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December 23, 197h

My, Curtis Farrar

Assistont Adninistrator
Technical Assistance Dureau

Agency for Internationsl Dsvelopment
Department of State

Washington, D. C. 20523

Dear Mr. Farrar:

I would like to express my division's continuad interest in
your Office of Mutritionts proposed research project in Dragil,
"Health and Mutrition DUenefiis of lew or Improved Vater Supplies”,
mansged by Dr. J. P. ceve, As you may know, the original impetus
for this study arose from discussiona between Alan berg of the Hank's
Population end Iutrition FProjects Department and lartin Forman of
AIDts Cffice of lutrition. Staff from this division have participated
in early discusgions with Dr, Keeve about the project and have contriw
buted to the collaborative literature review and recommendations for
research which will be used ito define the study. The Imnk's Central
Projects Staff engaged David Dradiey as a consultant to write a paper
which, among other things, comments on the proposed lfinas Cerals study.
This division has discussed the study with our borrower in Hinas Cerais,
COMAG, the statewide water company, and has communicated to Ur. Keeve
its intention to cooperaste with the study in all possible ways. Ve
certainly intend to continue coordinating the relations between the
study's staff and COMAG to the extent required.

I understand the next step in the progress of the study is a
formulation of the experimental reseerch design. Staff from this
dvision stand ready to review and advise on this formulation to
the limits of our expertise in economic and samitary matters. If
indicated, we can refer any quesiions outelde these limits to others
in the Bank on &n informal basis.

Our fundamental interest in the study will remain what it has
bsen in the past: a desire for more information on the relations
bstween water, health end muirition so we can better Justify, select,
and design water supply projects to meet the needs of individuals
in developing countries. ‘e have reason to hope this research pro-
Ject will gignificantly contribute to this purpose.

Very truly yours,

John M, Kalbermatten
Chiefs; Water Supply and Sewerage Division
Latin America and the Cardibbean Regional Cffice

Cleared with and cc: Mr, P, Geli (PBPDR)
cc: Messrs. Martin Forman, Office of Nutrition, T.A.B., AID

Jack Keeve, Shipma.n',"farford, Berg, Keare, Reutlinger, Jeurling

£
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Decenmber 23, 1974

M' Jﬁﬂk Pe Km’ ﬁo .

CGlirics of Mutrition .
Techniead Agsistiance Surean *
Ageney for Internationsl Development
Dopartment of State -
msm’ B. Ce 23523

Dear I, Yeeve:

With this Jetler I am sending a dreft of David Pradleyts paper,
"Heasuring the lealth Ienefits of Investments in ‘ster Supply®, for
your persondl use. fppanidix I has not boen received so far, 101l
aend you o Copy 43 SOCR &3 one 1s availalle,

This i3 an unrevisaed first draft that hes not been sublected
to the irld Bank's internsl review. lta contenta, eoneluzions,
end reccamendations do nst necessarily reflect verld iank policy
end ghoald pot be taken as such. 1he Paner has not been released
for genaral uss as it has yeb to appear befove & review panal somoe.
tine after the first of mext yewr. I «m sending it to you because,
of course, it coments on your ofiicets proposed recearch nroject
in Minas Jerais and may be of some value 2o you in this vezard,

Z would ke to take this opportunity to assure you of thig

divisicn¥s continued keen fntsrest in this study and willinmesa
to ald in this effort to tho extent poasivle,

Vary truly Yours,

John ¥, Falbermetten
Chief, Water Supnly aml wewerams Division
~ latin imerica und the Caribbean Hegienal Office

Enolosure

Cleared with and ce: Mr, Shipmen ( PEP}—/

cct Mr, Martin Forman, TAB/AID

cct Messrs, P. Geli (PUPDR), Warford (PBP), Berg (PNP), Keare (EcD),
Reutlinger (FCD), Jeurling (LCPHS)
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¥r. Warren C. Baum December 20, 1074
. . 2l
John A. King 777
i | : k
later Resources in the Bank
ta In psrt because of Mr. Kuiper's impending departure, thore have

been sovrrai meatings on the cuestion of how water raesource issues
should be handled in the Bank, Those who have taken part include
Hessrs. Lea, Kirpich, .uiper, Shipman and leiss,

or Gaps n the handling of water rescurce issues are believed to
occur in both economic woark and preject work. Although water rescurces
ray be the critical 1imiting factor in many countries, we have the impres-
sion thal econowmic renorts do not 9‘519FHL1L&]]N look intc water resource
issuas and alternative uses, thouzh in some cases they do s¢ vary effec-
tively (e.g. 1t was an econowic vﬂuort that 1ed to the major Mexican
water rescurce study), In project work, we believe that the impact on
cthoer secters of the use of waicr resources for a project in a particu-
lar sector 15 not sysicuatically considered and the relative costs and
benefits weighed, except vinen the nroject is a multi-sector projcct.
Furthermore, there s 2 fesling thnt curing the preparaticn phase of
prajects fnvolving water rescurceos, prassure for appraisal may tond to
foreclose the consideration of altorna ative approaches, different pat-
terns of allecation and different technelegies that wmicht provide a

better utilization of watar rescurces as a whole than those prop oqed

for the particuiar secteral use,

2 From an crganizational point of view, 1t would scem that there
are several necds:

a) A noad for knowledoe about what the Gank is doing opora-
tionally in the 7ield of water resources and water use, and for an
exciiange of experiences relating to that work,

b) A need for the identification of {ssues and the develop-
ment of policy quicance in this area as well as for a review, coor-
dinating and quaiity control activity for individual projects.

4. agur conclusion was that these needs could best be met by the
creation of two conmittens -

2a) An Oporational Commitioe consisting of ane projects staff
member from each “ﬁw1ﬁw, chaipred by Mr. Kirpich to meet essentially
the nceds dasceribad in 3{a) absva. Latin ,r“rica in Me. Kirpich and
his unit, is a]rbaay 1n a nesition to leok at waler resource management
in the Region as a whole: h2 is already concernnd with several water
resource studies in two obhnr countries (on a much smaller scale than
the Mexican study). lic other ”%jiﬂn, as far as I know, Is now set up
in this way, though vwork on water resources and water resource manage-
ment is going on in them and though we bDelieve that in varying degrees
individuals such as Heinz Yergin are informed about Regfonal activities
in this field.

e



b) & Policy Cumittee consisting mostly of CPS staff con-
cernad (e.g. llessrs, Lee, Shipman, .Vi”!‘?n, Bruce (Drcw&s}, Carmichael
(Cihurchil17), the new Irrication Advicer, Weiss) and e, Klrpich. Iis
imajor tasks would be in the areas dnsrribeﬂ in paragraph 3{b) above,

By 1"ar11J to identify policy issues im ihe water rasource f1?1d and to
quide iho preparation guidelines in this field. These guideiines would
apply both to economic work and to sector and project work and would
assure effective incorporation of the principles of water resaurce
management 1n the generation, design, anpraisal and implementaticn of
nrojects in the ficlds of irrigation, hydropower; water supply and
sanitation, flood centrol, nsviqation, forestry ana fisheries. Hr.
Kuiper would be available to prepare these guideilines under the guid-
ance of the Committee, He estimates thet it would vequire about 12
mandays of his time over, say, a four-month period. This Cosmittee
vould also be in a position o evalua*e the lessons learned from parti-
cular projects and studies Tike the Mexican study and to make these
available to opecrational staff. 3
5. Before going any further in preparing a more detailed proposal,
both nroaniza;inw=11y and with respect to terms of reference for the
preparation of the proposed au16n11rns, for presentation to you, the
Regional Vice Presidents and He. Knaop, I would like to get your reac-
tion. As you can see, this is an attenpt to tackle the water resource
problem witheut using 2 Pﬁat for a liater Resources Adviser. On the
vhole, the group believad that this solution was less satisfactory
than the appointinent of a Hatar Resources Adviser in PAS, but accepted
it as a "sccond-best.

ce: Messrs. van der Tak, Welss

JAKing:jlg



INTERNATIONAL DEVELCOPMENT I INTERNATIONAL BANK FOR : INTERNATIONAL FINANCE
ASSOCIATION RECONSTRUCTION AND DEVELOPMENT CORPOR&TION

OFFICE MEMORANDUM kel

TO: VMr. JoM. alberrﬂatten, Latin America & DATE: December 16, 197L
// Caribbean Projects ar- S AL rI W AT RETILAN
FROM: e B . —
S.S. Basta V‘—'/ Gl A AL L UTILITIES
SUBJECT: [Literature Review, Water Suvply and Futrition o TiEN SRS fSE WERAHE-
1. T have received the second draft of the zbove paper and’

I have corrected some portions which I discussed in dstail with
Mr. John Wall, With the exception of the points mentioned below, it
represents a significant improvement over the first draft,

2. The first of these points is that the authors should clearly .
differentiate between infective end non-infective diarrheas in children

. (point ¢, sumary and conclusions, as well as pages 3, 10, 11, 20)

including the definition of weanling diarrhea, and mention of the

diarrhezs resulting from intreduction of new foods in infants due to

subsecuent enzymatic or biochemical deficiencies or adaptations in the

intestines.

3. The second, and most important, is that rapid reference should

be made to the many experimental studies which have established conclusively
the relationship between infection 2nd nutrition, instead of relying solely
on the two inconclusive epidimiologital studies mentioned.

L. : Thirdly, page 12 needs to be completely re-written, and page 11
modified slightly, because the statements that are made are not in keeping
with rmodern scientific or clinical theory. By this I am alluding %o the
statement (p. 11) (my italies) that "cause of death (fronm dlarrhea) in sone
children ray be due to changes cutside the intestines such as dehydration

and electrolyte imbalance", and to the section on page 12 which attributes

a certzin fixed percentzge of water exchange and body water in children with-
out specifying their age or weight, as well as the statement that the complex
organic corpounds supplied by food function in the active transport of water.

~ Se On page 1L, attention should be drawn to the fact that it is
not the comparatively rare phenomena of physical occlusion of the gut with
parasites that represents most of the problems of parasitic disease in human
beings, but rather the bleeding, na_absorbulon, and loss of nutrients associated
with infestation by tiny hookworm, microscopic protozoa, or the larger
roundworms,

6. Finally, on page 21, the 18th line should be amended so as to
remove the impression that Professors Gordon et al were only studyving
nutrition in the Guatemalan studies. They were in fact attempting to
establish the importance of a number of factors in the etiology of infection.

Te With these relatively minor modifications, I think the paper will
read much better, Ir Wall is to.be congratulated for his effort and patience
in the pursuit of this difficult literature review,

cct M, Veiss (VP,DPS), Reutlinger (DED), Berg (FNPD), Wall (LAC)

SBasta/gw



December 10, 197L

Dr. Cvjetanovic

World Health Organization
1211 Geneva 27
Switzerland

Dear Dr. Cvjetanovic:

As Mr. Dieterich has indicated to you, the World Bank is becoming
increasingly involved in rural water supply projects, and is facing a
number of difficulties which have long been familiar to sanitary engi-
neers and epidemiologists, including in particular the question of
predicting the impact of such projects on public health.

To help us frame an approach for dealing with this issue, we have
recently commissioned a paper entitled "Measuring the Health Benefits of
Investments in Water Supply." This paper has now been completed and we
intend to send it to a high level panel of experts (about six in number)
for evaluation. Mr. Dieterich has indicated to us that you might be
interested in serving on that panel and we are taking this opportunity
of formally inviting you to do so.

Panel members would be asked to spend two or three days evaluating
the paper in light of the terms of reference given to the author and to
prepare a set of comments on the paper, raising questions or adding
further considerations deemed important by the panel member in reaching
conclusions on feasibility and methodology. It is planned that the panel
members! comments would be received by the Bank by the end of Jamuary 1975
at which time we would forward each member's comments to the others for
information. Sometime during the second half of March, a two day meeting
of the panelists would be convened in the Bank. Professor Abel Wolman
will serve as chairman of that meeting and a report would be prepared
reflecting the views of the panel. The Bank would use this report as
a guide in deciding possible action for dealing with the health-water

supply issue.

If your reply to this invitation is affirmative, we will make ar-
rangements with WHO on the terms of your assignment. We would be happy
to at least pay your travel and per diem costs, and, as noted in our
previous letter to Mr. Dieterich, are quite flexible should other arrange-
ments be necessary.

I look forward to your early reply on this matter.
Sincerely yours,
Ives Rovani

Director
Public Utilitiee Department
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Dacempeyr 10, 197h

Dr. Cvjletanovie
World Health Organisation
121 Cenova 27
Sultzerland .

Daar Ur. Ovjetanovie:

As ¥r. Dieterich has indicatsd to you, the '%irld Bank is bocoming
{nersasingly involved in rural wvater supply projects, and 1s facing a
mimber of difficulties which have long been familiar to sanitary engi-
neerg and spidermislogists, including in particular the question of
predicting the impact of such projects cn public healtin.

To help us frame an approach for doaling with this iseus, we have
recently cerrissioned a paper satitled “lieasuring the iealth Benafits of
Invostrents in Water Supply.® 7This paper has now bsen completed and we
interd to seni it to a high level panel of experts (about six in muber)
for evaluation. lMr. Dieterich has iniicated tc uws that you might ba
interested in serving on taazt psnel and we are taldng tals opportunity
of formally inviting you to do so.

Pansl merxbers would be asked to spend two or three days evaluating
the paper in light of the terms of reference given to the autuor and W
propare a set of comments on tae papor, raising qusstions or adding
further considerations deemed irportant by the panel membsr in reacuing
conclusions on feasibility.and methodology. It is planned that the panel
pmembarsg! comrents would be received by the Bank by the end of Jamary 1975
at which tinas we would forward each member!s corments to the othears for
information. Sometime during the second half of March, a two da2y meeting
of the panelists would be convened in the Bank. FProfessor Absl Wolman
will serve as chairman of that meeting and a report would be prepared
reflecting the views of tae pansl. The Banx would usse this report as
a guide in deciding possible action for dealing with the health-water

gupply issuve.

If your reply to this invitation is affirmative, we will make ar-
rangements with WHO on the terms of your assigmment. Ve would be happy
to at least pay your travel and per diem costs, and, as noted in our
previous letter to Mr. Disterich, are quite flexible should.other arrange-
rents be necessary.

I look forward to your early reply on this matter. g

Sincerely yours,

Yves Rovani
Dirsctor
' Public Utilitiec Department
ect Prof. ‘fﬁ_\mn
cc: Messrs. Shipman, Jeurling, Saunders, Warford
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Thank you for your comments on the foregoing.
Very truly yours,

HEShipman:cfa



Dacember 5, 157L

Professor David Zradley

London School of Hygieme and
Tropical Medicine

Ross Institute of Tropical fygiene
Koppel Street (Cower Strest)
London, W.C.1.,E THT

“ngland

Dear David:

We are making progress on the arrangements for the panel discussion
of your paper; the list of participants will ba sent to you as soon as
agreepent with all mewbers has been reached.

In the meantime, I would like to have your response to our letter

of November 1 about the suitability of some date in March for your visit
here. In case you did not receive that latter, a copy of it is attached.

I hofe you are enjoying your new job and that commuting is mot too
big & burden for you.

Sincersly yours,

N Jo MM
Zeonomic Adviser
Public Utilities Department

Attachment

: . Saumd
cc /&'. ers
M. Jeurling

Jddarford :pjk
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HARVARD MEDICAL SCHOOL
DEPARTMENT OF PREVENTIVE AND SOCIAL MEDICINE

25 Shattuck Street
‘Boston, Massachusetts 02115

Tel. (617) 734-330
December 5, 1974 el. (617) 7343300

i

Mr. Yves Rovani

Director

Public Utilities Department

International Bank for Reconstruction
and Development

1818 H Street, N.W.

Washington, D.C. 20433

Dear Mr. Rovani:

I appreciate very much, indeed, your letter of November 26th in
which you invite me to serve on a panel of experts for the evaluation of
the paper, '""Mecasuring the Health Benefits of Investments in Water Supply".
I am, indeed, honored to be considered and will be happy Lo serve Lo the
best of my ability.

The only problem that arises is a rather well committed overscas
trip from the first of February until the 3lst of March. T plan to travel
with my wife to Kathmandu, Nepal, where we have been invited to attend the
Coronation of the new King of that country. Also, I have a long standing
commitment at the World Health Organization about the 20th of March for
one week., It would be exceedingly difficult to change either of these two
commitments,

‘At present, however, I do plan to be in Boston steadily until the
first of February and if you send me the report reasonably soon I should be
able to read it with care and submit my comments belore my departure,

i I can well understand, however, that the actual meeting of the panel
and the discussion and interchange among them will be an essential feature of
the evaluation of the report and if you must meet before the fitrst of April
you may well wish to invite another person in my place.

Sincerely yours,
G o2 T

Alexander D. Langmuir, M.D.
Visiting Professor of Epidemiology

ADL: emd

cc: Prof. A, Wolman

P.S.: For purposes of the record, please note that I am a Visiting Professor
in the Department of Preventive and Social Medicine of the Harvard '
Medical School. I do not hold a formal appointment at the School of Public
Health, although I do some teaching there.



Mr. R.R. Doddridge
Manager, Training, Certification & Safety
Technical Services Branch

Ministry of Enviromment
135 St. Clair Avenue West, Suite 100

Gatarfo, MY 175
Canada

Dear Mr, Doddridge:

Mr, Brian Grover has been kind enough to pass to me your
letter of November 10 and the documents which you have

2

We note that most of the course work as it is reflected in your
documents is directed at the operator level, and concerned

|
|
%
I
|
|



L. Would it have the staff that could be made availsble on occasion
to assist us on the study of training programs, and later for assisting
agencies in developing countries in the implementation of recommended programs?

of the international agencies for focusing greater attention on rural water
supplies and sanitation. To whatever extent this interest is reflected in
actions within the developing comntries, it will certainly mesn



Mr. R.R. Doddridge -3- Decesber ki, 1974

Would it be possible for us to receive ome more set of the
training documents which you sent Mr. Grover? Thank you for this favor
mmmmmmmwmmmnmm

foregoing questions.
MWM.

- f_ﬁ

Harold R. Shipman
Water Supply Advisor
Public Utilities Department

HEShipman:cfa

ccs Mr. Brian Grover (IBRD) and Mr. Van Wagenen (IBRD)
Mr, David Hopper, Box 8500, Ottawa, Ontario, Canada



WORLD HEALTH ORGANISATION MONDIALE

ORGANIZATION DE LA SANTE
W DTEA SUARY L (i it
1211 GENEVA 27 - SWITZERLAND 1211 GENEVE 27 - SUISSE
Telegr.: UNISANTE-Geneva Télégr.: UNISANTE-Genéve
Tél. 34 60 61 Télex. 27821
In reply please refer to: w2/86/1 21 November 1974

Pri¢re de rappeler la référence;

Dear Ship,

I refer to your letter of 1 November 1974 concerning economic Jjustification
of the health benefits from investments in water supply. I wonder if the
epidemiologist to whom Dr Wolman referred is Dr Cvjetanovic (Yugoslavia)?

He is the Chief of Bacterial Diseases, Division of Communicable Diseases here at
Headquarters, and has an interest in this subject area. Heépﬁg authored or
co-authored some papers in this area and I am attaching cop e% of two of them
for your information. rs

Unfortunately, Dr Cvjetanovic is away from Geneva just now so I am unable
to determine whether his schedule for March would permit him to participate in
your meeting. Presumably the meeting will be in Washington.

The best thing is for you to contact Dr Cvjetanovic directly with your

proposal. I am sending him a copy of your letter and of this for his advance
information.

Insofar as the participation in the meeting by the Division of Environmental
Health is concerned, I consider this possible but cannot give a definite answer
at this time. Perhaps I can be more definite in this regard after your plans
have been firmed up and a definite date has been set. We will, of course, be
glad to cooperate in any way possible.

With best regards, I am,

Yours sincerely,

§ D |

o

Mr Harold R. Shipman Dr B.H. Dieterich
Water Supply Advisor Director
Public Utilities Department Division of Environmental Health

International Bank for
Reconstruction and Development
1818 H Street, N.W.

Washington D.C. 20433
United States of America

Encl: Epidemiological Model of Typhoid Fever and its Use in the Planning and
Evaluation of Antityphoid Immunization and Sanitation Programmes

Cost effectiveness and cost~benefit aspects of preventive measures
against communicable diseases
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Bull. Org. mond. Santé

Bull. Wid Hith Org. } SO0 8% s

Epidemiological Model of Typhoid Fever
and its Use in the Planning and Evaluation
of Antityphoid Immunization and Sanitation

Programmes”®

B. CVJETANOVIC,' B. GRAB* & K. UEMURA *

An epidemiological model has been constructed for typhoid fever in a stable population
in order to study the transmission of infection at different levels of endemicity. It involves
a number of parameters representing the proportions of epidemiological subgroups in the
population—such as the susceptible, the infected, and the immune—and rates of transition
between the groups. Numerical values based on available evidence were assigned to the
parameters, to provide a realistic simulation of stable endemicity.

Changes were then introduced in the values of some of the parameters in order to study
the consequences of mass vaccination and improvements in general health conditions and
sanitation, in particular on the incidence of disease.

The model shows that a single mass vaccination reduces the incidence of disease consider-
ably, but the gain is largely lost after a few years. Repeated vaccinations at 5-year intervals
will produce further decreases in incidence, though the additional gain becomes smaller at

each consecutive vaccination.

The model was also used to estimate the possible effect of improvements in sanitation.
The incidence decreases to a new level of stability when the transmission of the infection is
reduced because of improved sanitation. The effect of sanitation is long-lasting and in this
respect gives better results than vaccination.

The simultaneous application of mass vaccination and sanitation gives a cumulative
effect, which in some cases tends to be close to the effect of sanitation alone.

The model was used to forecast the probable effect of preventive measures against
typhoid fever, such as mass immunization and sanitation programmes, on a selected popula-
tion in terms of prevention of disease, as well as in terms of relative costs and benefits.
It provides a useful guide for the rational use of funds and the facilities to be set aside for

tyvphoid fever control purposes.

Other possible uses of the model are briefly discussed.
The need to adjust the model in relation to specific conditions in the community is
stressed, as is the need to readjust it to take into account changes in the pattern of life and

the natural history of typhoid fever.

Typhoid fever is a public health problem primarily
in endemic areas; accordingly, we have studied

* Part of this paper was presented at the Eighth Inter-
national Congresses on Tropical Medicine and Malaria,
Teheran, September 1968. Manuscript received for publica-
tion 27 November 1970.

! Division of Communicable Diseases, World Health
Organization, Geneva, Switzerland.

* Division of Health Statistics, World Health Organiza-
tion, Geneva, Switzerland.
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mathematical models for this disease in relation
to endemic conditions.

The model has been constructed with a view to
its possible use for forecasting trends of the natural
course of infection and the effect of preventive
measures—vaccination and sanitation—on such
trends. For the sake of simplicity, stable endemic
situations were taken as a basis for the model.

i B
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The effectiveness of antityphoid vaccines has been
evaluated (Cvjetanovi¢ & Uemura, 1965) in con-
trolled field trials in endemic areas. The degree of
protection conferred by wvarious vaccines, and
methods of production and testing, have been
established (WHO Expert Committee on Biological
Standardization, 1967), as well as immunization
schemes and dosages (Yugoslav Typhoid Commis-
sion, 1964; Typhoid Panel, United Kingdom
Department of Technical Co-operation, 1964;
Hejfec et al., 1966; Cvjetanovi¢ & Tapa, unpublished
data).

The effect of sanitation has been demonstrated
(WHO Expert Committee on Enteric Infections,
1964), although the available information does not
give a clear idea of the exact quantitative effectiveness
of each particular component of environmental
sanitation.

We therefore believe that the essential information
is available for the construction of the model, in spite
of certain inadequacies that make it difficult to
determine exactly each specific factor and parameter
in the model. For example, the effect of mass
immunization cannot be expressed in simple equa-
tions that take into account only the protective
effect of the vaccine and the numbers of people
immunized and not immunized. There are other
factors that influence the outcome of vaccination
programmes—e.g., the sources of infection and routes
of transmission, the size of the challenge dose, and the
degree of exposure of the population. Furthermore,
transmission from the known sources of infection,
sick persons or carriers, to other people depends on
various characteristics of the population such as
state of immunity, food habits, occupation, customs,
and personal hygiene.

Environmental sanitation, like immunization, has
a considerable effect on the control of typhoid fever.
However, many factors, such as level of education
and economic status, play a role, and make the
effect of specific sanitation measures much more
difficult to determine than that of immunization
programmes. All these factors should be taken into
consideration in constructing and, in particular, in
applying mathematical models to specific population
groups.

It is hoped that the mathematical model will be
used for determining the probable results and
relative benefits and costs of mass immunization and
sanitation programmes. An attempt has therefore
been made to construct a simple model that will
enable health workers to plan and apply an effective

typhoid fever control programme within the limits
of their financial means and available facilities and
resources.

BASIC EPIDEMIOLOGICAL FACTORS

For the construction of any mathematical model,
it is necessary to establish some basic epidemiological
factors and parameters as a point of departure.

Natural history of typhoid fever

The natural history of typhoid fever is known and
will not be described here except in so far as it
concerns the construction of the model. Data on the
natural history of the disease used in the construction
of the model—i.e., incubation period, duration of
illness, and relapse, morbidity, fatality, carrier, and
other rates—were compiled from numerous studies
in different countries. It was realized that the data
obtained in one study frequently differ from the
results of other studies. This is sometimes the
result of differences in methods of investigatic
laboratory techniques, and procedures of data
collection and analysis, as well as of different
environmental and other conditions. For the con-
struction of the model, it was necessary to take some
definite parameters as a starting-point.

Some of the prevailing opinions concerning these
parameters (American Public Health Association,
1965) were critically appraised. Many of the
parameters varied considerably, and it was necessary
to come to some arbitrary compromises in order to
arrive at definite numerical values to be used for the
construction of the model.

Some of the basic values that were used are
presented below:

Incubation period: range, 7-21 days; mean, 14 days

Duration of sickness: range, 14-35 days; mean, 28 days

Duration of relapse: range, 7-28 days; mean, 18 days

Frequency of relapses: 5% of cases

Proportion of cases: symptomatic (typical, febril,,
209%,; asymptomatic (and mild), 80%;

Case fatality rate: 1-10%,; average, 3%,

Carrier rate: chronic—range, 2-5%; average, 3%:
temporary (mean duration, 90 days)—range, 7-20%;;
average, 109

Incidence in endemic areas: 10-150 per 10 000 popula-
tion

Infection was considered in the light of the

complex host-parasite-environment relationships,
and, as far as possible, from the quantitative point
of view.
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The host factor—number and immune status—was
taken into account in constructing the model as
this factor largely determines actual morbidity
rates and levels of endemicity.

In some studies, a relationship has been demon-
strated between age, sex, and socio-economic
status and the typhoid morbidity rate; young age
groups, females, and poor people being the most
affected, while women, in particular, tended to be
carriers for a longer period and were more difficult
to cure. These and possibly other factors might be
important in specific population groups but we have,
for the sake of simplicity, omitted them in the
construction of this model.

The parasite factor was also considered from the
quantitative point of view and therefore the simple
presence or absence of Salmonella typhi was not the
only criterion for determining the risk of infection.
The techniques used in some studies showed that
carriers excrete regularly, rather than intermittently,
a large and fairly constant number of organisms
“Merselis et al., 1964). It seems that persons living

ader poor hygienic conditions in the vicinity of
carriers are at high risk and frequently contract the
disease.

Studies carried out on healthy volunteers (Hornick
& Woodward, 1967) have shown that the ID;, is
about 10°~107 organisms, and that the ID,; is about
10% organisms. However, people in natural conditions
are usually infected with a lower dose (Cvjetanovic,
1957; Hornick & Woodward, 1967). In most of the
communities with endemic typhoid, the micro-
organisms are spread widely by carriers and by
convalescent and sick persons. Accordingly, infection
may under favourable conditions be easily trans-
mitted through contaminated food and water or on
the hands. Infected persons and carriers are often
found accidentally and Salmonella may be detected
in the blood stream of apparently healthy persons
(Watson, 1967). We have therefore considered that

ye parasite is more widely present than might be
assumed from the incidence of clinical illness.

The morbidity rates in communities with different
levels of endemicity of typhoid fever were determined
from the available national statistical returns, but
these data were critically appraised in the light of the
many studies that have revealed much more infection
than was indicated in health statistics reports.

For example, among 40 students in an army
school stricken by a typhoid epidemic, 15 had
Salmonella typhi in their faeces and/or blood, but
only 2 had a febrile illness: 2 more had been sub-

febrile and in routine clinical and public health
practice would never have been diagnosed as
typhoid cases (Vojna Epidemiologija, 1966). The
typical clinical illness, we believe, occurs in only a
small proportion (perhaps 20%) of those infected.

While many studies have revealed that the rate
of temporary and chronic carriers after an illness
varies, it is usually about 10% for the former and
about 3% for the latter (Ames & Robbins, 1943;
Vogelsang & Bee, 1948). However, in the older
age groups the chronic carrier rate has been as high
as 10% (Ames & Robbins, 1943), or even higher
among those having typhoid concurrently with other
conditions such as schistosomiasis (Saad EIl-Din
Hathout et al., 1966) and cholelithiasis (Tynes &
Utz, 1962).

There are other factors that must be taken into
account when constructing mathematical models.
For instance, superimposed infections may change
greatly the susceptibility and resistance of the host,
and thus alter the natural history of the disease.
Studies in Egypt (Saad El-Din Hathout et al., 1966)
have shown that the carrier rate or the rate of
urinary excretors of S. typhi among people infected
with schistosomiasis is much higher, and the carrier
state lasts longer, than among otherwise healthy
people. Moreover, the presence of urinary carriers
in rural areas with much stagnant water and poor
sanitation leads to extensive environmental contami-
nation and to a high risk of infection. This fact has
to be taken into account when our model is adapted
for use in areas where schistosomiasis is a common
disease.

The environment undoubtedly plays a role in the
natural history of typhoid fever and it should not be
neglected, since the risk of transmission of infection
depends greatly on environmental conditions.

There may be a greater risk of infection in certain
specific population groups—e.g., nurses and school-
children—owing to the environmental conditions to
which they are exposed.

The transmission of typhoid fever varies under
different climatic, socio-economic, and cultural
conditions and determines, to a great extent, the
level of endemicity and morbidity rates. The rapid
decline of typhoid fever in the USA during the last
few decades is primarily the result of rapid changes
in environmental conditions and standards of
personal hygiene (National Communicable Disease
Center, 1967). We have taken these environmental
factors into account in the construction of our model,
and have considered them to be the most important
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and decisive factors determining the actual level of
endemicity in a community.

Effectiveness of vaccines and mass immunization

The effectiveness of vaccines was calculated from
the data obtained in various controlled field trials
(Cvjetanovi¢ & Uemura, 1965). The degree of effective
protection conferred by the vaccine was taken as
being equal to that conferred by the most effective
vaccines in the controlled trials. These were the
acetone-dried and heat-phenol vaccines given in
two doses; however, in endemic areas, similar results
could be expected with only one dose (Typhoid Panel,
United Kingdom Department of Technical Co-
operation, 1964; Cvjetanovi¢ & Tapa, unpublished
data).

In view of the field experience, it was considered
that booster doses of an effective vaccine should be
given about every 5 years, and this was applied in
the model. For reasons of simplicity, these factors
were applied to a homogeneous population.

In constructing the model, we did not make
adjustments for differences in the risk of infection
and consequently in the expected morbidity rates
between various population groups, including
differences between those who did and those who
did not volunteer to be immunized. It has been
observed that, for various reasons, volunteers
contract disease less readily and less often than those
who do not volunteer for vaccination. In one
controlled field trial, the typhoid morbidity rate
among volunteers belonging to the control group and
receiving placebo was 13 per 1000, while in non-
volunteers in the same community it was 26 per 1 000
(Yugoslav Typhoid Commission, 1964). The ratio
was thus 1: 2. In the same study, the difference in
morbidity rates between volunteers and non-volun-
teers was especially great among populations exposed
to a heavy challenge dose in a water-borne outbreak,
the morbidity rates being in the ratio of 1:11. This
important fact should not be neglected as the
immunization of a volunteering population tends to
give results far below those that would be expected
from the application of simple arithmetic.

For the above reasons, the “ theoretical ” effective-
ness of typhoid vaccine, as determined in controlled
field trials, differs from the “ use ™ effectiveness in
mass immunization campaigns. We have taken this
into account and have made adjustments on the
grounds of field experience (Yugoslav Typhoid
Commission, 1964 ; Cvjetanovié, 1957) to compensate

for the differences in vaccine effectiveness in the
volunteers and the non-volunteers.

There are other possible reasons why the impact of
immunization on the natural course of infection in
the community may not in fact follow the straight-
forward calculations based on effectiveness deter-
mined in controlled field trials and expressed as a
percentage reduction of the incidence rates. The
possibility that vaccine is less effective for the
prevention of inapparent infection and its spread
than for the prevention of clinical illness has not been
fully evaluated in any field trial and we still lack
reliable information. We did not try to speculate or
to make adjustments in our model to take this into
account but this may become necessary if further
research brings forth more clear-cut information.

Effectiveness of saniration

Environmental sanitation—primarily the disposal
of excreta, but also water chlorination, food control,
etc.—when introduced and practised regularly
considerably lowers the level of transmission of
infection. The transmission rate or force of infectic
could easily be reduced to half its former level by the
construction of privies and the provision of sufficient
safe water (Schliessman et al., 1958; Wolff & van Zijl,
1969). Environmental sanitation appears to be the
determining factor in the transmission of infection.

For the purpose of the model, the introduction of
a specific sanitation programme could be considered
simply as changing the force of infection. The con-
struction of latrines would result in a diminished rate
of transmission of infection from carriers—e.g., to
509, of its original value—which is supported by
field observations.

Sanitation campaigns that are not followed by
sustained efforts to maintain adequate sanitary
practices may produce only temporary results. How-
ever, when sanitation is introduced together with
health education and improvement of living stand-
ards, the effects tend to be cumulative, resulting in
steady reduction of typhoid morbidity rates owin_
to the decline in the force of transmission of infection.

CONSTRUCTION OF THE MODEL
FOR TYPHOID FEVER ENDEMICITY

Structure of the model

The general population was divided into subgroups
identifiable in the natural course of typhoid fever.
The natural history and epidemiological evolution
of the infection in the population depends essentially
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Fig. 1. Flow chart for epidemiological model of the natural course of typhoid fever.

on changes in the various classes of individuals over
a period of time. The structure and the class symbols
wdopted to simulate the dynamics of typhoid fever
im the population ! are illustrated in the flow chart
(Fig. 1).

It is not easy to estimate the numerous rates of
transition directly from available quantitative
evidence. It was found more convenient to consider
the rate of transition as the product of the rate of
change from one stage of the disease to the other

! The movement of births and deaths due to causes other
than typhoid fever is not shown in the flow chart but was
taken into consideration in the mathematical expression of
the model.

stages (or rate of exit) by a coefficient of transfer,
which would represent the relative size of the class
moving to any other subgroup.

Epidemiological parameters and daily rates of change

The epidemiological parameters involved in the
present model are specified below. The numerical
values of the corresponding daily rates of change are
also indicated. They should, however, be considered
as possible values only, Other simulations of typhoid
fever dynamics could easily be worked out with
different levels for these quantities,

An infected person may or may not become sick.
In the present model it was assumed that the same
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Table 1. Matrix of coefficients of transfer Ry ;

CEfSS Class of destination j -
wgel | 2 ‘ 3 | 4 ‘ 5 l 6 1 7 \ 8 9 10 ’
1 =" 0990 | 0.010 o - o o - = e 1.000

2 = — 0040 | 0950 | 0010 - = - i i 1.000

3 - 0.010 - 0900 | 0090 ek o= . - e 1.000
4 | 0100 = - = 0400 | 0.100 - 0.694 = 0.006% | 1.000
5 | 0100 - = 0.200 == = = 0.694 = 0.006¢ | 1.000

6 | 0100 - = = = - 0300 | 0600 = - 1.000
7 = = i = - - - - - s 0.000
8 | 0100 - - = = . = = 0.900 = 1.000

9 | 1.000 = - - - s = — = - 1.000
10 = = = = = - - - - - 0.000

@ Fatality rate is 0.03 of clinical cases. Assuming that 0.20 of classes x4 and x5 develop clinical symptoms, 0.006 of these classes are

ransferred to class x1o.

dynamics of disease apply equally well to both types
of infection with respect to the ability to transmit
the infection to other persons and to maintain or
lose resistance status. In the mathematical develop-
ment, therefore, these two types of infection were
treated, as far as possible, as one group, and for
convenience the term “ sickness ” is used below also
for asymptomatic infections.

