures in wh.ic:1 indi\·idu:tls art." 
3Skt-d. to respond tc hypothetical market situ:itions, bu' their responses 
:ire .:nly indirec-Jy n.<:.ited to \-:iluing the em·ironmemal ~ood in question . 
. \mc:lg lite method" :..1 !:his c:ne~ory are comin~m rankir.~ and the priority 
\·:ilu.:.:ion techn:quit.· 

l:omingem r.u-~illlg (CR) can be combined with <•t:1er mt:thoc.b. CR 

and t:ra\·el cost \TC 1 ::11ethods can be used to \·alue a propo.5ed recreation 
site. L"nder :i hypOC-.etiC3l TC method respondenl" mi¢n be asked how 
far U-Ky \Vould drin: :o use !'l!Ch a site. l ~nclc:- thit.· CR mt.-dtod, they would 
then x asked how :2-le\· would r.mk a set of sitc:s with different attributes. 
TI1e .l..'5umption in :.:...is lWO·:'l:lge approach is th:ll r{'.5f)\)::1dento; :ue better 
able.-:,; give me·:min_.::-ul an..c;wers to rd:ited bdt:i\ iour qi.:o:.:stions than they 
are to direct \·iiuaticn questions. 

\lethodologies ciJ and bJ are sometimes rderrec.I h) as Dire<.1 Valu­
ation \lelhodo; and tc-.:hniques and c J and dJ :is Indirect \".1luation Mcth()(l" 
and :c:chniqucs 

Chapter 6 

The Purpose of Benefit .Emimation 

Benefit cstimatior. invoh·cs the use of monetary valu<:s to indicate the 
social worth of ..in environmental improvement or the social cost of 

enviror.mcntal damJ~. Benefit and damage.: c.:stin1a1ion arc ohVl'rS<.·s· a 
bcncrll can be thou¢ll of as reduced or avoidc.:d d:imag<.·. Damage, or en"!, 
can I~ ~houghl of a.' :t forq~onc bc:ncfit. 

.\lthough BDF has primarily lx·cn dn·dnpc.:d in the.: contl'Xt of 
cost-hcncfit arulysi'. its us<.·..- ;tr<.: lm>:ick·r. T:ibk I illustr.tt<.·s tlil'S<.' uS<.·s in 
lcrm:; of. 
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• stimulation of cn-.iro=-.mer::.il :l\vareness. e.g. ,,f tht." scale of 
em·ironmcntal d:unage or ~ifl.5; 

• inJluencing decisions .. \t one ex-creme, decisions might be made 
wholly on the basis of BDE compared to cos;.s. :\t the other, 
decision.5 might be only marginally influenced by BOE: 

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

• justifyin~ dt.·ci:'in~'-. t::::1t:r ,--~ :intc.:. tx-fore :i ckc:_-.:on L' m:ick·. or 
t:X pose ;i.ltc:r .t dc.:tsk :1 L" :-:ud~ :ind suppurc L: ir nt.~ci..' to Ix: 
found. 

Table 1 suggests "'arious :evels where BOE is used. The~ are: 

• policy choice-i.e the use ::f BOE to establish the importance of 
environmental policy ~lath c- to other policy 3.J'e-....s: 

• regulation--i.e. the use of S:::>E in an analysis of the desirability of 
a given regulation or L~ dc~e of regulation; 

• project appr.iisal, JS ir. the :.:>st-benefit an:llysi-. of project-.. 

·111c ··cc1ts·· in the matrix i...1 tah:c I ha\·e been completed on the basis 
ot an analysis of the si.x ca....c;e .5tt;dies .::f benefit estinution plus se\·en further 
lc!'.s-dctailcd questionnaires. 

l 

Table 1. Fun<."tions and Levels of Benefit Estimalion ~ 
• Function Level 

Stimulates 
Awareness 

Intlue:icc 
fkcisi0n-. 

Identifr 
Decisionc; Justify Decisions I 

Policy 

Regulation 

Project 

Yes P,>..<;..c;i::-.Jlc l.nlikch· l.'nlikcly 
----- --· --· 

Yes like:"" Possible Po~"ibl<: 

:Xo 'fr·<. 1.ikdv l.ikdy 

In addition lo lhe general func:ions illustralcd in L1hlc 2 BDE assi'>L'> 
in intcgr.lling environmental conn·:ns into other policy :irea.4'. Thus, ;di 
economic policies impact on cbe cmironment and RDE 3...'-c;io;Lc; in cno;uring 
thal environmental impact' ar<:- pw;x-rly accoumed for in policies which 
arc not osten'>ibly concerned with :he cm·ironml·nt--e ~- induslrial and 
a,gricultural policy. rcgion:ll ck-vclormcnt, l'ncrgy policy ctc. 

BDE :ilso con1ribu11.·s lo :he: _.. •nsis11.·nl lr<:atmt."nt , -f cm·ir11nmc:n1al 
g:tins :tnd lo.o;...cs :1crc >-;.-; ~'((1.:--; T'::us lh1.· .. wci)o!hl"' ~' 1.:n lo .1 cldinnl 
<·rwin innw111:1l imp.1l·1 "lu •::ld r .oi: 1l 1l .... 11111.· rnprdks.", ,f ti .l· 'i.(_·("(, •r in wl 1id1 
r h:ll i111p:1ct ocn 1rs 

-------------·-·-·---------
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I 

Firully BDE is an i.mc-grJ.i p..t.'1 (,f ?-Olicic:s to .st.·~un: susl:.lim<(· 
C.:e\'elGpmcnt. l1timacdy. su.."lain:iblc- den::opmtm is abrJut underscun.1i 
the importance of em·ironment:il stc.cks ;.::d quality in sc.-curing bal:mc(:d 
economic progress. As long 3S emir0nmeccal :lS.."<-L" :m: :re:ued as if u,ey 
had zero prices, the em·ironmenc \\.ill bt: :ibusc:d and resources will :x.­
wrongly allocated within the economy To 5tcure a proper balance 
between envirorunencal and man-m.J.de ;:_'Sets it is essencial co place the 
environment's economic functions on a :omparable basis to other tco­
nomic functions. 1bis is an important fea:.;re of sust:ainable de,·elopment 
:md BOE contributes to the proces' of e_,uring comp:ir:ibility. T:iblc 1 
'.'h(•\\.'.' ;.:'·r<.· det::il of n ·.:~::-:c'.'· ~c:":-· •n."·> 

.. , 

POR I NE"ilI i :'\OR 
I I 

I S\X-r ! 
t- ------- Table 2. What is the Purpose of BDE? 

Al'.S JAP G :GR:: CK ro; CSA: ITA t----· _______ ... 
I To stimulate x x (X.1 x '<X• x 
l-- a\vare_n_e_ss ______ -+--~-------~------- ------· 
i To justify a 
1 decision 
f· -- ···--------· 

To e,·aluate 
regulations 

x x x 

x x 

----- ---- -+----
I x I 
I 
I 

' ' 

l To indicate 
J rclcv:incc to 
i . 
1 macroccononuc 1· 

1 
ohjc:ctin:s , 

x 

x 

cxi :x x x :x :x 

----
(X> ! (. x 

-·---
(X'1 I• 1 (. :x 

. --·- -· ----- -· ---~ ------------·--·---- ---- -- --- --- --- ·- - ·--
1 To determine j X l compens:ition : ____________ L 

KEY: 
:\l 'S Austria 
NEll 1 Nctlwrlandc; (\l 

NOR Nor":1y 
(i Cicmuny I. I 

n~ .s t:nih:d Kingdom 
FIN .. Finland 
L'S:\ • Cnitt."Ci Stales 
IT:\ • Italy 
POR • Ponugal 
11."R • Turkey, no responses to this question 
JAP • japan 

\'c.'S 

"' \·es. lo ~ome l':\ll'nl 

• :nncknlt.' use 
"' ;imitt:d lL~ 

---~ .. 
! 

-·-·-~0~~~-·-G_re_e_c_e _______ ~---------------------·. 

On ~he h:Lc;is of till' six delJ.iled CL'<-' studi<.·s the followin~ gc:nt:r.11 
observations may hc: nude about BDE in ()[CD n>untrit·s 
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• Bu: L' m0rc: cxtt:nsi\·c: tlun ::·..:ih• l>t th• 1u¢1t from c.1sual oh­
St.-:'""· :Hions t see t:1b!t: ."\); 

• iL" uSt: is maeasing in cournr:-cs wht:re legislation mand:ites or 
pe:mits its use and in countries -;\·here there is no decision-making 
fr.L-nework which particularly :·}.\"Ours BOE; 

• BDE influences policy on t.he t:"::\·irorunent through the stinmlation 
oi :iw:ireness, but i..c; linlitea :..-i ;tc; direct use for determining 
t·:-·. '~.- :1tnt·:-:.ll p<•lic\": 

• the use of BDE in project app=-.;.isal is inaea.sing; 

• BJE i.." used in some countrit'."5 :o e\•aluatc rt:"gulations; 

• tt:.:hniques for more reliable B::>E are impro\·ing; 

• w::ilc.- erwironmental impact i<.~ssmem (El:\• procedures exist in 
cc·:.intries, BDE is not generally p:ut of EL-\; 

• BDE lus cm·ered both ··hard·· · . .ilues (e g. ch:inges in crop yields, 
bdding corrosion etc.) and :-0ft"" nlues 1 e.g aesthetic pref­
t:rcnces)-~e tabl<:s 4 and -5: 

• ··turd·· valut:s ha\·e more acccptabilicy to decision-makers than 
··!'Oft .. \·:dues because of concer..s over :iccuracy, limited capability 
to .:omprehend soft valu:ition F,x:edures. and concerrs that some 
i.S..'ut:s :ire not su..<;..:eptible to B::>E {e.g. ··human life, .. some nature 
cc·:l..<;en·ation), and concerns t!-..it BDE fails to capture legitimate 
so.:i:il objecti\·es concerning fu:·.1re generation..<;; 

