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1.1 All about the Handbook

1.1.1  Introduction

1. Water is rapidly becoming a scarce resource in almost all countries and
cities with growing population on the one hand, and fast growing economies,
commercial and developmental activities on the other. 

2. This scarcity makes water both a social and an economic good.  Its users
range from poor households with basic needs to agriculturists, farmers, industries and
from commercial undertakings with their needs for economic activity to rich households
for their higher standard of living. 

3. For all these uses, the water supply projects (WSPs) and water resources
development programs are being proposed for extension and augmentation; likewise
with the rehabilitation of water supply for which measures for subsequent sustainability
are being adopted.

4. It is, therefore, essential to carry out an economic analysis of projects so
that planners, policy makers, water enterprises and consumers are aware of the actual
economic cost of scarce water resources, and the appropriate levels of tariff and cost
recovery needed to financially sustain it.

5. In February 1997, the Bank issued the Guidelines for the Economic Analysis of
Projects for projects in all sectors, and subsequently issued the Guidelines for the Economic
Analysis of Water Supply Projects” (March 1998) which focuses on the water supply sector.
The treatment of subsidies and a framework for subsidy policies is contained in the
Bank Criteria for Subsidies (September 1996).

6. This Handbook is an attempt to translate the provisions of the water
supply guidelines into a practical and self-explanatory work with numerous illustrations
and numerical calculations for the use of all involved in planning, designing, appraising
and evaluating WSPs.

7. In this document, short illustrations have been used to explain various
concepts of economic analyses. Subsequently, they are applied in real project situations
which have been taken from earlier Bank-financed and other WSPs, or from case
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studies conducted in different countries in Asia as part of a Bank-financed Regional
Technical Assistance Project (RETA).

1.1.2 Uses of the Handbook

8. This Handbook is written for non-economists (planners, engineers,
financial analysts, sociologists) involved in the planning, preparation, implementation,
and management of WSPs, including: staff of government agencies and  water utilities;
consultants  and staff of  non-governmental organizations (NGOs); and staff  of
national and international financing institutions.

9. Since the Handbook focuses on the application of principles and
methods of economic analysis to WSPs, it is also a practical guide that can be used by
economists in the economic analysis of WSPs.

10. The Handbook can also be used for the following purposes:

(i) as a reference guide for government officials, project analysts and
economists of developing member counries (DMC) in the design,
economic analysis and evaluation of WSPs;

(ii) as a guide for consultants and other professional staff engaged in the
feasibility study of WSPs, applying the provisions of the Bank’s Guidelines
for the Economic Analysis of Water Supply Projects; and

(iii) as a training guide for the use of trainors of “Economic Analysis of
Water Supply Projects”

1.2 Characteristics of Water Supply Projects

1.2.1  Water as an Economic Good

11. The characteristic features of water supply include the following:

(i) Water is usually a location-specific resource and mostly a nontradable
output.
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(ii) Markets for water may be subject to imperfection.
Features related to the imperfect nature of water markets include
physical constraints, the high costs of investment for certain
applications, legal constraints, complex institutional structures, the vital
interests of different user groups, limitations in the development of
transferable rights to water, cultural values and concerns of resource
sustainability.

(iii) Investments are occurring in medium term (typically 10 years) phases
and  have a long investment life (20 to 30 years).

(iv) Pricing of water has rarely been efficient. Tariffs are often set below the
average economic cost, which jeopardizes a sustainable delivery of water
services. If water availability is limited, and competition for water among
potential water users (households, industries, agriculture) is high, the
opportunity cost of water (OCW) is also high. Scarcity rent occurs in
situations where the water resource is depleting. OCW and depletion
premium have rarely been considered in the design of tariff structures. If
the water entity is not fully recovering the average cost of water,
government subsidies or finance from other sources is necessary to
ensure sustainable water service delivery.

(v) Water is vital for human life and, therefore, a precious commodity.
WSPs generate significant benefits, yet water is still wasted on a large
scale.  In DMC cities and towns, there is a very high incidence of
unaccounted-for-water (UFW).  An ADB survey among 50 water
enterprises in Asian countries over the year 1995 revealed an average
UFW rate of 35 percent.

(vi) Economies of scale in WSPs are moderate in production and
transmission but rather low in the distribution of water.

The above characteristics have implications on the design of WSPs and should be
considered as early as the planning and appraisal stages of project preparation.