Period of incubation. The mean duration was fixed
at 14 days. The daily rate of exit is therefore PI =
0.07143 per person under incubation.

Period of sickness. The mean duration was fixed
at 28 days for both symptomatic and asymptomatic
cases. Inaddition, it was assumed that 5 9, of affected
persons would relapse for a mean period of 18 days.
Hence the mean duration of the sickness period is
0.95 x 28 + 0.05 (28 + 18) = 28.9 days per case.
The daily rate of exit is therefore PS = 0.03460 per
case.

Temporary carriers. The mean duration was fixed
at 90 days. The daily rate of exit is therefore PC =
0.01111 per temporary carrier. The permanent
carrier can exit only by death.

Resistants., The mean duration of short resistance
was fixed at one year (365 days). The daily rate of
exit is therefore PR; = 0.002740 per short resistant.
The mean duration of long resistance was fixed at

10 years. The daily rate of exit is therefore PRy =
0.0002740 per long resistant.

Clinical or symptomatic cases. 1t was assumed that
20% of the persons passing through the sickness
period are detected as typical acute clinical cases
(symptomatic) (Vojna Epidemiologija, 1966). In this
study, incidence rate refers to clinical cases only.

Mortality from typhoid. 1t was assumed that 3%
of the clinical cases would die from typhoid fever.
Therefore 0.6% of the daily exit of persons in the
sickness period was allocated to typhoid deaths.

Natality and general mortality. For simplicity, a
stable population was used in the model.* The
annual birth rate and crude death rate (all causes)
were both fixed at the same level of 20 per thousand.
The daily rates are therefore PB = PD = 0.0000542
per person in the community.

Force of infection. The risk of transfer of infection
to a susceptible individual is proportional to the
proportion of infectious persons in the population
and to a factor (RI) that is an expression of the force
of infection. This factor is the resultant of the mean
values of several parameters: frequency of contact,

' An actual example of a growing population is treated
in the section entitled * Use of the model for the planning of
preventive measures .
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effective challenge dose, degree of susceptibility, etc.
In the present study, the factor RI will be consi-
dered as the main variable determining the pattern of
the epidemiological characteristics of the population.
Four different values of RI were successively entered
in the model: 0.0018, 0.0020, 0.0025, and 0.0040 per
susceptible and per infectious person per day.

Infectiousness. The infectious persons are: a
small fraction of the persons incubating the disease,
the majority of the sick, and all the carriers. The
relative importance of each class was fixed as
indicated in the matrix of coefficients of transfer
(Table 1). The intensity of infectiousness was
supposed to be constant for all persons in these
classes.

Coefficients of transfer

All transfers from one epidemiological subgroup to
another are represented in the flow chart (Fig. 1) by

a set of coefficients Ry,;, which express at each stage
of the disease the fraction of individuals transferred
from class i to class j, out of all the individuals
leaving class i.

The numerical values of the coefficients of transfer
Ri; were derived from available epidemiological
evidence (see Table 1).

It is recognized that many of these coefficients can
vary over a wide range and that for some of them the
range of variation is not even known. It would not,
however, be difficult to simulate typhoid fever
dynamics with other values for the coefficients of
transfer.

Mathematical model

The mathematical relationship between the 10
classes of individuals defined in Fig. 1 is expressed in
the following system of 10 equations, where the
differentials dx; are in fact finite daily increments, as
all the rates were calculated on a daily basis:

dx; = — (x3 + x4 + x6 + x7) (x2/x)RI + (x4R4.1 + x5R5.1)PS + xsR$.1PC + x3Rs.1PR; + x9Ro.1PR2 +

xtPB — xi(PD — dxofxt)

dxz = Ri2(xs + x4 + x5 + x7) (x1/xt)RI + x3R3.2PI — x2(PI + PD — dxuofx:)
dxs = Ri.s(xs + x4 + xs + x7) (x1/xt)RI + xsRa2.aPI — x3(PI + PD — dxi/x:)

= (x2R2.4 + x3R3.4)PI + x5R5.4PS — x4(PS + PD — dxufx:)

dxs = (x2Rz2.5 + x3R3.5)PI + x4R4.5PS — x5(PS + PD — dxiofx:)

dxs = x4R4.6PS — x6(PC + PD — dxipfxt)
dx7 = xsRs.7PC — x7;(PD — dxio/xt)

dxs = (x4Rs.8 + x5R5.8) PS + x6Rs.8PC — xs(PR: + PD — dxio/xt)

dxg = xsRs.9PR1 — x9(PRz2 + PD — dxio/xt)
dxiy = (x4R4.10 + x5R5.10)PS

9
where x; = 2 xy

I

The annual number of cases is given by the
formula:

Z(xo(Ra.g + Ra5) + x3(R3.q + R3.5)0.2 PI

where the summation Z'is done over 365 days.

The annual number of typhoid fever deaths is
simply given by the sum of dx;y over 365 days.

The above set of equations would constitute a
system of differential equations if the daily rates were
replaced by instantaneous rates of change. However,

it was suspected that such a system could not be
solved analytically with all mathematical rigour. On
the other hand, the daily changes of the classes x;
are extremely small and can be calculated at high
speed on the electronic computer. It was therefore
decided to apply this technique in the simulation of
typhoid fever dynamics.

In order to facilitate their interpretation, the
numerical results of computer simulations actually
produced will be presented here mainly in graphical
form.
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Table 2. Stable percentage distribution in population classes for different levels of
force of infection (R/). Birth rate and crude death rate are both equal to 20 per
thousand population

Rocdibiin i Daily force of.infection (RI)

00018 | 00020 |  0.0025 0.0040
susceptible 94.5 84.9 67.3 4.7
incubating non-infectious 0.0244 0.0661 0.143 0.254
incubating infectious 0.00122 0.00331 0.00716 0.0127
sick infectious 0.0811 0.139 0.300 0.534
sick non-infectious 0.00583 0.0158 0.0342 0.0609
temporary carriers 0.0158 0.0430 0.0930 0.166
permanent carriers 0.966 2.62 573 10.3
short resistant I 0.527 1.43 3.09 5.51
long resistant | 39 107 233 45
total 100 100 100 100
annual typhoid incidence rate @ 12.8 348 75.2 133.9
annual typhoid death rate & 43 1.7 25.3 45.1

@ Per 10 000 population.
b Per 100 000 population.

APPLICATION OF THE MODEL TO EVALUATION
OF THE EFFECT OF PREVENTIVE MEASURES

Stable endemicity

The first objective was to find the set of x; values
that would correspond to a stable endemic situation
for a given value of the force of infection RI; it was
then possible to study clearly the effect of specific
preventive measures imposed upon the stable
endemicity.

Several preliminary trials showed that situations
corresponding to existing levels of endemicity were
obtained with the following four values of the
parameter RI: 0.0018, 0.0020, 0.0025, and 0.0040.
The percentage distribution of the population in the
various epidemiological classes, when the stable
situation is reached,® are shown in Table 2 for the
selected values of the force of infection.

It was found that the size of the epidemiological
classes was almost linearly related to the reciprocal
of the force of infection RI. This fact facilitated

1 The mathematical problem consists of finding the set of
values of x; that simultaneously render null all the dxi.
Asymptotic solutions were obtained with the computer by
successive trials covering long periods.

the derivation of a stable situation from another
already known stable situation. It is thought that a
stable level of endemicity can establish itself only if
the rate RI remains above a certain critical value and
that this value is a function of the birth and death
rates. Further study in this direction might be
fruitful.

Immunization

The mathematical model was then used to
simulate the dynamic changes that would occur in
the various epidemiological categories of the
population under conditions of stable endemicity if
mass immunization were carried out.

It was assumed that, by vaccination, a certait
proportion of the susceptible persons was directly
transferred to the short-resistant class. This pro-
portion is measured by the efficacy of the immuniza-
tion, which is itself the product of the immunization
coverage and the effectiveness of the vaccine used.
Ranges covering the more common values for these
factors, as used for the computation of the resulting
efficacy of the mass vaccination, are shown in Table 3.

The effects of different typical levels of efficacy of
mass vaccination are analysed in the present study.
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Table 3. Efficacy of wvaccination against typhoid
fever for various combinations of population coverage
vaccine effectiveness

Population Effectiveness of vaccine

T 0.60 | 0.75 | 0.90
0.60 0.36 0.45 0.54
0.80 0.48 0.60 0.72
1.00 0.60 0.76 | 0.90

Single mass immunization. The effects of a single
mass immunization on the annual incidence rate
of typhoid fever as well as on the various epidemiolo-
gical categories are shown in Fig. 2 for the two
extreme levels of vaccination efficacy (36 % and 90 %)).
Separate graphs were drawn for each of the four
levels of endemicity stability (see Table 2).

It is clearly seen that the sudden transfer of a

ertain proportion of susceptible persons to the
resistant class has an immediate effect on the
incidence rate (per 10 000 population), the importance
of the decrease being, of course, directly related to
the efficacy of the mass immunization. It is, however,
observed that after this spectacular drop the incidence
rapidly rises and that, depending on the initial level
of endemicity, between 509, and 90% of the gain
is lost 10 years later. The speed of the loss is then
considerably reduced and the curve tends slowly
to the initial stability level. This fact is believed to
be a consequence of the delayed repercussion of the
mass vaccination on the carriers (see Fig. 2).

Periodic mass immunization. The results of seven
successive mass immunizations carried out at
intervals of 5 years are illustrated in Fig. 3 for the
situation characterized by a low endemicity level
‘RI = 0.0018) and a medium level of vaccination
flicacy (60 7;).!

Repeated vaccinations largely compensate for the
rapid loss in the benefit observed on the incidence
curve after each immunization, but it is noted that
the additional gain decreases at each subsequent
inoculation. Nevertheless, the long-term level, which
is established when the vaccination programme is
interrupted, is considerably affected by the number
of successive vaccinations carried out. In the

* Computer runs were also produced for other levels of
these parameters but are not reported here.

example illustrated in Fig. 3, the long-term gain on
the incidence curve is, after seven inoculations, at
least four times as large as after only one immuni-
zation.

It is also interesting to observe the effect of
periodic vaccinations on the carriers. Slight decreases
occur after successive vaccinations, but the movement
is less and less accentuated, and after the last immu-
nization the curve sometimes shows a definite
tendency to the re-establishment of the original level.

Improvements in sanitation

Any improvement in sanitation—mainly the
disposal of excreta, but possibly also the provision of
safe water, the adoption of hygienic habits, etc.—
would result in a decrease in the risk of infection,
as measured in this model by the force of infection
RI (Fig. 4).

The shift in time of the size of each epidemiological
subgroup x; from one stability level to another was
simulated with the model.

The thick lines of Fig. 4 show the pattern of change
of the annual incidence rate (per 10 000 population),
and of the percentages of carriers and of susceptible
and resistant persons, on the assumption that a high
force of infection (RI = 0.0040) is suddenly reduced,
at the fifth year, to a lower level (RI = 0.0020) as a
consequence of the reduction in the risk of transmis-
sion.

As seenin Fig. 4, the size of the various epidemiolo-
gical classes will ultimately pass from the initial
stability level to the new, more favourable, level
of endemicity.

The 50%, reduction in the force of infection causes
an immediate decrease in the annual incidence rate
to about 509% of its original level, followed by a
temporary increase, most probably as a result of
the slower decrease in the reservoir of infection (see
the trend of the percentage of carriers in Fig. 4).
A long-term decrease is then observed, bringing the
incidence rate asymptotically to its new stability level.

Combined effect of immunization and sanitation

Fig. 4 also shows the additional gain on the
incidence of the disease that can be expected from
combined mass immunization and sanitation pro-
grammes with either single immunization or periodic
vaccinations at 5-year intervals. For the present
illustration, the degree of immunization efficacy was
fixed at the medium value of 60%, and the degree of
efficacy of sanitation at a value of force of infection
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50% lower than before the application of sanitary
measures. Broadly speaking, the results of combined
measures are quite comparable in the long run with
those of improvements in sanitation alone. The main
feature of interest is perhaps that the long-term
benefit of immunization is largely governed by the
permanent gain resulting from the favourable
change in the force of infection resulting from the
improvement of sanitation. This finding is of great
importance for the long-term planning of control and,
possibly, eradication of typhoid fever.

APPLICATION OF THE MODEL
IN COST—BENEFIT EVALUATION

While the relative effectiveness of various pre-
ventive measures is of great practical interest to
public health workers for both the planning and
application of such measures, the costs and benefits
must be taken into consideration in order to make the
best use of available resources. We have therefore
tried to apply our model to the evaluation of the
relative merits of immunization and sanitation in the
control of typhoid fever from the point of view of
costs and benefits.

Determination of costs and benefits

Determination of the costs of vaccination and
sanitation is not difficult. To the cost of the materials
(vaccines, syringes, and needles; or latrines, water
mains, etc.) was added the cost of transportation
and manpower (professional and auxiliary). The
benefits were calculated as the funds that would
otherwise be spent on the treatment of typhoid cases,
hospital and other expenses, as well as lost wages.
We did not attempt to cost human lives in terms of
money as some authors have done (Rice & Cooper,
1967). In view of this the actual benefits are always
higher than can be presented by simple financial gains.

There were two main difficulties in the evaluation
of costs and benefits, namely:

(1) The costs of immunization and treatment of
cases, like other costs, differed greatly from country
to country in view of the different stages of develop-
ment of the medical services and the economy and
the different socio-economic systems. In some
countries, most of the cost of treatment was borne
by individuals; in others, it was borne largely by the
state (social or health insurance, for example).
As the costs and benefits were differently distributed
between individuals and state services, it was
impossible to find a common international denomi-

nator and to express, in terms of one currency
(e.g., US dollars) the costs and benefits that would
be applicable generally.

(2) So far as sanitation is concerned, the benefits
cannot be limited to its effect on typhoid alone.
Sanitation affects other illnesses—enteric, parasitic,
or skin infections—and leads to a rise in the stand-
ards of hygiene in general, and also brings (as in the
case of water supplies) economic benefits.

We were therefore obliged to study each country
or area separately, applying the same principles but
taking into account specific conditions, The differ-
ences between the countries were so great that
generalization was impossible.

We collected data on costs from several countries
at various levels of development and with various
socio-economic systems, and found that they can be
roughly divided into several categories; for example:

(a) countries with a subsistence economy, the state
being responsible for the provision of modest health
services;

(b) countries with intermediate economic develo,
ment, where the state has a limited financial respon-
sibility for health matters and services;

(¢) countries such as (b) in which the state has a
greater financial responsibility for social and health
matters and services;

(d) countries with a high degree of economic
development, where the state has a limited responsi-
bility for financing immunization and treatment of
typhoid; and finally

(e) countries with a high degree of economic
development where the state is largely (if not totally)
responsible for providing free immunization, treat-
ment, and wage compensation in case of illness.

Since typhoid fever is endemic and represents a
problem in those countries with a lower level of
development (a, b, c), we have limited our study to
those categories.

Use of the model for long-term cost-benefit evaluation

Immunization and sanitation, even if envisaged as
short-term programmes, have a long-lasting effect.
The costs of initial investment are compensated
over a long period of time. For practical reasons, a
cost-benefit analysis should be considered on a long-
term basis if one wishes to obtain meaningful
information.

In view of the fact that conditions change with
time, the cost-benefit analysis must be re-examined
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from time to time in the light of these changes and
should become a continuous process in the planning
and evaluation of public health programmes.

Use of the model for the planning of preventive
measures

The model can be used for the planning of pre-
ventive measures in various countries and areas only
if the necessary parameters, as described above, are
known and if the relevant information is collected.
Some of the parameters and information may be
available from existing statistical returns and others
may have to be collected in special surveys or
studies designed for this purpose.

Once the data are available, they can be fed into

e model and into the computer to predict the
trend of typhoid for years to come, assuming that no
special preventive measures are taken in the mean-
time. The model can also be used to simulate the
possible effect of the application of various immuniza-
tion and/or sanitation programmes. On the grounds
of costs and benefits, the merits of relevant preventive
measures can be compared and those most suited to
the goals envisaged and the resources available can
be selected.

In order to illustrate these uses of the model with
an example, we shall take actual data on the epide-

miological situation in a small, typical Pacific island
with an initial population of about 150 000. The
annual birth rate was taken as 35 per 1 000 inhabi-
tants, and the annual death rate as 8 per 1000
population. The annual natural incidence of typhoid
fever cases was taken at the level of 7.2 per 10 000
inhabitants. These data correspond closely to the
actual situation in Western Samoa and resemble
that in some other islands.

The effect of one type of vaccine in two different
immunization campaigns with vaccination repeated
at 5-year intervals (A = 75% coverage, B = 50%
coverage) on the population of this island is presented
in Fig. 5. This shows how the incidence of typhoid
would decline after immunization and indicates that
higher coverage of the population with the same type
of vaccine would give better results. The data thus
obtained could be used for cost-benefit analysis.
The cost of immunization could be compared with
the benefit derived from savings in the cost of
treating the typhoid cases that would be prevented
by immunization.

The effect of constructing privies is anticipated to
produce a 509, drop in transmission owing to pre-
vention of the spread of disease. Even if the effect of
privy construction were smaller (e.g., 30%) it would
still be considerable, as shown in Fig. 6, which
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Fig. 6. Effect of privy construction on the annual incidence of typhoid fever. Effectiveness of privy construction
(A) = 50 % on transmission by carriers; (B) = 30 % on transmission by carriers.

presents the effect of a sanitation programme com-
prising construction of privies for the whole popula-
tion over a 10-year period. The effect is long-
lasting and produces a continuous decline in the
incidence of typhoid owing to the gradual elimina-
tion of carrier-transmitted infection.

Fig. 7 shows the effect of sanitation—namely,
privy construction—on the incidence of typhoid when
construction is accomplished over a period of
5 years and covers the whole population (case A).
This is compared with privy construction over a
10-year period (case B). It is obvious that only a
small additional long-term gain is achieved by
early construction of all privies. This simulation
(Fig. 7) shows, as does Fig. 6, that the endemicity
level of typhoid in this community would, as a
result of sanitation, begin to decline steadily and
continuously. The same data can also be used for
cost—benefit analysis.

Fig. 8 compares the effect of privy construction
alone with the cumulative effect of vaccination and
privy construction combined, taking into account
possible different levels of effectiveness of vaccina-
tion and sanitation. The effect of sanitation and
vaccination is obviously greater, but a tendency
to return to an earlier level of endemicity is obvious
after immunization, whereas sanitation produces a

definite and continuous downward trend in the
endemicity level. It is therefore clear that sanitation
would give a more permanent effect than immuniza-
tion, although vaccination alone, or combined with
sanitation, might, in the short run, be more effective
for the control of typhoid fever.

In the present study, the numerical application of
the cost—benefit calculation will be limited to three
examples of single or combined activities drawn
from the situations described above.

The cost factors have been determined from actual
records available for the community and fixed as
follows:

The estimated average cost of immunizing one
person was taken as US§ 0.20, while the treatment of
a typhoid fever case, including the cost of medic:
and paramedical personnel (but not lost wages),
was estimated at US§ 100.00.

The average cost to the government of constructing
a new, satisfactory privy or making sanitary an
existing privy serving an average of six persons was
estimated to be US$ 3.15. This represents the cost of
the services of skilled manpower to aid and supervise
construction or reconstruction of the privy. Other
expenses of construction (unskilled labour and
material) are readily borne by the population. The
total cost of construction of a new, sanitary privy
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excluding unskilled manpower and superstructure
was estimated to be US$ 5.00. Thus the government’s
contribution represents over one half of the total
cost of a new privy. The per caput cost of privy
construction for the government is about $0.50 as
compared with $0.20 for a single vaccination.

The costs and benefits are presented from the
government’s point of view, the government being
fully responsible for the cost of immunization and
treatment of cases, while contributing only partly to
the cost of privies; the population would provide,
free of charge, the necessary material and manpower
for construction of the privies.

The actual computer runs are presented graphically
(Fig. 9), and only final values for a 30-year period

‘e given in Table 4.

Example of costs and benefits of vaccination cam-
paigns. In the first graph of Fig. 9 (left), the cost of
vaccination and the saving on case treatment are
cumulated over time for an immunization programme
corresponding to the situation illustrated in Fig. 5
(line A).* The cost of the first mass immunizations

1 That is, vaccination at five-year intervals with an
80 9% effective vaccine of 75%, of a community affected by a
typhoid endemicity level of 7.2 per 10 000, the initial size of
the population being about 150 000 and the natural annual
growth 2.7 %.

of 759 of the population would already be offset
by savings on treatment in a 5-year period. After the
third vaccination, owing to the decrease in case
incidence, the difference between the cost of vaccina-
tion and the benefit on treatment is definitely positive
and the balance is progressively augmented by the
subsequent mass immunizations. One should not
forget, however, that the incidence will slowly
return to its initial level if vaccination activities are

stopped.

Example of costs and benefits of privy construction.
This example shows the cost of a programme for
sanitation through the construction or improvement
of privies. The parametric values and epidemiological
effects of this programme were taken as described
in Fig. 6 (line A). Furthermore, it was assumed that
there was a necessity to rebuild or to make sanitary
all the privies required by the population, the cost of
material and manpower being borne by the popula-
tion and the services of a sanitary inspector being
provided by the government. The programme would
cover a 10-year period and would then continue at a
reduced rate to satisfy the needs of the annual
population increase.

Fig. 9 (centre) shows that the savings resulting
from the reduction in the number of typhoid fever
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Table 4. Summary of the costs and benefits expressed in US § of various different typhoid control programmes
over a 30-year period in a population and under conditions characteristic of a Pacific island

. Cumulative cost of treatment
Cumuliative:cost of typhoid cases & i Balance
Activity 7 - etwseg cost
.. |Construction| Without |  With Bansican i
Vaccination of privies | Total cost activity ] activity tregg:tam benefit
|

vaccination, single 21924 — 21924 477 900 367 300 110 600 + 88676
vaccination, repeated ? 188 305 —_ 188 305 477 900 161 100 316 800 + 128 495
privy construction " — 166 149 166 149 477 900 219 000 258 900 + 92751
vaccination € and privy construction 145 632 166 149 311781 477 900 93 500 384 400 + 72619

@ The values shown when divided by 100 give the respective numbers of cases.

b 5ix successive mass campaigns at five-yearly intervals,
€ Five suc ive mass ¢ at five-yearly intervals.

pary

cases grow slowly during the early years of the
programme, and that the balance between the cost
of privy construction and the benefit on case treat-
ment starts to be positive only after 20 years. It
should be observed that such a programme would
ultimately lead to the eradication of the disease and
thus provide an important and definite benefit (see
Fig. 6). One should also take into account the
beneficial effect of privies on other intestinal infec-
tions and the saving in lives and wages.

Example of costs and benefits of immunization and
sanitation combined. The last example illustrates the
impact of the combined strategy indicated for line B
in Fig. 8. The cumulative cost of the five successive
mass immunizations and the construction and
improvement of privies (government contributions
only) is presented in Fig. 9 (right), which also shows
the corresponding benefits on case treatment expected
from this programme. With the numerical values
given to the parameters in this example, it is only after
25 years that the balance between cost and benefit be-
gins to be positive, but in the meantime the disease
would have been reduced to a considerably lower
level than by any of the other control programmes.

The costs of vaccination and/or sanitation and the
benefits obtained from savings on the treatment of
prevented cases corresponding to the above three
examples have been consolidated for a 30-year
period in Table 4. In addition, the first line of the
table shows the cost and benefit estimates correspond-
ing to a single mass vaccination campaign with the
same parametric values as in the first example of
Fig. 9. The last two columns of this table show that

the most favourable balance does not necessarily
correspond to the greatest benefit as expressed in
terms of saving on case treatment. In fact, as
expected, the most substantial benefit results fror
combined immunization and sanitation, althoug
the balance appears less satisfactory because the
cost of this policy includes an expensive initial
investment in privy construction.

It must be emphasized that these examples—limited
by necessity to a single community in a developing
country—considerably over-simplify the economic
and financial treatment of the actual health problem
and the strategy of control envisaged ; for example, no
allowance was made for interest on investments, for
changes in absolute and relative costs of immuniza-
tion, privy construction, and treatment that would
occur in the lapse of time, or for numerous other
factors.

In the preparation of control programmes
numerous other possibilities arise in different com-
munities and conditions. These could be analysed
in a similar way. If, for example, the construction
of privies proves unprofitable from a cost point ¢
view for the government, when the government .
responsible for the total or even half of the cost of
construction, it may prove profitable if the population
contributes 2/3 or 3/4 of the cost. When the proposed
programmes, because of relatively high costs and low
benefits, prove unacceptable to the health authorities,
simulation would make it possible to explore
alternative more beneficial approaches.

There are a number of economic and other
factors not applied in the above examples that could
be taken into account; for example, the secondary
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effects of control measures against typhoid fever,
such as the effect of sanitation on the control of
other enteric infections and intestinal parasites, or the
effect of this control on the development of tourism.

The above examples of cost-effect and cost-
benefit analysis showed that in a community resem-
bling the population of Western Samoa, immuniza-
tion and sanitation would give essentially the same
results for about the same cost and that in selecting
the most suitable control programme both would
have to be considered in the light of local conditions.

A close inspection of local conditions in Western
Samoa revealed, however, that the various districts
of that country differ greatly in respect of incidence
of typhoid fever and availability of water (necessary
for the functioning of water-sealed latrines—the
only satisfactory type of privy for these islands).
Moreover, it was found that the cost of vaccination
against typhoid fever could be significantly reduced
if this antigen were combined with other vaccines
(DPT) given to children. Such combined vaccination
vould cover only the younger age groups, as these
e the only ones to receive DPT; however, it is
precisely the very young age groups that are at
highest risk of typhoid fever. Furthermore, in view
of the serious financial limitations, the priorities in
the control programme were determined, but the
final analysis and plan of action demonstrated that
the programme could be carried out all over the
country without any appreciable increase of the
Government’s budget (but with continuing interna-
tional assistance at the existing level).

In some districts with a water system, sanitation
alone was shown to be the best long-term proposition
for controlling typhoid fever, while in other areas,
where incidence was very high and running water not
available, vaccination was obviously of considerable
benefit for a certain period of time until a water
supply system and sanitary privies could be built.

It could be argued that such planning was possible
“irlier even without the help of a model. While there
« probably some truth in this, there is no doubt that
the model made it easier to prepare a sound pro-
gramme. The above plan for typhoid control at pres-
ent forms a part of the national health programme.

OTHER USES OF THE MODEL

So far, the examples have shown how the model
can be used to simulate the effects of preventive
measures and to analyse their costs and benefits, and
how it can assist in the planning and evaluation of
typhoid fever control programmes.

The model has other uses, such as the prediction of
future trends of typhoid fever and the requirements in
material and manpower for specific control projects.

We used the model in this way by applying recent
typhoid fever morbidity data from certain countries
and simulating present trends. Comparing data
obtained through the model with actual incidence in
the countries studied, we observed a regularity and
parallelism in the declining trend. However, in
Great Britain, the natural decline was recently much
slower than the model had predicted. On checking
this discrepancy it was found that the majority
of the recent cases of typhoid fever in Great Britain
were imported or occurred among immigrants.
The trend towards eradication of the disease shown
by the model was therefore not borne out by fact.
However, eradication would still be possible if cases
and carriers were no longer imported into the country.

This theoretical exercise demonstrates how the
model could be used to explore the possibilities of
eradicating typhoid fever in a country and to deter-
mine the factors to be taken into account should
eradication be the aim of the health authorities.

DISCUSSION

The typhoid fever model that has been developed
represents a simplified natural epidemiological
process. Nevertheless, it could be used in its present
form for drawing up long-term public health pro-
grammes concerning, in particular, the use of both
vaccines and sanitation for control. Whenever this
model is applied to an actual population, it is
necessary to keep in mind the factors (mentioned in
the introductory paragraphs of this article and in the
section on epidemiological factors) that have not
been included in the model. These factors differ from
population to population. They should first be
evaluated and then, if necessary, introduced accord-
ing to their relative merits and importance.

Knowledge of the number of carriers in a popula-
tion is helpful in determining the dynamics of
typhoid fever and will differ by age groups according
to the past incidence in these population groups.
When most carriers are aged it should be expected,
if other factors do not change, that they will be
eliminated by death, and that a somewhat more
favourable level of endemicity will be established.
However, it should be mentioned that many elderly
carriers represent a particular risk for the population
since their standard of personal hygiene tends to
deteriorate and they thus become a dangerous
source of infection.
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An increase of population under favourable
environmental conditions should also lead to an
improvement, particularly if the new generation is
immunized. Where unfavourable conditions exist,
an increase of population may lead to a deterioration,
owing to overcrowding and general lowering of
standards of living, sanitation, and personal hygiene.
The growth of population should therefore be
considered in the light of other pertinent epidemio-
logical factors.

There are numerous other factors that may also
have an important impact on the incidence of typhoid
fever—e.g., natural calamities, superimposed infec-
tions such as schistosomiasis, and changes in food
habits and standards of hygiene. It is the task of
epidemiologists and public health workers to evaluate
these factors critically and to use the mathematical
model creatively in practice.

A few other factors should also be kept in mind,
such as timing of the immunization campaign and
selective protection of groups at high risk. The
effect of mass immunization, as shown by the model,
is of only a temporary nature. However, if it is
repeated at the proper intervals and on sufficiently
large portions of the population, immunization will
lead to a definite decline in the endemic level of the
disease. It must be realized, however, that while a
more potent vaccine and a greater number of
immunized persons signify a lower incidence of
disease, they also mean an increased number of
susceptible and a decreased number of resistant
persons in the population. In practice, this means
that once an immunization campaign has started it
is important that it should continue if the gains made
are not to be lost, since the carriers not eliminated by
immunization represent a constant danger of further
spread of infection. The effect of mass immunization
campaigns should not be over-estimated as is often
the case. Immunization campaigns have only
temporary effects and, in addition, have other
limitations as mentioned above.

The effect of sanitation is more spectacular and
permanent. However, it is difficult to determine with

certainty the degree of effectiveness in practice of any
one of numerous sanitary measures or of their
combinations: the effectiveness may be affected by
additional health education and by changes in the
standard of living.

A combined immunization and sanitation pro-
gramme, while not much more effective than sanita-
tion alone, is indicated, in particular, in cases of
disaster when disruption of the normal sanitary
installations and measures occurs and maximum
protection is required.

We have limited ourselves, in this instance,
primarily to evaluation of the effect of immunization
and/or sanitation programmes on the natural course
of typhoid in an endemic community, but other
preventive measures could also be evaluated by use
of the same model.

The model could also be used to evaluate the
relative costs and benefits of immunization and/or
other measures such as sanitation, treatment and
isolation of cases, and treatment of carriers in various.
economic and epidemiological circumstances and &
different levels of endemicity.

The effect of employing vaccines with increased
potency or the effect of immunization of increased
numbers of people in the campaigns can also be
investigated. Finally, the model could be used for
operational research in the evaluation of various
public health programmes in terms of their costs and
benefits, thus ensuring that the programmes set up
give the best results possible with the financial means
available.

No attempt has been made at this stage to deter-
mine the optimum use of funds for typhoid control
in a wider public health programme, since it is
difficult to evaluate all the economic and other
consequences of an effective typhoid control or
eradication programme. This would involve a
complex study of balanced economic and health
development and detailed cost-benefit analysis ¢
numerous interrelated activities in the field &
health and other spheres.

RESUME

MODELE EPIDEMIOLOGIQUE DE LA FIEVRE TYPHOIDE: SON EMPLOI DANS LA CONCEPTION
ET L’EVALUATION DES PROGRAMMES DE VACCINATION ANTITYPHOIDIQUE ET D’ASSAINISSEMENT

On a construit un modele épidémiologique de la fievre
typhoide en vue d’étudier les modalités de la transmission
de linfection & différents niveaux d’endémicité. Le
modeéle met en jeu un certain nombre de paramétres

représentant les proportions des divers sous-groupes
épidémiologiques de la population (par exemple: sujets
réceptifs, sujets infectés et sujets immuns) et les taux de
transfert d’un sous-groupe & un autre. Afin de simuler
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avec le maximum de réalité une situation endémique
stable, on a attribué aux paramétres une valeur numé-
rique basée sur les données actuellement connues. On a
ensuite modifié les valeurs de certains paramétres de
fagon a étudier les conséquences de la vaccination de
masse et de I’amélioration des conditions d’hygiéne
générale et de ’assainissement, en particulier sur 1'inci-
dence de la maladie.

Le modéle montre qu'une vaccination de masse unique
entraine une baisse trés notable de I'incidence, mais que le
bénéfice de "opération est en grande partie dissipé aprés
quelques années. La répétition des vaccinations a 5 ans
d’intervalle a pour effet de réduire encore 1'incidence,
mais le gain additionnel obtenu par chacune d’elles
s’amenuise de plus en plus.

Le modéle a été utilisé pour évaluer les conséquences
éventuelles des mesures d’assainissement. L’amélioration

des conditions d’hygiéne, en contrecarrant la transmission
de l'infection, améne I'incidence & un niveau stable plus
bas. Cette action est durable et, a cet égard, 1’assainisse-
ment donne de meilleurs résultats que la vaccination.

Le recours simultané 4 la vaccination de masse et aux
mesures d’hygiéne a un effet cuamulatif qui, dans certains
cas, se rapproche de celui qu’on obtient par 1’assainisse-
ment seul.

On a aussi tiré parti du modéle pour prévoir les résul-
tats probables des programmes de lutte antityphoidique
dans une population donnée, non seulement en termes de
prévention de la maladie, mais aussi en termes de colit
et de bénéfice relatifs. La méthode s’avére utile lorsqu’on
désire utiliser de maniére rationnelle les crédits et les
moyens de lutte.

D’autres possibilités d’emploi du modéle épidémiolo-
gique sont briévement évoquées.
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Cost-effectiveness and cost-benefit aspects
of preventive measures
against communicable diseases

B. CVIETANOVIC

Man has the right to expect that the resources he has created will be put to the
most effective use for his benefit and well-being, including his health. For this
purpose, the discipline of health economics has been developed, and methods
such as cost-effectiveness and cost—benefit analysis, devised by economists for
other purposes, have come to be applied in the field of health.

The available financial and other resources of any community are insufficient
to meet the many health, educational and other requirements for improving
the standard of living. Thus there is a need for the use of cost-effectiveness
analysis in the planning and delivery of health services in order to achieve the
highest attainable level of health with the available resources. Cost—effec-
tiveness analysis may also be applied to achieve the most efficient allocation of
resources for the control of communicable diseases.

One preventive measure may not only prove to be more effective per unit
cost than another (in the sense of protecting more people at risk per unit of
resource) but may also bring more economic benefits if that protection results
in greater productivity. Cost-benefit analysis can theoretically be used,
therefore, to show whether implementation of a given preventive measure has
brought, besides benefits in health, an increase in production which may in
turn be used for further improvement in health and/or a rise in the general
standard of living. Clearly health is one aspect of welfare and the problem of
any government or planning authority is to determine the most efficient alloca-
tion of resources for the improvement of welfare. It is thus important to
establish the indirect effect of health expenditures as well as the direct or
immediate effects. This is always exceedingly difficult, conceptually as well as
practically.