• some objections to BDE are ··p..,litical"" due to the potential of BOE 
to force a more 0pcn statement of :iltemati\"e values; political 
.. reluctance·· i..<> also due to the· lack nf knowledge about BDE 
techniques ;md rt:sults; 

• tht.• COSL<; or" rx-rfom1ing BDE .i.rt: not (~nt:r:illy) an obst:id<: lo 

BDE. but tim<: t:1kl.'ll is :i facto~: 

• BDE i-; sct·n :L'i a contributing :.1ctor in th<: ··fusing"' of <:conornic:-; 
and ccolo~y 
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Table 3. The Use of BDE in Selected OECD Countries 

' -- IGR~[JA~1~~F~~n1J~~~-rf1~~1-~.; __ >l~')1 UK ;PORil.SA: IT:\; 

f l ' . I ' I I : 

~ -~~~-- ~·- ~--~J- __ - J~---1------+!----~--L~ : x 
l I 

1 

' j J . + ' f ~ediu~i_+ _ ~- --~- _--t-· !-+--~ 1~--i-~--_ -~ . 
·l l.imitcd I X , X i X - ! - - I - X - ! X 

---~~il----t _-t--_----' -_ t--_ -t-~- I x t~---i-~-+ ~ 

Fl:\ ! 

x 

x 

=-ource: OECI> 

Table 4. Type of Benefit or Damage Measured+ l -------------r-------~---F·---,--~, --- --- - - - -
'-~ c_:":i·11 I NOR_"WE_ ! G u~+ G RE I '"'" -11;\ r l JS ! POR fi 

l ·scr \'alucs: ' · ' I · , I ! : . . ---- - -- - ---- - - - -- .._ ---- ~ - _;__ ________ .. _ ~ ; 

( :1 J Dirt:cl use 

- nurkct/ X 
sludow priers 

- option X 
valm:s 

I I» lndirt:cl use 

-t·cosp;tcm 
function 

:'\on-ust: valut:s 

- t•xisll'OCC 

- f>c.:qlll"S[ 

x I x 

CX) I x 
I 

l 

( •) 

-· 
CX) I x 

< Xl x 

x x x x x 

x x (:'\) x 

x ( ., <XJ 

x X CXl x 
x 

+Japan :ind Turkey prodund a nil n'lum on this 'llll"~on 

x x 

x 

Noll": All counlric.~ indicated ex~'\.~llions of more e:\1l"O.~ive lx.'lllfit and d;im;1~· 

c:;linulion in Ure future_ 

Source: OECT> 
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Headmg Exr:erpL" 

National 
Damage 
Estimate 

-w:ner 

x i x 

x x 

Economic 1~'1.·hmques Ji,,. aues..,.1ng Clt!anu Productwn opcwn ... 

• x 

x x x, 
;_ __ -~-----j ---- ---------·----------- -- ------ ------ _ .. --

·SOililmd 1 
x (•) I x • 

' ·-- ------------~ --

-toxics ( •) : ( X) I x 

-noise 

-w:istc 

-oil spill<> 

-other 

Resource Concerns: 

-wctl:..m<l.-. 

-forc.·sL-; 

-co:istal zones 

-wikliifc/naturc i 
-fish siocks 

-rn.'"\·t ling 

Risks: 

-pollut1on 

-ecological 

i 
[ 
l 

l 
Sour<.:c: OECD 

x 

• 

1 
:1JUin1ltm:1l wastl' 

' - wllil·r way 
-~ in lhl· lll':lr fururl' 

--t- --- --------------
x i __ x __ <·_> __ x_~_·>_i ___ <~> _____ -~-l- __ _ 

x1 I x • 

t·- -

<X> x • 

., SC3 . - i 
, - I , 

___ l_ ________ c_!t.--fc."l!C_C __ -- _' ____ -·----

----r------ -~---- ---- ---:- -~- ., -. -
- r- - X, X 

! 
.!. <X> x <X>; X 

CX) x <X) 

(•) i <X> x 
I _[ _ ~- ---- ~ --- - x-~ 

• ! . 

x • x ; <X> 

• 

x I - 1 x 
t . j. 

- J __ -- ~ x i 

(~~ _j _- _ l _ x (•) 
! 

- ·- - ·- -- -

x 

x 

x 
x 

x 

-- - --- . --- ------- -- -- -------- -----------------------------
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~Study of the Use of Benefit-Cost Analys~ in 
Decision-Making: Lead in Gasoline 

u:der E.xt-culiH· Order 11.291of1981 in lltt: l S.\, go\emmem agencies 
wt:re required lo use legublory lmp;ict .-\n:Uysi.,.· I RIA) and lo :idopl 

regublory processes tlul would ma.ximizc ·cht:" nt:x"l lx:n<..iiL" to S<X.iety·. 
Tile Order was the first to <:SUbli.-;h the net bcnc:fit o~-cti\·e :is ti ie criterion 
for :idop<ing regul:uory proces...;;.es, J.lthou~ its :idoption tus tx."t:n circum­
cist.-d by exi.'iling bws reb:ing to other ohjecti\·rs 

&:-ncfil-cost .ilulysis ;:iiJ.~ t'.'d .n inq.>orum ~uk in the: ;u.lop~ion of 
reguutions concerning ie-.ld in ~lint: :\rnbirnt k.id concc:ntr.itions 
were- thought to be linked co serious health dlt.-cts, indudmg retardation, 
ki<lr.(·y di.-;e:ise ;ind e\·en ~:i:h Tiie F.m ironn:c:nt;d Protection :\g<:ncy 
conducted :i benefit-co."'- saidy with the resulL" shown in T;.ible 6. 

TilC n:gubtion in\·oht.-d rt:ducing k-.id in to--'nlinc: from I. I gr.inL" pc.:r 
gallon <gpg) to 0.1 ~- The costs of the rule :ire .sho" n ;.is ·tOl:il refining 
cost.' · Ref merY costs increi.;e bec:mc;e lc:id hi.;; tr.idilionally h<.."C.11 u.s<..-d to 
booSl octane k\·els in fuei. :ind other nx:-:in-; wnuld IU\t: to he: found to 
:ichit-\·e chi.-.. TIK- henefiL' induded 

• impro\·ed children s he-:iltl1: 

• impron.-d blood ~"S.rurc in adull-.; 

• reduced dunages from mi.-;fu<:lled n:hidc:s, :iri.o;ing from hydro­
carbon. :'\Ox J.nd CO c:mi."-'ions; 

• impaCLo; on nuinten:ince :ind fuel econ11m\· 

Cbi/df'f.'11 s be<1/th. TilC EPA study found clue hloo<l lc::id lc:n:ls do~ly 
tracked trendc; in ~isolinc lt."3d. ~ledic:il co.o;ts for chc c:uc: of childrc:n 
would tx: reduced by reducin~ lc;id concc:ntraliuns, and thc:rc would lx­
Iess need fnr compcnc;acory c:duc:llion for IQ-in1pairc:d childrt.·n. "llK·S<: 

s:l\in~ arc: .sh<1wn .is chikl~n·.s hc1th t.·ftt.·n-;· in Tahk I> 

.·1dult IJ/ood prt"5.'"'rr HkJ<J<l k:1d l<:\"ds wc:rt.· 1ho11Jo!)1l co Ix: :L-;scx:i;11c:d 
with blood pressure and hyp<.--rtt.·n.sion. ~kdic:U costs would he: savt.·d if 
mc:~ illnc:s.c;cs could he reduced. Moreover, some heart auacks :md 
strokes would be :ivoided :\ value of :i ·statistic:il lift.·· of SI million was 
used for the latter. The resuhin~ values show up in the ·adult hlood 
prc~"lurc' row of table 6 They are sc:cn to he hi¢1 hcc;rnsc of che 
involvement of mortality-:i\·oicbncc in this tx:ndit. 

Olhrr polltllmtlS. Rt.'(lucin~ lead in g:L~>line also reduces olhc:r 
pollutanto;. ll1i.c; is hccatL«-" makin~ unk·ack:d fud ch<: ·nomi' n:clucc:s 1hc: 
risk of ·mi.,.f ucllin~· -i.t.· using lc:ad<·d fudo; 111 vd1idt.·s dt.·si~rwd lor 
unk.1dcd fuds l11e mc:ch:mi.'m whc:rd1y misfudling is rnlw nl i~ 

throu)(h tht.· hi,;1t.·r l"O'>t of k:l<k·cl luds at th<· nt"\\ low·k:1cl conn·n1r;1tio11 
·1111:; clcll·rs drin·r- fr<1m ;'urcl1;L"lll~ tlw ll':1dnl hwl :\" 1111-.lt1dli11~ 1-. 

---------- --··· - .. 
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Economic ter:lrnrque:s for IJSUSSutg Cleaner Productwn optwns 

:-c..·d _ .:c:d . .so c:mi..,·-i· ,n_._ of HC. ~Ox JJld Ct) :m: rnlm:c..·<l D:tnugc..· <lone.­
by ::_cS(.• polluta.nl" "'.-:t..." c.sliilUtcd b~- stucfa:s of c.zonc pollution c.lam:tgc 
·oz :1t: :1ris<:s from HC and CO emi."-"ion.-. ·-but t.-stinutes were also m:t<le 
,)f :::.c: \":tluc: of the t.-quipment destro~l:C by mi..-.fudling. ll1e figures 
.!pp~.-.1.ring iil the row ·com·emion:tl pollu::mt-.· in table 6 a.re in fact 1n 
:J\.·t.-:-.ige of the two methods . 