HANDBOOK FOR THE ECONOMIC ANALYSIS OF WATER SUPPLY PROJECTS6

1.3 The Water Supply Project

1.3.1 Economic Rationale and Role of Economic Analysis

12. The main rationale for Bank operations is the failure of markets to
adequately provide what society wants. This is particularly true in the water supply
sector. The provision of basic water supply services to poorer population groups
generates positive external benefits, such as improved health conditions of the targeted
project beneficiaries; but these are not internalized in the financial cost calculation.

13. The Bank provides the finance for water supply services to assist DMCs
in providing safe water to households, promoting enhanced cost recovery over time,
creating an enabling environment including capacity building and decentralized
management of water supply operations, and setting up of autonomous water
enterprises and private companies which are run on a commercial basis.

14. While economic analysis is useful in justifying the Bank’s intervention in
terms of economic viability, it should also be considered as a major tool in designing
water supply operations.  There is a scope for better integrating social and economic
considerations in the overall project design. Demand for water depends on the price
charged, a function of the cost of water supply which, in turn, depends on demand.
This interdependence requires careful analysis in all water supply operations. Safe water
should be generally provided at an affordable price and using an appropriate level of
service matching the beneficiaries’ preferences and their willingness to pay.

1.3.2  Macroeconomic and Sectoral Context

15. The purpose of the economic analysis of projects is to bring about a
better allocation of scarce resources.  Projects must relate to the Bank’s sectoral strategy
and also to the overall development strategy of the country. 

16. In a WSP, the goal may be “improved health and living conditions,
reduction of poverty, increased productivity and economic growth, etc.”.  Based on
careful problem analysis, the Project (Logical) Framework establishes such a format
showing the linkages between “Inputs and Outputs”, “Outputs and Purpose”, “Purpose
and Sectoral Goal” and “Sectoral Goal and Macro Objective”. The key assumptions
regarding project-related activities, management capacity, and sector policies beyond the
control and management of the Project Authority are made explicit.
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1.3.3   Procedures for Economic Analysis

17. The economic analysis of a WSP (urban or rural) has to follow a
sequence of interrelated steps:

(i) Defining the project objectives and economic rationale as mentioned
above.

(ii) Demand analysis and forecasting effective demand for project outputs. 
This is to be based on either secondary information sources or socio-
economic and other surveys in the project area.

(iii) Establishing the gap between future demand and supply from existing
facilities after ensuring their optimum use.

(iv) Identifying project alternatives to meet the above gap in terms of
technology, process, scale and location through a least-cost and/or cost-
effectiveness analysis using economic prices for all inputs.

(v) Identifying benefits, both quantifiable and nonquantifiable, and
determining whether economic benefits exceed economic costs.

(vi) Assessing whether the project’s net benefits will be sustainable
throughout the life of the project through cost-recovery, tariff and
subsidy (if any) based on financial (liquidity) analysis and financial
benefit-cost analysis.

(vii) Testing for risks associated with the project through sensitivity and risk
analyses.

(viii) Identifying and assessing distributional effects of the project and poverty
reduction impact.

Figure 1.1 shows a flowchart for the economic analysis of a water supply project.
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Figure 1.1   Flow Chart for Economic Analysis of Water
Supply and Sanitation Projects
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1.3.4 Economic Analysis and ADB’s Project Cycle

18. Economic analysis comes into play at the different stages of the project
cycle: project identification, project preparation and project appraisal. 

19. Project identification largely results from the formulation of the Bank’s
country sectoral strategy and country program. This means that the basic decision to
allocate resources to the water supply sector for a certain (sector) loan project has been
taken at an early stage and that the project has, in principle, been identified for
implementation with assistance from the ADB.

20. In the project preparation stage, the planner has to make an optimal choice
of the design, process, technology, scale and location etc. based on the most efficient
use of the countries’ resources.  Here, the economic analysis of projects again comes
into play.

21. In the project appraisal stage, the economic analysis plays a substantial part
to ensure optimal allocation of a nation’s resources and to meet the sustainability criteria
set by both the recipient country and the ADB from the social, institutional,
environmental, economic and financial viewpoints.

1.3.5 Project Preparation and Economic Analysis

22. Before any detailed preparation is done, it is necessary for the design
team to get acquainted with the area where the project is identified.  This is to acquire
knowledge about the physical features, present situation regarding existing facilities and
their use constraints (if any) against their optimal use, the communities and users
specially their socio-economic conditions, etc.
 