Without a detailed account of the costs and benefits of an investment in
health and a similar account for any alternative investment, a scientific decision
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on the use of resources for the health services is impossible. Furthermore,
those responsible for such a decision have to take into consideration basic
philosophical issues and political concepts, the aims of the community, and the
responsibilities and rights of individuals, including the right to health—and
none of these variables are readily quantifiable. As concepts and socioeconomic
structures vary greatly from one community to another, there is no single
approach to the problem of determining the relative importance of health and
the ways and means of achieving the desired level of health in given conditions.

There is, however, one basic element common to all systems and concepts:
once the priorities and aims in health have been decided upon, the allotted
budget must be used in the most efficient way, in order to minimize cost per
unit of ‘health care’ achieved. The purpose of this chapter, accordingly, is to
discuss ways and means of making the best use of resources available for the
promotion of health. I shall ignore the unquantifiable aspects of different
socioeconomic systems, and their respective merits and disadvantages for
health. These are indeed of great importance, but at present we lack a
methodological framework to do them justice.

PREVENTION OF COMMUNICABLE DISEASES

Before cost-effectiveness analysis can be applied to preventive measures
against communicable diseases, the aims and role of control of these diseases
in the promotion of health must be specified. It is customary to assess morbidity
by measuring the frequency of diseases in the community, and that of in-
fectious diseases in particular. The disadvantages and fallacies of this method
are obvious. The effect of infections on health could not be measured by the
incidence of infections and frequency of illness and death alone, even if exact
data were available. Morbidity and mortality figures are inadequate for the
measurement of the numerous deleterious effects of infections on the functions
of various organs and of irreversible damage leading to the impairment of the
normal physical and psychic adaptability of individuals to environmental
stress. Various disabilities caused by infectious diseases (less obvious than, for
example, paralysis resulting from poliomyelitis) reduce the level of health and
well-being, creativity and productivity to the detriment of the social and
economic progress of the community. Since our knowledge of the biology and
pathology of infections is still too incomplete to allow a full assessment of their
effect on health, it is difficult to estimate the benefits derived from the preven-
tion of communicable diseases. These important limitations must be kept in
mind in further considerations of the problem. If an enteric infection results in
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malnutrition, or vice versa, the ill-effect of such a combination may be much
more serious and longer lasting than that of the infection alone.

It can be asked whether preventive measures against infectious diseases can
be considered as capital investment in the same sense as, for instance, a road
or a hydroelectricity scheme. Can cost-effectiveness and cost—benefit analysis
serve as a guide in deciding the best way to invest efforts and resources so as to
obtain a lasting improvement in health and an overall improvement in general
welfare?

Cost—effectiveness analysis requires exact data on the costs of preventive
and curative measures and on the impact of these measures on mortality and
morbidity. While costs can be relatively easily determined, the assessment of
the effectiveness of preventive measures is a considerable problem, for, by
definition, exact data on the effects on health and the economic effects of the
prevention of disease cannot be obtained.

The data demands for cost-benefit analysis are even greater. For how can
we determine the full economic benefits resulting from a given change in mor-
bidity and mortality patterns? The usual, but very crude, approach, developed
originally in quite different contexts, is to sum the earnings-streams that have
been made possible by the improvement in health and then discount these to
derive an aggregate net present value. There are many objections to this
technique, the details of which need not detain us here. It is enough to note
five main difficulties:

(i) We do not know with any precision the earning-streams to be discounted.

(ii) The discount rate is important but arbitrary.

(iii) The benefits (and costs) included are only the direct ones; the benefits
do not include the multiplied effects of the earning (and expenditure) streams.
The costs do not include those associated with a higher rate of growth of
population.

(iv) No economic benefit is attached to social variables, such as the saving
of a mother’s life.

(v) This technique assumes that a given health programme is an investment,
to be judged by the same criteria as other investments. But a preventive (or
curative) programme has a large (perhaps predominant) element of present
consumption. This can theoretically be fitted into a cost-benefit model but we
then need to know the value of that present consumption. This poses immensely
difficult problems which an earnings-streams approach misses.

For these reasons it is more sensible, if less satisfying, to put prime emphasis
on cost—effectiveness and regard cost-benefit analysis more as an invitation to
review health expenditures in a broader perspective than as a call to analytical
rigour—a call to which, at the moment, we cannot adequately respond.
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EFFECTIVENESS OF PREVENTIVE MEASURES

The effects of preventive measures are best ascertained by controlled field
trials,’* but few of them have actually been evaluated by this method. Most
of the vaccines in current use have been subjected to field trials, in which
their preventive effect has been assessed by comparing the incidence of illness
in an immunized and a control group. However, as the exposure and in-
fectious dose vary under different conditions, one cannot be sure that in other
trial populations and circumstances the effect of such measures would not be
different. It was found that the incidence of some infections, such as enteric
fevers, differs greatly in volunteering and non-volunteering populations, being
considerably higher in the latter.® The actual effect on the overall incidence of
infectious diseases of mass vaccination campaigns based on voluntary partici-
pation may therefore not be as good as one might assume from the protective
effect of vaccination in controlled field trials where both the control and the
vaccinated groups were volunteers. This indicates that, even with such measures
as vaccination with a vaccine of known potency that has been well studied, it
may be difficult to ascertain the effectiveness of the immunization programme
and consequently to make an accurate cost-effectiveness analysis. Much less
exact is our knowledge of the effect of measures such as health education, or
general education, or cultural background, or socioeconomic status and other
factors, which may play an important role. It has been shown that healthy
living habits (regular sleep, regular meals, weight control, active sports and/or
exercise, no [or moderate] drinking, no smoking [or little, without inhaling]),
which are believed to be due to a higher level of education and the specific
attitude of some groups of people, result in a higher level of health and longer
life expectancy.? A preventive measure may be more effective among such
people than in less health-conscious groups of the population. Since health is
more fully attained by health-conscious individuals, health education makes
preventive measures more effective, and in fact should be an integral part of
disease control programmes.

Because the effectiveness of preventive measures is related to educational
standards, measures that require the active participation of the population,
such as sanitation and personal hygiene, may be less effective in developing
countries with low levels of education than in developed countries. In develop-
ing countries such measures are not only less effective but also, as a conse-
quence, relatively more expensive per unit of ‘output’. An underprivileged,
illiterate and poor population is likely to benefit relatively less from a given
set of preventive measures than would a better-off and better-educated group.

However, in developing countries where there is a high incidence of infectious
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diseases, preventive measures will greatly reduce their frequency. That this
will bring economic benefits is certain, even if those benefits are not scien-
tifically quantifiable. As the incidence decreases, so the efforts and resources
needed to reduce it still further will increase. Finally, at a certain point, it will
be very expensive to maintain a low level of incidence of infectious diseases
that cannot be eradicated. For eradicable diseases, the need is to establish the
cheapest and speediest way to achieve eradication. Again, economic benefits
will flow from eradication, perhaps particularly in the longer run.

COST-EFFECTIVENESS AND COST-BENEFIT ANALYSIS

The common theme of cost—effectiveness and cost-benefit analysis is that
each tries to establish an optimizing pattern of expenditure. In the former, the
intention is to minimize cost per unit of health output (however that may be
defined); in the latter, it is to minimize cost per unit of economic benefit. Both
therefore require detailed data on costs and both require that we know the
physical results—short-term and long-term, positive and negative—of a given
programme.

As an extension of cost—effectiveness methods towards cost—benefit analysis,
we have developed a simple method, using nomograms,’® which indicates
whether expenditure on prevention would be compensated by savings on the
treatment of cases. For this purpose, it is necessary to have data on the costs
of preventive measures and treatment, as well as on incidence.

This method is based on a comparison of the cost of treatment and the cost
of prevention of one case. Accordingly, it is possible to ascertain whether at a
certain level of incidence it is cheaper to treat or to prevent infection. The
consumption effect of prevention should also be taken into account, as we may
assume that any community will be ready to spend some of its resources purely
for health and well-being. However, in the search for a more effective and
economical use of resources for preventive measures, we leave the consumption
element aside and consider only the direct relationship between costs of
treatment and costs of prevention. -

As an example, a nomogram of the cost-benefit balance of immunization
against typhoid in developing countries is illustrated in Fig. 1. This presents
graphically on log-log paper the relationship between incidence (abscissa), cost
of treatment (ordinate), and cost of immunization (45° slope line). These
relationships have been developed from mathematical formulae'® which show
that a point of equilibrium or indifference (i.e. when costs of treatment are the
same as costs of prevention) can be defined as
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FiG. 1. Nomogram for determining the cost-benefit balance of immunization against typhoid,
using an 809, effective vaccine giving immunity lasting for five years, and assuming costs of
immunization of US $0.2 and $0.4 per head ($0.04 and $0.08 per head per year).

Cy 1
Ci=— X -
E; i
where C; = cost of treating one case
C, = cost of vaccinating one individual
E, = vaccination effectiveness
i = incidence of cases.

By solving this equation for given values of C, and plotting the values of i and
C;, we can demonstrate ‘profits’ and ‘losses’ for various values of C; and i.
The area below and to the left of the given 45° indifference slope line represents
loss, while the area above and to the right of the line represents benefit. Accord-
ingly, the data (collected from several countries*) show that, at a cost per head
of vaccination of US $0.04 per year (calculated on the basis of costs of vaccine,
manpower, supplies and transport, and a duration of immunity of five years)
and with 80%, effective vaccine, there will be neither an economic loss nor a
gain from immunization in Yugoslavia at an incidence of 15 cases of typhoid
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per 100 000 population and a cost of treatment of US $360 per sick person.
In Western Samoa (at a cost of treatment of US $100 and an incidence of 75 per
100 000 population) there will be a benefit if the cost of immunization per head
is US $0.04 and a loss if it is US $0.08. In Mexico and Ceylon vaccination
seems to bring no economic benefit because of the extremely low cost of
treatment and low incidence. However, the low cost of treatment also means
a low level of health services and a high fatality rate. There is probably also
much under-reporting of typhoid in these countries. One should not draw
the conclusion that immunization in these developing countries is not beneficial
because treatment facilities are poor and the reporting system inadequate.

Many other aspects have to be taken into account in the evaluation of
immunization programmes.* Immunization procedures may be rendered less
expensive by technical improvements such as (a) adjuvant vaccines; (b)
combined vaccines; (c) larger vaccine containers; (d) smaller doses; (e)
speedier immunization by jet injectors; (f) better use of transport and man-
power; and (g) selective immunization of high-risk groups.

There are other even simpler, but still valuable, ways of calculating the costs
and benefits of immunization programmes'? than the nomogram method.

The simple nomogram method for determining the cost-benefit balance is
limited by the fact that it permits only short-term analysis, namely of the situa-
tion at a given moment, and does not take into account its possible evolution.
For this purpose, epidemiological models should be used, such as those we
have developed for typhoid® and tetanus,® and similarly for cholera and
cerebrospinal meningitis, These epidemiological models of acute bacterial
diseases permit projection and simulation of the natural evolution of the in-
fection as well as the results of long-term control programmes. Thus, when the
incidence and costs of treatment and prevention are known, the relative
effectiveness of various preventive measures can be ascertained and the most
effective and least expensive measures selected for implementation.

As an example, the results and cost-benefit balance of three different control
programmes for typhoid have been simulated and are presented in Fig. 2, which
is based on actual data from Western Samoa. The figure displays the cost and
effects of a long-term programme of (i) immunization (consisting of 75%
coverage with an 809 effective vaccine, every five years); (ii) sanitation
(construction of privies for the whole population during a 10-year period);
and (7ii) immunization and sanitation combined (i -+ ii). The results of (i)
and (ii) are similar, but the simulation shows that sanitation, because of its
cumulative effect on the amount of infection and the relatively low cost of
maintenance in comparison with the high maintenance cost of immunization,
should be both more effective and less costly in the long run.
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FiG. 2. The impact of three different control programmes on the incidence of typhoid and
on the cumulative costs (C) and benefits (B). A is the incidence of cases of typhoid per
10 000 population. The cumulative costs are calculated from the costs of vaccine, equipment,
manpower and transport required for the immunization programme, and from the costs of
constructing privies for the sanitation programme. The cumulative benefits are calculated as
the difference between the savings on the treatment of cases, as a result of prevention, and
the cost of the control programme in each case.

Similar models have been developed for chronic diseases such as tuber-
culosis.’®

The methods described here are now coming into frequent use. They enable
public health administrators to determine which control measure will be most
effective. In this way, the budget of the department of health can be put to
better use and the national health programme can be better constructed.!
These techniques, for example, were used in planning a typhoid control
programme in Western Samoa.® As it had been found there (see Fig. 2) that
the immunization programme and the sanitation programme did not differ
greatly in effectiveness, an attempt was made to make vaccination less expensive.
It was found that if combined vaccines could be used, vaccination would be
made cheaper than sanitation per unit reduction in morbidity. Research on
combined vaccines was set up and DPTTy (diphtheria, pertussis, tetanus,
typhoid) quadruple vaccine was developed,” which allowed a programme to be
designed consisting of a combination of immunization and sanitation in selected
areas and among high-risk groups that made immunization much cheaper but
still very effective. Nevertheless, in view of the fact that sanitation represents
a lasting investment with cumulative effect, priority was given to sanitation in
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plans for the future. Other models have been used for similar purposes, for
example, for allocating resources for the control of tuberculosis.®!?

DISCUSSION

Techniques of cost-effectiveness and, in the limited sense intended in this
paper, of cost-benefit analysis have reached a fairly advanced stage of develop-
ment and can be used in the planning of disease control programmes. Although
certain methods are simple and only approximate, they nevertheless have
considerable practical value because they do not require much mathematical
knowledge or expensive computing equipment. Other modelling techniques
that require electronic computers are evidently more sophisticated, particularly
in their ability to handle long-term variables, but may not be accessible to all
health workers and health services.

The accuracy of all these approaches depends on the accuracy of the basic
data on costs and on the effectiveness of preventive measures. We must con-
stantly bear in mind the frailty of our conclusions; much careful and critical
study is needed to ascertain the real values of such approaches.

In spite of the advantages that are being derived from cost—benefit and cost—
effectiveness analysis and other similar procedures used in health economics it
should not be forgotten that although economics now play an important role
in life, human health should not be unconditionally subjected to the verdict of
economic and financial analyses. Humanitarian principles demand that man
be treated as a human being and not as an economic unit or monetary value.
Some attempts to assess the value of human lives!* for the purpose of cost—
benefit analysis, if pushed to the extreme, could lead to the dehumanization of
medical services and society. Ultimately, an individual who happens to be
unable to provide financially for the preservation or restoration of his health,
and for whom the community (on the basis of cost-benefit arguments) is
unwilling to do so, may be deprived of his fundamental right to health. There
are limits to what can be achieved in health, as in other fields, but let us set
these limits in accordance with humanitarian rather than economic principles.

CONCLUSIONS

Cost-effectiveness and cost-benefit analyses facilitate the proper use of
available resources in health programmes. They permit selection of the most
effective and least expensive control measures so that human rights in health
are more quickly and more efficiently attained, and therefore should have a
prominent place in health planning.
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Discussion

Potts: 1 do not follow the logic of Dr Cvjetanovié’s concluding remarks. As
a doctor [ feel that one of my responsibilities is to use available resources to
the greatest effectiveness. I do not look upon cost-effectiveness analysis as
something which economists force upon the medical profession but as something
which we are obliged to use in order to help the greatest number of people,
with the available resources. I can press for greater resources, but I have to be
a realist, and I accept that T won’t be given all the resources I want. I do not
see the conflict with human rights which has been implied. I often find, when
1 visit developing countries, a terrifying misuse of available resources to the
detriment of the community, and I feel that if we had more analysis we might
not make so many mistakes.

Cvjetanovié: There is a ‘conflict’ between different areas and branches
within the total system of health services, which are competing for the same
funds. One wants to know which area can use the funds most effectively and
to the best advantage of the health of the community. Certainly we find in
every community that the actual needs and the rights which people want to
attain are far beyond the available resources. So within the field of health
there is a dilemma: for example, should we let a man die of cancer in order to
save a hundred children from diphtheria?

Potts: The answer to this would be an unequivocal yes.

Cvjetanovi¢: The second dilemma is that economists tell us that health will
continue to receive a certain small percentage of national income. Yet large
sums are being spent in providing television, say, or armaments. This is
another area of conflict.

We know that we must make the best possible use of the funds allocated for
health, but it is difficult for the doctors to say what this allocation should be.
This decision should be left for the community itself to decide—because if we
propose any ceiling we have accepted the limitation that will prevent somebody
from achieving health aims that he may consider very important. Therefore
the population itself should decide on the priority that it wants to give to health.

C. Elliott: In Fig. 1 (p. 192), Dr Cvjetanovi¢ illustrated his technique by which
he can tell whether or not a programme is worth mounting, from the cost of
vaccination and the cost of treatment. I would have thought that one also
needed data on the incidence of treatment before one could draw any con-
clusion from the data presented, because one cannot assume, as this technique
does, that everyone who contracts the disease is treated. Almost certainly a
small proportion only of those who contract the disease are treated. So I
would doubt whether those three bits of data are adequate.
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Secondly, and more fundamentally, the argument was made that if one can
show a saving to be expected as a result of a particular programme, then the
programme would be beneficial to the country. That is correct. But it does not
follow, as Dr Cyjetanovi¢ seemed to imply, that the programme should be
carried out. An economist would need to be convinced that this was the most
beneficial use that the money could be put to. There may be many other pro-
grammes in health, in environmental engineering, in sanitation or water supply,
which would have a higher return than this particular programme. So this
rather limited approach would not convince economists that a programme
should be implemented. One would need to look at a series of other possibilities
before that choice could be made. Economics is a science of making rational
choices and, therefore, one needs in theory (one seldom has it and that is why
economists are using these techniques less now than in the past) a list of
possible projects among which to choose what seems to be the most beneficial
one. I am delighted that the medical profession is asking the question that
Dr Potts is putting, of what is the best use we can make of the available re-
sources, because this is a question that would be very easy to avoid, and has in
the past sometimes been avoided; but I would argue for a very careful applica-
tion of economics in the approaches that are developed.

Cvjetanovié: Our nomograms have of course only limited use, namely to
provide information about the most beneficial use of funds allocated for health
services, and therefore they cannot give an answer to the complex problem of
the best economic uses of the total national resources.

White: Cost-benefit analysis in the public sector was first and most extensively
used in the management of water resources, and from that experience, which is
now a somewhat jaundiced experience, there are lessons that can be pointed
out.

Cost-benefit analysis in a way is like a blunt scalpel: in the hands of a
poor surgeon at a provincial hospital it can perform monstrosities; in the hands
of a very skilful person in the most auspicious circumstances it may serve the
public good. One way in which cost-benefit is susceptible to misuse is in its
failure to specify the assumptions that are ploughed into it. An assumption
just noted is that all viable alternatives have been examined. Usually this is
not so; there is some arbitrary selection of alternatives and the others have
been ignored. Another assumption is that certain kinds of action will neces-
sarily follow, for example the auxiliary activities related to an irrigation project.
It is assumed that these will be put into effect. Often they are not, and the
anticipated flow of impact doesn’t materialize. Again, it is often assumed that
people’s attitudes are equivalent to their behaviour, but if there is anything we
know from behavioural sciences it is that you cannot equate attitudes with
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behaviour. And one is finally concerned with behaviour—what is done—rather
than with articulated aspirations or preferences.

The second thing we can learn from the application of this technique is that
there is a mystique of quantification; by and large, modes or attributes that can
be quantified are given a different kind of weight from those that cannot be
quantified. This shows itself in several ways. If some ingenious person comes
up with an estimate of the value of the human life, for instance, there is a
tendency to fasten on to that figure and use it. Then if someone can’t put a
value on human misery, it is given a value of zero. When we come to the matter
of quantifying anticipated impacts, we run into extreme difficulties of multi-
variate analysis, as exemplified by the report'” on the impact of schistosomiasis
among certain groups in St Lucia, where after considerable investment of
money and time it was concluded that there was almost no perceptible or
quantifiable impact of schistosomiasis on income in the population studied.

The third lesson that we can learn, especially from water management, is
that finally the decision is a political one. It is a decision of the responsible
political agency as to what are the values that this group honours and wants to
advance. In this regard we have to be very careful that the benefit-cost and
cost—effectiveness analysis illuminate and help to clarify that basically political
decision rather than constrain it and force it into an arbitrary mould. Bearing
all this in mind, can we think of cases where there has been an exemplary
application of benefit-cost or cost—effectiveness analysis in the public health
sector, with a thorough progression from scientific observations to economic
analysis to its application to a real public decision?

Llewelyn-Davies: An example (not in the field of health) which is probably the
most heroic, conscientious and thorough example of cost-benefit analysis ever
made was the attempt to select the site for a third London airport. This
analysis cost a million pounds, took two years, and included the quantification
of items such as pulling down a Norman church and losing a wild-goose breeding
station. The report eventually came out and recommended a particular site;
the choice was then reversed by the government, who chose a different site.
The moral is that when one looks at methods of quantification or distrain of
benefits and costs it is useful to step back from one’s technique and ask oneself
whether, if this was presented to a political debate at an appropriate forum in
parliament or to a community, it would carry conviction. If the answer is
negative, it is probably not a good technique!

Bradley: 1 would like to pursue this one stage further back, to where we
formulate a problem, and the picture we present to ourselves of it, if we are on
the medical side. I am concerned by the way in which mathematical techniques
are used. Dr Cvjetanovié gave two examples: the first was the nomogram,
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and I think this has the rather wider implication of treating variables as con-
stants. In other words, if one presents to an economist a choice between the
present cost of treating tetanus and of the vaccination programme, one is
implying that there are only two possibilities whereas, as Gilbert White has just
said, one needs to look at other possible situations. Thus if in fact all the
babies with tetanus who receive treatment are nevertheless dying, then at least
one other choice is not to spend money on treating people who are going to die:
look after them, but not at that expense.

When we come on to more complicated mathematical models within the
health field, such as the effect of providing privies on the amount of disease in
the second example, it is important that we treat these models as hypotheses.
In medicine I can’t think of any major mathematical model of any complexity
which has proved really useful as yet; this is not because the approach is un-
sound but because the techniques haven’t been developed far enough. At the
moment a mathematical model is a hypothesis, not a self-evident statement of
what must follow.

Cvjetanovié: Mathematical models of epidemics have been developed
primarily to study the natural course and the effect of interventions such as
preventive measures, and to simulate the effect of various control programmes.
They have been used for cost—benefit and cost-effectiveness analysis subsequent-
ly in order to assist in studies of health economics, but since they have not
primarily been designed for this purpose they of course often fall short in giving
answers which would satisfy hard-boiled economists! Yet in the practice of
health planning, these models are being used every day more frequently.

Wiener: We have been talking about a number of different mathematical
approaches, with some danger of confusion. Three basic approaches have been
mentioned: the cost-benefit approach, the cost-effectiveness approach, and
mathematical models. They all have their place, but we should keep them
apart. The cost-benefit approach comes in in cases where simple benefits can
be satisfactorily expressed in monetary terms. This approach may be a satis-
factory way of choosing the best of two alternative means of reaching such
simple objectives; however, it does not result in an optimal solution of how to
use an allocation of funds in order to achieve broad and complex health ob-
jectives. The difficulty with the cost—benefit approach is that the most important
things, in life and in projects, are usually the unquantifiable ones, and since we
cannot introduce them into our cost-benefit calculations, either the method
breaks down or we have to quantify unquantifiable variables in a very subjective
way.

When we move to cost-effectiveness we operate within a much more general
framework, comparing various ways of reaching broad goals (like improving
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health) that we cannot express in terms of economic benefits but can quantify
by using non-monetary units of benefits, such as lives saved. This approach
can, for instance, be used for optimizing the use of funds allocated to a health
department.

Mathematical models are another kind of technique based on selective
mapping of the interrelationships between the several variables of a system.
They can be used to evaluate the outcomes of alternative strategies. I do not
think we have the data yet for this much more sophisticated approach in the
context of health measures.

Finally, a comment not directly connected with evaluation procedures. I
think the political process is a much maligned process; in my experience, many
bad decisions attributed to the political decision-making process were due to
bad professional advice. If badly advised, the political process makes bad
- decisions.

Burton: 1t seems to me that making political decisions, or the choices of the
kind we are discussing, is often a very embarrassing exercise, because the choices
are unpleasant and they often imply negative things in one direction as much as
they do positive things in another. It is, therefore, tempting to go through
these kinds of quantitative analysis because they provide a useful peg on which
to hang the unpopular aspects of a political decision. They can form an excuse,
because the person who is put in the unfortunate and uncomfortable hot seat of
making that choice has a rationale that he can present. If it happens to coincide
with what we might otherwise decide as being good judgement, that is very
well, and perhaps it is helpful and constructive; but if it constrains and acts as
an impediment to good judgement, instead of as a support to it, it can be
dangerous.

The title of Dr White’s paper (pp. 35-51) included the phrase ‘good or right’,
and this made me wonder what the boundary is between a ‘good’ and a ‘right’
and when we should think of something in one category rather than the other.
I took his remarks, at least in relation to water supply problems, to say that
here was a point at which we should take something that we have been accustom -
ed to think about in one category and put it into another, and perhaps it is a
question of the appropriate time at which to do this. After all, if we had done
a benefit—cost or a cost-effectiveness analysis of the institution of slavery a
hundred or 150 years ago, we would probably have been able to convince
ourselves that slavery was a good allocation of resources and that abolition
was a foolish thing to do. Perhaps we have arrived at the critical moment for
some of the provisions of health care and environmental engineering invest-
ments at which we can consider these no longer entirely as questions of the
good, but as matters of right. If we do that, we would gain the advantage of



PREVENTIVE MEASURES 201

mobilizing a certain spirit—the way in which we go about things—which would
have beneficial results in terms of the energy and enthusiasm that can be
brought to bear on these problems. If we remain at the stage of agonizing
about the allocation of resources, and saying ‘it is a good, but how good is it?”,
we shall be involved in a great deal of concern and analysis but make very
little progress.

Evang: Professor Burton’s point is highly relevant. We know that the use of
certain economic techniques in the field of medicine is declining, because it is
the process before the Ministry of Health gets its money that is the important
one. Economics may be the science which enables us to make a rational choice,
but Dr Burton is reminding us that before the allocation is made to health,
you should try to force your way into the decision-making process. You need
the enthusiasm to fight for the largest allocation, and you do not do that
through economic techniques but because of your firm belief in the right of the
human being to be healthy.

Bradley: Tt is important to stress that though some economic techniques are
being applied less to medicine now, the use of mathematical models, which are
ways of handling the technical complexity of, for example, a particular disease
or group of diseases, is increasing. Such models allow one to tackle processes
of great complexity, though too little has been done for them to be of much
practical use yet.

Llewelyn-Davies: There is in fact an increasing sophistication in the develop-
ment of quantifiable ways of displaying some of the choices which come
before society; some of these are developing in other fields than health, such
as the ‘robustness’ theory in decision-making,'® but might well be applied in
this area. Very often when one is dealing with social systems one cannot
define the goals, as one can for situations such as putting a man on the moon
or defeating a nation in war. With social systems the goals are often contra-
dictory and there is a trade-off: the more you have of one goal, which is a good
one (perhaps even a right), the system may be such that you have less of
another. There are quantifiable ways of showing the trade-off between the
goals.®

Wiener: There are now techniques available by which to optimize program-
mes with two or more objectives. One can list various solutions that are
characterized by specific levels of achievement of objectives and then select
from this list the most appropriate solution according to one’s judgement;
every selection represents, of course, a set of trade-offs between objectives.
This approach relies in the final analysis on subjective judgement, but it forces
the planner to scan all eligible alternatives and to compare trade-offs before
making that final choice.
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Llewelyn-Davies: However, that kind of formulation polarizes the situation
into a part of a problem which is quantifiable and another part which is removed
from quantifiable consideration. This does not take account of the dynamics
by which the thought is developing in these areas.

C. Elliott: There are indeed a whole series of new techniques which might
be useful; but having said that, one also has to say that all these techniques
depend on the quality of the data, and in the past we have suffered from not
having an adequate data base with which to do anything at all sophisticated.
What depresses me, visiting Third World countries, is how little effort is being
devoted to getting data that could improve the decision-making process,
whether those decisions are made by doctors, economists or politicians.

D. B. Jelliffe: Any final judgement will inevitably be made on the com-
bination of quantity, which is measurable, and quality, which may not be so.
I have always felt this myself and am encouraged to hear the same thing from
more numerate people. For instance, in doing a survey in the field, one cer-
tainly has to measure the prevalence of the condition, say malnutrition, but
one has at the same time the qualitative input of what one sees in a village,
without which one cannot apply any of one’s results adequately. Another
example is on the microscale of the paediatrician in a developing country who
is faced with problems of children coming into the ward. He can work out the
cost—effectiveness, if you like, of the use of the beds, and he must do so; but
ultimately he has to come to a decision which balances cost—effectiveness and
his value judgement as a physician in relation to other factors; and it always
is a balance between these two.

References

1. AHUMADA, J., ARREAZA GuzMAN, A., DURAN, H., Pizz1, M., SARUE, E. & TestA, M.
(1965) Health Planning: problems of concepts and method, Scientific Publication no. 111,
Pan American Health Organization, Washington, D.C.

2. BeLroc, N. B. & Brestow, L. (1972) Relationship of physical health status and health
practices. Preventive Medicine 1, 409-421

3. CvieTanNoviC, B. (1961) Controlled field trials of prophylactics (with special reference to
typhoid vaccines). Journal of Hygiene, Epidemiology, Microbiology and Immunology
(Prague) 5, 7-21

4. CvieTANOVIC, B. (1971) Cost-benefit analysis of vaccination programs in the developing
countries. In Proceedings of International Conference on the Application of Vaccines
against Viral, Rickettsial, and Bacterial Diseases of Man, Scientific Publication no.
226, Pan American Health Organization, Washington, D.C.

5. CvyetaNovi¢, B., Gras, B. & Urmura, K. (1971) Epidemiological model of typhoid
fever and its use in the planning and evaluation of antityphoid immunization and sanita-
tion programmes. Bulletin of the World Health Organization 45, 53-75



PREVENTIVE MEASURES 203

6.

10.

11,

12.

13

14,
15.

16.

17.

CVIETANOVICG, B., GRAB, B., UeMURA, K. & ByTcHENKO, B. (1972) Epidemiological model
of tetanus and its use in the planning of immunization programmes. International
Journal of Epidemiology I, 125-137

. CVIETANOVIG, B., IKIG, D., LANE, W. R., MANHALTER, T. & TAPA, S. (1972) Studies of

combined quadruple vaccines against diphtheria, pertussis, tetanus, and typhoid fever:
reactogenicity and antigenicity. Bulletin of the World Health Organization 46, 47-52

. FELDSTEIN, M. S. (1964) Particular cost calculations in cost-benefit analysis. Public

Finance 19, no. 2

. FELDSTEIN, M. S., PioT, M. A. & SunDARESAN, T. K. (1973) Resource allocation model for

public health planning. Bulletin of the World Health Organization 48 (supplement)
GRraB, B. & CvieTanovié, B. (1971) Simple method for rough determination of the cost-
benefit balance point of immunization programmes. Bulletin of the World Health Orga-
nization 45, 536-541

PoLrock, T. M. (1966) Trials of Prophylactic Agents for the Control of Communicable
Diseases: a guide to their organization and evaluation, World Health Organization Mono-
graph Series no. 52, Geneva

ReveLLE, C. S., LynN, W. R. & FeLomann, F. (1967) Mathematical models for the
economic allocation of tuberculosis control activities in developing nations. American
Review of Respiratory Disease 96, 893-909

REY, M., Dior MAR, 1. & Sow, A. (1972) Sur la rentabilité de deux vaccinations de masse
en Afrique: les vaccinations antirougéoleuse et antitétanique. Centre International de
I’Enfance Courrier, 22, 246-250

Rick, D. P. & CooPERr, B. S. (1967) The economic value of human life. American Journal
of Public Health 57, 1954-1966

ROSENHEAD, J., ELTON, M. & GuPTA, S. (1972) Robustness and optimality as criteria for
strategic decisions. Operational Research Quarterly 23, no. 4

WAALER, H. T. & PioT, M. A. (1969) The use of an epidemiological model for estimating
the effectiveness of tuberculosis control measures: sensitivity of the effectiveness of
tuberculosis control measures to the coverage of the population. Bulletin of the World
Health Organization 41, 75-93

WEISBROD, B. A., ANDREANO, R. L., BALbwiN, R. E., EpstEIN, E. H. & KELLEY, A. C.
(1973) Disease and Economic Development, The University of Wisconsin Press, Madison



e

(-

fe

gl g4

o

R

"

ANV 1) A

AT B U B TSGR DT B A ARROARD
AT | T A N ] i Enumeg oo aM 20 By seaeng '\n

B 15 L A lidieadi g ol .
F i 5 T T " R RS & e = il "\rnrm_l. llri
A58 I 3 -,--f '4' .tm«";_ PR Ol LGy mﬁlﬁﬁ 1':

L e 1&\"”? L5 IR mwnm!_n

3 My d llul';i‘-a n- L \\.. 5 a'l

3 ARy ;t~ ol k # nﬁ

Ry At A paeaar LA B R A B

el e e S A T I Pw | T aJn““ 5'

e

xS N g

T PR "Jl'fl‘_l.,.i.‘aw-r IV ﬁw _m
TG &, it e Yo dakun soneiyl )

H2ATT Wi

AT e 31M.|unxﬁ 'w-lm'i mfk-i#“w‘ ot

BT A YA e s ) Sy s R
EESRIRIER A AT Naane

I e 4 Rt am L T LA .mt W .wmm N
L o ineg s erding t ]
[ERS 2L 1 NS : -.;-' R
_r st fen £ 140 '..1h' i Wl-’:ﬂ.l m PR o
b e 4 VD T i, LRl -.mm_:wm%nﬂ
I‘l";’; q ¥

-ﬁ

v il Mpl'ﬂ'f?'_},’, P am ...1‘4‘;._4'1 __

f sl ' b fo o 4 Bl B, '; tials soncencebing Jiggien. ~
AT uwm-& :&19;«.., ARy 3 e T 0 """’#‘ i
' b ok gl 1% .P"_ﬂ:rﬂ-&pbnod-i'iﬁﬁ‘ln )

e ) e I e Ry e N s ikl

ety wkg ¥ m.mu-.\ ....l"'ll.'

FUR W A P |

R

)
i

P E)

B b |
[ e

-

l.f-tf& ped
REXITE L) P 1 :omw .t‘l

diaie’, J0a
e \ 'J‘ﬁ T -vu' Arienss M, .'rwvrl“ fi‘.‘.'ﬂ
| el 4 I
I”

-

i

I I L e e i T o

|

L A o

]|




Boruclls zzzp
LONDON SCHOOL OF HYGIENE AND TROPICAL MEDICINE

INCORPORATING THE ROSS INSTITUTE
(UNIVERSITY OF LONDON) WATESL. Sty /- W 77205

iawig § Peadisy

Telephones:

Museum 3041 (#lines| ROSS INSTITUTE OF TROPICAL HYGIENE,
Langham 7621/51ines/ :
KEPPEL STREET,
Telegrams: )
Hygower London WCI (GOWER STREET)

LONPDONTWICTL.E 7HT

N 75 V. YO b e B SRR

Date Received:

Assigned to 3 ——=

pm——

J. J. Warford, .

PB.R.D., e AT 3
1818 H St., N.W., | oo BRSE 1 e i 1i
Washington, D.C. 20433, W i .}
U. 8. ' By - -

23 October 1974

Dear Jeremy,

Many thanks for your letter of October 8th. I sent the
missing pages of chapter III.from Geneva in Charles Weiss's
luggage and trust it reached you safely.