. \laintenarzce a11d fiU?I eco11om_l'- ~laintenance co.sts for \'ehicles 
we:-t:- expected to fall due to reduced cc,rrosi\'e eff eru of le1d and its 
~:!-- ~n~ers on en¢nes 1nd exh3ust ~-si:e~s Fewer en~e tune-ups :ind 

:: . --~=:~t:." ·.• .. ·.:!~: '·:..· m.:..·~~~- .. :_ t:x!::.:. .. ~..'l ~~- -~::::~!.." -... ,_.ul~! ~:i.st b:igt.-r. Fud 
t:C( -:-_.>my w:i.s ex(X'ctcd ro ri.-.e :is the l'lt:"\\ technologies lo raise oct:1.nt: 
lcn: 5 ro wlut they were pre,·iously :tl..c;c, ncreao;e Uk.' energy content of 
iut.""~"' Then.- would :ilso be reduced fouli:L~ of m .. ~-Rt.'O sensors. M:iince­
n:ir . .:e bcnt:iit" oul'-' t:ighed fuel economy :X:nefit-. by :wiun<l 6 to I. ll1e 
tot.i...,; :in.- sho"'n in t3hle 6. 

Table 6. Year-by-Year Costs and Monetized Benefits of Final Rule, 
Assuming Partial Misfuelling (Millio~ Of 1983 Dollars) 

.Monetised benefits 

Childrl."n·s :Jt.:a!::~ dkct..: 

'l:linten3nct: 

Fud <.·conc:ny 

Total monetised 
benefits 

Total ref ming costs 

198=; 1986 198-:- ll)S.S 1989 1990 1991 : 1992 

50.2 -iii j58 

- - ----
II J7J J)J ')')· __ ... JJ() ~-"", .2.W 2-18 

11•2 9Ii 8=;9 818 788 76- 75} 7-i9 

-~=; 18"' 1-11 115 1.i·f l.W 172 lh·i 

1.n~1 1 .8.!l : .. ,-. 7,11•; 6,7&\ 6;517 <>.2lh (1,.211 

51H .,, , HI 

Set benefits I 9 -v - 1 I-' (: 0 I 6 -- "' 6 ? . ' - - -,--, - ,.. ; , N-, 1,_ ~1 >,;1 (> ,) • ,-'l."'i (i,O·n -,, .. _, ),.1 ,(), 

Set benefits 
excluding blood 
pressure 

26-i 1 •. ~16 1 • .2-i 1 1,12; 1,0% 1,0-9 1,090 j 1,0-:-9 

I 
i 
I 

- -- -- -·----·---------------- - ----· - ~---

j 

"111<.· nl'I IK:rn:fit." fr,im rc:ducing lt-.iJ in ~.1solinc: ar<.· .sc:c:n lo he 
o;ul •-:.intial. l"H·n 11 lht· hlo< ,d pr<.-~'iurt· :'<.·nc:fit..; ( whid1 domirul« lht· 
;1;!>-""'.'\.'~;1lt· l1<·ndiL"' .m· t·:'l.d11dc:d lndt.~d. :n.o;pt.·c-111111ot1.11>1<- - shows 1h.11 

the :q.{11bli< •I\'' ould I><· \\ 11rthwl nit- '"' "'"' ~··,111 br(l/fh lwmfits art•t•.w"/11dt'fl 
(11 : c l'\<"lll. thc l•l11ocl prt·,..,urt· tl(·ndiL- \\l"rt· l'\du1kcl lrnm till' l1:i;tl 

L_ -------------------- ---· ------------···--- -·-· - -·-
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dc.:i.:i.-.ion lx.·cau.'ie.' tht· rcS<::.irch t-st:.ihli."11in~ thi.-. link w;.is ju<l~d l• K) rc.:o:lll 
to pc.:m1it :a<lcqu:.itc review. lltc lc:.i<l n.-yu!:.ltion w;1s :.ibo of imc.:n:st 
i>t-c-.1u.-;c of the introduction of :i ·tt::i<l p<:nniL-. system· to reduce: llll." 
fir;:inci:il burden on the rel1ni-ig industry. Es..'ie.'ntiall}", this ;ilimn:<l ·1t.:.-:.i<l 
q•1ou..•i to be tr.1de<l berween refiners. Refiners who found it eJ..'>"Y to gt.i 
below the limit were allowed to sell tlK:ir ·surplus· le:.id rights to ret1ners 
who found it expensive to get b:ick to desir.1ble octane levels without 
lc:id lhe particubr feature of the lead-in-gasoline benefit-cosl study d1;it 
made it a powerful aid to decision-making was the clear-cut nature of lill." 
nti henefit-; e\·en when uncert:iinties about benefiLc; \·n.·re allow(."d for. Hut 
it \\:IS :1bo c.:xc:n1t•:d c:m:fully :incl in comrn.:h<.:n.;in: d..-t:til :\S P:lt111t.·y 

( l9t.)()) 11 put-; it: -tt is important to realize: that in spite: of the: difficulties 
tlut arise. benefit estimation ic; :i usdul input in policy making when used 
carefully-. 

I I Portru.:y, P., "Air Pollution Policy", in Portney I <.'<I.) /'r,h/tc l'nltctc(f<•r f.r11'irrmnu..,1ull l'rr•l1'1.·11tm. Ht~•llK<".' 
fo< tht· Futun.·. \l';1.~hington, tu:. S..'<· al:o;o IJSEPA, El'A':o; f'q• of /11·111111 <.'ml .·lr111/r-i• 1'1 .. 1 l'J.-l/1, 

l'I':\ .!.~o 1l"l ..r'·ll '.'\, \t·.1:.hin)o.'ton, 11 <: • :\11)(1~" t•kP 

[ __ -- -------------
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Economic.· teclrmqua for assessing CTeaner Production options 

l\1acroeconomic Modeling Techniques 

Excerpted. v.ilh pe~on, from OECD, 7be .\facroeconomic Impact of 
Eru.ironmenlal Expenditure (Paris 19!35), pp. 8-12. 

------------------------------- --

Macrosimulation models start with sm:tll uniL<;, evaluating the effect of 
:i j::Olicy clung<: on ind!\•idu:il IF ·.:x·hol'~" or huc;int.·sst:s, and work 

up, tracing the effect of those respon.c;cs on changes in dem:ind, product 
and prices. In contrast, macroccunom..ic models work from the top down. 
A system of aggregate relationships is specified, and the ways in which a 
policy <:lunge may effect one or more important variables in the system 
are idencified. 

Macroeconornetric models, usually based on some fom1 of Keynesian 
economic theory, start estimating aggregate variables, such as Gros..<; 
Domestic Product (GDP) or total emplo}mem. l11ey also break the 
\'ariables down into their component p:irts. GDP. for example, can Ix: 
broken down into consumption, inveslment, imports. exports and govern­
ment spending. Consumption and im·estment are in turn linked to such 
variables as income, interest rates and profits. Relation.<;hips between 
industries are often described by an input/output matrix, and the level of 
cmplo~ntent is detem1ined by the demmd for lalxmr from the productive 
sectors. :ind by the amount of labour supplied by \·:irious categories of 
workers The model may include a fi.n:incial sector, ;ind scLo; of cstinutcd 
equations, to show the effect on prices of changes in production cosLo; and 
the amount of utilised capacity. 

Evaluation of Environmental ReguJatioos 
in OECD Countries 

Summary of Findings 

Sirl<:c the early 1970s, a number of OECD-n11:mher countri<:s hav<: lx:<:n 
developing macroeconomic modelling c:ipabilitie.s, and using these 

capabilicie.s Co assess the economic impact of tlwir pollution control 
programmes. lbcse asscssm<.:nts try lo quancify the direct and indir<.:ct 
effects that environmental programmes mighc have on the major macro­
economic variables in each country. llle fir.st studies in this area, rcvi<:wed 
in an earlier OECD report 1, were carried out at l time when the economics 
of mo.'it member countries were opcr:uing at clo.c;c to full capacity. 111ey 
th<:rcfon: tcnd<:d to str<:.ss the unfanmrahl<: .short·tt.·rm dkcL<; which 

-------··-
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i 
I 

pollurion c~)ntrol progr.mum:s Wt:rt.· likdy lo h;i\·t.· .,:-. i1::1.1t; - .lllL .!: 
intem:uiorul competilin:nes.'\. 

llte ch:ingcd economic circum .. "ilar:ces pre\'ailing :ir pn:~:ll in r:·_.:....'{ 
OECD countries suggest lhat a somewh:.: differem emphasis rr_j.y x n~ :.re 
appropriate. In addition to the contir:.uir:g interest in price me 331.:irKt: oi 
paymems effects, policy-makers may J1so wish to know \>.'.-..'.li: inl?:lct 
environmental expe1diture may h:l\·e on employment trer. :S .:md .:,n 
longcr-rem1 growth of producti\ity :ind oulput. 

1~~'- ;::-;.·=-c..·m rcpu:-:. :'t!::m:.J.:iz;.,: t! .. :csull" ~-:. ·::: ~~:..:;.:::>. ---r .. 

modelling in six co1.mtries-:\ustri.l, f::1bnd. Frmcc-. tl:e \:..::;_....-rl:.c . .i.'. 
:'\orway and the Cnited Scares .. \ sur.:rnary of the :es-.:lts. -:>. '.-jch i.:-c:: 
di.c;playc.--d in table 1, Le; gi\·en below: 

• The effects of increased pollu::on comrol e.xpendit-...::-c::-s on :h.:­
growth of oulpul are indetermirJte. ll1e r.ingt of resL::s 5".Jg,_.;;:~xs. 
tlul the: le\·cl oi GDP in tht: fin:i progranune \t:'.lf COL . .: :::-".: c:;;c::r 
higher ( 1.5 per cent on:r l•:O yea.:; in the case Oi. '.XtH"\\ ;r . ._ ~·r It -., t:1" 

1 l per cent m·er 18 years in the case of the t·nikd ~~:~-:s >. "· :tl: 
most result'> showing inrerr.1edi_;_:e \·;dues. 