Whilst in Geneva I got Abel Wolman to have a look at the
paper - it arose out of a discussion on another topic -
and he didn't take strong exeption to it. He had a number of
comments which I note here:-

P9 he felt that 'comfort' should be added to 'health'

_ in first line. He was thinking of lice and fleas.
I had subsumed these under 'health' but if you
think the Bank staff might not, do add the extra
word as the concept was in mind.

12, mnder item 14 Ahel Wolman was of the wview that
engineers got taught epidemiology (at Johns
Hopkins). I'm sure his students did, but most
elsewhere get taught an incomplete and inadequate

=
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sort of epidemiclogy and certainly lack the
sense of a population',,which is more a way
of thinking than set of facts.

<

p.14. line 7. Probably a rhetorical overstatement
somewhat, or rather, the 'action' is optimal
~allocation of.scarce funds.

p+31. option II. Wolman queries 'standards of
pollution' as a term, and has a fair point,
but provided it stays in context the use
here seems fairly clear. However, readers
of our book tend to ascribe to me wilder ideas
than I actually hold and we need to be careful
about this.

pi36. some query about onchoceriasis and getting
bitten near sources, but this is the case in
some endemic areas (as on Mount Elgon), though
probably less so in West Africa. Wolman supports
bottom line of p. 38 - 'rather unusually', probably
with W. Africa in mind, and queries my 20% on

P32,

p.65. line 10. After 'high mortality rate' add 'untreated'
as of course with adequate treatment it is low

p.86. in the list onchoceriasis should perhaps be in

brackets. This got dealt with first in chapter III
and therefore most thoroughly and may appear to

the reader as more closely related to domestic
water than is the case.
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p.95. query over the relative poverty of the rural unsupplied
people. I've put it as 'if we assume': no doubt
some facts could be acquired in the field one way
or the other.

p.112. bottom line but two. There is an "i'" missing in
"individual". -

I'm pleased that'Prof. Wolman seemed reasonably content
with it overall.

Appendix B is mostly written but the.rest of the paper is
largely independent of it so please don't hold things up for it.

The Geneva meeting was an interesting experience but less
than satisfactory in. relation to its aims. It was very nice to
meet Charles Weiss and Harold Shipman from the bank: they were
such different and interesting people that meeting them was one
of the best parts of the meeting. Do give them both my very
warmest greetings. _ ; ; -

I trust that you flourish. Do come to the Tropical School
next time you're passing through London and let me know where
you want the report cutting or amqlifying. It's important to
omit chapter III on first reading! _

I enclose the completed form for which many thanks. As T
ad no sccrctary in Seplember ITve paid out approximately Y40
to typi_ng agencies and postage on the report. Do I look after
this or is it a separate item?

s

All good wishes.

Yours sincerelx,f
.

v

Enc.'-_ B David Bradley ‘
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I reviewed the draft report prepared for IBRD by Messrs. Julbert
Association Incorporation on Solid Waste Processing and Disposal and
following are some comments. The report is confined to review of the
state of the art analysis and the conclusion section was not included
in this draft:

1. The report provides very limited infommation, particularly cost
figures, from developing countries. The Bank and WHO have been in recent
years associated with solid waste prejects in Singapore, Indonesia, Yugoslavia,
Turkey, ete., and it will be desirable to present some of the relevant data
from these studies.

2. It is not clear whether the figures on capital and operating costs
cited in the report are up-to-date cost estimates or figures quoted in the
studies referenced. If the latter is the case then it would be necessary teo
indicate the dates for such studies to show the relevancy of the data.

3. In discussing sanitary landfill, the possible utilisation of the pro-
cessed solid waste or the completed landfills need %o be discussed. High
density balls have been used in Japan as building blocks and compacted bails
with asphalt coating are being used in few countries for land reclamation.

k. The report does not address itself to the problems of leaghate pro-
duction and emission of methane gas from sanitary landfills. The effects of
these by-products need to be discussed and available methods of treatment
with cost estimates should be provided.

Se In discussing ineineration, the report could elsborate on the achievements,
problems and experiences of the Buropean cities who have accunmlated a long
operating experience in this field. The report could further give indication

if there are economies of scale with this process and outline specific para-
meters that are likely to make this process more economical such as city size,
urban character, aveilability of energy sources, ete.

6. The chapter on resource recovery is quite good and well presented.

Te No economic comparative study of altermative solid waste disposal methods
is presented. One can understand the complexity of such study as it has to assess
capital and operating costs of waste disposal, transportation and resource re-
covery. However, the report could detail a guideline for conducting such study
which would be very beneficial to IBED engineers in mm.rpm
consultants! tems of reference or in the evaluation of studies. The guideline
should detail the methodology of a cost/benefit analysis, identify quantifiable
parameters and develop comparative indices  for such studies.



Mr. Alain F, Thys “te October 8, 1974

8. Based on the consultant's experience and overall review of the
literature, the report could identify methods that are particularly appli-~
cable to developing ecountries.

ec: Messrs., Haynes

cc: EMENA File
Division File
chm. File
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D.C

Director, Division of Envirommental Health
Pan American Health Orgamisation

525 23rd Street, N.W.

Mr. Frank Butrico
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1. G. Wolss, dTes Selence & rechnology Advisor Septenber 12, 197k
0ffice = ve Doy Davelopnent Policy
Richard . ¥idilcton, public Utilities Department .

projects pelating to Sclence and Technology

Tn response to your memorandui of May 22nd to ¥r. Rovanl, I have

assembled the £61loWing jnformation Irom the public utilities staffl:

Talec

arpeanicntions

Local gechnical research in India, carried out by the Telecoymuni=

cations Rasearci Center in the indian Posts and Telegraph Department, has
played an syportant role in the dovelopment of India's 'belccor:.ﬁ:unications
sector in which the yorld DBank Group has participated with five lending oper=
ations argounting Lo 55288 nillion oquivalent. I,/ The work of the center 18
essentially applied TO saarch closely geared 1O the design and local produc=
tion of plant and equipnent gailored o mest India's specific Lalecommunica~
tions neads and for rasearch in the performance of existing plant in order

fo make h‘eapr-ovazmnts. A nuriber of designs have enabled a wide variety of
gouipient in lerge scalc 1S9 to be manufactured within the couniry with

indipenous knowno9. simificant iJ':Ile‘UVer‘.en'bS have bgen made to adept ine-
ported gechnical imowhow 0 domesbic requiraments and panuiacturing processas.
Special tost instrunents and othsr equipment have been dosigned in the
rasearch cenver to meeb special 1local needs. There is underway an expan=
sion of the gechnical research activities in order to meet the national
objective of self-reliance for design and manufacture of telecommnications
gquipment by the country and 1o inprove the technical operation of the grow-
ing tolecor:-*:-micat.ions network. 7The IDA credits Lave contributed to financ-
ing of equipnent needed for the center.

is

(sources C. P Vasudevan, Division Chiel
Central Telecormunications Staff)

Poweor

Ceothermal electricity generation, if not experimenta.l or novel,
at leasb ynusual. The first ;T«-:n}:—financed {;eothem'al project (except

for a gaoﬂmrmal plant included in & progran-type 1oan to CFE of Mexico

is

the initial 30 117 vnit at Ahuvachapal, sneluded in Bl galvador's sixtn

power projects loan 0B9-ES. A unique feature of the project is disposal of
the geothenral gifluent, vhich contains relatively high concentrations of
boron and arsenic compoundss; CLl,, the Salvadoran utility, is puilding 2 60 ka
covered canal 7rom the plant site to the pacific Ocean for effluent disposal.

(Source: de £. Graves, LAC projects)

1/
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Mr. C. Weiss, Jr. . ' -2 - September 12, 1974

Loan 763-TU - Part of the proceeds are being employed to train
Turkish engineers in the use of computer methods for the design of trins-
mission line towers (category 'b' of memo).

(Source: J. N. M. Green, EMENA Projects)

i Ecological reconnaissance and selected ecological studies were
carried out satisfactorily by the Asian Institute of Technology, Bangkok,
for the Quaeyai project (Loan 977-TH).

L

(Source: E. A. Minnig, Asia Projects)

Water

Almost all Bank water projects meet most of the criteria in your
memorandum, since project preparation and execution is usually carried out
by the local water authority and some of the objectives of the Bank's
involvement are to strengthen their organization, to make full use of
local expertise, and to employ technology best suited to local capacity.
A typical example is Bombay (Credit 390-IN):

(a) - The Central Public Health Engineering Research Institute was
responsible for taking and analyzing water samples and running
pilot water treatment plants, and, for the feasibility study,
for carrying out some computer analyses of the water distribu-
tion network.

(b) - Tata Consulting Engineers, an Indian firm with extensive
power expertise but little knowledge of water and sewerage
projects, are associated with the main consultants (Binnie
& Partners, UK) in order to broaden their field of competence.
Tata have particular responsibility for the design of major
sewage pumping stations.

- Staff of the Bombay Municipal Corporation (BMC) worked under
" Binnle's supervision during the preparation of the feasibility

reports (1967-73). BMC themselves are now handling the detail

design of the water distribution and sewerage networks. :

- BMC's contract procedures were cumbersome. Both thess pro-
cedures and their conditions of contract, technical specifi-

cations, design criteria, etc., were reviewed by the Bank and
substantially improved as a result.

(c) - The proposed water filtration plant will operate on the
"variable declining rate" principal -- in essence the flow
through each individual filter is uncontrolled, and the total

GITSIWE T AT AT TN PR e BT LR Y S g e
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Mr. C. Weiss, Jr. -3 - ‘ September 12, 1974

incoming flow is shared between filters according to their
relative hydraulic capacity, which in turn depends on the time
since each individual filter was last cleaned and on the amotnt
of filterable material in the incoming water. This is "novel"
in the sense that it has not, to my knowledge, been applied to
a plant of this size (500 million US gallons/day) before, and
an "intermediate technology" in that the control system of the
filters is greatly simplified, in particular by dispensing with
sophisticated outflow rate controllers.

(Source: V. Rajagopalan, Division Chief, Asia Projecte)

Sewaga Treatment

The comments on "Water" above apply equally to sowerage projects.

- Bank-financed projects are likely to include more and more
uses of "intermediate technology" treatment by oxidation ponds.
A particularly interesting example is Kuala Lunpur, where the
oxidation ponds are located in disused opencast tin minss.

(Source: V. Rajagopalan, Division Chief, Asia Projects)
Please let ms know (or contact the sources directly) if you require further
details. I would appreciate it if a draft of the paper could be given to
Mr. Rovani for comments by this department.

cc: Messrs. Rovani, Vasudevan, Graves, Green and Rajagopalan

_ RNMiddleton; J e

I
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August 22, 1974

Gilbert Associates, Inc,.

Dear Mr. ‘m:

Environmental DMvision
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Very truly yowrs,

for

Eichard N,
o1 Advisor
Vater
Public DbATL b6
Rajagopalan, Thys and Kalbermatten - preliminary notice;
details of proposed seminar will follow, when settled).

m.&ctomefa
ces Messrs. (&ip



Yessrs. Hajagopalan, Morse, Kalbermatten, Magust 19, 1974

My attention has been drawn to some errors in the sumary
eirculated recently. A revised version has been prepared, with these
mmmnmwwumm, 197h added.
ﬁmamm-ﬂn@nmumum
would let me kmow by September 2 if any further corrections are
required before this document is distributed., Meanwhile, please destroy
the previous copies forwarded to you July 31.
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Fiscal
Year

1562

1963
1964

1965

1966

1967
1968

1969

1970

1971

172

1373

1974

. TERD
Country Lean
China
Iceland 311
Jordan
Total
Kicaragua
Pakistan:
Jordan
Totel
Millippines 306
Singapaore Los
Total
Burundi
Venezuela Ly
Total .
Pakistan
Singapore 503
Coloztbia 536
Jamalca 598
Total
Singspore shy
Malaysia 561
Turisia 581
Camerson © &ok
Total
Ghana
Colombia 682
Tunisia
Total
Botswana: 776
Brazil: 757
758
Colombia: 738
Th1
Cyprus: TH1
T30
Kenysa 71k
Yugoslaviae 777
Fotal
Nicaragua 804
Ethiopia 818
Turkey 8il
Tunisia &858
Total
Morocco 850
Colombia 860
Israel 869
Bangladesh!
Gabon 85
India
Jordan
Falaysia 08
Evria —
Mexico 202
Total
Thalland 1071
Tunisia 989
Ecuador 1030
Ghana
Brazil 1009
Hepal
Eingepore 918
Yemen Arab
Republic
Total
Crand Tota1/

L1
k3

106

233

5 %3 8

k7o

L6k

1BRD Loans and IDA Credits for Water Supply and Sewerage Projects
USy Milllos

Taipel
Reykjavik
Ammarn

Managua

Dacca
Chittagong
Various Cities

Manila
Eingapore I

Pujunbura
Caracas

Lahore

Singapore II
Bogota I
Kingston

Singapore III
Kuala Lumpur
Tunies and Others I
Yacunde Douals

Accra-Tema
Call
Tunis and Others II

Shashe Multipurpose
Geborone-Lobatse
Bap Faulo:

Palmira
Bogota II
Nicosie
Famagusta
KRairobi
Ibar

Menagua
Addis Abeba
Istanbol
Various Cities

Casa-Rabat
Medium Citles

Chittegonz
Dacca? ,:/
Libreville
Bombay
Asman

¥usls Lammpur
Damascus
Mexico City

Bangkok

Sfax and Others
Guayrguil
Accra/Tesa

31 Cities
Kathmandu
Singepore

Sana'a

Total

Type of Projec
Pro;lecty 008t§7
W 9.7
W 6.2
2.9

18.8
W L.B
L 50.1
W k3.0
W 5.0
98.1

W LB.2
W 13.7
T 69

W 1.6
W 2.1
5.7
L 5.6
W 16.0
W 48,2
W T S
73.3
5 22.k
W T.T
W 32.8
W €.7
69.6
W3 5.9
WS ; 7.5
WS 19.2
62.6
W 58.9
w 3.3
LE] 59.8
‘8 81.5
LES 3.6
W n8.0
WS €.3
LE] 3.2
W 13.4
Multipurpose 93.3
ihz.0
Ll 10.0
WE 13.0
W 85.1

Tourlsm, infra-

structure, W5 5.0
163.1
W 10k.9
w 15.9

8 .
W 353.3
L §1.6
W 19.9
WS " 158.2
W 11.6
W 26.2
W 32.6
W 1%.0
: 703.7
W 21h.0
L] k2.6
] 38.3
W kL7
w3 92.0
W 0.4
W3 29.5
W 6.8
478.3
2,237.5

|.°~.3

3
o o

bR B

CQWOUWOoOoOOoo o

,_..
00

450 & I
lOW\ﬂ -2

-
Ful
=]

|

Bod B
oo

W
o
oW

13.5

12.0

9.2

2.0
6.4
3.0

26.0
24,

23
53.5

1.1

1.8

3.5
10.5

1.0

3.0

10.0

63
24,5

816.1 161.2
—— —

1/ W = Water Supply;

In the years 1962-197h, 55 operations in 31 countries with total loans and credits

August,

197k,

5 = Bewerage.
3/ Appraisal Repors estimates.
E/ Feappraised from previous Credit Nos. 41 and k2,

Totel

Pioject

Joint Loans Cost

Cancellations

or Hefunds

&)

1.7 (Sweden)

4.6 (US & Germany)

5.0 (&weden)
_1.4 (France)

o
=

3.5 (8weden)

7.8 (USA, UK & Others)

10.9 (Germany)

12,3 (Af, D3 & CIDA)

ks
12
69

€3
52
70

63
50
55

SeUed

EERIUERBELE

FEVDER

[38

(net of cancellations or refunds) waa ustgle.d million,

3.8

; Percentage
Disbursed

at June 30, 1674

8888

]

35
39
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Mr. Leif Christoffersen August 15, 1974
Bural Development Division

Richard N, Middleton
for Harold R. Shipman, Water Supply Advisor

ve for Rural Water

E

I refer to Mr. Pineo's memorandum of July 23 to you on this
subject, a copy of which you passed to Mr. Shipman for information and
comment. Unfortunately Hr. Shipman was not sble to consider the pro-
posal in any depth before leaving on vacation.

My immediate reaction to the proposal is that, while it may
be very effective in stimmlating the water program of a rural development
agency, it may be very difficult to apply in countries where a national
water suthority has responsibility for both wrban and rural supplies.

and so a bonus can easily be attached to the achievements of numerical
(as described in para L of the memo). Urban systems, on the other
are larger, far more difficult to sub-divide into targets, and need
e to identify lesst-cost solutions. Any

E
|
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TO: Mr Ed Kulper- : DATE July 31, 1974 g
FROM: B. MChmalak\/JM' ’
SUBJECT: Comments on your proposed Water Resources Development Planning
Re:EXour draft paper on Water Resources Development Planning]
At your request, I have made the following comments:
i I support your idea of having a national institution set up in

the borrowing government &s & single body to deal specifically with the
projection of future water resources development in the national context.

Relevant Issues

25 In many less/developing countries, the control and utilization
of water rescurces have epparently enjoyed a rapid development. Although
the multi-purpose type of development became an sccepted idea for decades,
some of these undertakings have yet been planned or built to serve a
particular single purpose -- domestic water supply, irrigation, power,
etc. Ey the same token, the idea of unified development of & river basin
¢ < .. i has -already been well ‘upderstoody-but.little atiention:has been-paid to ;¢ g 8.
it. The main reason for these 1ll—ada}teb111tﬂes appears to be the lack .
of unified plerning and adnministration. The work is divided among various
governmwental acencies with each carrying out & certain component. So long
as the control and utilization of water resources have.yet to he teken
with eacﬁ kind of work bElub adrlnletered and planned by separate agenc:es,_
there will be hardly eny opportunity of tackling all aspects cf wvater”
resources develcpment as a whcle. This will lead to a non-optimum expleitation
. of the resources potential.nature has bestowed on tlie-area. If the. Natienal -
Water Development Planning Office (IWD OPO) sucgested ‘in your paper would carry

S . the task to.eliminate this sort of issue, along with.the mein task -- long-.
f = herm plunnlng - thcn it mould be &n ideal 1nut1tut10n._ i
8¢ t:¢ . In a.relatively underdeveloped region where. little ‘development .

_ * work has taken place and agencies responsidble for verious .developmént
"4 components are not competentand not well organized, a-single authbrlty

should provide a good answer Fowever, 1..'v-f-.a;4t; countries, where Lic
gc»txr"”nt with competencies, as .a
typical ap.‘-~‘ ies in the fields within
the competer erpectlve development plans. The
EWDPC type act as a single COC;(iHﬁtiﬁg body
producing rlans each st “"4rr a particuler field rather than

"a comprehensive plan thai ‘optimizes eveFy element of dEVTLO”Tan into an
organic whole or that lacks the cchesion of an integrated program.
Alterations and adjustments, if at all made, would be with the view to
reconciling differences of opinion among various governmental agencies
concerned. In theory, no adjustment is needed if the plan of each agency
is well coordinated, but this can seldom be the case. Then, perhaps,

Eid
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"My, Ed Kuiper’ ; - ‘ July 31, 197k
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much more staff than contemplated should be provided to NWDPO, if it
has to be vested with the task that enables it to optimize the plan

in a more meaningful way. This seems to pose a new issue on those
countries for they do not lmve enough local competent personnel, on the
one hand, and are prejudiced against expatriates on the other.

Administration Forn

b, The survival of NWDPO depends largely upon the type of arrange-
ment designed for it. It appears that two vital aspects, inter elisa,

need to be considered carefully -- the commanding power and the mode of
cooperation between the agencies concerned — since it is a matter of one
body having suthority over other ministerial agencies, and working out

to unify their plans, Usually e meaningful authoritative power and the
cooperation are hardly obtained by NWDPO, particulerly in the less/current
developing areas because of their arrangement led by inadequately ranked
personnel, though they are technically competent.

B In some developing countries, they entrust their HWDPO to the
Board ehaxred by the Prime Minister or at least the u““uty Prime Minister,

o w],]e‘.l',\, ; .ua\,.{ (.-..»-.n..._u. Uull-l--. UU -;u:-.'...' l.....;,la.-l\.. L P A J:.-a.u:.q.q- - .-'-f: ;;r a‘__:",- ." l".

L e Hoard fs designed to géierate policios wid appreve’ plans’ as.well:ad bt v lhiwd
: .expedatlng-tha,necessarx.coopuratlon.- It.reports to_uhe_cab;net.,.lnstead_ .
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- wbrking level (ususily’ expatriates providad by UHE?) it necessary Ehﬁ e
T PR seeretariat has direct connection caannvi at & working level 1o other - } '

rinicterial aconcies concerned in'order to helr each to contribute tn

hE WOIrs bo the J.,-__',,.', I\..“..'_';v o1 “-.lJ. Cluipulence Lo IS JV-L‘»...‘__;.._U . oW
. ewer, these channels ‘usually operate on. the personal basis rather-than on . _¢,'f¢§'
an established acoord. -An improvenent et this. point may Ye made by smplifly-
220, 54 ing the éxisting overation w&th an -arrangenent - for otasy- ministerial agengies..
. persennel concerned, o vork hand in hepd with, the anﬂevmrluu_nu¢4f a8 ..

GOULLCL T U5, s Wal s ~opetariat s Esttoy orooFtanity Tor =
- yorking out & well—coordlnated ccmprehensive plan wzthout employlng mgre
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1o key concern, let me review the finding
the need for such a plan arises frox the
bility of 1, which is now searce, and
U3 5e¢tors ¢ the basin. We al ow btant
‘of the availeble rescurces is sary &ou
. > ; always the couzmanding factor — water nas
absolute values in the conte t of llLE Of course in the past, when water
was plentiful relatively to tu° demands, river development projects in
genoral had been constructed mainly to meet single purpose requirements
; _at selected individual sites. Lecedes ego there has been a definite
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trend towards the acceptance of the concept of comprehensive beasin
developrent, since the remaining water supply is becoming scarce as the
demands on the other side of the equation are increasing. Experience
has shown that major water control structures, once built, can be altered,
if at all possible, only with great difficulty and at substantial expense.
Consequently, it is very important that in the future great care be
exercised to use pronising sites to their best advantage from the standpoint
of all the purposes that can be served.

Recommended Bank Actions

"f.e For an irmediate effect, to serve as protection sgainst under-

use of the promising sites and basins discussed in paragreph 6, I, there-
fore, stronzly insist that the Bank recognize this issue, and that river
developrent projects cannot, as & rule, be undertaken with the Bank finance
if without assurance that this issue has been investigated and the problens,
if any, have been reduced to the extent acceptable. A briefl discussion on
this effect should eppear also in their appraisal reports.
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Dr. David Bradley July 23, 1974

Yves lovani

Temms of Aeference - Paper on: Measuring the Health Benefits of
Invegtments in Water Supply

1. The Bank is faced with the problem of allocating scarce resources

to altemative water supply investments which may have different health
benefits. The paper should therefore address the general question "How
can the Bank best conduct its decision making when health is one of the
important parts of water project justification?"

2. The paper should state why the problem is important and

should attempt to identify the health and nutrition benefits that can

be expected from improved allocation. It should also identify those
conditions where a qualitative or a quantitative analysis can be

expected to improve allocations. In particular, it ahould attemnt to
isolate those circumstances (if any) where "economic",”and/or "coste -
effective"™ gpproaches are likely to be the most mco.uful discriminators
between projects, or project desims.

3. In those circumstances where a quantitative analysis is
worthwhile, how should it be conducted? What available (and reliable)
data should be collected, and what methodology should be used to assess
this data. In tems of improved health what physical, institutional,
sociological and/or cultural indicators can be used to (i) identify
potential projects, (ii) gauge the benefits of successful projects,
(iii) indicate the likelihood of project success, and (iv) provide a
method of manking the priority that should be accorded each of the
altematives?

k. Considering the above, what are the most pressing gaps in
available knowledge? What research in this area can the Bank most
profitably initiate or sponsor? What research has in the past led to a
lack of positive results and how can this be awvoided in the future?

To what extent are the results ef ‘successful Iessarches in one ‘area
likely to be useful in other conditions? What studies (if any) can be
usefully attached to current investments to improve available knowledze?
If no such studies appear worthwhile, what altemative courses of
action should be pursued, and how might available medical expertise be
best utilized?

The tem "cost~effective” is used to indicate a variety of quantitative
approaches which are not fully translated to monetary (economic) tems.
For the most part this consists of approaches where benefits are not
translated into monetary amounts but where physical improvements are
achieved at least cost.



Dr. David Sradley -2 - July 23, 1974

5. finally, the ir giould take particular note of the proposal
to monitor healt: and nutM tion benefits in ¥inag Cerais. Based on the
available socio-economic evidence, and on the backrround material tuat
we will provide, tie paper should indicate whetier sucu a proposal is
likely to lead to positive and wortiwuile results. If so, it should
also indicate how the exercise should be orzanised to ensure tie zreatest
likelinood of success. If not, what altemative ackions would be
worthwhile?

6. Bach of the precedin: questions represents a point of interest
and concem. The psper should present a review of these and related
questions together with your assessment and expert opinion on eac: topic.
The paper should be directed at an sudience senerally interested in the
problems of investment in water supply. It should be noted however that
it may be subject to review by a panel of experts and that the panel

may include, economists, epidexiolopists, public health officials and
medical practitioners.

Ts On tiis assicnment you should report to ¥r. J. J. Warford of

the Pank and should forward your report for his receipt before tue
30t of September 197h.

HLane: jnt
ce and cleared with Yessrs. “ovani, Silpman, Warford, Jeurlins

oe: Yessrs. Fery
Middleton
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OFFICE /\/\E\/\OQA‘\DJM o

TO: Messrse Forue//ﬁlol, Rajagopalan, . DATE: June 2?, 197h 7
"hfS and Kalbermatten /‘;. 28 (A ; f

FROM: ti,r0ld Re Shipman 7 ; S
- 7 C G-l (Wsw”f”” ¢

SUBJECT:
l/fC’Oﬂ WnIEN Carvey }’if-m“ﬂf/'/ﬁ

Pl
ST

The attached copy of a letter was handed to me by Don Cullivan
of Camp, Dressor & McKee and I think it contains 1nformatlon which

might be of general intorest as it relates to consuliing englneering

CoS1S e

HRShipman:cfa

onE Messrs. Finne
Engelmann
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ENVIRCONMENTAL ENGINEERS

1

CENTER PLAZA BOSTON, MASS, 02100 TEL, 617 742-5151 CABLE: CAMDRES

DONALD C. CULLIVAN
PRESIDENT

24 May 1974

Mr. Fred Kent

Chief, Pre=Investment Planning

Division of Environmental Health

World Heaith Organization

1211 Geneva 27 :
Switzerland ' :

Dear Mr, Kent: _ i
Camp Dresser & McKee wasorne of several firms recenily invited to submit a proposol
for the provision of engineering services for a master plan for sewerage for Jakarta,

Indonesio, The invitation included a Project Descupilcn which presented deta:led
scope of work and the consultant's fee buooe;od for this project.

We stated in our proposal that it would be impossible fo complete the scope of work

~as described for the amount of fee budgeted, Even ofter making suggested reductions

in the scope of work (which would not effect the usefulness of the final master plan)
and making maximum use of local consul tants and engineers from CDM offices in
Asia, the budgeted fee was still considered to be inadequate,

Our estimale of the consul tant's component of the manpower needed to propeily
complete the scope of work given in your terms of reference indicates @ requirement
in the order of 120 man months, This appears reasonable in light of other master plans
prepared by CDM, including about 90 mm of CDM engincers for the Taipei sewerage
master plon completed by us for WHO in November 1970, Jakarta is a much larger
city and the scope of work for the Jakarta project is much more detmied than that

of the Taipei master plon.

On the basis of 120 mm of foreign engineers, the allowable unit cost for Jakarta
is about $3,850 per manmonth (5460,000 = 120). The Taipei contract was
negotiated in 1968 ond signed in March 1969 and the unit cost was about $3,900

CARECSOURCES « WATER SUPPLY AND THEATMENT « SUWLRAGL AND SEWAGE TREATMENY = INDUSTRIAL WASTE TREATMENT

IHAGL AND FLLOOD CONTHROL ¢ WATER AND AR POLLUTION CONTROL *» REFUSE DISPOSAL + RESEARCH AND m'vuLovmcnr
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per man month ($350,000 + 90). In the five years since eari,; 1969, the average billing
rate for CDM engincers has increased 58 percent (based on tine "“published" per diem rates

CDM wuses for charging clients for engineering services for September 1968 and June 1973,

our latest list).

if the Taipei fec was fair and reasonable (our total pre-tax profit for that project actually was
only 2 percent of the fotal fee), the equivalent unit cost today would be about $6,150 per
man month (1.58 x $3,900).

There is another check on this figure.” We have data on the avercge salary paid to U.S.
engineers for projects where at least 75 percent of the services performed overseas and where
an average of af least three engineers spent about 15 to 24 months working on the project.

se averages vary somewhat depending upon the degree of need for more highly paid
specialisis, The averoge paid salary for one of our most recent iniernational projects started
in 1974 was $2,020 per man month for U, S. engineers,

Very few U,S. engineers have overheads of less than 100 percent these days and 120 percent
or more is not uncommon, Profits before paying taxes fand toxes are aboui 50 percent for most
U.S. firms) may range from 10 to 20 percent of an engineer's gross billings, with 15 percent
(7-1/2 percent after taxes) considered as being fair and reasonable. Using these assumptions,
~ current unit cost for on international project would be in the order of:

, Salary $2,020
Overliead gt 110% 2,220
Rel ocationl !/ 1,000
Subtotal $5,240
Fee of 15% 790 :
Total $6,030/man month

Unit costs per man month can be misteading unless it is made clear exactly what they cover.
The unit costs referred to in this letter include:

1. . Salary cctually paid to engineers
2,  Overhead (including fringe benefits)
3. Profit
4, International oir travel for the engineers
5, Freight for the engineers
6.  Living allowances for the engineers.
For a family of four, USA to Asia: Living allowence = $ 400/mo/fomily
) Travel 4 @ $1,6C0 = 350/mo/ffamil y
T18 mos
Freight $4,500/family = 250/mo ffamily
18 mos

. $1,000/mo /family



Cin bl ¥

24 J"\';I.L)l 1974

Normally these ore the principal items of cost which the WHO project fee is expected to
cover, with all local support personnel ond services to be provided by the locel government.
There are other miscelloncous direct dollar costs and usually a need for short term specialists
These may be balanced by the fact that about 10 percent of the consultant's engineers il

work out of the home office, with no need for cost items 4, 5 and 6.

As indicated carlier, it appears that the WHO budget for Jakeria was based on @ unit cost of -
ihe consultant's staff of from $3,500 to $4,000 per man month. This appears to confirm recent
comments by WHO to a CDM officer that WHO is currently budgeiing on the basis of up to
$4,000 per man month, If so, it is clear that this unit cost budget estimate is low by more than
50 percent for U, S, and Western European firms,

Through negotiations for joint ventures and periedic discussions with many U.S. engineers active
iniernotional work we are convinced that, for the six items listed above, realistic costs for

. hly qualified U.S, consulting engineers are currently in the order of 55,500 to $7,000 per

man month. In addition, salary costs are currently increasing at a rate of nearly 10 percent

ser year, mostly to cover inflation, Further, overhead percenteges continue fo rise as the

clients' demand increases for sophisticated proposals and other non-reimbursable services, and

es employees' fringe benefits keep increasing. ' '

3

WHO has recently published a Report on the WHO/FIDIC Seminar of 24 and 25 Ociober 1973,
which the writer ottended. On page 8 of this report, in describing WHO procedures for the
slection of consul tants,. the following statement is made. "However, WHO budget estimaies
cre based on American and European cost fevels." The facts would oppear to contradict this
statement, unless the budgets were fixed so long ago as fo render them inval id for current use.

“Perhaps we consultants should be doing more to keep WHO informed as to what are reasonable

¢ ' current estimates of our costs. This may be possible, through FIDIC, for excmple. We
revognize that frequently there are long delays between the time UNDP budgets are fixed and
the project is awarded. Surely, in these days of unusually high inflation, WHO and UND?
should be able fo adopt a system to provide the necessary flexibility to meet realistic conditions.

We realize that it is not the intent of WHO to restrict participation in UNDP/WHO projects by
U.S. and Western European firms but, clearly, odoption of a $4,000 per man month cost limit
has that effect. As much as uny international agency, WHO in the past has made an effort

to select good quality engineering consultants. Cutting costs during the master planning

stoge of a project is very false economy indeed. We know that WHO engineers are well aware

of this, but there may be a need to bring this to the attention of some of the UNDP administiators,’

The example in the following paragraph is illustrative,

On the basis of data from the Bangkok sewerage master plan (completed by CDM in 1968), compleie
wastewaier collection, treatment and disposal facilities for Jakarta might be expected to cost in
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the order of 300 mitiion dollars at fodcy's prices. A reasoncble first stoge program mqu ,
be about 100 millicna dollars, Adding ebout 50 percent to ihe present Jokarta master plan
engineering budger of 5460, 000 would make it a more realistic $700,000. This higher
figure still is less than 1 percent of u reasoncble first stage program. It woufd appear

. . ]
obvious that u com=etent, experienced engineer woulc bn. ahble to suve his client more than
5 ’ v

the folal expanded fee with little aifficul ty,

We iuw WHO wili consider these matters in propcnno budgets for future projects. We

would eppreciale your comments on this leiter and also on th ossibility of entering info
el

a dialogue with F! D] iC. If so, we would be pleased to bring ihis maiter to the attention of

FIDIC
Very truly yours,
CAMP DRESSER & McKEE INTERNATIONAL IINC,

\ e ’(“—\Og;/ LK@{/@;/

onold E. Cullivan
President
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TO: Nr. Harold Re Shipman (PEPDR) ' DATE: June L, 197k

FROM: Joseph Freedman (EGR, LCPWS) /5}\

SUBJECT: Rural Water Supply Projects of IDB

g

Background

Duyi _'_ng 1961 to February, 1973, IDB made 15 loans for rural -
water sunply and 5 loans Tor water supply with & rural water suoply
component. TIhese loans were made %o national waiter supply agenclies
and Ministries of Health in 11 countries. The total ameount of loans
for rurzl water supply in these projects was US$69.9 million for a totsl
project cost of US$H130 million. As a result of experience obitained from
these projects, general criteria and policies were developed.

Definition and Objectives

The individual country definition for rural commnivies was
accepteds The size of the community generally ranged from 300 o 2,000
inhabitants. The rural water supply projects included the design,
constiruction, and placing into operation within a stated period c¢f time,
water systems to serve a large number of rural commmnities. These systems
could serve individual commnities. or under favorsble circumstances
several villages. The prejects alscincluded the jnvestigatr.on and
development of water sources, engineering, community development,; and
technical assistance for institubtion bullding, training, and planning.

Lesign Criteria and Level of Service

E Each country has developed criteria w::,__h include the type of
materials to ve used, the per capita consumption by house conecticons and
public standpipes, service pressure, service btal age requirements, nlk,m??.gn
period, and estimates of future growth. In the early loans, the level

£ service was based on public hydrants toc be used by the families within
a distance of 100 to 15C meters. HOlr"L"J'EI‘, becazuse of the demands of the .
S e comunities o el 1w thesdifTicultiss ol chargzing for the water and-=— - =
controlling waste, more systems came te be buili based on the major use
of water througin house connections. 'The sysbens are generally designed
and built with at least 505 of the houses provided with house consieclicns
= o - - gad financing within the project is nrovided for making house conneciions
=7 =7 40 as much as 70% of the housss. In some of the larper coronmibies a few nelers
have been installed for the large consumers and ‘low-co*n trol devices for the othars.

Water Quali;g}_r

Preference is given to gravity suppliss from safle sources thab
require no treatment such as springs and infiltrabtion galieries and then v
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deep wells with pumps. Sources that require filtration or special treatment
are used as a last resort. Disinfection by chlorinabion is practiced where

there is technical support from a regional or district office and chemicals

are not difficult to obtaine

The physical and chemical standards employed are those of the
country and are eimilar to those of the WHO International Standards. In
some areas where it is difficult to obtain wabter, such as parts of
Argentina, higher concentrations of chemicals are allowed. Bacteriological
standards such as those of WHO are used as a basis for the initial selection
of the sources but infrequently applied once the systems are built.

Criteria for Selection of Commmnities

In the initial loans the basic country criteria for selecting
the commumities were accepted, and some refinements have been added over
a period of years but not materially changing the basic factors.

The essential factors are that commnity desire and participation
are required for undertaking the water system and the cost must be
reasonable.

In more recent loans, abttempts have been made to develop a priority
rating system for the villages. Many factors such as, accessibility of
water, density of population, accessibility of village, cost of the systenm,
nearness to other villages, health conditions and population growth of
the village are given relative weights; and a rating for each village is

~ obtained. From these ratings a preliminary list is worked out. The value
of such a refinement may be doubtful because the visits to the villages to
develop the dssired information raises the villagers' expectations and shculd
“their particular village be of a low priority rating so that cons‘c.mcplon
is postvoned =-- they may lose interest in the project.

s e Co'nmm'.l tY_PartJ.clnntl-m epadita et sea o o o AT mepe W ol w3

seserEaaen L s =, Gon r.,rt:..c.patlm ine; Lude., e deblo.i.t'}l‘l to have a system,
the i‘onnatj.on of a group to operate the system, the contribution to the
constructn.on y d the payuent for receiving service irom the sy-tcm.

The contrlbutﬂ on to the constr‘uct:.on of.‘ 'bhe sastem has been
found to be the equivalent of 3 - 20% and generally 10% is now accepted
as the range of the required commmity contributicn. The contribution has
been in the form of services such as storage areas, transporiation of
materials; materials such as sand, gravel, rock, bricks and lumber, labor;
and cash.
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Ranze of Conditicns for Rates and Charges

For each project a system of rates and charges is required that
takes drito account the socioeconomic level of the villagers and usually '
does not exceed 3 - 5% of the head of the families'income and produces
a revenue sufficient to pay abt least operation and maintenance of the systems.

-

The upper range for the system of rates and charges would he one

. that produces a revenue sufficient to pay the cost of operation, maintenance

and depreciation.

The experience in these projects has shown that in very few cases
have the communities been able to pay rates exceeding this upper range.

s

cc: Messrs. Geli (LCPDR)
Kalbermatten (LCPWS)
Hotes (LCPAG)
Lukman (LCPAC)

JFPreedman:safl
IBRD



Mr. Vincent J. Riley May 2, 197k
Harold R, Shipmen /-°

UNDP Specisl Interest Projects - Water Suncily snd Lewerars

It has been our practice in commenting on UNDP projects on water and
gowerage to recormend to the ULDP and VHU that the cost of final enjlnsering
not be included in the UNDP projects; that on specizl interest projects wiich
ws eventually finance, these costs should ba picked up in the creait or loan.
There appears to be & need to change this position.

Over the past couple of years we have experienced substantial delays
because final engineering could not be undertaken uatil after loan siminge.
This occurs where the country doss not have the funds to advance against the
cost of conmltants. I have discussed this matiar vwith 21l of the Vater
Supply Divicion Chiefs and find that they egree that a change is desirable.
This agreement 1s basad ca the belief that scme of the problems waich have
been encountersd when final design was undertaken at too early a2 stape, can
be overcome throush yproper attention to the procedurss which have been
worked out between k0 and IERD and throuch project staging of the encineer-
ing worke. I would therefore like to proposs the procedure cutlined below
as the one which will be recormended to UNDP on any projects concerning water
and waste in the future and on which we express epecial interest.

Studies of water and sewerage financed by ULDP which will lead to
investment ghould include, a2monz other thinza, the costs of not only prg=-
liminary engineering and feasibility but final design. I1he project dovuments
and any contracts entered into with eonsulting firms should clearly indicate
that 21l work related to final design and preparation of specifications in
bidding documents will be undertsken as a second stage and only after the
jnvestment agency has identified the project which it plans to finance.

Ve would be happy to discuss this propossl in more detall with both
UNDP and V0 should they feel it desirable. A copy of the initial memo
vhich I circulated to the Water Division Chiefs is attiched and gives further
background to the proposal. M id B E

I am sending & copy of this memo to WHO for any comments which it
might wish to make. It would be useful for us to know what USDP's views
8I€ e )
HEShipmaniar
Attach.

ce: Fr, Eent
411, Reg. Div. Chiefs



INTERNATIONAL DEVELOPMENT INTERNATIONAL BANK FOR J INTERNATIONAL FINANCE

ASSOCIATION RECONSTRUCTION AND DEVELOPMENT CORPOR&;IDN
OFFICE MEMORANDUM = "9 27008
M B *'ff
TO: Files DATE: April 16, 1974
FROM: Bension Varon
SUBJECT: Village Water Supply
1. A working level discussion of the paper "Lending for Village Water

Supply" was held among Messrs. Vibert and Varon (Policy Planning & Program
Review Department) and Messrs. Jennings and Shipman (Public Utilities Depart-
ment), on Thursday, April 11, in Mr. Varon's office.

2. Tt was suggested that in justifying a more active Bank role in this
sub-sector, it would be desirable to elaborate on the implications for the
Bank's lending program (number of operations, timing, country focus, and
volume of assistance). In addition, in establishing the criteria for the
selection of village water supply projects, the paper should specify what
target groups of the rural population would be benefited. In this context
the concept of ability to pay should be elaborated. How would it affect
project design, village selection, the target group reached, etc.

3. It would also be useful for the paper to expand on the possible
'productive uses' of village water supply. As a matter of presentation it
would be desirable in the summary to specify which recommendations (if any)
entail a change in past Bank policies and practice. The paper should also
refer, possibly in an annex, to the experience of other agencies (e.g., the
IDB) with such projects.

L. Messrs, Jennings and Shipmen indicated that they were in the process
of revising the paper substantially at the request of Messrs. Baum and

van der Tak; and that the above suggestions would be taken into account in
the new draft. They hoped to complete the revision so that significant

slippage would not occur in the existing schedule.

BVaron:ms
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Division of Envirommental Health
World Health Organisation

1211 GENEVA 27

Switserland

Mr. Berndt Dieterich

Director
Dear Berndt:

We have now received this Paper and after
that need to be taken, it has been proposed that
These
f the design of studies which would
water supply and sanitation projects
evaluation of such invest-

Oﬁw

i

which would both review the Paper as a backe

question
ing to

contimuing interest in water supply investment
tter prepared to establish the economic justification
fie

s the Bank requested Dr. Bradley, with whom you

prepare a Paper entitled: "Measuring the Health Benefits
n prepare comments and recommendations.

upply”.
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I sppreciate that the above may extend outside the responsibilities
of your Division, but since our chamnel of commnication is normally to you
and the PIP Unit, I am taking the liberty of imposing on you for assistance

in the initial action required. Perhaps you could then inform us as to the
channel best sulted to WHO's needs if we move forward with the project.

Please accept my best personal regards,

Very truly yours,

Harold R. Shipman

Public Utilities Department

Attachment :

HRShipman:cfa
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Professor David Bradley
London School of Hygiene amd

Ross Institute of Tropical Hyglens

Keppel Street (Gower Street)
London, W.C.1.E 7HT

you very much for your letter of October 23. I received the
remainder of Chapter III from Charles Weiss, and lock forward to receiving

had an in-house review of your , and have decided that

g
g
|
:
E
:
i
%
:

proposal, letting us kmow any dates during March 1975 which are definitely
out of the question for you.

We have arranged for the L0 expenses to be paid: you should be
receiving a cheque from us shortly.

Again, many thanks for your help. I look forward to hearing from
you soon, and hope that the foregoing arrangsments are suitable for you.

Sincerely yours,

Jc J. Warford
- Economic Adviser
; / Public Utilities Department

Cleared with & cc: Mr. Shipman
cc: Mr, Jeurling

JWarford ik
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Mr, Harold Shipman February 19, 1974
W. J. Cos '
Fluoridation of Water Supplies
1. As per your suggestion I have talked with Mr. Franz Maier on the

subject of fluoridation of water supplies, the possible sources of fluoride
compournkis and the texicity threshhold.

2. One of the reasons why fluoridation may not have been widely prac-
ticed in developing countries to date was the foreign exchange cost of importdd
fluoride compounds. MNr. Maier pointed out that many developing countries have
fluoride compounds available.

3. For example, countries producing phosphate for fertilizers are
probably wasting fluoride by disposing of it with their plant effluent. (He
recently was on a mission to Egypt whose purpose was to detemmine methods of
reducing fluoride discharges from phosphate plants to the Nile.) I talked

with Mr. Roger Cammignani of Industrial Projects who advised that in Morocco
they had originally considered the installation of equipment to recover silico-
fluoride from the plant effluent. The capital cost would have been $2 million.
However, industrial tests of the rock indicated that they would only be sble to
recover 20,000 tons/year of silicofluoride whereas they had originally antic-
ipated recovery of 100,000 tons per year. The apparently relatively low fluoride
content of phosphate rock in Morocco coupled with an unstable world market price
led the Morocgans to decide against the imstallation of the recovery equipment.
Since the L m’/sec water treatment plant we are helping to finance in Morocco
would consume only 250 tons/year (at a cost of between $20,000 - $40,000 per
year), this local consumption would not improve the econamics of recovering
silicofluoride in Morocco. Space has been left in the phosphate plant so that
the fluoride recovery eqhiipment can be installed if the fluoride content proves
to be higher under operating conditions,

k. A second possible source of fluoride is fluospar (fluorite) which is
found in quantity in Latin American cowntries. Mr. Maier tells me that a pro-
cess for reacting fluospar with aluminium sulphate has proven feasible and could
be carried out in water treatment plants. It might be of interest to obtain
more information from him on this subject.

S Mr. Maier indicates that the continuous concentration of flueoride
which is toxic would be nearly 5,000 times the recommended concentration of one
ppm of fluoride ion. This is ten times higher than the level referred to in Cox
"Operation and Control of Water Treatment Processes", Mr. Maier agreed that

if the fluoride feeder is correctly sized it is impossible for the feeder to be
mumnmhawuhpmmmmumtnmuhrm.
ﬁodddthatmmmnﬁhauhunmmhdgﬁutnmmuw
Munpmmdmtmuumnthmmumunnhwm-
ments that have been raised.
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6. During my forthcoming supervision mission to Morocco I intend to
explore with ONEP the interest for Morocco in spending $20,000 - $40,000 per
year to sharply reduce dental caries by 60% - m.-ag&ﬂdnndruuu
treated water. At the same time I will try to obtain some rough statistics on
the cost of dental care in the country (which is admittedly probably very low)
in order to try to arrive at a first order of magnitude of a benefit/cost ratio
which would result from introducing this type of preventive medicine in !bmw

WJCOSGROVE s sw

cc:s Messrs. Haynes, Thys, Williams, Heyland, Warford, Guillot-Lageat, Cammignani
EMENA Files
Division Files
Chron. File
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Harold R, Shipman 7=

Willoughby t -~ Recommendation on Public

Utilities i aluation Heports Z17 and Z18

One item of the Willoughby report, I believe it is the last recommenda-
tion, recommends that the Bank continue to give emphasis on investment in
water distribution systems.

I have reviewed the projects which the Bank has financed during the past
year in water supply and find that the amount of distribution system invest-
ment which is included in our loans is about the optimum amount which can use-
fully be constructed at the time of the project. We have discouraged utili-
ties from extending the distribution systems to undeveloped areas, since this
means investment which lays idle and deteriorates until such time as people
move into the area and can make connections. Therefore in the assessment of
amount of distribution system to be included in ocur projects the habitable
areas of the city where water is required, and where immediate customers can
be anticipated, is usually the guide which determines the extent of the area
to be served. In many instances the work of extending the distribution sys-
tem to all parts of the city is so great that is necessary that the distribu-
tion extensions be carried out in two or more stages.

In the case of the Bangkok project, the Bank is financing no distribution,
this aspect being taken care of through the Asian Development Bank loan., The
other projects which are listed below and on which investment has been under-
taken over the course of approximately the last fifteen months all have con-
tinued the emphasis on distribution system improvements and appear to follow
the recommendations contained in the Willoughby report.

Morocco - Casa-Rabat
Colombia = Medium Cities
Gabon - Libreville

Kuala Lumpur
Damascas
Bombay
Arman

HRS:le
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WATER DESALINATION

At the meeting of the Executive Directors held on May 22, 1973

information was requested on the work that is being done in different

parts of the world on devel;iigg/désalinising facilities to combat

shortage of water. The att4ched note, prepared by the Central Projects

staff, provides this information.

Distribution:

Executive Directors and Alternates

President

Senior Vice President, Operations

Vice Presidents, Bank, and Officers of IFC
Directors and Department Heads, Bank and IFC
Mr. J. Adler

Mr. W. Clark



WATER DESALINATION

1. Summary and Conclusions

(1) Desalination has been increasing in importance in various areas of
the world and there are today about 800 desaltin§ plants in opera=-
tion with capacities in the 100 m3/d to 30,000 m3/d range. By com-
parison with conventional water plants, desalination is providing
only a modest amount of water, primarily for domestic and industrial
uses. Existing output capacities total about 4 million m°/d, an
amount equivalent to the daily consumption of 20 to 30 million people.

(11) Well organized research activities in various countries are directed
to improving the technology and reducing the cost of the product water.
Research and development work has advanced sufficiently to ensure that
the most important design, construction, and operation risks have been
eliminated for distillation plants smaller than 40,000 m3/d. Further
work is required and in progress on larger plants, and on such pro-
cesses as reverse osmosis, freezing, vapor compression, and electro-

dyalysis.

(1ii) Records of operating costs of existing desalination plants show that
reduction of costs can be achieved through economies of scale; by
multipurpose application particularly when linked to power generation;
and by extended plant life and lower maintenance requirements. Sea
water conversion plants_of recent design are capable of operating in
the US $0.25 to $0.60/m3 cost range while plants converting brackish
water usually operate at costs somewhat lower.

(iv) Despite the considerable progress achisved over the past 10 to 15
Years through basic and applied research, the costs of product water
from the various desalting processes remain high. Costs range from
5 to 10 times higher than those experienced from conventional alterna-
tives. There are no major technological breakthroughs in prospect and
further cost reductions through economies of scale, from geothermal and
nuclear energy applications, from improved efficiencies, from reduced
down times, and from lowered operating costs, will probably appear in
the form of a modest and gradual lowering of costs rather than a drama-
tic drop.

(v) Dual purpose (power and desalination) plants offer cost advantages over
separate desalination plants particularly in the savings realized
through common management and operations, and maintenance personnel.
Comparison of individual water and power costs in dual installations
with alternative sources is made difficult because of the need to equit-
ably allocate capital and operating costs between the two operations.

(vi) Desalination as an alternative to fresh water transported by pipelines
should be considered when pipelines longer than 200 km are regquired.
For distances in the 100 to 200 km range, pipelines will usually prove
more economic unless unusually high pumping costs are involved or un-
less the combination of factors involved in desalting operations are
particularly favorable. Desalination will rarely be the most economiz
alternative where pipelines of less than 100 km in length can be em-

ployed .



(vii) The use of desalinated water for urban and industrial purposes
will increase with time as existing low water sources become
fully utilized. On the other hand, based on even the most
favorable water costs projected for very large scale multipur-
pose plants not yet built, it appears unlikely that desalination
will prove feasible for production of irrigation water in any
but a very few specialized situations.

(viii) When deciding on the feasibility of desalination and between
alternative desalting processes, all criteria normally applied
to evaluation of other water projects should be employed. Em-
phasis on good management and conservation of existing fresh
water resources needs to be stressed, tc postpone the more ex-
pensive and sophisticated approaches required when desalination
is adopted.

2. Introduction and Background

The most common process of removing salt from sea water has been in use for
centuries., Ship captains and others faced with the need to obtain fresh drink-
ing water, boiled sea water and collected the condesate on cool surfaces. Ex-
amples of stills functioning on solar heat go back to the last century. It has
been only recently however, that the need to provide large quantities of fresh
water from sea and brackish sources in certain areas has led to improvement of
processes which now make it possible to convert water of any saline content and
of nearly any volume to fresh water suited to human, animal, agricultural and
industrial needs.

While the technology exists to produce nearly any quantity of fresh water,
the application of such technology is restrained because of the costs involved.

In the last decade, large sums have been expended on research and develop-
ment of the desalination processes. The general public, and particularly of-
ficials in many of the water scarce areas of the world, have been led to believe
that we are entering an era where conversion of sea and brackish water to fresh
water for human, agricultural and industrial uses can be accomplished at costs
which are lower, or at least only slightly higher, than those from conventional
sources. Unfortunately, these expectations cannot be fulfilled if results from
existing installations are used as an indicator. There is promise of reduced
costs as accomplishments of the research effort are gradually incorporated in new
designs. Substantial reductions in costs can be achieved through economies of
scale, through improved load and use factors, and through improved efficiencies.
However, a breakthrough in the technology which could lead to major cost reduc-
tions is unlikely. For example, a prize of US $50,000 offered by a Swiss Foun-
dation (DESARES) in 1960 for a significant coniribution to reduction of the cost
of desalting water, is still unclaimed.

Objective cost comparisons between desalination processes are made diffi-
cult because data are usually inconsistent. Plant and operating cosis differ
between installations according to the salinity of feed waters and the mineral
content in product water; depreciation and interest charges are seldom treated
in the same manner; fuel and site costs, brine disposal costs, and the alloca-
tion of shared costs in dual purpose installations vary from one plant to another.



These differences are sometimes the result of the costing method employed,
and in others the result of differences specific to the installations. Com~
parisons of conventional and desalted water costs further require that allow-
ance be made for costs of delivery to the customers or to the point of use.
Consequently, meaningful analysis can only be done with a reasonable degree
of accuracy in relation to a specific need, in a specific location.

A UN survey of desalination plants around the world, made in 1965 and
updated by information obtained on certain selscted plants in 1973, indicates
that there are today in operation around 800 plants with capacities of over
100 cubic meters per day (m3/d). Of these about 55 have capacities between
4,000 and 125,000 m3/d. For comparison, large size conventional water treat-
ment plants for urban use have capacities ranging from 1 to 4 million /d.

Data for desalination plants tabulated in a UN survey show that plants
built in the late 'S0s and early '60s have water costs ranging from US $0 J1)/m3
to $1O.00/m3; with the average for all plants about $0.70/m3, For plants built
in the late '60s and early '70s, costs are in the range of $0.25 to $0 .50/m>
with an average of about $0.h0/h3. These costs of water can be compared with
those recorded from some of the large conventional municipal treﬁtmant plants
which show a range of from $0.006/m’> for large plants to $0.05/m’ for small
plants.

There is some consistency in the percentage breakdown of the unit cost
of desalted water for all types of plant and conditions of operation, and it
is reasonable to conclude that fixed charges (capital costs) average about 33%
of the total cost of water produced, with energy, operation, and maintenance
costs averaging around 67%. A more detailed breakdown of these costis is pre-
sented in Annex 3.

3. Desalination Technology

3.1 Salinity Limits and Tolerances

Waters may be classified into four broad categories according to salinity
as follows (in milligrams of salt per liter):

Sweet water 0 to 1,000 mg/1

Brackish water 1,000 mg/1 to 10,000 mg/l
Salty water 10,000 mg/1 to 30,000 mg/1
Sea water 30,000 mg/1 to 35,000 mg/1 +

Humans, animals and crops show varying tolerances for the common salts
found in water. Humans show least tolerance, and the permissible upper limit
set by WHO is 500 mg/l for public systems, However, it is known that toler-
ance to salinity varies with climate and that in some arid regions water with
salinities of up to 3,000 mg/l is being consumed. WHO has recognized this by
settinz 1,500 mg/l as the maximum allowable concentration, beyond which pota-
bility is seriously impaired.

The range of salinities for animals and fowls extends from 2,800 mg/1 for
poultry to 12,900 mg/l for certain adult dryland sheep. A general limit of
5,000 mg/1 for most animals is used.
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Crops vary in tolerance because of interrelations with soil type, drain-
age characteristics, and the quantities of water applied. In general, 1,500
mg/1 appears to be the limit for most crops, but with favorable conditions and
proper crop selection, considerably higher levels can be used. Date palms
and other tolerant crops have been cultivated with water having up to 10,000
mg/1 salinity.

Current and foreseeable future costs of desalination, even where local
water requires only limited processing to reduce salinity to acceptable levels,
appear unattractive for agricultural use (see Chapter 7). This confines
present considerations to application of desalinated water to human, animal
and industrial purposes.

3,2 Desalination Processes

Desalination processes can be described as those which use evaporation
(distillation), membranes, freezing or chemical means for separation of salt
from water. These processes can be classified (a) by type of energy required,
(b) by properties, and (c) by levels of salinity to be removed (see Annex 2).
Using these classifications about 12 different basic processes can be identi-
fied.

Each of the processes and their modifications have advantages and dis-
advantages. For example, waters of low salinity require less energy for salt
removal than those with high salt content. In the case of low salinity waters,
selection of a process which has an energy input varying with the salt to be
removed has an advantage. It may be, however, that as the volume of water
required increases, the advantages of a reduced energy input give way to sav-
ings in capital costs for another process even though the latter may require
essentially the same energy regardless of salt content.

While there has been much hope for the development of sclar stills using
raw water from the sea, costs are high at present ($.80 to $1.00 per cubic
meter) mainly due to the need for large amounts of capital and a large land
area to produce even small amounts of fresh water. This constrains the use
of solar stills to small domestic installations.

Dual purpose plants which combine power and desalination are in operation
in a number of countries. Since these plants almost always take steam from
power generation facilities as the heat source for evaporation, one of the
distillation processes is normally employed for desalting in dual purpose
installations.

3.3 Operational Aspects

While the technology of desalination is, in itself, not complex, exper-
ience with existing plants shows that maintenance and operation are major prob-
lems because of corrosion and scaling of equipment, clogging of membranes, and
mechanical failures, all leading to excessive periods of "down time" and low-
ered efficiencies. Equipment 1life and the operational characteristics of each
process also require attention in selection and costing of facilities.



3.4 Corrosion and Scaling

Saline water is extremely corrosive to metals and because of the high
solids content of sea water, scaling of heat transfer surfaces also is a
cause of major problems for any process which involves brackish solutions.
Use of corrosion resistant metals and chemical conditioning of feed waters
have been prime subjects for research, and are the means most commonly em=-
ployed by des g plants to combat these two problems. Of the 59 plants
in a UN surve over two-thirds reported scaling and half reported corrosion
as major causes of shutdowns. '"Down time" caused by scaling and corrosion
in many of the newer pilot and experimental plants proves that these prob-
lems are still not completely resolved. Other causes of plant shutdowns
include failure of pumps and drives, and blockages or fouling due to inade=-
quate screening of sea water.

3.5 Equipment Life

Desalination processes frequently employ equipment for which a normal
operating life is not well established. Even ten years' life may be opti-
mistic without major expenditures on maintenance. On the other hand, those
parts of plants which generate steam as the means for effecting vaporization
employ equipment which has undergone many years of development for use in
thermal power stations. In the distillation processes it is the surfaces
and units which convey the heat from the steam to the saline water which cause
most problems. Pumps, pipes, valves, surfaces and other appurtenances coming
in contact with the saline water are the critical elements. Development of
corrosion resistant metals for desalting use is well advanced; the effect of
introducing these materials is usually to increase plant costs, while reducing
maintenance and prolonging plant life.

3.6 Plant Personnel

While the technology of desalination itself is straight forward, opera-
tions are made difficult because of the sensitivity of most of the processes
to (a) the proper conditioning of feed water; (b) the maintenance of tempera-
tures, pressures, or vacuums within rather narrow ranges; (c) servicing of
membranes and ion exchange beds; (d) close monitoring of performance; and
(e) initiation of critical corrective actions when required. These duties
require much more highly skilled techniecians than those employed in conven=-
tional water treatment facilities. This will pose a problem in certain de-
veloping countries, and will likely require employment of expatriate staff for
a considerable period of time, This means higher costs. OSelection of the
process best suited to any given circumstances must take account of how the
plant is to be operated, and the availability and costs of labor, local and
foreign.

1/ United Nations Desalination Plant Survey, 1969.
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L. Desalination Cost Considerations

In the UN survey of desalimation plants published in 19693/ it was
found that of the cost per cubic meter of fresh water for both distillation
and membrane (electrodialysis) processes, about 33% can be assigned each to
capital and labor with the remaing 3L% broken down into energy (16%), chem=
jeals (10%) and maintenance (8%). These proportions represent the average
of 59 desalination plants, 25% dual purpose and 75% single purpose, located
in different parts of the world, as noted in the table produced %n Annex 1.
Thirty per cent of the plants showed a cogt of US $.25 to $.50/m” of water
produced and 0% costs of $.75 to $1.00/m’. Very few plants (10%) reposted
costs of less than $,25/m3, and two reported costs of $7.50 to $10.00/m” .

Tn other technical literature, cos&s of US $0,20_to $0°h0/m3 are shown
for plants ranging in size from 1,200 m°/d to 15,000m / do

Data2/ from plants recently constructed, while difficult to interpret
because of research activities frequently incorporated, show that for sea
water conversion, costs of well over US $Dah0/;§ are not uncommon when all
costs are taken into consideration.

Capital costs of desalting plants are affected to a great extent by the
size of the installations, decreasing in cost per m” of water produced as
size increases. Rough figures for plants in_the USA in 1965=67 show for
small plants, investment of aroung US $500/m’ per day of installed capacity.
For large plants around US $400/m’ and for very large plants an estimated US
$250/m?., These figures are 6 to 10 times larger than those reported for
medium-sized conventional water treatment plants.

The wide variation of unit costs makes it difficult to select a realistic
average figure to use when comparing different alternatives, even when com=
paring plants of about the same size.

While the foregoing figures confirm that present costs are high, there
is considerable evidence to indicate that there is a downward trend which will
continue, although without dramatic drops. Some of the lines of development
which have been explored, and some which give encouragement to lowered costs
are noted below.

o1 Energy Costs

There have been hopes of a breakthrough in reducing energy requirements
but physicists and chemists have maintained that the laws of thermodynamics
determine the theoretical energy required to remove salts from a sclution, given
any specified conditions of salinity and temperature. They contend that it is
not scientifically possible to reduce energy requirements below these levels.
There is no evidence in the extensive research conducted over the past fifteen
years that, this contention is wrong. This leads to the conclusion that only

1/ First UN Desalination Plant Operation Survey - ST/ECA/112-NY-1969.

2/ Unpublished data collected by correspondence = August 1973,



by finding a lower cost energy source for any given installation and by
reducing energy losses through improved efficiencies, can costs be lowered.
Tn the long run, research and development work in muclear and geothermal
energy gives promise of reducing energy costs for certain installations.
Efficiencies have been improving and further progress can be anticipated.

The outlook for the immediate future suggests only gradual reductions in cost
from better efficiencies, and higher costs for operations dependent on fossil
fuels for energy.

lic2 Dual Purpose Plants

Dual purpose plants are those built in conjunction with power generation
facilities. While the usual practice of taking low pressure exhaust steam
to drive the distillation plant in a dual purpose installation undoubtedly
offers economies, it demands careful planning of the system to avoid the
serious problems arising from a short- or long-term mismatching of power and
water demands.

Location of a distillation plant and a power plant on a common site
offers considerable advantages even where close coupling of the steam supplies
is not practiced. The two functions can share the same management, operation
and maintenance facilities; in general, the requirements of the two functions
are similar in these three respects. Except for plants of unusually large
capacity, it is only on this "shared" basis that the specialized management
and maintenance requirements, and the part-time operating labor demands can
be met at acceptable costs.

In areas where solid wastes contains a high concentration of combustible
matter, combining incineration with steam generation can be considereds Such
steam can be used either for desalination, for power generation, or both. In
most instances heat recovery from solid waste incineration will not likely be
competitive with operations using other fuels. However, where solid waste
disposal must be effected at fairly high costs anyway, incineration coupled
with steam generation may prove attractive.

Equitable allocation of costs between power and water on dual installations
is not easy in practice. Two methods which have been proposed consist of
either (a) allocation of annual fixed and variable costs to water and electri=-
city separately, or (b) ?1location of total anmual costs according to water and
electricity productionol

Lo3 Plant Utilization

As with power generation facilities, the plant utilization factor is an
important determinant of unit output costs in desalting plants. The plant
factor is the annual, monthly or daily production as a percentage of plant
capacity. VWhile desalting plants may be designed to provide water for peak-
ing purposes, for example, during summer of dry months when demand exceeds the
capacity of the conventional facilities, such cases will be rare because alter-
nate sources for supply of peaking water will usually be cheaper than the de-
salting source.

1/ Joseph Barnea, "A New Method of Cost Allocation for Combined Power and
Water Desalination Plants' - Water Resources Research, Vol. 1, No. 1,
Washington DC, March 1965,
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Desalination systems can accommodate normal daily and other seasonal var-
jations in consumer demand by changing production rates or through storage
facilities, whichever is more suitable or economic.

A more common cause of low plant factors is operational outages - planned
and accidental. High "down time" results from the need to replace tubing, re-
move scale, and maintain pumps and other equipment in a highly corrosive en=-
vironment. _

Annual expenditure for capital charges and labor is determined by installed
capacity regardless of utilization. The importance of plant factor in deter-
mining water costs can be illustrated by the figures reported in the UN survey
of 59 plants. The average annual plant factor of the 59 plants was only 53%
while fixed charges and labor amounted to two-thirds of the total water costs
(see Annex 3)e Thus, if those plants could have been operated at full capacity,
the costs attributable to investment and labor would have been halved and total
unit water costs reduced by one-third. While it is impractical to operate at
full capacity, there is a considerable economic incentive to make the plant fac=~
tor as high as possible. In many steam power plants, and for some desalination
plants, factors of 90% can be obtained.

lisls Economies of Scale

There is no doubt that as the size of plants is increased, unit costs of
product water are reduced. Reports prepared in the late '60s which projected
costs of very large schemes where nuclear power and desalination plants were
proposed, showed water costs at figures around US $0.09 to $0.12/m”. Such
figures must be viewed with caution since they have been based on assumpticns
which have not been substantiated by actual operation. Nevertheless, with
improved efficiencies, with lower energy costs from developments in nuclear
fuels, economies of scale, and the benefits to be realized from dual purpose
installations, costs of desalinated water at the plant can be expected to drop.

%. Desalination Plant Investments and Financing

The decision to finance desalination plants should be based on criteria
similar to those employed when any other water facilities are considered. It
should be demonstrated that desalination is the least costly method of supplying
the water required with the same or comparsble level of security. In selecting
the alternatives to be compared, the possibility of using long pipelines from
known fresh water sources should not be forgotten. The desalination process
selected for comparison should be the one which promises the least cost water,
taking into account such factors as the capacity of the national technicians
to operate and maintain, available fuels, and dependability. A few of the
points to be noted in reviewing proposals for desalting projects are summarized
below:

(a) Comparison of Costs

Costs of desalted water should be compared with costs of water from treat-
ment plants, springs and wells at the point where each source connects to the
distribution system or to a common transmission line.



(b) Plant Factors and Storage

Plant factors should be reviewed carefully because of the poor exper-
ience to date for installations of all sizes and types.

Unusually large storage capacity for product water is required where
dependable service has to be assured by desalination plant output. One
week's storage is not uncommon for urban systems (see Annex 1) and this will
be inadequate in some instances. Costs of storage in excess of that used for
conventional systems must be added for purposes of comparison with other al-
ternatives.

(c) Depreciation Rates

Depreciation should be based on an average life not longer than fifteen
years, unless actual experience from plants in operation provides reliable
data for the specific process and plant type to support a longer period.

(d) Interest Rates

Interest rates which approximate the opportunity cost of capital for the
country in question should be used for comparing alternate sources and alter-
nate processes,

(e) Costing of Power Facilities in Combined Plants

In nuclear and thermal plants where power generation and desalination are
combined, it has been common to use the "going" price of power in the area as
a base, and where very large power installations are designed which will gene-
rate power at costs below the "going" price, to show the savings as a means for
reducing the sale price of the desalinated water. This is not an acceptable
approach in making investment decisions. Cost estimates of dual purpose plants
should be compared to those of equivalent single purpose installations in order
to ensure that, under the given conditions, the dual purpocse plant is more eco-
nomic.

(£f) Brine Disposal

Concentrated brine is a product of all desalting operations and its final
disposal can be a major problem. Siting of plants, and decisions on the economics
of various alternatives should take full account of brine disposal, the costs
involved, and the ecological implications.

60 Al ternatives

Among the alternatives to desalination which should be considered is that
of transporting water by pipeline from distant sources of fresh water. While
generalizations are difficult because of variations in terrain and the conse-
quent effects on pumping costs, guidelines can be established which will sug-
gest the significance of pipeline transportation as an altermative.



Vaillantl/ has prepared a table (see below) showing the approximate costs
per cubic meter of transporting by pipeline a range of volumes of water per
day over different distances.

Dollars per m3 of Water Transported

Distance Pipe Capacity in 1,000 m>/day
in km 20=25  Lj0=50 100 200 250
25 $ 0,03 0,03 0,03 0,03 0,03
50 0,07 0,07 0,06 0,05 0,0k
100 0,12 0.11 0,10 0.08 0,08
200 0,20 0,18 0.16 0,13 0,12
400 0,34 0,30 0.28 0,23 0,22
600 - Ooh2 0038 0933 0030

From the above table it will be noted,ber example, that for a pipeline
200 km long and with a capacity of 100,000m./day, the cost of water would be
around S $0.16/m, For volumes of 20,000m’/d the cost would be about US
$0,20/m° for the same distance. Since costs in certain desalination plants
where brackish water is converted, are in this range, it would be desirable to
analyse the situation further before deciding either in favor of a pipeline or
in favor of a desalination plant. For distances of 100 km or less, pipeline
transport will almost always be more economic than desalination, and in the
volumes of water normally required for expansion of urban water facilities,
pipelines will probably be the method of choice for distances up to 200 km,
given present technology, and where water of high salinity has to be converted.
Tt will be prudent, however, to examine the feasibility of desalting against
pipeline transportation of fresh water, whenever sources of brackish water are
immediately available if distances in excess of 100 km are involved.

7. Application of Desalination to Irrigation

Based on the most favorable water costs projected for very large scale
multipurpose plants currently under study, it appears unlikely that desalina-
tion will prove economic for production of irrigation water in any but a few
specialifed situations. A recently completed study of agriculture in North
America<~/ supports this conclusion.

The cost of water onto the land for five irrigation projects financed by the
Bank in Malaysia, Colombia, Korea, and Yugoslavia, is estimated to be US $5,
$25, $50, $48, and $78 per acre foot. These costs include all dams or weirs,
wells and pumps, primary and secondary channels, and miscellaneous costs such
as service roads, etc. These figures cag be compared with an estimated "water
only" cost of US $100-$200 per acre foots/ from proposed large scale desalina=-

1/ Les Problems du Dessalement de L'eau de Mer et des Eaux Saumatres,
Jo Ro Vaillant, Eyrolles, 1970, Paris, France.

2/ Desalting, Victor Koelzer, USA National Water Commission, May 1972.

3/ FEliason, May 22, 1969 - Water Desalting, Present and Future, AWWA
Conference, San Diego.



tion plants, to which must be added the cost of conduits, channels, etc.,
required to bring water onto the land. Even taking account of the lower
mineral content of desalinated water it would have cost in the case of

those Bank projects from three to forty times water from natural sources.
There are, however, a few specialized applications, of limited scope for
developing countries, which might be economically attractive. They involve
enclosed environmental systems fabricated from plastic, in effect greenhouses,
within which evapotranspiration is controlled and moisture is not lost to the
atmosphere. Water consumption is reduced to about one-tenth of that in con=-
ventional irrigation. In these applications, high yields of high value spe-
cialty produce could more than offset the high cost of desalted water.