• TI1c.- ctfects on inflation would :t?pear lo be sli.:-?htl\· ur.:·.i\ :1ur:.::ic: 
In \·irtually ali countries, the pre grammes boo::t con."L::!:e pr.:l."s: 
in some cases the increase on·-r the period would tx· .<...' :nuc'.-; :is 
.:; ro .... pcrcent:i,1Ze point'>, equi\·ienr to an an·rJ~c.- :mn_.ii i;1cn.· .l.'<-" 

of :ibour 0.3 to 11.5 p<:rcenl:ili'e ;:-vint'>. 

• t:omcrsely, cmploymcm i.<; srin:Jlatcd \\"irh ft.·\\ c:xcc:.;:-i:_,n.,_ .m­
c:mployment I<:\ ds are n:duc<·ci j~· polluriun-c,mt:-d c:. '?t' :-idi: _n.:. 
particularly under somc \·arfanl' in rhc l 'nircd ~l:li<:S. :·:-i."in· ~'l<l. 
t.>spc.-ci:illy, '."orway. Tiie counkrp:irt of chis l'l:suit i.-. ..i.r. imr:ici: 

w1xs<:mng of prndudi\·ity I0'0\\-..:1 < ourput p<:r unit of L~,-Jr J ~hi.-.. 

l>CCUI'!\ because (iDP W0\'\1h rJ:~s ar<.· either s.m1<:\\hi.~ i.:,•H-:-. (Jf 

only sli~htly hi)>d1c..-r. tlun tl KY .::J1c:rwisc wo• 1ld h.3. \"<· :-<t.t:"I. \\ '.:ik· 
i.1ti._.ur input incrt:3.'i(."S hc .. ·c:usc: .>f cn\·ironnwc<.11 'nc..· ... -~:c' 

• !>t.-·.dopmcnl'> thrr,ugh tir.:c :<".::«l·st tlut t!:t· ir-.!ti .. : ::-:·.:i:1..:: , .: 
c:.·m ironmcntal t.·xpt:nditures is r.:Jrc fa\our:i.bk than ti :c:.· i.Jn~-:c:.·rm 

dlcct<>. In th(.' short-t<.·m1, incrc:J..o;cd inn.·stm<.·nt in po::ur:on ~·,m­
trol equipment hoosl'> output :ind acti\ ity. 0\ er the J,,n;zc:r-1c:.-rm. 
however, low(.'r profile; and'or higher pric<:s l·rock S<1:-ne r,r m.>~ 
of the short-tcm1 gain'>. 

\1''hile th<.-sc various rcsulL'> arc: of interest in their ,>wn ri¢ic. t.he nuin 
<."onclu:-i1>n which cmc-r~c<> from d1<.-m i...; that the macroeconc•:nic" dh.~1-" 
of en\'m>nmcn1:il policies arc rdati\'C'~\- small Mose of tlw figur<::' rt."­
portcd-wi1h !Ill· cxn·p1ion 1)f sc,m<.· ,·f th<.· rl·sult-; f11r con~~llT.<.i rriCt." 
inllation-.lrc in the.· ran~ of ;1 fc.·\\ t<.·nti...; of ;1 pc:rccnuw· po::~t ;-J<.T \~:.ir 
Furlhl'nth>r<.·. ii is import.ml lo rn·;all tli;i1 :he.<;<· .o,;m;11l dtn·t'> \H·n: rq~i.'illrl·d 
durinll, .I pu1rnl I Ill<" !l)-1 ls) of r°':;1k po!l.:Ciotl-l'onlr()( ;1di\ itv. \\ hc.::-1 c.·f:,.rt . ., 
\\'('fl' r!:~n·('cl 11111 111\h .11 lirni!lll,lo( 'ill . .:.•mg p111l111i.,r;. l11;r .1: .... ,- 1 it .tn 

l .. ------·------------ ---- --------------- ------------------------ - - ..... ~ 
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ing-up -::.e h.ICklo~ c1ust:~ by :-.""~C\.1 c,f Ult: t:m iror_'!lt:nt during the 1950s 
and 19t:· •s. 

T:-i.is general conclusior. 0n the rd:iti\·el}· minor cstim:ited imp:ict 
:ilso ~-u~sts that pollution cc.:urol me:J.SUrt:s wert: nol :i major <.-ause of 
!he slov.·do\'\n in producti\·ity ?"OWth of the 1970s, as has sometimes been 
argued By the same token, e:\·ironmental measures are not likely to be 
a nujor constraining factor in :-.. more expansionary strategy for the 1980s. 

Table 1. Effects of Additional Environmental Programmes on 
Selected Economic Variables 

'Range ofdijferf'T'..£-es bt>nwen len!l tdtb ar.d u:itbo:ll ent"iro7111U'11.UI/ pTOJ{rammes) j 
----- __ __J 

~:leas on: 
; 

GDP Consumer Prices Cnemployment I 
i 

First vear ; Final vear i Fi.--st year Final ye:ir ! Fi.:;.t year Final yea:- . , . 

_\u..'Ii:l -0.6 0.5 
!"------·----

Finbnd ~-3 0.6 

Frar:cc 

l."nitc:d 
St:ilc:S 

''· 1 

,) 1 

'-kmonndum itcn~' ( c > 

0. l 0.-i 

-O.:l -•l6 

I 5 

-0.6 -I.I 

-Cl.1 1) ·• 

Jdp.lll l 2. 2 6 l) 110.11 c1 

(a) GDP dcfl.ltor. 
(h) P:irtlv estim:ned bv Secretariat. 
<c> Published in earlier OECD repor: 

I thou.s:inds I 

1).4/ 1.-:- <a) 

•J.1 0.1 -.3.5 -7.5 

ll. I -1,12/-1 -l_~.2/-4:t'5! 

o.8·U -JA.t-2:\ -,:\.8/6.9 

0.1 "9 -2"5.0 

.; 2 5.o.6.-:" -80.ll .-150.0/-300: 
.0 (b) 1 

1.158 <lower) 

(dJ For period as a whole, $Ugg"estin~ negati\·e result<i for final }'t..".lf 

• :-.;ot avaibble 
- '.'ii ---------------- -----. - -· 

___________________ " _______ __) 
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Eronomtt· tt!Chmqutts for a.ut!SSing Cleaner Productio.-r optio"IS Reading Exr:erpts 

Benefit-Cost Analysis for the Ismailia 
Waste-Water Project 

Excerpted from R. Luken, .. Benefit-Cost Analyses for the lsmaili:l Waste Water Projea'", 
l'nited S<ates A~ncy for lnterrutional Development (Washington, D.C., 1987). 

Introduction 

Statutory Versus Legal Mandates 

~e usual juscification for building waste water treatment facilities is a 
.I statutory mandate. Public Law 48 of the Government of Egypt (GOE) 

requires that domestic wa5!e be treated to meet discharge standards of 40 LU6 
m~ I of Biological O:x-ygen Demand (BOD) and 50 mg/I of Total Sus-
pended Solids <TSS). Similarly, Public Law 92-500 of the li.S. requires 
trc:ument to meet discharge standards of .30 mg/1 of BOD and 30 mw'l of 
TSS. At least in the case of the U.S., rhere are exemptions from these 
standards wher'! holding lagoons are feasible, usually in rural areas, and 
where ocean disdurge is feasible. In these cases the standards are not 
;L" stringent bec:.iuse holding lagoons arc :in adequate fom1 of treatmem 
and ocean dL<>chari;i;e usually does not result in serious environmental dc-
ccrioration. 

For many nacions, the transition from uncontrolled to controlled 
di.<>chargc of waste water is viewed as a benchmark of progress. Substan­
tial resources are often devoted to this effort, at the expense of other 
program<>, without che benefit of detailed economic and environmental 
analyses. 

\tuch of the emp!iasi.<> placed on impron:d mana~l·mcnt of human 
WJ-"tes is rdated to concerns ovc.,- the rdation-;hip between basic sanitary 
conditions and public health. Econ0mic assessments of the bcncfiL<> are 
problematic, due to uncertainties regarding the quantification of health 
effect<> and valuation of changes in morbidity and mortality. l11cst. 
problem<> arc compounded in developing countries because of scarcity of 
data. Nonetheless. sufficient information i.-; available that an attempt at a 
quantitative economic evaluation is possible. 

Methodology 

------

"111(· study ex:uninc." 1hc economic !x·m:fito; of build in~ a waste-watl·r 
trc.·;11111cnt plant in lsmailia, Egypt. It fir.o;I charactl·riic:.o; the cnvironnK·ntal 
sillulion llwr(· with and without 1hc wa1c.·r :incl wastc.·-w;ilcr projecls and 
!hen cstima1c.·s the po«:nti:1I hendit.o;. 

67 



LU6 

·111<: bc:n, {its a.s..-<.'ssn:<:nt is con.~rY::. ::H.» It is uni~ :: lt: :uu: ..:.:ti bc.:nc.:llls 
:imicip:ued in 1995 when these facilities will lx:gin opc-r:ition r:tther than 
le\dized armual benefits Lcn.:lized aclUal tX:ncfiLs ·;t,;ould ;occoum lc>r 
the growth in benefits O\t:r the !IJ ye:ir fae of tht projt:-1s beau~ it is an 
:in:rage o\·er 30 ye:us rather than benefits in yc:ir (,ne of the project. 
Lc\·elized annual benefits were not c:Ucul:ned bec:lu.st ~o rea..."On:ible data 
were available to make yj ye:ir projection_<;_ 

Ismailia Waste-Water Project 

Introduction 

"rhe city of Ismailia is located on the north and ~.est sh or<: of Lake 
J. Tin1sah, which is an integral part of illc Suez Cini Lake Timsah is a 

relati\·ely shallow saline watcrbody of 12 km! The i:;:esem w:iste-water 
treatment plant disch:irgc-s uncre:ited w~te into the \\est Lagoon area of 
the lake. The proposed w:iste-w:iter tre:ument facili:~; would be a new 
l:ind disposal system that would elimin:itt: domestic wi'te-w:iter discharge 
into the l:ike. 