Public Utilities Department
Central Projects Staff
December 13, 1973
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PLANT IDENTLFICATION AND GENERAL DATA

Unit Capacity 5torageqcapacity

Location Process Year Purpose m3 per day m3
UsSA a 1955 Dual 532 3,800
Ecuador 8 1950 Dual 228 859
Venezuela a 1961 - 1,104 -

Bahamas a 1962 Dual 5,559 -

Bermuda a 196l Single 627 3,800
Guantanamo a 1964 Dual 2,850 15,200
Curacao a 1963 Single 6,080 -

Curacao a 1963 - 6,498 -

Virgin Islands a 1958 Single 11 58
Virgin Islands a 19461 Dual 1,045 -

Gibraltar a 196l Single Lol 19
Gibraltar a 1960 Single 277 -

Italy a 1964 Single 357 360
Libya a 1962 Dual 190 1,140
Libya 2 1955 Dual 760 3,040
Arabian Gulf a 1963 Dual 11k -

Arabian Gulf a 1962 Single 114 1,140
huwait a 1962 Single 190 1,330
Kuwait 3 1959 Dual 1,368 76,000
Kuwait g 1962 Dual 2,736 75,000
Kuwait g 1957 Dual 2,35 129,200
Kuwait a 1950 Dual 1y, 560 192%,200
USA b 1961 Sinzle 3,800 =

Kuwait o 1950 Dual L55 75,700
Kuwait b 1953 Dual LS5 128,009
Kuwait b 1955 Dual 158 129,000
Polynesia b 1963 Single 41 -

Usa e 1964 Single 152 1,500
Usa’ e 1964 Single 53 30z
11SA c 1963 Single 3,800 740
Peru c 1955 Single 75 11
Bahamas c 1956 Single 37 by, 7RR
Fermuda c 1955 Single 750 30,400
Antigua c 1965 Single 3 -

Japan c 1955 Dual 3003 50,150
Marsh21]l Islands c 1951 Single 53 1,239
Ascension Island e 1957 Single 395 1,3k

st

28l zallons

0]

(]
=

1 gz2llon = 3.78 liters
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Unit Capacity StoragejCapacity

Location Process Year Purnose m3 per day m

USA - Arizona d 1962 Single 2,470 1,140
USA - California d 1959 Single 106 380
USA - N, Dakota d 1960 Single 167 L75
USA - Illinois d 1958 Single 065 228
USA - Montana d 1961 Single 209 380
Finland d 196l Single L9 19

2 ¥Mpltifiash distillation

b long-tube vertical distillation
¢ Vapor compression

d Electrodialysis

Source: FRirst UN Desalination Plant Operation Survey
UN - New York - 1949 - ST/ECA/112
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CLASSTIFTICATION OF DESALINATION PROCESSES

Classification by Type of Energy Reqpiredl/

Processes requiring thermal energy
Multiple effect distillation
Multiple stage flash distillation
Vertical Tube Evaporator (VIE)
Solar distillation
Supercritical distillation

Processes requiring mechanical energy
Vapor compression distillation
Freeze separation
Hydrate separation
Hyperfiltration or reverse osmosis

Processes requiring electrical energy
BElectrodialysis

Processes requiring chemical energy
Ion exchange
Solvent extraction

37

lassification Based on Froperties

Processes dependent on phase changes ol water

1. Svaporation
Multiple-effect distillation, in which the latent
hest comes from a solid surface.
Multiple stage flash distillation, in which the
latent heat comes from cooling of the liquid being
evaporsted.
Supercritical distillation, in which all evaporation
occurs above the critical temperature of pure water.
Solar distillation in which the latent heat is
derived from direct solar radiztion.
Vapor compression distillation, in which the latent
heat is obtained regeneratively.

2. Crystallization
Freeze-separation, in which the crystals involved
are those of pure water.
Hydrate-separation, in which the crystals contain
molecules of the hydrating agent.

1/ Howe, University of California, Berkeley, 1968 .
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B, Processes dependent on the surface properties of membranes
in contact with water

1. Electrodialysis, in which the unwanted ions are caused
to migrate through membranes due to electrical forces.

2. Hyperfiltration or reverse osmosis, in which water is
caused to migrate through membranes preferentially to
the salt ions, due to pressure.

C. Processes dependent on the surface properties of solids
and liquids in contact with water.

1. Ion exchange, in which unwanted ions are exchanged
for less offensive ions loosely bonded to certain
double salts in solid form.

2. Solvent extraction, in which certsin liquids dissolve
water more readily than the salt ions contained in the
saline water.

Classification based on Variation of Energy
Related to Initial Salinityl/

'y

Tvpe of Energy Conversion Process
Processes in which the energy Multiple-effect distillation
recuirement is essentially Multi-stage flash distillation
independent. of initial Vapor compression distillation
salinity Supercritical distillation

Vacuum flash distillaticn
Solar distillation
Freezing

Heverse Osmosis

Processes in which the energy Electrodialysis
reguirement depends on Ton exchange
initial szlinity Chemiecal precipitation

-

1/ tHowe, University of California, Berkeley, 1968 .



ANNEX 3

SALINATION COS P age

Fixed Charges 25% a/ Li5% b/ 33%
Labor 18% &/ 38% &/ 33%
Energy 9% &/ Lok &/ 16%
Maintenance o5 &/ 26% &/ 8%
Chemicals 35 &/ 16% &/ 10%
Resume:

Capital Cost 25% 5% 33%
Operation and 55% 75% 675
Maintenance

a/ Vapor compression distillation
b/ Electrodialysis
¢/ Long-tube vertical distillation

d/ Submerged-tube distillation

Source: Hirst JN Desalination Plznt Uperation Survey
UN - New York - 19569 - ST/ECA/11?



Mr. nillj’ January‘ 2, 1974

As a follow-up to a brief meeting which I had with Mr. Bowles of UNICEF
in New York three weeks ago, both Mr. Bowles and Dr. Eggers called at my office
on December 20 to pursue further the question of possible collaboration between
UNICEF and IBRD in the field of rural water supply and sanitation. The follow-
ing general comments are an attempt at summarizing the points covered in the
two meetings.

(1) UNICEF has been actively involved in rural water and sanitation projects
for over twenty years, during which period they have accumulated a rather ex-
tensive experience. Under the protocol established in the early days it was
the role of UNICEF to finance the supplies and equipment necessary for the pro-
Ject, to agree on objectives, timetables, etc, and to ask WHO to provide the
technical services secessary to assist the government in carrying out the con-
struction. In the early days of the UNICEF rural water programs the facilities
were always confined to hand pumps, spring improvements, and installations where
power pumps were not involved. Similarly, it was rare to find projects where
water distribution was a part. As time has gone on, exceptions to these poli-
clies have been made and in certain countries a fair number of power pump and
small elevated tank systems have been constructed with limited numbers of street
hydrants. It has also generally been part of the UNICEF policy to make the
facilities available in the rural areas at no cost to the people. Each project
has certain commitments which need to be met by the government but for the most
part within the project area most of the cost of the project, except for the
local personnel and facilities, is borne by UNICEF., While there undoubtedly
have been exceptions it has been my observation that for the most part UNICEF
projects were designed to benefit the areas served by the project but that they
were not necessarily concerned with the view of establishing a pattern which
could be followed for the rest of the country. In a number of instances the
WHO engineers may have worked with government towards expansion of the ideas
but because the supplies and equipment came from UNICEF,athere were no arrange-
ments made for reimbursement by the people benefitted (even if UNICEF policies
would have permitted). Opportunities for extending the project to other areas
have therefore not been tested.

(2) UNICEF believes now that there is need to consider ways by which the pro-
Jects $hich they finance can be made to serve a breader purpose than those of
the past. They see the possibility of extending and expanding these projects
to cover many more rural areas and for this reason are interested in any arrange-
ments that might be worked out with IBRD. Because UNICEF is limited in the
amount of funds which it has, it feels that the extent of its role in the rural
water projects would be to set up pilot schemes which might serve as the base
for extension and expansion to other areas.
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(3) I indicated to Dr. Eggers and Mr. Bowles that at the moment we were work-
ing on a paper which would attempt to set some guidelines for policies surround-
ing rural water projects.

(k) I explained that one of the major difficulties based on my experience with
past UNICEF projects was that of finanecial policy. I indicated that while I
saw no reason why villages would have to collect from individuals within the
village for reimbursement of operation, maintenance, and capital costs of sys-
tems, I felt it was rather fundamental that villages contribute by whatever
means they could toward these costs and that this aspect would have to be intro-
duced if UNICEF projects were to be made acceptable to us. I understood from
Dr. Eggers and Mr. Bowles that they appreciated the significance of the finane
cial side and I further understood that they believed they could find a way to
go forward in certain changes of policy.

(5) I indicated that as one of the basic requirements for rural projects is
appeared fundemental that the institutional arrangement existis whereby the Bank
could be assured along with the country that the facilities constructed would
be operated and maintained satisfactdrily over a long period of time in order
to ensure that the people receive the benefits of the investment. UNICEF
equally recognizes this problem and are completely in agreement with the need
to have such a basic organization established as the part of any project.

(6) A mmber of possible approaches were discussed and it was agreed that at
this stage it would be better to keep things entirely on an informal basis and
to confront individual situations as they develop. I suggested that since the
wishes of countries was rather fundamental in the consideration of any project
by the Bank in those instances where UNICEF has a rural water project and where
the country would like to have IBRD consideration of a larger project, one ap-
proach would be for UNICEF and the country to approach the Bank to determine
the situation at the time and to clarify whether opportunity exists within the
lending program for that country to include the project. If the conditions
were generally favorable, we could then proceed to learn sbout the project and
to convey any views we had as to its suitability for financing. UNICEF repre-
sentatives agreed that this was a reasonable approach.

(7) It was mutually agreed that some time in the near future arrangements
would be made to have a meeting with the water supply staff of our regions in
order that UNICEF might convey to the staff some of the information concerning
UNICEF operations and at that time to broadly discuss the various character-
istics of UNICEF projects and the opportunities which might exist to use this
mechanism as a means for rural water project development. Such a meeting
could probably take place some time during the first quarter of 197k.

HRS:le



Mr. Warren C, Baum November 5, 1973
Y. w L_aauv,_d'_u;
Desalination Paper
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Mr, in response to a question raised by Mr. Almad at the Board
in May from Mr. Damry attached).

A fairly long delay occurred since you reviewed the earlier, and
quite advanced, draft. This was due to discontinuity in staff and opera-
tional priorities of the Water and Wastes Adviser.

I would like your approval for issuing this paper as a Public Utility
Note for the benefit of ocur Regional colleagues,

Attachments

cc: Mr, Shipman



Excerpt from summary of May 22 Board Discussion of Cyprus Highway Project

"A speaker pointed to the investigation currently being undertaken
by Cyprus of the feasibility of establishing desalination plants to over=-
come the constraints of inadequate irrigation water; he wondered whether,
in view of the widespread interest, particularly in the Middle East, the
Bank was also studying desalination. The staff replied that the Bank was
closely following the research and development undertaken by others in this
field in the hope that costs could be brought down from their current high
levels to a point where the Bank could recommend desalination plants for

water-short countries."
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Water Desalination

As the scarcity and costs of conventional water supply for
domestic, industrial and agricultural uses have increased, much
hope has been placed by the general public and officials of many
countries in the prospects for conversion of sea and brackish
water into fresh water. The purpose of this memorandum is to
review the State of the Art in this respect.

It includes the following main sections:

1s
2.
3.
L.
5.
6.
Te

Summary and Conclusions
Background Information
Technology

Cost Considerations

Investments and Financing

Main Applications (Alternatives)

Possible Use for Desalination Processes
for Irrigation



1.

Swmma.~y and Conclusions

(i)

(i1)

(i1i)

(iv)

(v)

Desalination has been increasing in importance in various areas
of the world and there are today over 8;9 desalting plants in
operation with capacities in the 100 m3/d to 30,000 m3/d range.
By comparison with conventional water plants, desalination is
providing only a modest amount of water primarily for domestic
and 1ndustr1al uses. Existing output capacities total about
iy million m3/d, an amount equivalent to the daily consumption
of 20 to 30 million people.

Well organized research activities are in existence in various
countries and with few exceptions each is directing attention to
improving the technology and to reducing the cost of the product
water. There is little doubt that research and development work

has been sufficiently advanced to ensure that the most important design,

construction, and operation risks have been eliminated for dis-
tillation plants smaller than 40,000 m3/d. Further work is
required and in progress on larger plants, and on such processes
as reverse osmosis, freezing, vapor compression, and electrody=-
alysis,

Current figures from actual operation of desalination plants show
that reduction of costs can be achieved through economies of scale;
by multipurpose application particularly when linked to power gen=
eration; and through extended plant life and lower maintenance
requirements. Cost comparisons between existing and older plants
is made difficult because of absence of a uniform costing method
used by all plants, by ditferences in the salinity levels of feed
water and final product water, and by escalation of costs over time.
Newer plants now in operation and converting sea water are capable
of operating somewhere in the US $0.25 to $0 60/m cost range.
Plants converting brackish water can usually operate at a range of
costs of around one half of those for sea water.

Despite the considerable progress achieved over the past 10 to 15
years through basic and applied research, the costs of product
water from the various desalting processes remain high. Costs
range from 5 to 10 times higher than alternatives available in
most situations to meet domestic and industrial water requirerents.
No major technological breakthrough appears likely and while fur=~
ther cost reductions will undoubtedly result from geothermal and
nuclear energy applications, from improwved efficiencies, from re-
duced down times, and from lowered operating costs, the combined
result will probably be a modest and gradual lowering of costs
rather than a dramatic drop.

Consideration of desalination as an alternative to fresh water
transported by pipelines should always be given when pipelines
longer than 200 km are required. For distances in the 100 to

200 km range, pipelines will usually prove more economic unless
unusually high pumping costs are involved or unless the combina-
tion of factors surrounding the desalting coperations are particu-
larly favorable., Desalination will not of'ten prove the most eco-
nonic alternative where pipelines of less than 100 km in length
can be employed.
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(vi) Tre use of desalinated water for urban and industrial purposes
#° 11 increase with time and as existing low cost water sources
become fully utilized. For irrigation, on the other hand, based
on the most favorable water cosis projected for very large scale,
multipurpose plants not yet built, there appears little evidence
to suggest that desalination will prove feasible for any but the
unusual situation.

(vii) When deciding on the feasibility of desalination and between al-
ternate desalting processes, all criteria normally applied to
evaluation of other water projects should be employed. Emphasis
on good management and conservation of existing fresh water re-
sources needs to be stressed to postpone the more expensive and
sophisticated approaches required when desalination is adopted.

2. Introduction and Background

The process of removing salt from sea water is not a recent innovation
and goes back for centuries. OShip captains and others faced with the need
to obtain fresh drinking water, boiled the sea water and collected the con-
densate which resulted when the steam collected on cool surfaces. Examples
of stills functioning on solar heat are not unique to recent research but
go back to the last century. It has been only recently, however, that the
need to provide large quantities of fresh water from sea and brackish sources
in certain areas has led to improvement of old ideas and to the research and
development of processes which now make it possible to convert water of any
saline content and of nearly any volume to fresh water suited to human,
animal, agricultural and industrial needs.

While the technology exists to effect the production of neariy any
quantity of fresh water required for any need, the application of such tech-
nology is restrained because of the costs involved, and the economics of
application.

In the last decade, more money has been expended on research and de-
velopment of the desalination processes than ever before. The general pub-
lic, and particularly officials in many of the water scarce areas of the
world, have been led to believe that we are now entering an era where con-
version of sea and brackish water to fresh water for human, agricultural and
industrial uses can be accomplished at costs which are lower, or at least
only slightly higher, than those from conventional sources. Unfortunately,
these expectations cannot be fulfilled if results from existing installations

~are used as an indicator. There is promise of reduced costs as accomplish-
ments of the research effort are gradually incorporated in new design. There
is evidence that substantial reductions in costs can be achieved through eco-
nomies of scale, through improved load and use factors, and through improved
efficiencies. This evidence also suggests, however, that a breakthrough in
the technology which could lead to major cost reductions, is unlikely. For
example, a prize of US $50,000 offered by a Swiss Foundation (DESARES) in 1960
for a significant contribution to reduction of the cost of desalting water,
still awaits a claimant.

To properly understand and interpret information on desalination plant
operations, certain characteristics nced to be noted. Among these are that
the salinity content of the feed water and the final mineral content of the
product water vary with each installation and can affect costs and cost com-
parison. Similarly, the depreciation costs, interest charges, and various



i

capital costs are treated in different ways and direct comparisons of total
costs betwecn plants becomes hazardous. Other characteristics and peculiar-
jities on evaluating costs are noted in Chapter L. It is because of these
variations and the fact that they have not been treated in a uniform manner
in available reports that comparison of data and costs from existing instal-
lations is made difficult.

A UN survey of desalination plants around the world, made in 1965 and
updated by information obtained on certain selected plants in 1973, indicates
that there are today in operation arocund 800 plants with capacities of over
100 cubic meters per day (m3/d). Of these there are about 55 with capacities

«between l;,000 and 125,000 m3/d. For comparison large size conventional water
treatment plants for city and regional use have capacities ranging from 1 to
ly million m3/d.

Data tabulated for desalination plants in a UN Surveylféhow that on plants
built in the late '50s and early '60s, water costs ranged from US $0.1Lh/m’ to
US $10,00/m3 with the average for all plants at about $0.70/m3. For plants
build in the late '60s and early '70s costs of water produced are in the range
of US $0.25 to $0.50/m3 with an average of about $0.40/m3. These costs of
water can be compared with those recorded from some of the large conventional
municipal treatment plants which show a range of from $0.006/m° for large
plants to $0.05/m3 for small plants.

There is some consistency in the percentage brezkdown of the unit cost
of desalted water irrespective of the type of plant and the conditions of
operation a.d it is reasonable to conclude that fixed charges {capital costs)
average about 33% of ithe total cost of water produced with energy, operation
and maintenance costs averaging around 67%. A more detailed breakdown of
these costs is presented in Annex 3.

3. Deszlination Technology

3.1 Salinity Limits and Tolerances

Waters may be classified into four broad categories according to salinity
as follows (in milligrams of salt per liter):

Sweet water 0 to 1,000 mg/1

Brackish water 1,000 mg/1l to 10,000 mg/1
Salty water 10,000 mg/1 to 30,000 mg/1
Sea water 30,000 mg/1l to 35,000 mg/l +

Humsns, animals and crops show varying tolerances for the common salts
found in water. Humans show least tolerance with the upper permissible lim-
its set by WHO being 500 mg/l for public systems. However, it is known that
tolerance to salinity varies with climate and that in some arid regions water
with salinities of up to 3,000 mg/l are being consumed. WHO has recognized
this to the extent that it has set 1,500 mg/l as the maximum allowance concen-
tration beyond which potability is.seriously impaired.

The range of salinities for animals =nd fowls extends from 2,800 mg/l for
poultry to 12,900 mg/l for certain adult drylend sheep. A general limit of
5,000 mg/1l for most animals is used.

1/ United Nations Desalination Plant Survey, 1969.



Crops vary in their tolerance because of interrelations with soil
type, draincge characteristics, and the quantities of water applied. In
general, 1,500 mg/l appears to be the limit for most crops but with favor-
able conditions and proper crop selection, considerably higher levels can
be used. It is known that date palms and other tolerant crops have been
cultivated with water having up to 10,000 mg/l salinity.

Based on current costs of desalination even where local waters require
limited processing to reduce salinity to acceptable levels, application to
agricultural use appears unattractive for the present and foreseeable future
(see Chapter 6). This confines present considerations to application of
desalinated water to human, animal and industrial uses.

3.2 Desalination Processes

For purposes of general understanding, the desalination processes can
be described as those which use evaporation (distillation), membranes, freez-
ing or chemical means for separation of salt from water. These processes
can be classified (a) by type of energy required, (b) by properties, and
(¢) by levels of salinity to be removed (see Ammex 2). Using these clas-
sifications about 12 different processes can be identified not including
those based on modification of the basic methods.

Each of the processes and their modifications have advantages and dis-
advantages and the wise selection for a particular project consists in maxi-
mizing the advantages and minimizing the disadvantages. For example. waters
of low salinity reauire less energy for salt removal than those with high
salt content. In the case of low salinity waters, selection of a process
which has an energy input varying with the salt to be removed has an advantage.
It may be, however, that as the volume of water required increases, the ad-
vantages of a reduced energy input gives way to savings in capital costs for
ancther process even though the latter may require essentially the same energy
regardless of salt content.

While much hope has existed for the development of solar stills using
raw water from the sea, the cost factor is at present high ($0.80 to $1.00 per
cubic meter) due mainly to the need of high capital cost and large areas to
produce even smzll amounts of fresh water. This fact constrains the uce of
solar stills to small domestic installations.

Dual purpose plants which combine power and desalination are in operation
in a number of countries. Since these plants almost always take steam from
power generation facilities as the heat source to effect evaporation, one of
the distillation processes is normally employed for desalting.

3.3 Operational Aspects

While the technology of desalination is, in itself, not complex, exper-
ience with existing plants shows that maintenance and operation are major
problems which stem from corrosion and scaling of equipment, from clogging
of membranes, and from mechanical failures, all leading to excessive periods
of "down time" and lowered efficiencies. Equipment life and the operational
characteristics of each process are also factors which require attention in
selection and costing of facilities.



3.1 Corrosion and Scaling

Saline water is known to be extremely corrosive to metals., Experience
with power installations using sea water for cooling has well documented this
fact and there have been few, if any, desalination plants where corrosion has
not created difficulties. Because of the high solids content of sea water,
scaling of heat transfer surfaces has been found a major problem to overcome.
Use of corrosion resistant metals and chemical conditioning of feed waters
have been prime subjects for research and are the means most commonly em-
ployed to combat these two problems. Of the 59 plants in a UN surveyl, over
two-thirds reported scale problems and half reported corrosion problems as
major causes of shutdowns. "Down time" on many of the newer pilot and ex-
perimental plants due to these problems proves that these problems are still
not completely resolved. Other causes of plant shutdowns include those due
to pumps and drives, and blockages or fouling due to inadequate screening of
sea water.

3.5 Equipment Life

Desalination processes frequently employ equipment for which operating
life is still not well established. Even ten years life may be optimistic
without major expenditures on maintenance. On the other hand those parts of
plants which generate steam as the means for effecting vaporization employ
equipment which has undergone many years of development for use in thermal
power stations. In the distillation processes it is the surfaces and units
which convev the heat from the steam to the saline water where precblems aricse,
Pumps, pipes, valves, surfaces and other appmrtenances coming in contant srith
the saline water are the critical elements. The development of corrosion
resistant metals for desalting use is well advanced., The effect of intro-
ducing these materials is usually to increase plant costs while reducing mzin-
tenance and prolonging plant life.

3.6 Plant Personnel

The technology of desalination is, in itself, not complex; however, the
operations are made difficult because of the sensitivity of most of the pro-
cesses to (a) the proper conditioning of feed water; (b) to the maintenance
of temperatures, pressures, or vacuums within rather narrow ranges; (c. ser-
vicing of membranes and ion exchange beds; (d) close monitoring of performance;
and (e) the initiztion of critical corrective actions when required. These
plus numerous other duties of the plant personnel require technicians who must
be much more highly skilled than those employed in conventional water treatment
facilities. This will pose a problem in certain of the developing countries
and will likely regquire employment of expatriate staff for a considerable period
of time. This in turn reflects in higher costs. OSelection of the process
best suited to any given situation must take account of how the plant is to be
operated and the availability and costs of labor.

1/ United Nations Desalination Plant Survey, 1969.



i. Desalination Cost Considerations

In the UN survey of desalination plants published in 1969&/ it was
found that the cost per cubic meter of fresh water for both distillation
and membrane (electrodialysis) processes averaged about 33% for capital
investment and 67% for energy, operation and maintenance. Labor costs
represented about 33% of the total unit cost of water. In other words,
of the total cost, about 33% can be assigned each to capital and labor,
with the remaining 3L% broken down into energy (16%), chemicals (10%) and
maintenance (8%). These proportions represent the average of 59 desali-
nation plants located in different parts of the world as noted in the table
produced in Amnex 1, and which includes 25% dual purpose and 75% single
purpose plants.

Thirty per cent of the plants summarized showed a cost of $0.25 to
$0.50/m3 of water produced and L0% costs of $0.75 to $1.,00/m3. Very few
plants (10%) reported costs of less than $0.25/m’, and two reported costs
of $7.50 to $10.00/m3.

In other technical literature figures of US $0.20 to $0.40/m3 are
shown for plants ranging in size from 1,200 m3/d to 15,000 m3/d.

Data 2/ from plants recently constructed while difficult to inter-
pret because of research activities and funds frequently incorporated in
the figures, show that for sea water conversion, total costs of well over
Uus $0.h0/m3 are not uncommon when all costs are taken into consideration.

Capital costs of desalting plants are to a great gxtent affected by
the size of the installations decreasing in cost per m-” of water produced
as size increases. Rough figures based on 1965-67 for plants in the USA
show for small plants investment of around US $500/m> of installed capacity
per day of water produced; for large plants around US $L00/m> and for very
large plants an estimated US $250/m’. These figures are 6 to 10 times
larger than those reported for medium-sized conventional water treatment
plants.

The wide variation of unit costs makes difficult the production of a
good and realistic average figure to be used when comparing different a’.-
ternatives, even when comparing plants of about the same size.

While the foregoing figures confirm that present costs are high, there
is considerable evidence to support the view that the downward trend will
continue although without dramatic drops. ©Some of the lines of development
which have been explored and some which give encouragement to lowered ccsts
are noted below.

i1 Energy Costs

One of the areas where hopes had been expressed that a breakthrough might
be achieved in lowering costs is that of reduced energy requirements. FPhy-
sicists and chemists have stated that by application of the laws of thermo~
dynamics given any specified conditions of szlinity and temperature the theo-
retical energy reguired to remove salts from solution is fixed. They contend

1/ First UN Desslination Plant Operation Survey - ST/ECA/112-NY-1969.
2/ Unpublished data collected by correspondence - August 1973.
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that it is not scientifically possible to reduce energy reguirements to
below these levels. There is no evidenc: based on the extensive research
conducted over the past fifteen years that this contention is wrong. This
leads then to the conclusion that only by finding a lower cost energy source
for any given installation and through reducing energy losses by improved
efficiencies can costs be lowered, In the long range, research and dev-
elopment work now in progress directed at nuclear and geothermal energy gives
promise of a means for reducing energy costs. Efficiencies have been im-
proving and further progress can be anticipated. The outlook for the im-
mediate future suggests only gradual reductions in cost from better effic-
iencies and higher costs for operations dependent on fossil fuels for energy.

L.2 Dual Purpose Plants

Dual purpose plants are those built in conjunction with power generation
facilities., While the usual practice of taking low pressure exhaust steam
to drive the distillation plant in a dual purpose installation undoubtedly
offers economies, it does demand careful planning of the system to avoid the
serious problems arising from a short or long-term mismatching of power and
water demands.

The location of a distillation plant and a power plant on a common site
does, however, offer considerable advantages even where close coupling of the
steam supplies is not practiced. These advantages are that the two func-
tions can share the same management, operation and maintenance facilities;
in general, the requirements of the two functions are similar in these three
respects. For distillation plants of anything but unusually large capacity,
maintenance reguirements and the part-time operating labor demands can be met
at acceptable costs.

In areas where solid waste contains a high concentration of combustible
matter, consideration can be given to the benefits of combining incineration
with steam generation. Such steam can be used either for desalination, for
power generation, or both. In most instances heat recovery from sclid waste
incineration will not likely be competitive with operations using other fuels.
However, where solid waste disposal must be effected at fairly high costs any-
way, incineration coupled with steam generation may prove attiractive.

Equitable allocation of costs between power and water on dual installa-
tions has encountered a number of difficulties in practice. Two methods
which have been proposed consist of either (a) allocation of annual fixed
and variable costs to water and electricity separately, or (b) allocation
of total annual costs according to water and electricity production 1

.3 Load and Use Factors

As with power generation facilities, load factors are of importance to
desalting plants. The load factor can be stated as the annual, monthly or
daily production as a percentage of plant capacity. While it is possible

1/ Joseph Barnea - "A New Method of Cost Allocation for Combined Power
and Water Desalination Plants" - Water Resources Research, Vol. 1,
No. 1, Washington DC, March 1965.



that situations may develop where desalting plants will be designed and
installed to provide water for peaking pu-poses, for example, during summer
or dry months when demand exceeds the capacity of the conventional facil-
jties, such cases will usually be very few because alternate sources for
supply of peaking water will usually be cheaper than the desalting source.
Where desalination is the cheapest source for peaking water, however, a low
load factor would result by design. In all other cases, however, the objec=-
tive is to have the highest possible load factor. .

While much of the literature on desalination speaks of load factors to
mean also use factors, for the reason stated in the foregoing paragraph a
distinction between load and use factors appears to be desirable. Use fac-
tors relate to the normal daily and other seasonal variations in consumer
demand. . The system can accommodate these variations by changing production
rates or through storage facilities, whichever is more suitable or economic.
Load factor is related to plant production including not only accommodation
to demand but also to the effects of operational outages - planned and accie
dental - on plant availability. This latter has proven to be quite the most
significant factor in desalination plants. Because of the operational prob-
lems encountered with many desalting plants over the past decade, much "down
time" has been experienced in order to replace tubing, remove scale, and to
maintain pumps, feed water equipment, etc.

Annual expenditure on fixed charges and on labor for a desalination ‘plant
is determined by installed capacity regardless of utilization because labor
required to operate a plant is essentially the same whether the plant operates
at partial capacity or at full capacity. Fven periods of complete shutdown
for a2 few days or weeks give very limited possibilities for transferring stoff

and their costs elsewhere.

The importance of load factor in determining water costs can scarcely
be over-emphasized. The average annual load factor of the 59 plants included
in the UN survey was only 53%, resulting in load factor dependent costs for
fixed charges and labor amounting to two-thirds of the total water costs
listed in Annex 3. Thus, if those plants could have been operated at full
capacity, the costs attributable to investment and labor would have been
halved and total water costs reduced by one~-third., While it is impractical
to arrange for operation at full capacity, there is, nevertheless, a con-
siderable eccaomic incentive to make the load factor as high as possible
(esg., in many steam power plants and for some desalination plants factors
-of 90% can be obtained) and to take this factor into account in planning de=-
salination installations.

L. Economies of Scale

There is no doubt that as the size of plants is increased, unit costs
of product water are reduced. Reports prepared in the late '60s which pro-
jected costs of very large schemes where nuclear power and desalination _plants
were proposed, showed water costs at figures around US $0.09 to $0.12/m3.
Such figures must be viewed with caution since they have been based on assump-
tions which have not been substantiated by actuel operation. Nevertheless,
with improved efficiencies, with lower energy costs from developments in
nuclear fuels, economies of scale, and through the benefits to be realized
from dual purpose installations, costs of desalinated water at the plant can
be expected to drop.
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It can be concluded that for the present there remains a very wide gap
between the theoretically achievable goals and those actually experierced
on desalting plants constructed to date.

5. Desalination Plant Investments and Financing

The decision to finance desalination plants should bé taken using cri-
teria similar to those employed when any other water facilities are consid-
ered. It should be demonstrated that desalination is the least cost method
of supplying the water required with the same or comparable level of security.
In arriving at the alternatives to be compared, the possibility of using long
pipelines from known fresh water sources should not be forgotten. Where de=-
salination is decided upon, that process should be selected which will not
only assure the least cost water but which takes into account such factors as
the capacity of the national technicians to operate and maintain, available
fuels and dependability. A few of the points to be noted in reviewing pro-
posals for desalting projects are briefly summarized in the following para-

graphs .

5.1 Comparison of Costs

Frequent misconceptions develop in reviewing cost data for desalinated
water. Cost of desalination should be compared with costs of water from
treatment plants, springs and wells at the point where each connects to the
distribution system or to a common transmission line.

5.2 Load Factors and Storage

Full consideration has to be given to the load factors because of the
poor experience to date for most installations of all sizes and types.

Unusually large storage capacity for product water is required where
dependable service has to be assured by desalination plant output. One week's
storage is not an uncommon figure used for design (see Annex 1), This will
be inadequate in some instances. Costs of storage in excess of that used for
conventional systems must be added for purposes of comparison with other alter-
natives.

5.3 Depreciation Rates

Depreciation should be based,on an average life of not longer than fif-
teen years unless actual experience from plants in operation provides reliable
data for the specific process and plant iype to support a longer period.

5.1 Interest Rates

Interest rates, which represent the opportunity cost of capital for each
country, should be used for purposes of comparing alternate sources and alter-
nate processes.

5.5 Costing of Power Facilities in Combined Plants

In nuclear and thermal plants where_power generation and desalination are

combined, it has been common to use the "going" price of power in the area as
. i : 2 e L =
a base, and where ver{ large powar installations are designed which will gen
erate power at costs below the "going" price, to show the savings as a means
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for reduction of the sale price of the desalinated water. This is not an
acceptable approach in making investment decisions. Cost estimates of dual
purpose plants should be compared to those of equivalent single purpose in=-
stallations in order to ensure that, under the given conditions, the dual
purpose plant is more economic.

5.6 Brine Disposal .

Concentrated brine is a product of all desalting operations and its
final disposzl can be a major problem. Siting of plants and decisions on
the economics of various alternatives should tzke full account of the brine

“ disposal solution, the costs involved, and the ecological implications.

6. Alternatives

Among the alternatives to desalination which should be considered is
that of transporting water by pipeline from distant sources of fresh water.
While generzlizations are made difficult because of the variations in ter-
rain and the consequent effects on pumping costs, certain guidelines can be
established which will suggest the significance of pipeline transportation
as an alternate.

Vaillantl/ has prepared a table (see below) showing the approximate.costs

per cubic meter of transporting by pipeline varying volumes of water per day
over different distances.

Dollars per m3 of Water Transported

Distance Pipe Capacity in 1,000 m3/day

in km 20-25  L0-50 100 200 250
25 $ 0.03 0.03 0.03 0.03 0.03

50 0.07 0.07 0.06 0.05 0.04
10C Q.12 Q1L 0.10 0.08 0.08
200 0.20 0.18 0.16 0.13 0.12
LoO 0.3L 0.30 028 0.23 0.22
600 - O tb? O 038 0 033 O IBO

From the above table it will be noted, for example, that for a pipeline
200 km long and with a capacity of 100,000 m- day, the cost of water would
be arocund $O.16/m3. For volumes of 20,000 m-”/d the cost would be about
$0.20/m’ for the same distance. Since costs in about this range have been
experienced on certain desalination plants where brackish water is converted,
it would be desirable to analyze the situation further before deciding either
in favor of a pipeline or in favor of a desalination plant. Usually for
distances of 100 km or less, pipelire transport will almost always be more

1/ Les Problems du Dessalement de L'eau de Mer et des Eaux Saumatres,
J. R, Vaillant, Eyrolles, 1970, Paris, France.
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econcmic than desalination, and in the volumes of water normally required
for expansion of urban water facilities, pipelines will probably be the
method of cioice for distances up to 200 km given present technology where
water of high salinity has to be converted. It will be prudent, however,
whenever sources of brackish water are immediately available to examine

the feasibility of desalting against pipeline transportation of fresh water
if distances in excess of 100 km are involved.

7. Aoplication of Desalination to Irrigation

While very large plants which might be used to convert sea water for
«irrigation are only in the design and experimental stage, there do not
appear to be any major technical problems which could not be overcome.
The big obstacle is that of cost and there is not much evidence from current
operations and developments that this difficulty will be easily overcome or
that application of desalination to irrigation is just around the corner.

The most optimistic estimates for large nuclear multipurpose power and
water installations, not yet designed or tested,show costs in the range
of US $40 to $90/acre ft. which are greatly in excess of average prices for
jrrigation water currently being charged ($2 to $10/acre ft. for Colorado
River water) and greatly in excess of the estimated value added by irriga-
tion of even specialized crops in Arizona, USA, computed at $27 to $36/acre
ft. Experience to date on the preliminary design of a large San Diego plant
and a large Northeastern United States facilityl?suggests that the $40 to
$90/acre ft. estimate will more likely approach or exceed the $100 to $200/
acre ft. rongs when final design and construction are effected.

The foregoing pessimistic outlook for application of desalting processes
to irrigation is presented with the full recognition that a simplistic com=-
parison of the cost of desalinated water with that of natural waters of fairly
high mineral content is not valid because studies have shown that nearly twice
as much water is needed when irrigating with water of high mineral content as
with desalted water in order to wash out salts left behind in evapotranspiﬁ?-
tion and in order to reduce moisture tensions which inhibit higher yields .~
The types of soils, climatic conditions and nature of crops among other things
enter into any analysis and will affect the answers.

There are also specialized applications for high cost water such as those
where enclosed environmental systems fabricated from plastic are used and
which in effect are greenhouses within which evapotranspiration is controlled
and moisture is not lost to the atmosphere. Consumptive use is reduced to
about one-tenth of that encountered in conventional irrigation.

The present position regarding general irrigation by desalted water which
seems correct in the face of all the evidence may be summarized by quoting from
the report of the US National Water Commission: "The preceeding discussion is
not intended to indicate that irrigation use of desalted water has any degree
of certainty of being economic. There are many questions to be answered before
this can occur and certainly, significant irrigation use is not justified with
present or immediately foreseen teghnology."

1/ Eliason - May 22, 1969 - Water Desalting, Present and Future,
AWWA Conference, San Diego.

2/ Desalting, Victor Koelzer, USA National Water Commission, May 1972.



Location

USA

Ecuador
Venezuela
Bahamas
Bermud%.
Guantanamo
Curacao
Curacao
Virgin Islands
Virgin Islands
Gibraltar
Gibraltar
Ttaly

Libya

Libya
Arabian Gulf
Arabian Gulf
 Kuwait
Kuwait
Kuwait
Kuwait
Kuwait

USA
Kuwait
Kuwait
Kuwait
Polynesia

USA
Usa
USA
Peru
Bahamas
Bermda
Antigua
Japan

Marshall Islands
Ascension Island

1m3

"

1 gallon

PLANT IDENTIFTCATION AND GENFRAL DATA

Process

Year

LU I I O OO I RN O ORI O U OO U

ooocoo

QOO0 0000000

26l; gallons

3.768 liters

1945
1960
1961
1962
1964
196l
1963
1963
1958
1961
196l
1960
196}
1962
1965
1963
1962
1962
1959
1967
1957
1960

1961
1950
1953

1955
1963

196L
196l
1963
1955
1956
1955
1965
1955
1951
1957

ANNEX 1

Page 1 of 2
Unit Capacity Storage Capacity
Purpose m3 per day m3
Dual 532 3,800
Dual 228 859

e )-!-: 10]4 i
Dual 53 559 -
Single 627 3,800
Dual 2,850 15,200
Single 6,080 -

- 6,498 -
Single 11l 68
Dual 1,045 -
Single L9l 19
Single 277 -
Single 357 380
Dual 190 1,140
Dual 760 3,040
Dual 11 -
Single 11h 1,140
Single 190 1,330
Dual 1,368 76,000
Dual 2,736 76,000
Dual 2,.39h 129,200
Dual L,560 129,200
Single 3,800 -
Dual 156 76,000
Dual L56 129,000
Dual 156 129,000
Single 61 -
Single 152 1,900
Single 53 342
Single 3,800 760
Single 76 11
Single B 34 Ly, 768
Single 760 30,400
Single 53 -
Dual 3,401 50,160
Single 53 1,239
Single 395 1,341



Page 2 of 2

: Unit Capacity Storage Capacity
Location Process Year Purnose m- per day mo

USA - Arizona d 1962 Single 2,h70 - 1,140
USA - California d 1959 Single 106 380
USA - N, Dakota d 1960 Single 167 L75
USA - I1linois d 1958 Single 2656 228
USA - Montana d 1961 Single 209 380
Finland d 196l Single L9 19

a Multiflash distillation

b Long-tube vertical distillation
¢ Vapor compression

d Electrodialysis

Source: First UN Desalination Plant Opsration Survey
UN - New York -~ 1969 - ST/ECA/112
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CLASSIFICATION OF DESALINATION PROCESSES

Classification by Type of Energy Reauiredl/

Processes requiring thermal energy
Multiple effect distillation
Multiple stage flash distillation
Vertical Tube Evaporator (VIE)
Solar distillation
Supercritical distillation

Processes requiring mechanical energy
Vapor compression distillation
Freeze separation
Hydrate separation
Hyperfiltration or reverse osmosis

Processes requiring electrical energy
Electrodialysis

Processes requiring chemical energy
Ion exchange
Solvent extraction

Classification Based on Propertiesl/

Processes dependent on phase changes of water

1, Evaporation

Multiple-effect distillation, in which the latent
heat comes from a solid surface.

Multiple stage flash distillation, in which the
latent heat comes from cooling of the liquid being
evaporsted.

Supercritical distillation, in which all evaporation
occurs above the critical temperature of pure water.
Solar distillation in which the latent heat is
derived from direct solar radiation.

Vapor compression distillation, in which the latent
heat is obtained regeneratively.

2. Crystallization

Freeze-separation, in which the crystals involved
are those of pure watetr.

Hydrate-separation, in which the crystals contain
molecules of the hydrating agent.

1/ Howe, University of California, Berkeley, 1968 .
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B. Processes dependent on the surface properties of membranes
in contact with water :

1. Electrodialysis, in which the unwanted ions are caused
to migrate through membranes due to electrical forces.

2. Hyperfiltration or reverse osmosis, in which water is
caunsed to migrate through membranes preferentially to
the salt ions, due to pressure.

C. Processes dependent on the surface properties of solids
and liquids in contact with water.

1. Ion exchange, in which unwanted ions are exchanged
for less offensive ions loosely bonded to certain
double salts in solid form.

2. Solvent extraction, in which certain liquids dissolve
water more readily than the salt ions contained in the
saline water.

Classification based on Variation of Energy
Related to Initial Salinity

Type of Energy Conversion Process
Processes in which the energy Multiple-effect distillation
requirement is essentially Multi-stage flash distillaticn
independent of initial Vapor compression distillation
salinity Supercritical distillation

Vacuum flash distillation
Solar distillation
Freezing

Reverse Osmosis

Processes in which the energy Electrodialysis
requirement depends on Ton exchange
initial salinity . Chemical precipitation

1/ Howe, University of California, Berkeley, 1968 .



SALTNATION COST (P ntage)

Fixed Charges 25% &/ Lsg &/
Labor 18% &/ 38% &/
Energy o3 &/ Lok &/
Maintenance o &/ 26% &/
Chemicals 3% &/ 168 &/
Resume:

Capital Cost 25% L5%
Operation and 55% 75%
Maintenance

a/ Vapor compression distillation
b/ Electrodialysis
¢/ Long-tube vertical distillation

d/ Submerged-tube distillation

Source: First UN Desalination Plant Operation Survey
UN - New York - 1969 - ST/ECA/112

ANNEX 3

Averace

— e e

33%
33%
16%

8%
10%

33%
67%
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ACTIVITIES OF T WORLD BANK GROUP
FOR Tii DEVELOIIENT OF NATURAL RESOURCES

Many of the types of assistance listed in the "Cuidelines for Acticns
to be Taken in the Develepment of Nstural Resources," approved by the Come
mittee on NHatural Rﬂsources; are financed by Ehe Worid Bank éruup as com~
ponents cf water, energy and mineral projects finuancing, By way of illus-
tration with respect to water ;esources, this is true for such kinds of
assistance to menber countriee as modernizing and strengthening services
for data collection, storage and retrieval (1)11; assessment of future re-
quirements (ii); support for exploration (v); and stuvdies of techunclogical
developuents (viii).

The promotion and strengthening of imstitutional oPethtional efficiency
is &n objective of Bank Croup project finsncing in all fields. Environmental
considerations are now viewed as an integral element in the planﬁing, formu=
lation and eppraisal of projects; measures te avoid industrial pollution and
to avold or reduce water pollution, as well &s measures to protect hesalth,
are hoiit inro Rank Croup=-financed projects where approoriate.

Studies are under way directed toward establishing a Bank-wide msthods
olugy £01 the Luonoﬂic ana;yais of projecte, Quentifieatioﬁ of tha cosats

" . in money and Etdl; Lin: of the variSuw fV?U& of a;ti;xnias lisced in the
I':;;}g::Tgl:qﬂll"GuidgLivas,“ borh fcr Lha past sqd tle imﬂadiate futur e, 1a dlifiault gince

tbe aci*v;txos in qu:stioﬁ Lanﬁot scudl]y te isolatci frcm other project ‘

Eom e e S
ta T o F ey PR - . - meg W
3 R = . A O i LA v A L 2

aspects,

1/ Nusbers in parenthesis are keyaed to nurbexs of items in the "Guidelines"
relating to water developoent,



There is set forth below z bricf indicaticn of what the Bank Group
has done and, iﬁscfar as it is possible to do so, of what is envisagad
for the imredista future, in vespect of the kinds of activities of con-
cern to the Commuittec on Natural Rescurces in comnection with develop@eﬁt
of water, encrgy and mineral resources, Because the ”cﬁidelines“ are
brokea down into thece three fields, this submission is similarly pree

sented,

A. Water Resources Davelopment

The proper development of water resouzces has beén a matter of major
{nterest to the Bank Group, since its inception. The Bank and IDA have
financed variocus types of water resource projects: irrigation, urban
water supply end sewersge, hydroclectyic pover genaration, portsnand
harborg end inland water transportaticn, In a few instances, as an ed junct
to certain multi-purpese projects, flecd control hes aleo bzen involved.

The Penk hae haen a key figure in noma of the world's lergest water resource

prejects, including the Hangla and Tarbzla Damns on the Indus river. Those

multi-purpoar proje»ta bcﬁefit nil‘lc:' of p*rucze through their irrigsticn,

b

pow»z and tlua“ coubrgl ccw;oneuts Cgrr~nt1; the Banh is rahing pars in

';5ftha Makoﬁg atuuiea and in other mu1t1~purpoaa nger resourca actlvlLies .u f: ft??

_ $;r1Cu. Latin amarica, tha Hiudle r 3t, thL znilquires and upoalavi».

Propa: aupraisal of watar raserLa prcj tq requlrea extensiva informa-

. tiom, aver a long aad uninter rrupted pe;iﬂd, on aucﬁ hydrolcﬂiﬁal facter% as
ntreaa flowa g:ound 2% tcr pntenL*ol, peteorclozical and run-off dats,

scasonal nnd awaull \JVIRLions in thts amd luﬂc 1evels, and watar qu“litv.
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shere are few countrics in which collection, storage and retrieval of
valid hydroiojlenl data ere satlufactoxy. Even fewer have adopted a
water resource policy and a national water resource plan. It is also
uncommon to find wellesstablished watzr resource coumisgions or agencies
which take into sccount 2nd are respoasible for the national interest in
precerving and meking proper use of water resources. Both for planning
and appraisal worl, the lack or shortage of reliable data have been a
serious handicap, and the Bank has encouraged its borrowers to address
this problen, If a member government expresses interest in woving fLor=
ward with the establishmeat of systems for routine collcctiﬁn, storage
end retrieval of water resource data, the Bank is prepared to congider
incorporating appropriate financiel support within water resource projects,
AB notec above, ilnstitutional and manpower development are a princi-
pal objective of Bank losns and IDA credits, Vhere a naed for training
of water rescurce persomnel is ideatified, appropriate provision is made
for such training within the loans vr credits. yrcressed attentioa is
being given to thie perticular aspect, |

The Group has put perticular-emphasis  on the technical and egcnamie~=-

"analysis nf wauer resnurce prodecta, qir ca. that aualyslq is eascntial Lo . -

g cho'ﬂlthicﬂ “f the ’“ﬁlie&tions fov natiunal dovelopﬂﬁnt aﬁd the solu-uuy"x"
© tlon of national &nd repional problems. Techuology for econoumic. analysis:. .-

 of auricultulal proJecta invelving irrig ation has doveIOped to a rcasonably

high level. Analléis ofwurhﬁﬁ'éhd'fural'water pro ¢ote, for humen needs
E J s

"f&ha*fdr“péwef@fis-uauallyfhpprbaeheﬁuth:ough~id&nai£ying the "least cost™ - .

way by which the problems may be deaith with end benefits to consumers and

gsers may be maximized.

T e
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The ﬁank.takes particular care to ensure that watr. resource develop=~
ment projects do not have an adverse effect uson public health and other
aspects of the environment, For example, irrigation and drainage projects
in Cameroon, Egypt, Malawi and Sudan incorporate anti-schistosomiaeie mea-
sures to bring water-rélated disease under control., In Brazil, the Benk
has financed its first pollution control project, devised to cleanse the
wateralof what has been a river of raw sewage. The Bank works closely
with FAO end WHO in this connection, and hes associated itself with the
activities of the UN Euvironmental Programaa.

The Bank has financed drainage projects to reclaim water~logged,
saeline lauds in a number of countries, notably in Pakistan, using tubewell
drainage, and in Egypt end Iraq, using tile drainage on a very large scale,
A project financed by IDA in Egypt to install tile drainage in one million
acres of the Nile Delta is the largest tile drainage project ever under-
taken.

T conrection with devalopment of appropriate technolegy for semie
arid agriculture, the Bank plans to support investigation into the most
- effective uscs of water at the farm level, especislly in vater-deficient
. areas,. - It is already pesisting oqnﬁauch invcstigation in hcrico..

“he Pauk has’ financed kaﬂ péntrol- pxojEctn 4n ?ahist ) and‘huyava,

ud has beeﬂ.&nvalvad.bqth,in.studies,aqﬂT;n_the:iinan;ingiqflmultigpg:pgqu“i i

- 'projectsin several other countries where £loed control has been, or is,
“important for evonomic devélopment.” It is asseciated with-assistance to

Pakistan, . following the receuat flocds.



Because, ag alyaady neted, many governrents lack a & walleconceived
national water resourccs policy and water management program, it i{s Jdiffi-
cult to perceive the implicgtiaus of any one project for the total natu;al
resource. The Bank has encouraged a number of its member countries to
undertake besin-wide studies with a view to determining.the most equitable
allocation of water between competing users, or special studies concerning
ground water, river pollution, and data collection. Where water is in
short supply and/or where costs of vater are dlready very high, studies
have been instituted on the utilization of waslte waters after treatment
for industrial and agricultural reusa.. While the Rank has not, to date,
financed construction of degalination facilities, it is prepared to cone
sider doing so vhere appropriate studies have been carried out and where
it is estsblished either that no other water source is available or that
desalinated water is the "least cost” golution in & particular situation,

The Bank has consistently dircci&d attention to the institution-
buildiog aspect of water projects, ¥+ hae rprovided technical essistance

to its member governments through, e.g., studies of water organizations

and reviep oflpgopoggd_legislation,_fﬁinancial fupport hes boen provided
for orbani"atlon, mﬂn&g&ddﬂt and te»hniral BtudiLs.xzjwlﬂh;-”ij%“yﬁn"na i

~In 1962 “the yeat $8 vhich the hawh First finarc”d connuxity water e

supply, @ total of $8.4 willion was paovided, in 1973, the Bank/IDA pro=--

- vided aver. $355 million, Loansg and craedits for such projects to date

- aggregate over $873 million, for projectes with a Lotal cost of zbout

$2 billion. Increasfug attentlon is being given to sewerage and waste
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disposal.prnjeats. Through the Pank/WHD Cooperative Program, assisﬁaucﬁ“
is being given to developing countries in carrying out sector studies,
vhich can serve as a basis for national planning, a better organized
approach to investment deciéions and initiation of sound manpower training
and institutionazl development programs. Sector studies conceraed with
water supply and sewerage take eccount of tﬁe country's general situation
with regard to water resource utilization and policy. Where apprOpriaté,
the government is advised on steps which should be taken to strengthen
water resource management, including approaches te the UN and other
specialized agencies for coordinated assistance.

Mention should be made of the special assistance being provided to
the countries in the Sahelien Zone, for a variety of gchemes including
construction of waells, small-scale irrigation works and other droughte

prevention or drought-alleviating wmeasures,

Be Energy Resources Development

. During FYG69-73 the Bank provided $2.4 billion for electricity projects

alone, Thiz hag involved sbout 54 projacts ia 32 countries, Aasther 110

projects in’d 5:(;‘;{1’1{1{:&:1::15"‘I‘éi-g'éi"-'ﬁﬁéﬂiéir"ci»'f‘“t‘:bu‘ﬁffié'ei “are “Gider Eongldaras

"";tion fnr FY?&-?E. There haw been y amall ameunt of financing for pipuline:'“f‘f”L*

» - ey s - b el t d
;--'.-'{"' ot s i oL

,} tr”, (botn Oll and natural L&s). and for Loal Eac i‘LLluS.

Hhere lack of date on rescurces are @ esrious obﬂtacle to good planuing,

“the 3ank as £1 ranced “atiﬂlul or re iOxa] surveyﬁ.

Mamber cour iafes thG b buu to address L“c P;ouler ssucs of natiounal

ehergy policy = fuel pricing,  lmports, tsvatien, etb. += and ‘to apk for - "~ 0



penk ussistance for this purpose. 8ince the Bank lacks divect experiance.-
in this broader field, it will concentrzte oa helping goveraments to dyaw
up appropriate terms of reference for reviews of energy policy and to £ind
consultants to undertake the reviews.

The Lank has underway a program to encourage borrowere to exanine
periodicelly their standarde and methods of demand forecasting, and to
{mprove its own capacity to evaluate demand projections critically. It
is alsc endeavoring to improve its capacity to evaluate borrowers' pro-
jections of market development end annual investment and operating costs.

The general thrust of the Bank'e 1énd1n3 program in the past has been
directed principslly toward power generation and transmiesion, although it
 has also sought assurance that asppropriate complementary investments ware
planned for distribution facilities, The awmk is now gredually, but iue
creasingly, shifting its emphasis towards the distribution aspecte of the
system it helps to finance, to facilitate sccess of the lower income groups
of the population, both in urbam centers cad rurel arees, te power pupply.
ﬁeccgn*zing thaﬁ there are benefits to society not adequately maasﬂred by
the price which custowers may be able fo pay for electricity, &the Bank hae
;Lytaken greager. iute;esb in.guch prograus, and psrticulﬁrlv in taova xor
*"Jv¢11¢aa electrificstio&. 'y rédent lcau fo Tcuador, for examoip, provides

- funds for village electrification, nnd.suppmrtazthg,plans.of;;hallgqalzqng.
‘eythorities to carry: out atulics so that the total economic.and socia? :

" yalue of this type of ¢lectrification gcheme can be better measured. -

: Simulaanenugly,_rasea;ch-:oumcaauxugthahh&uaﬁ;tg,gf al@qtr;ticgﬁion;in R i 8



low-density sress is being conducted in El SalQador, with Bank sponsore
ghip, Having found that pricing policies arc sometimes regressive andfor
penalize certain classes of consumers, the Bunk is helping electric utilie
ties to evolve tariff structures which are not only economically efficient
but which help to accomplish social objectives, such as access to service
by low income groups, or income redistribution.

The need to husband very carefully thas secarce eacrgy resources of
countries as well as of the world as a whole is a growing concern of the
Bank, So that it may be in a better position to advise member countries
on these matters, it is déveloPing guidelines for overall energy secctor
studies and is keeping abreast of all significant developments in new
energy socurces, nuclear, geothermal and solar, The Bank was one of the
spongoxrs of a recent survey by the Internmational Atomic Enargy Agency cf
the market for small and medium nuclear power installations in developing
countries. It has also recently financed a firsL geothermal plaat in

El Salvador,

' C. Mineral‘aﬂsource Development

The B?nk hmﬁ bch ct!vcly engaced iu tle finaqciu" of mlneral resources .

" far many yaars, It h&s £inanced miner&l pruauction (nzchel, mangancse, jja'i;ﬁaghf

potash, bauxite, dlumlnuq and cogl) Lnroubh loeqs totaling 481 millica. o

T

"Tbe International Fina.ce Corporation has madn loans and iqvestmants in

the miqczal qecLor totm1313 q58 HilllQﬂ fou_wiuin* and prOﬁuct‘OW of COPPQF.I_L“:

nickel, aluminum and iron ore.
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Financing has principally Leen limited to the exploitation stapge; technie
cal agsistance leoans have been made for the final stages of exploration
and the preparation of feasibility studies, The objects of financing
have been not only mining and beneficiation fscilities, but also towan~
ehips, road and rail tianaport facilities, port loading facilities, and
electric power generation,

wﬁile the main thrust of the Bank's efforts has been directed towerd
the financing of production and infrastructure facilities, the Bank has
elao essisted governments to review the mineral sector of their econocuics.
in gome cases, the Bank has helped governments to collate geologle knowledge
of the country's mineral reserves, to determine the mineral potent{al and
to identify promiging projects. In other cases, it has helped governments
to assess the effectivencss of administrative arrangements, policies and
legislation in the sector.

Kecogaizing that in iany countries with wmineral occurrcnces there has
bean litrle, 1f any, effort to ageist gmall and medivm~gized minerz, theo

¥

Bank has of late been exploring new avenues of asaigtance to the latter,

-For exzmple, it is now providing technical &ssistonce in the establishaent. .. .. .

... Of funds for mineral exploration jin several countriee. It has under con-.

.

“gideration lending to nutional development institutions we establfshad. - ol

.. developaent. banks.or nevw mineral development banks. -- for relending to . -
- gmall and medium-gized ainers to whowm credit has not been readily available,
f"Thg gr6ce$ds‘éf*thesé'ioan5-évuldlbe'ﬁng'avﬁil&blleor“miﬁing-or processing

. Squipment,. porhapa. ultinately. for. regional, processing facilities, ., . ...
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Thuve appesr (o be many countries, princiﬁally anong the least
developed, which have mineral possibiliéics but do not have funde avail-
uble for exploration, given other more urgent developmental needs. %The
Bank ig keeping itself informoed of develepments in the UN consideration
of a revelving fund fof natural resources exploration,
The Bank has alec been following developments affecting exploitation
of seabed mineral resources, end familierizing iteelf with the techniceal,
legal and economic isoues and implications of the use of those resources,
Developing countries often lack the rescources and experience to make
eifective arrangenmcnts for the enploitetion-of their mineral resources.
The Banlc is currently studying the aseistance now available from the UN
end elsewhere to tyxy to develop a means whereby developing countries can
be given access to the necessary expertise required in this connection.
The Bank expects to continue its financing of mineral projects and
technicel asslistance in this field. 7To increasse the effectiveness of its
ovn nrogram and provide the technical evnertise for an expanded wole in
the Fentnr, it iz now wurging tcward_thg egtublishmgnt of nlscparate.miging_'
_4;v;siun iﬁ:its Indusirial Projects Departmant with increased specilalized .-
R0y 0 PRMICY DINE SRSSLRORSEING DEGRONLLS for 20 papanaed mole (0X

i phe Bank Grﬁﬁﬁfiﬁ*théfmfﬁéfhi-héctﬁf;'&ﬁd”1ﬁ§ihhf£ﬁ§?fhatéenéfai:3ir§c£ibﬁ§’fﬁw*;:‘ﬁ

-, which increased activity might.teke, is .in process of preparation,: Rt 18 ... .- noo

. wchedulad to be considared Ly the Bank . Group's Executive Directora befora -
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Mr, Warren C. Baun August 16, 1973

Attached is a memorandum on Desalination which Mr . McNamara
requested. Should you wish any changes please advise.

HRS:le é
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DESALINATION



WATER DESALINATION

In the mid 1960s a Swiss foundation (DESARES) offered a prize of US
$50,000 to the person or persons who could make a significant contribution
towards finding a breakthrough in the technology for econcmically desalting
water. This prize still awaits a claimant.

In the last decade, more money has been expended on research and develw-
opment of the desalination processes than ever before. The general public,
and particularly officials in many of the water scarce areas of the world
have been led to believe that we are now entering an era where conversion
of sea and brackish water to fresh water for human, agricultural and indus-
trial uses can be accomplished at costs which are lower, or at least only
slightly higher, than those from conventionzl sources. Unfortunately, these
expectations cannot be fulfilled if results from existing installations are
used as an indicator. There is promise of reduced costs as accomplishments
of the research effort are gradually incorporated in new design. There is
evidence that substantial reductions in costs can be achieved through eco-
nomies of scale, through improved load and use factors, and through improved
efficiencies. The purpose of this memorandum is to discuss successively
salinity tolerances and limits for plants, animals and humans; desalting
technology including processes and operational aspects; and costs of de-
salination. These aspects are then summarized to serve as a guide for the
consideration of projects which involve desalination.

Salinity Limits and Tolerances

Waters may be classified into four broad categories according to salinity
as follows (in milligrams of salt per litre):

Sweet water 0 to 1,000 mg/1

Brackish water 1,000 mg/1 to 10,000 mg/1
Salty water 10 000 mg/1 to 30 000 mc/l
Sea water 35 000 * mg/1

Humans, animals and crops show varying tolerances for the common salts
found in water. Humens show least tolerance with the upper permissible
limits set by WHO being 500 mg/l for public systems. However, it is known
that tolerance to salinity varies with climate and that in some arid regions
water with salinities of up to 3,000 mg/l are being consumed., WHO has recog-
nized this to the extent that it has set 1,500 mg/l as the maximum allowable
concentration beyond which potability is seriously impaired. The range for
animals and fowls extends from 2,800 mg/l for poultiry to 12,900 mg/l for cer-
tain adult dryland sheep. A general limit of 5,000 mg/l for most animals is
used, Crops vary in their tolerance because of interrelations with soil type,
drainage characteristics, and the quantities of water applied. In general,
1,500 mg/1l appeéars to be the limit for most crops but with favorable conditions
and proper crop selection, considerably higher levels can be used.



Based on current costs of desalination even where local waters require
limited processing to reduce salinity to acceptable levels, application to
agricultural use appears unattractive for the present and foreseeable future.
This confines present considerations to application of desalinated water to
human, animal and industrial uses.

Desalination Technology

There are today an estimated 800 desallnatlon plants in operation through=-
out the world whose capacities range from 100 m3/d up to 28, 500 m3/d. (1 md =
26l; US gallons.) It is estimated that the current Lotal dcualtwnv plant capac~
ity of all plants is rapidly approaching 3.0 million m /d (1 billion US gallons
per day). A large number of small plants are in use by industry, tourist
areas, and for research and development purposes.

Desalination Processes

Processes employed in the desalting of water can be classified in a number
of ways.. Annex 2 shows three classifications: by the type of energy recuired;
by properties; and by levels of salinity to be removed. The following list
gives a broad view of those processes either now in use or in variocus stages of
development:

Multiple effect distillation 'Freeze separation

Multiple stage flash distillation Hydrate separation

Vertical Tube Evaporator (VIE) Hyperfiltration or reverse osmosis
Solar distillation Electrodialysis '
Supercritical distillation Ion exchange

Vapor compression distillation Solvent extraction

This list while, in itself, imposing, does not include the names of numer-
ous processes based on modification of many of those shown. For purposes of
general understanding the desalination processes can be described as those which
use evaporation (distillation), membranes, freezing, or chemical means for sepa-
ration of salt from water. Each process has advantages and disadvantages and
the objective of selection is to choose the one which maximizes the first and
minimizes the second. For example, waters of low salinity require less energy
for salt removal than those with high salt content, - In the case of low salin=-
ity waters, selection of a process which has an energy input varying with the
salt to be removed has an advantage. It may be, however, that as the volume
of water required increases, the advantages of a reduced energy input gives way
to savings in capital costs for another process even though the latter may re-
quire essentially the same energy regardless of salt content. As a generaliza-
tion in reviewing costs of water produced by plants in operation, it appears
thet for low salinity waters (less than 5,000 mg/1) in limited volumes, the
membrane processes (electrodialysis, reverse osmosis) may have an advantage.
For high salinities and large volumes the distillation processes seem to be the
me thods most commonly preferred. Because of the developmental work underway
and because of the many variables that enter into plant selection, it is pre-
mature to conclude that any one of the foregoing generalizations will be valid
for any given situation either now or in the future. The problem of selecting
a particular process is further complicated by conflicting claims, and the dif- .
ficulty of obtaining data which are comparable and reliable.



While much hope has existed for the development of solar stills for
generalion of low cost water from the sea, present installations not only
require very large land areas, in the order of one square meter perlm3
(26} US gallons) of water produced per year, but also entail relatively
high capital costs resulting in total costs of US $0.78 to $1.05 per m3
($3 to &l per 1,000 gallonsj for water produced.

Dual purpose plants which combine power and desalination are in opera-
tion in a number of countries. ©Since these plants almost always take steam
from power generation facilities as the heal source to effect evaporation,
one of the distillation processes is normally employed for desalting.

Operational Aspects

While the technology of desalination is, in itself, not complex, exper-
ience with existing plants shows that maintenance and operation are major
problems which stem from corrosion and scaling of equipment, from clogging
of membranes, and from mechanical failures all leading to excessive periods
of "down time" and lowered efficiencies. Equipment life and the operational
characteristics of each process are also factors which reguire attention in
selection and costing of facilities.

Corrosion and Scaling Saline water is known to be extremely corrosive
to metals. Experience with power installations using sea water for cooling
has well documented this fact and there have been few, if any, desalination
plants where corrosion has not created difficulties. Because of the high
solids content of sea water, scaling of heat transfer surfaces has been found
a major problem to overcome. Use of corrosion resistant metals and chemical
conditioning of feed waters have been prime subjects for research and are the
means most commonly employed to combat these two problems. Of the 59 plants
in a UN survey,l over two-thirds reported scale problems and half reported
corrosion problems as major causes of shutdowns. '"Down time" on many of the
newer pilot and experimental plants due to these problems suggests that these
problems are still not completely resolved. Other causes of plant shutdowns
in the UN survey included those due to pumps and drives, and blockages or
fouling due to inadecquate screening of sea water.

Equipment. Life Desalination processes frequently employ equipment for
which operating life is still not well established. Even ten years life may
be optimistic without major expenditures on maintenance for certain equipment
and certain waters. On the other hand those parts of plants which generate
steam as the means for effecting vaporization employ equipment which has under-
gone many years of development for use in thermal power stations. In the
distillation processes it is the surfaces and units which convey the heat from
the steam to the saline water where problems arise. Pumps, pipes, valves,
surfaces and other appurtenances coming in contact with the saline water are
the critical elements. The development of corrosion resistant metals for de-
salting use is well advanced. The effect of introducing these materials is
usually to increase plant costs while reducing maintenance and prolonging plant
life.

1/ United Nations Desalination Plant Survey, 1969.



Plant Personnel As previously mentioned, the technology of desalination
is, in itself, not complex. However, the operations are made difficult be-
cause of the sensitivity of most of the processes to the proper conditioning
of feed water:; to the maintenance of temperatures, pressures, or vacuuus withe-
in rather narrow ranges; to servicing of membranes and ion exchange beds; to
close monitorinz of performance; and to the initiation of critical corrective
actions when required. These plus numerous other duties of the plant personnel
require technicians who mst be rmch more highly skilled than those employed in
conventional water treatment facilities. This will pose a problem in certain
of the developing countries and will likely reouire employment of expatriate
staff for a considerable period of time, This in turn reflscts in higher costs.
Selection of the process best suited to any given situation must take account
of how the plant is to be cperated and the costs of labor.

Desalination Costs

The major cost elements in the desalination processes consist of fixed
charges (depreciation, interest, texes, insurance), land, energy, labor, main-
tenance, ‘feed water, and brine disposal. Some idea of the contribution of
each to these elements to the cost of product water can be obtained by noting
the results of an analysis of costs made in the UN survey of 59 plants opera-
ting in various parts of the world and built in the late '50s and early '60s.
The total cost of water produced from these plants is shown in Annex 1. While
it is recognized that plants built in the late '60s and early '70s will likely
show lower costs for water produced, the breakdown of costs, percentage-wise,
should not be too different between old and newer installations.

Of the 59 plants in the UN survey, the most dominant factor in the cost of
water was the fixed charges on investment which accounted on average for more
than one-third of water coste. For over half the plants fixed charges accounted
for between 35 and L5 per cent of water costs. Labor accounted for between 25
and 35 per cent of water cost; energy costs averaged 16 per cent; maintenznce
costs averaged B per cent (2-5 per cent on larger plants); and chemical costs
11 per cent. Costs of brine disposal were not taken into account.

Capital costs of desalting plants are te a great extent affected by the
size of the installations decreasing in cost per m’ of water produced as size
increases. Rough figures based on 1965-67 figures_for plants in the USA, show,
for small plants investment of around US $500 per m” of water produced; for
large plants around $400 per m” and for very large plants an estimated $250 per
m3. _These figures can be compared with an average investment of around US
$L0/m° for a medium-sized conventional water treatment plant.

Costs of water from desalination plants now in operation are high if the
figures shown in Annex 1 are an indication. Reports on newer plants while not
presenting figures which can be easily interpreted, suggest total costs on waters
of high initial salinity of well over US $0.40/m3 ($1.50/1,000 gallons) if all
costs are tzken into consideration.

VWhile the. foregoing figures confirm that present costs are high, there is
considerable evidence to support the view that the downward trend will continue
although without dramatic drops. Some of the lines of development which have -
been explored and some which give encouragement to lowered costs are noted below.

by



Energy Costs

One of the areas where hopes had been expressed that a breakthrough might
be achieved in lowering costs is that of reduced energy requirements., FPhy-
sicists and chemists have stated that by application of the laws of thermody-
namics given any specified conditions of salinity and temperature the theoreti-
cal energy required to remove salts from solution is fixed. They contend that
it is not scientifically possible to reduce energy requirements to below these
levels. There is no evidence based on the extensive research conducted over
the past fifteen years, that this contention is wrong. This leads then to the
conclusion that only by finding a lower cost energy source for any given instal-
lation and through reducing energy losses by improved efficiencies can costs be
lowered. In the long range, resezrch and development work now in progress,
directed at nuclear energy gives promise of a means for reducing energy costse.
Efficiencies have been improving and further progress can be anticipated. The
outloock for the immediate future suggests oanly gradual reductions in cost from
better efficiencies, and higher costs for operations dependent on fossil fuels
for energy.

Dual Purpose Plents

Duzl purpose plants are those built in conjunction with power generation
facilities. VWhile the usual practice of taking low pressure exhaust steam to
drive the distillation plant in a dual purpose installation undoubtedly offers
economies, it does demand careful planning of the system to avoid the serious
problens arising from a short~ or long~term mismatching of power and water
demands .

The location of a distillation plant and a power plant on a common site
does, however, offer considerable advantages even where close coupling of the
steam supplies is not practiced. These advantages are that the two functions
can share the same management, operation and maintenance facilities; in gen-
eral, the requirements of the two functions are similar in these three respects.
For distillation plants of anything but unusuelly large capacity, it is only on
this "shared" basis that the rather specialized management and maintenance re-
ouirements, and the part-time operating labor demands, can be met at acceptable
costs.

In areas where solid waste contsins a high concentration of combustible
matter, consideration can be given to the benefits of combining incineration
with steam generation. Such steam can be used either for desalination, for
power generation, or both. In most instances heat recovery from solid waste
incineration will not likely be competitive with operations using other fuels.
However, where solid waste disposal must be effected at fairly high costs anyway,
incineration coupled with steam generation may prove attractive.