TI1e population of Isrnailia w:is esti.matcd :it ~f>t .. 11)0 in 1985 and is 
projected to reach 4-0,0c~•) in 199'5. 

Existing and Proposed Uses of Lake Timsah 

Current Uses of Lake Timsah 

The lake provides opportunities fr.r recre:ition:il :'wimmin~. boating 
and fishing. Swim.- ling beaches are currently on ti:<: northwest shore, 
south shore and nor.n end of the l:ike. TI1c lake is uS<.-ci for sailing, rowing 
and power boating with docking faciliti<:s concentrated on the north shore. 
Recreational fo;hing takes place throughout the lake, \"\t:St Ia~oon and the 
dr:iins entering the system. such as El -'lahsam:i Drai=i. Tot:il recreation 
u=-c in 1987 is estimated ll 750,000 - 1 /•)0,000 recrc:ni0n days with 80 to 
91 • ~ of th<: ust:rs comin~ from C:iir<J. 

Finfish, shdlfi.c;h and cru.c;t:ice:ins .lrc: harYt:Stcd .:,muncrcially, pro· 
Yiding the main source of income for J number of :m:a residenLs. ·111e 
conunercial catch in 1965 was 352 t, con..;isting primaril~· of mullet ( 170 t), 

loot <76 t) and shrimp <59 t), and the nluc of tht: c:itch wa.c: LE 763,800 
(LE 1986). 

The high aesthetic quality of lsmailia is due largdy to Like Timsah. 
"l11is quality makes pas.c:ivc use such :1.s walking, sining and relaxing 
<.·xircmcly importam. 111<.' presence of :i prcsidcntial !'\.'treat on the north 
sh1>rc also attraCL-. ancmion and visitors to the :m.-a 

Finally, an important use of th<.· Like system 1:' th<.· topic of this 
,., .1luation, namdy, as the recl'iYing w.ltt·rs for w;L<;tt· watt·r )i?l·nerall'll in 
lltl' art·a 

0 !11<.· \\":ISlt··W;l(t•r trc·atrnt·nt J'l.l!lt disd1ar~t ~ lo lilt" bkl' \ ia fl 

l __________________ _ 
-----------
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on.:rtlf,\>.S in tht· sewer systc:m. is :ilso di.<>C:-.u~d:, tht: l::..."t: 

Proposed Uses of Lake Timsah 

.\fajor studies have outlined specific p:-oposal.;. for the furure- u~s of 
the lsnuili:i :irca :ind Lake TinlSah. TI1esc: :ire th<:- Ismail:.i .\1:1...'lt:r Pl:in_ 1 

and the Tourism De\·elopmem Pl:in for tht- 5~ez C:Ln:tl lL~ ~ -::-te Sue:z 
Cmal :\uthority h:is also propo5ed specific fun.:re i;__.;.e:s for ;ortior .. "- of l..:lkt: 
Tirns:1~~ 

1:-ll.- lsnuili:i ~bstcr Pbn proposes :;. :.·~:i1t>c-~ oi u~:- for ~lt: bkt: 
which .lft.· :.mticip:itt:d to become imegnl _._-_,:: e~*nti:il .:::t:mt:r_:_, in tb:: 
futurt: dt:n~lopment of the c!r:y . .:\ In gener~ ~~oe p::.n rcce,:im1t:n:'.....- nu.xi­
mum utiliution of Li~e TinlSah to promote C.:nu.-:-:ic tou~sm :in:. rccrc.-:i­
tion. 

TI1t: Isnuili:i ~faster Plan rccomrtl<..'11~' Jse _-,f the ::i.i..e·s _;_(-sthctic 
qu:ilitY through de\·elopment of walking J...'1C sin0.?: :ue:i...' to en' .}y \.i.,.iL" 
of tht- !:ike. De\·elopment of properties wiL~ \ :c-ws C•f the 1::..:,t: L' r~ )posed 
llfr; d(·\ c:lopment includes cby c:ibins, he:<c::-: site:::'_ osir..:...'. :ip.:.:tmenL'. 
rc.st:iu:-:inL-., :ind w:ilking p:iths on the west j:;.:-_:. of '...:Ike T:..;1.'-:ih ?,)tenti1I 
hotd sites :ire identified on the west end o:· Ct-.e\·:tl:er Isb:.d :ind :he west 
b:mk of the Suez C.anal on the north end of L'le l.lke. Tt-.e e'.'l.-p1-1Sion of 
acti\·c: forms of recreation including ~ imr:iin~. rowir:;<?. sail:."lg. :ind 
watc:r-:'kiing i.c; recommended. Also propc.=-ec i..; c.·xp:in.'!_.n of t'.-.c l:ike s 
comn1t:rci:il fo:;heries. 

TI1<.: Tourism Dcn:lopment Pbn r~~ur.ir::oe:nd"- c:Xtt:n..":\t· u.~· -if l..ak<-· 
Tims:ih for rc:crcation and touri..,t-relatcd 1CLi\·iries. ll1e touri...'m pbn 
rccommcndation..c; center on intem:nional 1ou;'_,m '..."1 conta't tot:·.<..' primt."" 
considt.·ralion gi\·cn to domestic tourism in U-.c .\1-•-'tc.-r Pl.in. ll 1c. tourism 
pbn, likt: the m:istcr plan, proposes the wt·~ sLJrt· ,)f th<: b..:.:e for c:xtt:nsi\t: 
dt:\ dt•pm<:nt. lhc study calls for an intcrn:i:i.-,;;:tl 1., •Id :.ml: ht::tcl. :-.icilitit.·s 
;it tlii.-. ID<.·:.1tion ·nit· rt:port cCJn-;idt:r.s <::\.-:t.·:-5:n: J, 1m<:.s!:~· .. tnd :'u:-;sil>J\· 
inlt·rn.liional tuuri.sm and rt·crcalion:il di.·\c.·k:mK:'.t c,n ~-.t.. c::t.< ·:1.mk , ,f 
the: lakt: 

llK· Sm.·z Canal Authority (SCA) ha.-. p:-op..::~:d u~"' for C:tc: I.ah· 
Timqh system which could affect exi.c;tin~ cc...nditiun..<; in •he laJ..t.' ·i ·nit: 
SCA is prest·ntly straightening the na\'iption dunnd throu.~h l.:1k<.· 
Timc;ah When thi.oo; work ic; comple1cd, the c.·xistin!l c::lunnds :md ~>rtions 
o! the bkc will he 1Lc;cd as :m anchorage for canal traffic lnt· :'C:\ also 

I <"..ulpc.-:; md Partn<..TS ( 19-01. 1snuilra Ma.~ll.'f Plan :ieudy" ( Ar.ih Rcpuhhc r.>f l'i"pc. Fun.!.:d hy 1·"l>I'1. 

: :sm;iil F'rofl':'>.o;or l>r I Ii"'"''" and Partnt-rs, ct al.. Tow'im1 !>1'1t'k'f"'1t'Pl: m :l't· \rw: . • ma/ 7 'It', I Ar.iii 
?.q1ul•.:-. ,,( E~v1. llnilt'\I Nations l>t.·wlopm<..'111 Pmgr.im, l>r.1ft Fin.I! R<-y>l1. :·1-i1. 

'''1l1•·-·:· .incl Ecld\". ·1sm.1il11 'IX':ut·rwork.o; ;md \\';L~•· \X.'alcr F.1dliti<-:> \!.L..r<.1' Pl.1~·- •Ar:1l• R<"J'IUl.li, "' EK"-1"· 
··1md,·:. hv IJ'i:\11> l'f''>• 

''·1··h .1 • .\ l"ddv. \·,,11,_ :\;'J"--ndi.x l,l 

[ ____ ~-----------
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Reading Exrerpts Economic: techniques /DI· ~sessing ("leaner Production option." 

h;is long-r.mge plan.<> for constructing 3 new tu\·igation channd which 
would bypass Lake Tunsah. A navigation connection bctwcc:n the lake: 
and the c;inal would be maintained to allow for ship anchorage: in the lake: 
and canal-related maintenance activities. 

Water Quality Problems 

Past investigations indicate that over.ill water quality in Lake Timsah 
is good. However, there are areas with the poteatial for creating both 
in1mediatc and long-tem1 w;itcr ql!ality probkms. Hoth thc in-depth 
quality survey in 1978'5 ;ind the 1986-81' dat;i show sc\·c:ral arcas with 
fecal contamination <fecal colifom1 concentratio£L<> in excess of 1,000/100 
ml, which is the WHO standard for contact recreation). ·111e area of 
immediate concern is the northwest shore of La..ke Timsah. 111e north and 
sou\.h shore, as well as the west Lagoon. are all areas with potenti:il water 
quality problems gi\·en the anticipated increase of waste-water discharge. 

Economic Evaluation 

111e economic evaluation is based on anticipated use p;lltern-; of Lakc 
Timsah in 1995. One pauem as.c;ures building of the waste-water treatment 
plant and elimination of fecal contamination of Lake Timsah. As a result 
recreation use and tourism deve!opment will occur as anticipated by the 
Department of Tourism. The other pattern a.•;sumes that the plant is not 
built and that Lake Tinlsah becomes polluted to the e.Ktent th:u recreation 
activities and tourism development arc discm1r.1gcd. "111e economic 
benefiL'i of the project arc the differences bet\"\'een the two pattern'>. 

The potential economic bencfiL'i fall into four categories: recreation 
t•sc, recreation related illness, amenity value and commercial fishing. 