A problem arises in the equitable allocation of costs between power and
water on duzal installations. This can be done either by the allocation of
separate annual fixed and annual variable costs to water and electricity respec-
tively, or by allocating total annual costs according to water and electricity
production. The latter method is favored in the desalination plant costing
procedures proposed by the UN. Under this proposed approach the total annual
costs of a dual-purpose plant should be allocated to water and power in propor-
tion to the respective annual costs incurred in the cheapest possible alternative
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single purpose plants producing the same guantities of marketable output as
are obtained from the combined operation.l By employing this procedure,
joint cost allocation is simplified; furthermore, no technical parameters
are brought to bear on the calculation. As stated, the method requires a
breakdowm of costs for alternative single purpose plants. These figures
should be easily available since the costs of duzl purpose plants are usually
compared to those of equivalent single purpose installations in order to
ensure that, under the given conditions, the duzl purpose plant is more eco-
nomic than single purpose installations.

Load =2nd Use Factors

As with power generation facilities, load factors are of importance to
desalting plants. The load factor can be stated as the annual, monthly or
daily production as a percentage of plant capacity. While it is possible
that sitvations may develop where desalting plants will be designed and in-
stalled to provide water for peaking purposes, for example during summer or
dry months when demand exceeds the capacity of the conventional facilities,
such cases will usually be very few becsuse alternate sources for supply of
peaking water will usually be cheaper than the desalting source. Where de-
salination is the cheapest source for peaking water, however, a low load
factor would result by design. In all other cases, however, the objective
is to have the highest possible load factor.

While much of the literature on desalination speaks of load factors to
mesn also use factors, for the reason stated in the foregoing paragraph a dis-
tinction between load and use factors appears to be desirable. Use factors
relate to the normal daily and other seasonal variations in consumer demand.
The system can accommodate these variations by changing production rates or
through storage facilities, whichever is more suitable or economic. Load
factor is related to plant production including not only accommodation to
demand but also to the effects of operational outages - planned and acciden-
tal - on plant availability. This latter has proven to be quite the most
significant factor in desalination plants. Because of the operational prob-
lems encountered with many desalting plents over the past decade, much down
time has been experienced in order to replace tubing, remove scale, and to
maintain pumps, feed water equipment, etc.

Annual expenditure on fixed charges and on labor for a desalination plant
is determined by installed capacity regardless of utilization because labor
required to operate a plant is essentially the same whether the plant operates
at partial capacity or at full capacity. Even periods of complete shutdown
for a few days or weeks give very limited possibilities for transferring staff
and their costs elsewhere.

The importance of load factor in determining water costs can scarcely be
over-emphasized. The average annual load factor of the 59 plants included in
the UN survey was only 53%, resulting in load factor dependent costs for fixed
charges and labor amounting to two-thirds of the total water costs listed in
Amnex 1. Thus, if those plants could have been operated at full capacity, -the

1/ Joseph Barnea, "A New Methed of Cost Allocation for Combined Power and
later Desalination Plants", Water Resources Research, vol. 1, No. 1
lashington, DC, March 1965.




costs attributaeble to investment and labor would have been halved and total
water costs reduced by one~third. While it is impractical to arrange for
operation at full capacity, there is, nevertheless, a considerable economic
incentive to make the load factor as high as possible (e.g., in many steam
power plants and for some desalination plants factors of 90% cen be obtained)
and to take this factor into account in planning desalination installations.

Economies of Scale

There is no doubt that as the size of plants is increased, unit costs of
product water are reduced. Reports prepared in the late '60s which prejected
costs of very large schemes where nuclear power and desa}%nation plants were
proposed, showed water costs at figures around US $0,10/m° (US $0.35/1,000 gal-
lons). Such figures must be viewed with caution since they have been based
on assumptions which have not be substantiated by actual operztion and fre-
quently will not stand analysis. Nevertheless, with improved efficiencies,
with lower energy costs from developments in nuclear fuels, economies of scale,
and through the benefits to be rezlized from dual purpose installations, costs
of desalinated water at the plant can be expected to drop.

It can be concluded, that for the present there remains a very wide gap

between the theoretically achievable goals and those actually experienced on
desalting plants constructed to date.

Investment Considerations

The decision to finance desalination plants ought to be taken using cri=-
teria similar to those employed when any other water facilities are considered.,
It should be demonstrated that deszlination is the least cost method of supply-
ing the water required. In arriving at the alternatives to be compared the
possibilities of using long pipelines from known fresh water sources should not
be forgotten. VWhere desalination is decided upon, that process should be selec-
ted which will not only assure the least cost water but which takes into account
such factors as the capacity of the national technicians to operate and maintain,
available fuels, the economics of the situation, and dependability. A few of
the points to be noted in reviewing proposals for desalting projects are briefly
summarized in the following paragraphs. '

Comparison of Costs

Frequent misconceptions develop in reviewing cost data for desalinated
water. Cost of water from desalination plants should not be compared with the
cost of water from other processes when the latter costs include delivery to
the consumer. The cost of water from a desalination plant should be compared
with costs of water from treatment plants, springs, wells, or pipelines at the
point where each connects to the distribution system or to a common transmission
line.

Load Factors and Storage

Full consideration has to be given to the load factors because of the poor -
experience to date for most installations of all sizes and types.
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Unusually large storage capacity for product water is required where depen-
dable service has to be assured by desalination plant owtput, One week's stor-
age is not an uncommon figure used for design. This will be inadequate in some
instances. Costs of storage in excess of that used for conventional systems
must be added for purposes of comparison with other alternates.

Depreciation Hates

Depreciation while still a controversial cost in desalination ought to be
based on an average life of not longer than fifteen years unless actual exper-
jence from plants in operation provides reliable data for the specific process
and plant type to support a longer period. :

Interest Rates

Certain reports in the current literature projecting costs of desalination
contain figures based on 3-5 per cent interest rates. Interest rates which
represent the opportunity cost of capital for each country should be used for
purposes of comparing alternate sources and alternate processes.

Costinz of Power Facilities in Combined Plants

In nuclear and thermal plants where power generation and desalination are
combined, it has been common to use the "going" price of power in the area as a
base, and where very large power installations are designed which will generate
power at costs below the "going" price, to show the savings as a means for re-
duction of the sale price of the desalinated water. This is not an acceptable
approach in making investment decisions. Cost estimates of dual purpose plants
should be compared to those of equivalent single purpose installations in order
to ensure that, under the given conditions, the dual purpose plant is more eco-
nomic. -

Brine Disposal

Concentrated brine is a product of all desalting operations. This can
be not only a major problem in finding a point of disposal but costly. Siting
of plants and decisions on the economics of various alternatives should take full
account of the brine disposal problem, the costs involved, and the ecological
implications.

Alternatives

Pipelines supplying water from distant sources should not be forgotten as
possible alternztes to desalination plants since Vaillantd/ has calculated that
for volumes of water of 500,000 m3/d (132,000,000 gal/d) a pipeline of 100 km
could be built and could supply water at an equivalent cost. For smaller vol-
umes where economies of scale of desalting plants are reduced, the length of
pipeline which can be built to provide water at an equivalent cost, rapidly
rises. Vaillant calculates that a desalination plant of 25,000 mj/d (6,500,000
gallons) would yield water equivalent in cost to a 200 km pipeline. For pur-
poses of rough comparisons at the present stage of development, it is believed

1/ Dessalement de l'eau de Mer, 1970, Eyrelles Press, Paris.,



that on most urban water projects on which the Bank invests, whenever water
is available within 200 km of the city, a pipeline will prove more economic
and be better suited to local technology, than desalination. Beyond 200 km,
or in unusual circumstances such as very high pumping costs or, of course, :
where no other sources are available, desalination rust be considered.

Harold Shipman | .
Water Supply Advisor .
Public Utilities Department

August 1973



ANNEX 1

WATER PRODUCTION COSTS ON 59 DESALINATION
PLANTS IN THE WORLDL/

(Dollars per 1,000 gallons)

Water Costs J Number of Plants
0- .99 3
1.0-1.99 19
2.0~2.99 3
3.0~3.99 23
li J0-1 .99 0
5.0-5.99 3
6.0-6.99 g 0
7.0-7.99 0
8.0-8.99 1
9 02 .92 .0
10,0-19.99 - L
20.0-29.99 1
30.,0-~39 .99 2

59

1/ United Nations Desalination Plant Operation Survey, 1969



ANNEX 2
Page 1 of 2

CLASSIFICATION OF DESALINATION PROCESSES

Clagsification by Type of Energy Reouiredl/

A, Processes requiring thermal energy
Multiple effect distillation
Multiple stage flash distillation
Vertical Tube Evaporator (VIE)
Solar distillation
Supercritical distillation

B. Processes requiring mechanical energy
Vapor compression distillation
Freeze separation
Hydrate separation
Hyperfiltration or reverse osmosis

C. Processes requiring electrical energy
Electrodialysis

D. Processes requiring chemical energy

Ion exchange
Solvent extraction

Classification Based on Prqpprtiesl/

A, Processes dependent on phase changes of water

1. Evaporation
Multiple~effect distillation, in which the latent heat
comes from a solid surface.

: Multiple stage flash distillation, in which the latent
heat comes from cooling of the liquid being evaporated.
Supercritical distillation, in which all evaporation
occurs above the critical temperature of pure water.
Solar distillation in which the latent heat is derived
from direct solar radiation.

Vapor compression distillation, in which the latent
heat is obtained regeneratively.

2. Crystallization
Freeze~-separation, in which the crystals involved are
those of pure water.
Hydrate-separation, in which the crystals contain mole=-
cules of the hydrating agent.

B. Processes dependent on the surface properties of membranes in
contact with water

1. Electrodialysis, in which the unwanted ions are caused
to migrate through membranes due to electrical forces.

2. Hyperfiltration or reverse osmosis, in which water is
caused to migrate through membranes preferentially to
the salt ions, due to pressure

1/ Howe, University of California, Berkeley, 1968
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C. Processes dependent on the surface properties of solids
and liquids in contact with water.

1. Ion exchange, in which unwanted ions are exchanged
for less offensive ions loosely bonded to certain
double salts in solid form.

2. Solvent extraction, in which certain liquids dissolve
water more readily than the salt ions contained in
the saline water.

Classification based on Varistion of Energy
Related to Initial Salinityl/

Type of Energy Conversion Process
Processes in which the energy Multiple-effect distillation
requirement is essentially Multi-stage flash distillation
independent of initial Vapor compression distillation
salinity Supercritical distillation

Vacuum flash distillation
Solar distillation
Freezing

Reverse Osmosis

Processes in which the energy | Electrodialysis
requirement depends on Ion exchange
initial salinity Chemical precipitation

1/ Howe, University of California, Berkeley, 1968,
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Public Utilities Sector Work Program - Power, Water
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Backgzround

1. On various occasions and particularly during the review of the
FY73/7L work programs of CPS Sector Departments, Mr. McNamara .as stressed
the importance of systematic country sector work as a solid basis for
guiding the Bank's future operations. He asked for the prepars*+‘on of a
five-year (FY7L-78) program of sector studies, and instructions to this
effect were issued December 27, 1972 to all Operaticnal Vice Presidents

in a memorandum from Mr. Knapp.

2. The sector work programs. were to be prepared by each Region in
consultation with CPS. The CPS Sector Departments were thereafter to con-
solidate the five regional programs into Bank-wide sector programs. The
present report reviews in a preliminary way the information already made
available in connection with the Power and Water sectors.

3. We plan, however, to go beyond this preliminary review. We
propose to develop objective criteria (in the form of a combined check-
1ist and data set) to evaluate the adequacy of sector knowledge. Further-
more, we want to test this objective criteria for a sample of these
countries in each region, which in the opinion of the regional staff are

" representative of the three basic situations -- satisfactory, fair,

unsatisfactory -- so that we can cross-compare the unformalized criteria

saployed By ihe zegions both amonget them and ggeinet ouwp nronnsad method.

State of Sector Knowledge

L. The state of knowledge sumarized in this paper has been taken
from the information contained in standard questionnaires (Annex 1) which
were distributed in the regions as a part of ihe preparation of the five-
year sector work program. The questionnaire distinguished among three
states of knowledge: "AM" satisfactory; "B" considerable (some additional
work needed); and "C" unsatisfactory (major effort needed). The staff
was asked to assign one of these classifications to three aspects of sec-
tor knowledge: Data base, 3ector policies, Project planning. This latter
refinement proved to be (at least in the public utility sectors) of no
additional significance, as in practically all cases the same classifica-
tions (A, B, or C) applied to all three aspects. Finally, the question-
naires asked for identification of the reports containing the best and
most recent sources of sector knowledge.

I e il i s
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Se On the basis of (i) the questionnaires, (ii) current lending
programs (CPPs) and (iii) the proposed regional sector work, we have
prepared Annexes 2 - 11 summarizing for each region, country and sector
the Status of Knowledge, Source, Lending Programs and Sector Work pro-
grams. A regional summary indicating number of A, B, C type countries,
number of countries in lending program and in sector work program, is
given in Tables 1a and 1b (see pages 3 and U).

6. In addition, the Department has collected the listed source
documents mentioned in the Annexes 2 - 11 in order to initiate and main-
tain for future use Couniry/Sector Information Files.

Te Before commenting on the abuve-mentioned Tables and Annexes it
may be convenient to summarize the Regional views on the objecti.es and
methods to be utilized in their Sector Work. We take them in an almost
verbatim manner from their respective reports.

8. Objectives Stated by Regional Officesl/
ASTA '

Sector Work should be operationally oriented and be directed
to identify more sharply policies and issues likely to be crucial in the
identification, preparation and evaluation of projects.

EMENA

- Enhance sector knowledge so as to contribute more substantially
to the formulation of country policies as defined in CPPs and to assist
member countries in formulating sector development strategies.

LAC

The purpose of Sector Work is to investigate major sector prob-
lems, analyze policies and study overall investment requirements. In
addition, it should help to identify major areas for future Bank lending
and, where pcssible, specific projects.

WEST AFRICA

£ Sector Work should help to resolve basic sector issues. The
single most important issue would seem to find the right balance between
extending and improving essential services in the rapidly srowing urban
areas, and the urgent need to provide such basic services to the rural
areas as a part of a general attack on rural poverty. Another important
issue is to find the adequate institutional approach (National sector
authority, Integrated multi-sectoral regional/minicipal institutions,
Mixes, etc.).

17 East Africa's comments on this are not yet.available in writing.
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TABLE 1a
REGIONAL SECTOR KNOWLEDGE
POWER
Status of Number of Countries in Countries in
Knowledge Countries lending Program Sector Program
ASTA
)\ 5 3 0
B L I 1
c 2 0 0
g1/ 2 1 0
13 8 1
E. AFRICA ;
A 7 5 1
B b 2 L
c 3 1 2
[} 2 1 1
16 9 8
EMENA
A 14 10 0
B T 1 1
c 10 1 L
g 0 0 0
EY 12 g
LAC
A 1 10 L
B 8 6 L
c 2 1 0
/) 1 0 1
22 iT 9
W. AFRICA
A 5 5 not available
B 7 h n n
C 7 0 n "
[} 0 0 n n
19 9 fn "
101 55 23
1/

—' No questionnaires filled for these countries.

Public Ttilities Department
June 1973

Presumed C or less,
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TABLE 1b
REGIONAL SECTOR KNOWLEDGE
WATER
Status of Number of Countries in Countries in
Knowledge Countries lending Program  Sector Program
ASTA
A L L 2
B 2 1 1
C 7 L L
13 9 7
E. AFRICA
A 3 2 0
( B L 3 0
C 9 3 L
16 8 L
EMENA
A 3 2 0
B 9 1 5
g 16 3 5
g1/ 3 0 0
1) 12 10
LAC
_' A 2 2 0
B 1 1 0
C 6 2 3
) 13 0 0
22 5 3
W. AFRICA
A 1 1 not available
B 7 é n n
C 1 0 " 1
19 T " u
101 ' L1 2l

~ No questionnaires filled for these countries., Presumed C or less.

Public Utilities Department
June 1973

BT
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9. Methodl/

The various approaches planncd by the regional offices are:
comprehensive sector surveys; sector participation in economic missions;
special studies; initial reconnaissance type surveys; sector up-dating
and analysis within the context of continuous appraisal and supervision
work. The regional views on the appreopriate mode of work derive natur-
ally from the existing state of knowledge in the different countries of
the region. Their views are as follows.

ASTA

Sector Work will shift away from general sector surveys toward
sub-sector survey and special (issues-oriented) missions., Field sector ‘
work will be carried out mainly during appraisal and supervision missions.
EMENA

We propose to concentrate our Sector Work on the 15 large and
medium sized countries with active operations programs. A general change
from infrequent massive deployment of sector talent to that of continuing

issues-oriented analysis with more frequent, even though less comprehen-~
sive, synthesis is already indicated.

LAC
The knowledge we require can be obtained almost wholly through

regular (project) operational missions. Thus we need to organize sector
missions only intermittently when particular problems have to be studied.

WEST AFRICA
The entire Sector Work program has to pass through a phase of
reconnaissance of and familiarization with the countries and conditions

of the particular sector. (This work would take most of available
resources for Sector Work in FY7l.)

10. Staff Time Allocated

Table 2a below summarizes the Programming and Budgeting Depart-
ment estimates of man weeks which will be dedicated to Sertor Work in
each region by "mode" of work in FY7L. This data is preliminary and
probably wrong as some regions (e.g. LAC) appear to have laft out Sector
Work done in conjunction with appraisal and supervision missions. PNB
has offered to produce a more consistent set of information shortly.
Table 2b gives present estimates of total Sector Work man-weeks for the
six-year period FY7L4-79.

l/_In an OM draft on Sector Work dated June 25, 1973, Messrs. van der Tak
and Hendry have given a more precise definition and classification of
these approaches. '
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TABLE 2a
SECTOR WORK
By Region, Sector and Type of Activity
FY7h
Mamieeks

E, Africa W. Africa Asia EMENA LAC Bank

Power _
Surveys 60 - 25 - - 85
Eco, Missions - - - - 1. 15
Special Studies - - 35 - - 35
Other 10 5 5 10 5 35
Total 70 5 65 10 20 170
Water .
Surveys 1L0 - 10 . 35 60 375
Eco. Missions - .- - - - -
Special Studies ~ - - - 15 15
Otherl/ 15 20 5 10 5 55
Total 155 20 s bs 80  LL5
TABLE 2b
SECTOR WORK
By Sector and Region
FY7L-FY79
Hamweeks
oector FY(l KY/5 FY'76 FY77 FT78 Y79
Power _ 170 220 110 110 80 110
Water | L5 200 190 225 155 280
Comments
1. Sector-wise the state of knowledge is considerably higher in

power than in water. Country knowledge at stages A, B, C (including #)
are 42, 30, 28% for power; and 13, 23, 6L% for water. Thut is, knowl-
edge of the power sector is unsatisfactory in less than 1/3 of the 101
countries included in the survey, while for the water sector knowledge
is unsatisfactory in practically 2/3 of the cases. It is then quite
natural that a much higher sector effort is programmed in water than in
povwer (see Tables 2a, 2b).

P4 Includes estimated work on sector briefs, ‘'notes", "country sector
strategy papers" and some special desk studies.
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52, The state of sector knowledge appears to be very similar in

all regions with the notable exception of ILatin America where it is shown
as well above average for power and lower than average for water.l/ For
power, knowledge is unsatisfactory 31% in Asia and East Africa, 32% in
EMENA, 37% in West Africa and only 1L% in LAC. For water the percentages
are SL% for Asia, 56% for East Africa, 58% for West Africa, 61% for IMENA,
and strangely enough 86% for LAC.

13. Comprehensive sector reports represent a minimal part of the
Bank source of knowledge. They exist both for power and water in only

9 out of the 101 countries. Most of the information, when it exists, is
summarized in sector briefs, appraisals, reconnaissance, super. ision and
economic mission reports (see Annexes 2 to 11). As knowledge is consid-
ered fairly satisfactory in about 6L countries for power and 37 for water,
it is obvious that other than comprehensive sector missions have been
providing the necessary information. This situation would support the
very general view of the regions that P.U. sector knowliedge to a great
extent can and should be obtained in the course of operational work. In
this respect, P.U. sectors are rather different from others as they are
generally managed through a few -- and sametimes one -- institution which
in most cases is the Bank's borrower.

1k. If we assume that any lending operation and/or sector work
and/or special consultant study in a country will do no less than remove
it from category C towards B or A, the presently proposed lending and
secgor work programs would have the following effect in the period FYTh-
m .

No. of ucn Countriesg/

Power Water
Today ~ 1978 {(end)  Todoy ~ 1078 (end)
LAC 3 1 19 15
Asia _ L 1 7 1
st Africa 5 0 9 3
EMENA 10 S 19 L
nCH Sub-total 22 7 sk 23
% of Total 27% 8.5% U1.5% 28%

The above figures show that power sector knowledge will cover almost all
Bank countries by FY78. In water, the situation should also improve
substantially, though LAC would seem to remain as an interesting excep-
tion (see footnote 1).

1/ This might be the result cf different and perhaps a more demanding
criteria in the lLatin America region with respect to what is satis-
factory sector knowledge. As mentioned in para. 3, we intend to look
into this matter later.

2/ g

—=" West Africa not included as work prograﬁ not yet defined.
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$€, In conclusion, it would appear that regional views on the
approaches tc and efforts needed to carry out Sector Work

objectives,
are fairly homogenous. Notable differences are only the Latin American

relatively smaller water sector program and West Africa's undefined
ower/water program (which, however, cannot become more precise until

i zhe reconnaissance stage is covered). Let us note finally that until

/ the additional work described in paragraph 3 (page 1) is carried out,

/ we have to suspend judgment on the quality and depth of present sector
knowledge as well as.on the adequacy of the intensity -- and approaches --

of the proposed five-year Sector Work program.

Attachments
Annexes 1 - 11

EFriedmann:pfa

cc: Messrs. van der Tak, Armstrong, Arnold (2), Krombach (2), Morse (2),
Sheehan (2), Wyatt (2), Howell, Jennings, Shipman, Berrie,
Warford, Anderson, Rydell.
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INTERNATIONAL BANK FOR i INTERNATIONAL FINANCE

INTERNATIONAL DEVELOPMENT
COPPORATION

ASSOCIATION I RECONSTRUCTION AND DEVELOPMENT

V/la_ .?.L
OFFICE MEMORANDUM
Public Utilities Staff (Power and Water Supply) DATE: July 5, 1973

>
Y. Rovani ?1?f' ’
Public Utility Note ﬁégy;
Pricing in Power and Water Supply

L

I am attaching herewith Public Utility Note No. 5 dealing with
Pricing in Power and Water Supply. This Note is intended as only the
first step in a program of exchange of information and discussion between
public utilities staff in the Regions and Public Utilities Department on
the subject of pricing. Other steps in the program are expected to be
seminars, discussion groups, write-ups frem operational work, papers on
methodology and data collection, and further Notes.

This is the fifth of a series of "Notes" which are neither
policy statements nor working instructions. They have been designed as
a simple and flexible vehicle of communication, primarily with public
utilities staff, amongst other things to frame and comment on issues of
general interest in the public utilities sectors.

The practice has been established to have these Notes reviewed
by ad hoc panels including representatives of the utilities divisions
as well as other staff. Their contribution is hereby acknowledged.

Your comments and specially any suggestions for subjects to be
covered in further Notes would be extremely helpful and welcome.

Attachment

TWBerrie :pfa

- - »
4. Eaas Grestas




Jumary 29, 1973

Dr. Michael G. MeGarry

Associate Professor

Environmental Engineering Division
Asian Institute of Technology
Henri Dunant Street

P.0. Box 2754

Bangkok
Thailand

Dear Dr. McGarry:

This will acknowledge your letter of December 15 in which you indicate
that you intend to obtain external funding to conduct a study of wastewater
collection and disposal systems for developing countries. You indicate that
the objective of this study will be to provide improved aspproaches and solu-
tions to the provisgion of such facilities. In connection with your investi-
gation you solicit our cooperation by way of providing informstion and our
permission to discuss experiences with respect to the Dacca, Chittagong, Singa~-
pore and Djakarta sewerage schemes. You indicate that you will require asccess
to such information as may be found in the form of master plans and reports and
that you would wish to follow up a review of this information by a one-week
vigit to Washington to hold discussions with our staff.

We are naturally interested in providing any assistance that is possible
without interfering too mich with the heavy work load imposed on our technical
staff. Since e of the schemes on which you are particularly interested is
located in our Asis region discussions with the technical staff of the water
supply section of that region only would inwlved. I have checked with
Mr. Rajagopalan head of the water section Asi
believes it would be very difficult for them
months for discussions. He would, however, try to make available a little
time on each project by the staff involved.

Concerning the documentation on the projects
tion, we believe that about the only thing which would be available here in
comnection with the Dacca, Chittagong and Singapore projects are
reports. These reports are on file in the
camé in we could mske them available to you for review. With respect to
master plans and the technicel aspects of these projects, since these documents
are not available in the Bank, in the case of Dacca and Chittagong they would
have to be #btained from the consulting engineers who are Ralph Parsons of Los
Angeles. In the case of Singapore you

:
E
!
by



Public Works Department of the Singapore Govermment. In the case of Djakarta,
we have not financed a project there and, so far as we know, there are no en-

gineering plans prepared on a sewer system for that city at the present time.

A UNDP project is being proposed for this purpose.

I am sorry to be so unhelpful in connection with your request but hope
from

you will find the information of some use. I look forward to hearing
you if you feel that éven with the noted limitation, we can be of help to you.

Please accept my best regards.
Very truly yours,

Hareld R. Shipman
Water Supply Advisor
Public Utilities Department

Cleared with and cc: Mr. Rajagopalan - with copy of incoming



January 11, 1973

Dr. Ralph Turvey
Scientific Control Systems Ltd.

Sanderson House
49-59 Berner's St.
Iondon WP LAQ
England

Dear Ralphs

Thank you for the notes and letters which you sent in December.
Ispmtthamkbafonmxriminm-‘hlrm, last week skiing and
hadﬂubet\nmmdart.r,mthiaicthcﬁrntnalchmoel'nhudto
lookatth&-

We are now making the arrangements for your visit to D.C.,
which we are looking forward to, and have set for Feb. 12 to 15/16. You'll
mdoubthouﬁuth-'rrmlorriulhoruy. Regarding the next case
study, I'm now trying to fix it for May, since I'1l be in Fl Salvador for
much of March, and April is out for you. (We are sounding out the possibil-
ities of a study in Tceland (mainly hydro) and of course other countries.)

I liked your paper on shadow pricing and have circulated it to
the various Projects Departments with a covering memo, contrasting the
second best worlds in which they operate and the first best worlds which
much of the Bank's work on shadow pricing assume.

Ionrmhounindlmlm-thunalq:tnsmjmtthoﬂﬂngto
shake my thinking out of a rut - I was really stuck. (I don't know how
you do it - to respond so fully in such a short time.) I'm unsure sbout
nﬂm“mmﬂmmmntomm, since the ratio of storage
to water inflows is a decision varisble (dam height); however it may
nnmmmmwmmmu-mmmwhmm«
Jyut(uuﬂdinmrkq)de'nronwnpmhmofﬂ:ought,md
redraft my notes accordingly.

Some comments are attached on the indivisibility problems
mmudmmdrattmﬂoltlmdchminmhr&@phrmdinm
letter of December. Jerry also thinks:

para. 3 mention extemal effects - the heslth benefits .

from washing, senitetion and potshle supplies may
be over-riding at low levels of consumption;



Pm.’
p!l'lulh

paras.23

To these I
para.ll

para.20

spell out why the cost of the increment, y, is not sufficient
as a basis for setting price;

a gradual inorease of charges up to the capacity points might
be better;

the caveat sbout storage needs more discussions each gallon
consumed, whatever the time, may place an equal burden on
storage (e.g. one reiny season, storage for whole year).
(Incidentally, I think storage in water supply is possibly
easier to handle snalytically than hydro storage - no

“least damaging® needs more qualificstion (relative price
d“ﬁo‘.m. .tﬂt)

Doesn't your result sssume that indivisibilities sre constant
in size, whereas they probably increase directly with the
system's sige?

If D.0.E have no objections, we'd be most interested in

following the progress of your work on water.

mudbrﬂyhmﬂuhmmthMormmjnh;

the issues are boiling up again.

Yours sincerely,

DA-
Dennis Anderson
Public Utilities Dept.

cot Messrs. Rovani

Warford (with copy)

blue book, files
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Mr. John M. Kalbermatten Jamuary 5, 1973
K. Ringskog ({7 '
Proposed Bank Approach for lending to Semi-Rural
Water Supplies in the lLatin America and the Caribbean Region
Introduction
1. During the decade following the Punta del Este Conference in 1961,

the population served by public water supplies in Latin America increased

from some 70 million to 150 million in 1971. The share of the total population
served rose from a third to slightly over a half. The accompanying sanitation
investments undertaken amounted to some 2 billion US dollars. @(lobal figures
conceal regional differences. For instance, the population served in countries
like Haiti and Paraguay is less than 10% whereas a few developed countries like
Costa Rica, Uruguay and Venezuela have practically all its population served.
In reality, the major part of the Latin American population, namily 230 million
or some 85% of the total, live in countries where less than 50% of the popu-
lation is served by public water supply. Furthermore, of the some 150 million
served, only 3/l are served from house connections and the water quality and
service provided vary considerably. In short the global picture is not as
bright as one might wish.

2. There are many reasons why progress in the sector has not been
more rapid. Generally, there has often been lack of coordination and global
planning on the national level resulting in a piecemeal approach. The
responsibility for water supply has in too many cases been decentralized,
usually with the municipality responsible for its own water supply. This

has meant a waste of scarce manpower resources as a great mumber of institutions
have competed for a limited supply of skilled staff. This has resulted in
poor institutions and an sbsence of efficiency of scale, resulting high costs
and ensuing unrealistically high tariffs. The sector has had little success
in attracting needed talent and the result has been a slow trickling down of
new sanitation technology and deficiencies in studies necessary for project
implementation.

3. It must be concluded that the concept of each city of the municipality
managing its own water supply system is erroneous and has failed except in the
case of very large cities. The same conclusion is reached when one looks at

the financial side. Due to excessive political interference by elected councils,
the water supply entities have constant difficulty in raising capital (tariffs)
for its needed investments. Wuhen capital has been provided, it has often been
in a haphazard way, dictated by short-term political advantages. The resulting
stop go investment policy lacks continuity and results in waste. The tariff
setting powers often remain with the political body.

L. Unfortunately, the Bank's approach to lending in the ssctor has not
been very much better. The lending has been done on a piecemeal approach
and usually only the largest projects available have interested the Bank ,
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This policy is justified if the Bank wishes to employ its scarce staff to
achieve maxisum capital transfers to the region. large investments remain to
be undertaken to supply populations in large urban areas in latin Americas
with sanitation services. However, if the Bank is to aid development by
institution building and, as Mr. McNamara pointed out recently, by reaching
the population living in medium size or small urban communities, not to
speak about rural population, it will have to modify its lending approach
substantially. The lack of sufficient qualified Bank staff will make it
necessary to employ new techniques such as developing institutions which will
eventually handle most of the work presently undertsken by Bank staff. The
purpose of this memo is to outline such a proposed new methodology.

Proposed New Methodology
5. The new kind of loan that will be necessary can be characterized

as a hybrid between a program loan and a project loan and could be called
sector program loan. In general terms the mew approach would imply a

shift in emphasis away from technmical and financisl aspects towards institutional,
human resource and socio-economic aspects. An example of such a loan is the
upcoming Bahia State Water Supply loan which will be a test case for the Bank.
The methodology might have to be modified in view of the experiences of this
project. The Bahia loan is to be made to the Naticnal Water Supply entity
in Brazil (the National Housing Bank) which will in its turn relend the funds
to the Bahia State Water Supply Company, EMBASA. The latter will implement
the project that consists of some 350 subprojects, thus covering all the
urban commnities in the 8§ million state of Bahia in Brazil's poor northeast.
The institutional framework for this loan already established under the
Flanasa program by the National Housing Bank is more fully described in the
Thys/Ringskog Full Report of June 15, 1972. In this connection it may
suffice to say that the main idea is to make a loan to an institution, after
having appraised mainly the quality of the institutional set-up and its
staff, and not to appraise the subprojects in the same detail as is usually
done in Bank projects. This would mean a much larger delegation of respone
sibility to the borrower than is ordinarily the case with Bank projects.

Major Problems to be sclved

6. Generally, for such a cemtralized lending approach to be successful,
a muiber of problems have to be overcomes

(a) one central institution (be it on the nmational or regional level or
a conmbination) will have to be established and the individual
systems will have to give up much of their autonomy to the central
entity,

(b) a global flexible and dynamic programmation of work will have to
be instituted,

(¢) human and financial resources have to be mcbilized on a national
level via the central entity,
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(@)

(e)

(£)
()

a tariff policy has to be implemented that will not only be
approximately economically efficient, but also take the broader
political aspects into consideration such as (1) consumer categories
that would on financial grounds be able to afford public water supply,
(2) and thereby achieve income redistribution on the nationalror
regional level. Such a tariff would be optional in the long run.

a permanent solution to the fimanclal problems has to be found, and
the establishment of revolving funds, free from political influence,
seems to be the most promising way to achieve this,

a mixture of sources of funds (loans and grants) might be necessary,

to lower production investment costs centralization is necessary to
achieve maxinum efficiency of scale, increase productivity, benefit
from the latest technological advances and achieve a more rational
machinery to study and design the separate subprojects. Over time
when the supply of skilled human resources increases, the system
could gradually become more decentralized to avoid the danger of
excessive bureaucracy.

Inplications and Issues for the Bank Project Work

T

Bnamw:wmmmiumjootmﬂ:mmﬂhm

evaluate at this stage but tentatively it can be said that the following
changes will take place:

(1)

(11)

(111)

The identification part of a project will now concentrate on finding
an institution capable of doing the job outlined under para. (6)
or an institution that could be transformed into a satisfactory one.

Before or during preappraisal a unit or a division in the central
institution or cutside the institution will have to be set up that
will be capsble of making preliminary studies so as to serve as
a basis for a Bank loan. Preappraisal is likely to become more
extensive and more important as it is desirable to develop the

borrowing institution prior to appraisal. P

The appraisal will concentrate on evaluating the quality of the
institution and its staff and only for subprojects sbove a certain.
size will the usual close technical examination be made. Increased
emphasis will certainly be attached to the training needs of the
institution, and to this end a closer cooperation with the Pan
American Health Organization seems desirable. In the long run it may
prove advantageous to establish a cooperative program so as to bring
PAHO earlier into the Bank's project work. Such a program is already
established with WHO in Genmeva but staff with experience in Latin
America is lacking there. ='
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(iv)

v)

(vi)

(vii)

(viii)

(1x)

For the tariff schedules to have an income-redistributive effect,
the philosophy that each subproject should be financially viable

by itself will have to be abolished. A national water supply

tariff of this kind would complement other public resource transfers,
which often do not take place because of lack of political will and
poorly developed public revemue-raising mechanisms.

The loan to be presented to the Board as a result of such an appraisal
will be more in the form of a credit line from the Bank to the central
water entity. Conditions of effectiveness and disbursement will be
contingent upon certain institution building improvements achieved

or commenced and for studies for subprojects sbove a certain size

to be ready.

Bidding will be made by the central water supply entity, hopefully
resulting in savings and the possibility for internmational contractors

and suppliers to enter more easily as before, as the aggregated
project size will be larger than hitherto.

Project supervision responsibilities would eventually be handled
by the central water entity and the Bark's staff should ideally
supervise only the institution and, if time permits, the larger
subprojects.

In the initial phase, when institutions will be built up, and much
technical assistance and training is needed, the short-man Bank staff
productivity will decrease implying requirements Br larger numbers

and variety of Bank staff. Managerial and plamning experience would be

4n greater demand. As the institutions become mature Bank staff

productivity would increase above present levels.

Future lending through said mature institutions would be done through
reviewing their project pipelines and simply financing a percentage
of corresponding investments. Substantial capital transfers could
thus be achieved into areas which could, with the present piecemeal
approach, not be reached.