Recreation Use 

:\n estimate of recreation benefit'> must Ix: based on thc predicted 
l<:..-d and value of rc:cn.:ation activiti<:.'i. ·n 1<: l :>t:partmcnt of Tourism 
prm·;dcd their best estimates of future use of Lake Timsah for recreation. 
With no significant pollutic1n of the lake, recreation use i.<; projected to he 
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 arc used. ·n1e first i.'i a simple 
travel cost model. ·1hc underlying idea of this technique is to use 
infonnation on the amount of money and time that rx:oplc.· have spent in 
getting to a recreation site to estimate their willingness lo pay for the 
cxp<:riencc. 

5 ~ktt·alf & Edclv. Ve.I Ci. Aprx·ndix C). 

r., ;rn,·mor.1rt• of bmaili.1. l>q,artnwnl ,.( ll<~1lth, I l'l . .Pl 

---·----·-·--- ----------
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l:"conomic techniques for a.~essing C/ean~r Product1c>n opc1rms 

I­

I 
i 
l 
j 
L 

11\c :.ipr:icJ.tiCJn ,--,f tl.t: tt:dmiqut: l1t.:rc: l.'St::-::.Hc:s :...-.c:: will::-.~:cs. ... : . 
pay on the: J..'-'llmptio:1 that users of Lake: Tims:l~. comt :·:-om t·i::-it:r C:ti:(, 
or Ism:iili:.i. -:11e direct cos:s for rt.:crt::llifJni..."L" fr. :-:1 < • ."'..:liL for a uy trip :r} 
the lake anK·unt to rou¢'jy LE ll-12 per use •LE~-' for r·1und ~? 
transportation cOSlS-:- and LE 6 for the \':ilue of tir:·.e: .,\_ T:.c- dire.:-: cc1..'L'> Lr 
rccreationi."-.'> from lsmailia is zero. 

TI1e con.sumer surph.:s for recreJ.tionisL'> v.~:hout ==.'.linuir.:ng w:i:e-r 
quality in Lake Tims:ih is '.E 3500,000 (table I TI1e : ;n_-;tmler _-;urpbs 
per \·isit i.'> ~:=: 71111 TI1c- :-onsumer surplu5 f.- ~ recn.·.;.:::-.:liSL' w::h t~.t­

m~1in•l.·n .. :·.~·._ ,f \'._,:._: -IL ... :::~· is LE ll1.:: ... -~ _ -::1 ... _ :-.,~::~·.cc: 
surplu.-; per \'..sit is LE I I.•• 

Table I. Lake Timsah Tra"\""el Cost Calculations -Without Project 1 

Origin Pooul:nion 

C.airo 450.(to of) 12.•)00,000 

lsmalia 

0.(1-'; 

___ _QJ_.;. 

TraH·lc~t-ll 
I: I H. 

I ·M• 

Consumer surplus (LE): To:.il 3;51)fl. • 1 I 

Consumer surplus (LD: Per \·isit 
---~~"'-"~-=~-· ~-~""'-·-=- ·-=--~--~= _,_,,_,...=-----"'--'--"' ~ _j 

Table 2. Lake Timsah Travel Cost Calculations-With Project 
1 
I 

Origin 

C1iro 

Isnulia 

I 

l Population Per c3pit.:. \"i."iL'> 
---- -------·- - - - -

l 1,.ffl0.• "JO 12.1)00,000 0.1...: 

-- _L ___ l_(lOJ.:~ I~) ---- ---- :l·~~OO.f!__ --- • . 0.2' 

T r.n d co.st 

1111{1 

Consumer .surplus ( LEl: Total 16,5<)0.1···•1.ftfJ 

Consumer .surplus (I.El Po:.'r visit 1 I .1 • 

1 t·s S,. LE 2.18 ()un1: 19ri-> 
- --- ~ - --~---- ...., .. -, - "' = -~~ 

An altematin' estim:J.te of the value of a G..iy of xcreation may be 
obtained by utili;-:ing estim:ucs derived in th<: l. S. Se\ eral .studies lu'e 
derived n:liablc estimates of the avcra~ con<;i.:mer st::plus of a dav uf 
rccrcation:.tl fishing. ll1csc: values range from rrogh.ly S25-to S55 per d.ly 

7·111c round trip tra,·d cxpcn:1c.-s rmgc from 400-~ piastc..-rs (pt) pc..'1' p<.TS<lll The -t:•) pt is h.iscd on 1hc 
l·"o;t of :1 round trip hu.'l tick,1 frr.m < ~1irc> to lsnuilia. 'Ilic 'iOO pc is based m t.nvcll~~ in a pn,·:iu- c.-u iur 
.!'iO km ;II 10 pl p<.•r km with -; P"~•pll' in the cir 

11 An:ordinl( lo the: I >q-r.1rtmcnt of 'I ouri.~m. ~ll/n <>i die Eio"J'li;in population ,.u,;,~ a ,._,,:Jtion an,l n.·uc:1ti..1n 
tl1y trip~ from honw. 'Ilic ;I\ <T.ll(C hou.'t:h<1ld in.:omc for thi5 .!()ti~ of d1•· ~·pubti<('. in 191'1<' j., Olim.u.·d 
.11 I.I'. .~.101 n·:ir. ·1111~~. tlw , ... d:ly i1i.onw i:; l.F "'HJ(I ;111<1 tlw hourly in-.·nJl· ;L\.<,_,1in;.: ·i'' houn, j, IF 
I -i'i1lu •llf .-\~,um in>: .! !1< '"r.. 1r:1._ •·I tim<" in t~1d1 Jif("( lion. <h<" val11•· c ,j tr;"~-1 timt· 1• .1pprrixi~u1eh· I.I' c• 

-- --· - , .............. _ .. ___________________ _ 
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Eronomi~ lechniques for anessing Cleaner J>roJucllon opt11»t~ 

( S 1982) depending on the desir.ibiliry of the spt:cit:s sought E vidc.:nn· on 
the willingm .. "5.5 lo pay for swinuning are !es.." reliahle, bu< indicators an: 
lh:.u a day al the beach is valued al least as highly as a day of fishing. 

ll would be inappropriate to as.-;crt that a lypic-.1) Egyptian values a 
beachday as much as an American because lhe standard of li\·ing is 
significantly different between the two countries .. 

However, a meaningful comparison can be made by relating leisure 
values (such as for recreation) to income. In the l!.S. :wcragc..· weekly 
e:1n1ing..; are bc.:tween $2'"":; $~1111. ll1erd'c 1n.: :1 d:P: flf w:tln h:1..-ul n:cn::t· 

lion is valued at roughly lll'J.ti of the weekly gross earnings of the avcr;i~ 
worker (S,30/S287). 

A reasonahle ;issumption is that a comparable recreation e"tx=rience 
in Egypt is valued at tl~e same rate rclath·e to local earnings. As 
indicated in an earlier footnote, the average weekly earnings for those 
likely lO participate in recreation activities is LE 58.00. Applying the 
leisure value income ratio described abo~·e, :i v:iluc of LE 6. IO per 
recreation day is derived ( 10. 5% x I.E ')8.00). It is important to note 
that this value of a clay of w;iter contact recn:;llion applies lo all users, 
not just workers. Earnings have simply scrYed as a metric by which to 
gauge relative values. This value is con-;istent with the con.-;umcr surplus 
v;ilue derived with the simple travel co.<;l method under the without project 
se<.:nario. 

In addition, the recn::ition hendiL'i should reflect more th;in the use 
value to those who rccre;ill" in Ltkl" Timsah. ·n1crl" arc imrin-;ic or non-use 
hendlt.s (existence of resc,urccs in pristinl" condition-; and h<:que.st for 
future generations), clue to preserYing water quality. In the l '.S. sc,·c..-r:1I 
studics have found that total non-use hendiL<; amount to roughly halt· the..· 
n..crc..·ation benefit-;. In a de:vdoping country such as Egypt, existence 
henefiL<; arc a srn;iller percentage of t11e total \·alue of environn.ental 
improvement, due lo income <·!Teets and cultural ;itlitudes. Therefore, 
a reasonable assumption is that existencl"' hcqul"Sl valuc..·s \vmild c..·qual 
I !n'r> of the rccrcalion vah1t.·s. Moreover. this nluc..· applies onlv to the 
recrc:llion benefits associated with the project given that lh.: pro1n·t 
wm1ld maintain satisfactory watcr quality in !he l:.tkc. 

In summary, the valucs for rccreation use arc cstimatcd at l.E ~,::;on,ooo 
for the witl1out project scenario :md at 1£ 16,500,000 fc,r the with projc<.1 
scenario. llx: total recreation value for the with project scenario wo:ild Ix: 

slightly higher if cxi.-;tcnce/bcqucst values were indudccl in thc :malysis. 

Recreation-Related lllness 

An estimate of re(·n·ation rd:1tc.·d illnt·.-;s must Ii<: lias<:<I on the.· 
prnlictcd kvd of morbidity :L'isoci;tl(:d with wain nJlltKl :ind lite v.1l11c..· 
that individual.'> W\>uld pay lo avoid lltt· illm:s.'>. 'l11c.· usual approach lo :tn 

t·conon:ic :is.'i<·s..;nwnl is Iii(· indir<'l"I l'Slirmlir >JI prfln·dur(· lh:il rdic-; 1111 
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:1n t.:Xp< •'iUn.: rt.:spon.-;c rd:uion ... i1ip :ind an t.·nhann:d en:-! t •I illn"-'' \ :tlu 
ation Such d:it:i arc nol a\":ulable for n:crt.·:llion:il n:htnl 1llrn·s.s in E;..1\'pl 

f f<)\',-t.'\'t.:r, infom1:ition is a\":tilabk from the l. S lh:ll m:iy he :1djustt.:d for 
Egypti:in conditions and th:il will gin· e.slim:tlt.:.s d morhiditv :ind :m 

:ippmxim:ite \":lluc lo avoid the illness 

Studies about the relationship between w:llcr quality :ind t:llleric 
dLSC:L'\C'S in the {j_S. dale from the 1950s. ll1e lll\.>Sl :icn:ptt.:d exposurt.· 
r(-spo1t"t: rd:nionship rc:l:itcs fecal contamination to acuh: g:.L..;crointcstin:1l 
'_-\(;I 1 s\·mptoms, such as vomiting, diarrhea. stom:1d1-:u:he. :md n:rnSt.·:1. 

; :c:.'.~!1 ~~.llislit.s on :\t.i; :1r<: u.su:tlly rt.:portn! :1' t.:nln:•: cli-...-.1:--..·:-. ·· l\plt• 1id 

:1nd p:tr:.Hyphoid, hl:p:ttitL'i and dyst.·ntcry. 

In order to CSlimatc the risk of bacteri:il in!Cction associ:ncd with 
rccn.::lliun:il cont:ict, the following assumptions arc usc:d: 

.9 . 
• 111e :inack rates observed by Cabclh of 16 c:1sc.s.!I ,1100 marine 

exposures is increased to 20 ca.ses/l ,000 marine exposures 
because of high level of fecal contamination 

• Fcc:il concentrations at all r <'1.tion areas will ex<.:ct.:d the 1,1)(\0/ 

lt)ll ml W'HO standard for ClJ11Lact rec:rcation 

• .-\JI 500.000 recreation d.J.ys in 1995 \vill rc.>sult in .sonK· \\·;ncr conla<:t 

recreation . 

.-\n c.:slim.:lll' of lht.: potential _-\f~J cm be c:1lcul;t1l·d a.s I( ill< >\\'.S· 

21) C:l."C.."S .\" Cl.st.'S 
x = I o.orn > c1:--..·.s 

()111111 exposures) (')')0,0011 t.:X()(;surc-.) 

Studit.:.s .1hout the.: rdaliortsliip ti~:twn·n wat<:r qu.tlit\· :llld \ 11;tl 
di.,t·:Lst·.s <in this casl' .skin r:ishc.:s :md eyl·, c::1r and nust· infnlionsl :1rt.· 
lnniKd in numhl·r and not of the: same scientific qu:tli1\· :1s tho.st· tor 
ti.1ctni:1I dist"ases (;in·n the limitt·d :1,·aibl>k d:1l:I. 1lw I li;..dwr l11stir11t<' 
',f I k:tlth in .-\1<-xandri:i .suggt·:-.tnl 1h.11 lhe r;1!t' < .1 ·• iul d1sc:1sc.s 1:-. 

.q··pr11x11:U!l'h" , •nt· h:tlf clw r.llt' I• >r .\< d 

< ri\t·n tl1t· s.mw g{'nt.·r:d ;1:.;....,umplio11:-. usnl 111r t .tln1Lt1111.~ ':1st·s 'ii 
I ul'lcri:il !nd1:n:d di.sc::IS<.', an t"st imalt.' of tht· pot{'r,t i:il r;1sti .. ·S1 in1l'd11 >1 is 

c111 l iC' c1k11l:11n! as follows: 

JI) CISt."S \' ClSl"S 
X • •. . = '5,000 Cl."C.'S 

( I 1 100 t'X posu rt·s) ( 500,000 t'Xpo.Sllf{'S) 

Tl1l' u >S! nl illr)('ss approach is tht· u.su:tl .starting poi111 lor cktc-r111i11 
Ill~ rlw h·ndits of :m1idi11g illm·.ss. 10 l lo\\l"H'f, rile c"st cl illm·-.s 

'11.1l<·lli. \I .-\I' l>11f1,11r, I I .\L<.11><-, and ~1.i\. 1~·..-in. 'i\ /\l.1rirw fl,·,r,-.11i11n.1I \\';it<'f <.>11.1li1y <.ri1 .. ri•111 
I , oll.'.l'·f<'lll "ial1 lnd1c .II< or< • •n• q 11.'. .111d fli,k i\n;ilv~.j~ ~,.f1~1nu1/ U flf1•r l'••llt1f/f11/ < l111trr1/ h·tlr•fflflfi1/, f f<N \I 

1·,,111111•· "" .\:11111~·· /11. /'•1,1:•" / \tK• I i/·1 
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..ipf ~ J..ich undc::-su:::-> tht:" bendlL.; of ht.":alth prott:::tiun i..:-_ :l1.1t it cxdu<lc. '­

?:lir_ .:ind sufferin~ .:osts_ 1n otht:r words, the (•>st of L..::it:s..." i.'- ;i I.me 
:>ou::d of the "'"ilL-:~ncss to p:l\- for susuirn.-c ~woe ~t..·:ihl. St..·•,:t..-r::.: 
.idjl.Stmcn!S ar.:- m::s:it: here. howen.·r, in '.ln :itte:npt tc, .iccour.t for th.:_-. 
sho:::::oming. 

Firsc, wage ear::ers suffering a parasitic episode :m: fresumed to mi.-.s 
one week of work. implying an a\·erage I°""" per workt:T of roughly E 
-=\8.1• '· ~e~"t. this figc..--e is doubled to account for p:iin and ::ufferir:g. Ba."C":: 
:-m ::-.e Cooper :me ~ice findin~ for the 1 · ~. c'.!-ct:t (r:-_edic:tl' CO."L" f.- ~ 

::--:.ft :·'·T :t?:~!-;- ::-:.:"- --~- di~:l"'<..·-< \\·er<: r«'.!Z!:.-. !...- ;ac----~ :li.:- c.·.:.'."!1~~:: 

io.,.x-s Such r::ed:.::il cxpen."t..'s undoubtedly \\ :,uld be much io~ ~r :_:-_ 
Egy;:;:. but umt: ber..:r infomution i:.: av:iibble. it :S .i.'.;ur::c-ci th.:ic LE b8. ~:: 
' 1. IS x LE 58.0o:• 1. i."- :he per case cost. This re-sul:s in :i r;:her libcr:tl t(J~ 
of L:: IS-US ~r w..se per Egypci:in worker :ifecte<l :.£ 58 1 •) in h,..;.: 
c::irr.:.1gs, LE 58 (HJ : :ir pain :ind suffering and LE tJ8 -l5 i :r direc:: flk'<lic~ 
~x~ndirures). If o;~-third of the affected popub.:ion :m.-- worke-~ 1 inclu ::­
ing '.-:ou..-;ewi\"CS :m.: others who perform u..-.k~ for wr .:ch W\. do n . ~ 
rece-:"·e fin:inci:tl rei.-:ibursement), :ind the other mo-thires too youn~. c,:.:: 
or f.:r some re3so::-. un:ible to work. then u1e .ln:r.i)'!;t: \:due pc.-r c:ix­
:in,:..=t..-<l wouk: :-X: ~Juced to LE J-i-1.:)0 11 

l''coopc_T, B.S. and D.r Rice, ·111c F.cimor.:i\: Cost ot lllnc.'i.~ Rt .. .-i,ilt'tr. Y1t 111: '«'l"llnt'l :;:1/Jt'tm · 1•>-1, 1, \ .• 

. ~'), fl'lli:CS .!J-_-1(, 

111 For non·workt.n, llw •·;iluc pc_T case J\ .·i<k·d would <"f(11.1I U: '18cWI fr A' p.nn and sl.:.::lTing .1r.,l l.E fro\ ·.:. 

'"' r•wdic1l <"Xpt.-ncli1._ .. ,,._,, :\ wt'ight<:d ... ,-r,1gc oi lhi.' lot.ti ..f LE I .!h 1-'> "r:!1 lht· IJ : "'• ·t'> 1~:r <.L'"· 1 ·.:' 
'.\,.f1'tT vid1l~ { .i" 1··11 •.11 
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H<!admg J-::a:~'> 

Table 3. Estimated Economic Benefit in 1995 With and 
Without the Ismailia Waste Water Treatment Plant 

I · St.-r llt ~-s 

llln~·s.-; 

With Project 

Qu:mtil:tlivc: ·Qu:1lic:11ive E.-.tim:ites 

I ,')00,000 

'.' q.~li ~ihlc: 

~'ilhoul Projn1 

.:;oo,ooo 
10.000 AGI 

f{t:nt;tf in(:Offit." Full incrc:i~ in rt.·nt:tl 
income: for '),000 - 10,000 

10-2.';'Yo l.>c:crc:tsc in rt.Til:tl 
income for '),000 - !0,000 

unite; uniL'> 

Cr1mmcnia/ Fisheries 

'.'q~ligihlt: 

~lonc.1ary E..;cimatcs <LE OOO) 

1<>5110 

2, 100 

'.' c:gl i gi blc: 

.·t men ill' l 'a/uc 

lknt:1I inuinw 12, ,,, 10 • 2') ,ooo I 1,2')0 - 18, 70o 

<.i1mm1·rcial Fisht'rics 

!'kl n·tums 

:->um 51,1110 · ·i_'i,000 l·i,7.:;o. 22,000 

lower Bound~ for the Benefits 16,350 

Upper Bound Estimate for the Benefits 21,400 

! I 1 ·s $ = l.F 2 IH 1f111w 19H-:" I L _____ ---'----'-.....:.........:...::....:......~--------' 

·111l· hc:ndil pc:r Cl."l" ;1voidnl for skin r:1.shc'i :ind cyc: ;1nd cir 
infn·tion." would noc include- forq~onc: \\:l~c:s l><:c1usc chc:sc inkclicin.s 
\vould not rc:.sult in lose work. Conscquenlly, lhl· value for CL'il" :ivoidl·d 
is 1.E I 2<>.lt5 C l.E 58.00 for pain and sufft:rini and l.E (>8.li5 for mc:dic1l 
cxpc.·nditurc.·s) . 

Combining thl' CL.<;c.'S of morbidity for lhl· with and without project 
scenario.'> with chc vah1t·.o; pc.·r ca.st· a\'oick·cl pmviclt·s a h:~;is for calcubtin~ 
a local lu::ihh hcm·fic for lht· yt·ar 199'). ~'ilh !ht· projt·c!, !here would I)(· 
no mort· p;1ra.o;i1ic inf<.·c1ions a.o; :i rl'.'illh of w:1tt·r conlat·t rnn·alion 
\\'ithoul thl' projtTl, tlwrt· would lit· <;011.000 fl'l'rl':1tion <bys al till' lakl' 
Tht·.st· ')IJ0,000 rl'nt·;ttion d:1ys would rt·suh in I0,000 c.1st· o!' .-\( ;( :111d 
.:;,1100 c1.o,;t· ol r:1.sl1l'S :ind infntirins 'llw l1c11dit 111 :avoiding rlwsc c1scs 
is 1.F 2.!..~ ,_2.:;i: 1 Io.mo < :1sC" r i11ws l.F I ·i·1 .~11 f, 1r ;1 1111.d , ,f l.F I y;.:;_rn 111 ;111d 
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E'r111om1c ra-lmtqu~ for ID\4'Utng Cleanu PmJuctwn oplwn." 

.:;_oo CL'<-~ cimc..~ LE 12() :.:; :·,)r :t toul ,,f LE ·,_·t!.2.:;11, "lhc..·st.· hc..·:i.lth 
<l:UlUji.C:S resulting under th<.- \\ ithout pro~-ct ~-t:rurio should I~· :i.urihuk.·d 
to th(: with proic..-ct sct.-n:irif, .J . ." .l tx:nt.·fit lx:c:nL"t." the:~· would hc: ;i\·oi<lt:<l 
if th<: pm~"Ct \H·n..· built. 

Amenity Values 

One direct valuation tedmique, pr~-rty \:ilues studies, c-.in provide 
:i surrog:ne me-.Lc;ure of the \·:ilue of en-.:ironmt"ntal :imenities. Econo­
mist" h:n·t.· cnnducred numt:·rou!" studic.-<; of tl:t: intluence or :thsencc 
.. f r·.,:;·:ri1•:'. :nl:' · -1 ,: ~- ···r<•cl·rf\· :~1.1::...l··, 12·'-' \'\'ith ..;ufficiu11 
m:i.rkt:r :and pol!urion ,b:.l .. md ust.' .:>f .lppr.,pri:llt: st:itistical tt:d1-
niques. tht.- prope:rcy \·:i!u<: .:lppro:ich J.Ut."mprs to infer how much 
people :ire willing to p:iy for :i.n impro,·ement or •'> pre,·em d<:terioration 
in em·ironmem:al qu;ility. :\llhough d:ata :ind ti.me are not avail:iblc to 
conduct :i full sc:ile prop<:rty v;ilue study. :i simplified version of the 
appro:ich i.c; uSt."d to inf er willingness to p;i\-. 

llle number of housing uniL' :ilong L:ike Tim.s:ih is approxi01Jtely 
I ,fXV•. 111e potenti.J.I numf-x-r of housin~ uniL" could Ix: het,n:en 5,000 
:md lli.•.1110 uniL-.. In the :ib~nce of J.b.mting mform:ition alxmt w:i.tt:r 
pollution and ;i.dequ:ue infr.1st:.ructure den·Iopmt:-m, the numlx.-r of hou.s­
ing units could re:ich the lower hound estinutc: of 5,000 and ntight be :L'i 

high :is I0,000 units by the l.:lte 1990s. Approxinutely 24 million people 
:ire projected to li\·e within 150 km of l3kc Tims:ih by the year 2000. 
Assuming llut 20'YC> of thc...-<K.- people t:ike wt.-ekc:nd \·acation.s and that there 
:ue .:; p<:ople per hou.~hold. :ipproxinutely I /Jfif>.t it)() hou.schokL-. will take 
\·ac:llion.o; and \\t.·t:kl."nd !rip:' :\s.suming that one..· percent of tl1t.·S<: houst.·· 
hold' nuinuin S<:cond homc..-s on L:lkc: Timsah appt:ar." to be n:;Lsonahk·. 
·111<: :ipproxim:ite v:ilue of tilt.~ hou.<iing uniL". mn,tly for \\t.x·kcnd n:cn:ati1Jn 
acti\ities. i'>L""linutt.'Ci J.t LE 12.:;J.l.J0,(11)(1. 25f>J)()(1Jll-)ltl1ic; a.c;.'iunx:seJ.ch unit 
i.'i \·:ilucd al LE 25.flr)I)). 11ie implied annu:tl r<:nul incor.1c i.c; WYro of tl1c 
market value. ¢ving :in :innu:il n..-nul income ht..·l\\t.-c:n IE 12.500,000 and ll~ 
25,~)IM)_(J{,(). 

·111<." with projc:ct set.·nirio ic;.o;umt.·s tl1:i! all ll~~ hrnLsing unirs will he: 
iiuih :md th=ll tl1ey \\ill achinc..- p<Jlt.·ntial rt·111:t..l irn:. >me. ·111e without projn1 

scen:ario a~mcs tluc tl1esc units would lcxr;c bc:twt.~·n I0-25% of thcir rt.·nc;d 
income if the la.kc bt."Comc.~ too polluted for saft· water contact n:cn·acion. 
ll1e l10u.sing income would be only IE 11.250,0fll) to l.E 18,750,000. ·111c: 
lx:nclic of nuint.aining lake w:uer qwlicy would he the diff ercnce in n:nt 
lx.1wt.~ the two situ:nions. l'heo;c benefit-; :arc in :iddicion to the: n:cn:ation 
d:iys hccau.c;c tliey reflect :unc.nicy \'alues to property owner rather tl1an 
rccreuion u.<;<:rs. 

1: Fr« .. ~n.m, /\. :O.lyrick, Ill. 1be Horefitt rf /'1u·lmnm. .. 11a/ lm;-1m1rmem. 71Jer,, .• , mul l'r<lt'flce Ualllmmt• rTh1• 
f"h•:· llopk1m f."rmrrnrr /'rr.f..f /or Re.1r11i.t l'.f fortl:tt· Furrm-. I'> 7'J 1 

:lllr1•·bhirt·, I>.'>, ~I.A 'lh.1ylT, '\X'.IJ.~hul1..-.• tn1! IU d'Ar:O:<'. "V;iluin)( 1'11!>1it c;,..,.b, /\ Compari:><rn ol 
""" ,., .md I Ink.nit .\ppl'<.r:1d1.-:;·. '/n1•. lmt•nrrm h 1.-7'''"''' R1·1·w11· 1 l'H.!•. ",f "'.!. p.ljo,'t'!. li.'l I '77 
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Heading Err:t!rpcs 

Commercial Fishing 

C<,:muerci.J.l ii"11t-.;z in ll 1<: lakt: i.c; limiltd md -., ould nol Ix.· signifi­
cm;,.'.~- c:.ntini..;ht.-d c..·n-:-. !.t the p:ojcct \\t:rt: ll<J' bui!l Ly 199">. W':itt.:r qu:ilily 
in Ult:\\ e!'l f_jgoon. UK: currer.i di."Ch.J.r~ pnim of C..'10lt..'Slic wi'ilc, would 
cominue lo sen·e .. 1s a :.ll'~ hc·iding b.J.Sin :tnd should be a.hie lo assimibl<.: 
mo.."'l oi the organic rr...scter, .J.ccordi.rig le <he .\bsltr Plan for W:iccr and 
\\":istc 'll·aler. Ii 

Cost-Benefit Analysis 

:\ .. :; .. H rt.ni-'-.Il.' :·. ,-_,_ 1:; • :>um ::.t. il\.TxiH-' u: :.:.i<:h .:;ilt:gury r.,r llu . .­
\\ ith :ir,J withou.: pr0<.:-t ~~c:r .. uios. ll1e t·conom:;: hc.:nt:"fiL" in tht.> wi:h 
pmiect 5cen:i.rio :-:ingt: £>: rwc:.--c:n LE .:H. IOc 1_1,1JC.: :ir..:l LE ·B.6110,000; the 
t:C•)non:ic lx-nefr:_, in :he.- wi~hou< project scen.J.ri.; r.mgt:" ht:"lWtTn l.E 
l l.-"50.· .... :md LE 21.!• 11\(l(il 1 • cablt.- .:\I_ ll:e :mn~11 hcn<:fiL'i thal could 
be dt:"r:"e<l from rht: "'1'lt··"'·:llt.T lrc:.-:iunt·m projc..~~ r.mge lx.iwt"t."n 11~ 
10_5:;0_1·~· md l.f !I._., .,_. ... 1. 

lh: :innu.J.l clSl c: ti~e prnit't.1 i." IE 185-ll•.111)11 thi'i sum indudt-s thi: 
full :imctir-uic,n c;:· dd·-: :ind opt:r.uion &. nuirm:n:mn.:1. lht:" ;umu:d co..-;( i..-; 
on UK· l:!~h side ¢..-c.-n :::c.: number of con.«:rnti,:t 1'\.'Jmptions huili inlo tht: 
lcchni...:.U :uulysis Cli.;.:1ging ~lC oi the con.sc .. 1"\·:it:,·t: i•;sumption.; could 
reduct:" :he annu:il cci:-:s by :ipproxinutely 25 pt.-r cc.:nl. llK" mid-poim 
c.stinut<.- of :mmul lxr:-c:fits. l.F 18,8"75.0QO, t:xcec:.-dc; rhc: annual cost ... 

·rh: projc:·ct is j~~tified l10 cc<inomic ~round.' hc:c:iu~- tht-rt· is :i 

poslin· cusr-tx·nc:fit r.;:io 11:t: mid-point c..·stim:itc..- of :innual l><:ncfils. 
LE 18,>-l-'\_1 Jf)O sli¢1cly c:xcc:(."Cl' the const:r\.:lli\ c.: c:s1::11:Ht: of :mnu:il coses. 
LE 18,'\+11.000 
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