23. To get these information, the following surveys must be undertaken in
the area:

(i) Reconnaissance survey – to collect basic information of the area and to
have discussions with the beneficiaries and key persons involved in the
design, implementation and management of the project.  Relevant data
collection also pertains to information available in earlier studies and
reports.
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(ii) Socio-economic survey – to get detailed information about the
household size, earnings, activities, present expenditure for water supply
facilities, along with health statistics related to water-related diseases, etc.

It is important to analyze the potential project beneficiaries, their
preferences for a specific level of service and their willingness to pay for
the level of service to be provided under the project.  The analysis of
beneficiaries should show the number of poor beneficiaries, i.e., those
below the country’s poverty line, and their ability to pay.  Such
information is required to ensure that poor households will have access
to the project’s services and to know whether, and to what extent, “cost-
recovery” can be done.

(iii) Contingent Valuation Method −  An important contribution in arriving
at the effective demand for water supply facilities, even where there are
no formal water charges, is the contingent valuation survey.  This is
based on questions put to households on how much they are willing to
pay (WTP) for the use of different levels of water quantities.  These data
may help build up some surrogate demand curve and estimate benefits
from a WSP.

(iv) Survey of existing water supply facilities − Knowledge of the present
water supply sources, treatment (if any) and distribution is also needed. 
It is also necessary to know the quantity and quality of water and
unaccounted-for-water (UFW) and any constraints and bottlenecks
which are coming in the way of the optimum use of the existing facility.

24. Using the information taken from the survey results and other secondary
data sources, effective demand for water can then be estimated.  Two important
considerations are:

(i) Effective demand is a function of the price charged. This is ideally based
on the economic cost of water supply provision to ensure optimal use of
the facility, and neither over-consumption nor under-consumption
especially by the poor should occur. The former leads to wastage
contributing to operational deficits and the latter results in loss of
welfare to the community.

(ii) Reliable water demand projections, though difficult, are key in the
analysis of alternatives for determining the best size and timing of
investments.
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25. Approaches to demand estimation for urban and rural areas are usually
different.  In the urban areas, the existing users are normally charged for the water
supply; in the rural areas, there may not be any formal water supply and the rural
households often  do not have to pay for water use.  An attempt can be made in urban
areas to arrive at some figure of price elasticity and probably income elasticity of
demand.  This is more difficult in the case of water supply in rural areas with a
preponderance of poor households.

1.3.6 Identifying the gap between Forecast Need and
Output from the Existing Facility

   
26.         Once demand forecasting has been done, it is necessary to arrive at
the output (physical, institutional and organizational) which the project should provide.
The existing facilities may not be optimally used due to several reasons, among them:

(i) UFW due to high technical and nontechnical losses in the system;

(ii) inadequate management system, organizational deficiency and poor
operation and maintenance leading to deterioration of the physical
assets; and

(iii) any bottleneck in the supply network at any point starting from the raw
water extraction to the households and other users’ end.

27. Before embarking on a detailed preparation of the project, it is necessary
to take measures to ensure optimal use of the facilities. These measures should be both
physical and policy related.   The physical measures are like leakage control, replacing faulty
valves and adequate maintenance and operation, etc.; policy measures can be charging
an economically efficient tariff and implementing institutional reforms, etc.

28. The output required from the proposed WSP should only be determined
after establishing the gap between the future needs based on the effective demand and
the restored output of the existing facilities ensuring their optimal use. Attention needs
to be focused on the identification and possible application of instruments to manage
and conserve demand, such as (progressive) water tariffs, fiscal incentives, pricing of raw
water, educational campaigns, introducing water saving devices, taxing of waste water
discharges, etc.
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1.4 Least-Cost Analysis
   for Choosing an Alternative

1.4.1 Introduction

29. After arriving at the scope of the WSP based on the gap mentioned
above, the next task is to identify the least-cost alternative of achieving the required
output.  Economic costs should be used for examining the technology, scale, location
and timing of alternative project designs.  All the life-cycle costs (market and non-
market) associated with each alternative are to be taken into account.

30. The alternatives are not to be confined to technical or physical elements
only, e.g., ground water or surface water, gravity or pumping, large or small scale, etc.
They can also include activities due to policy measures, e.g., leakage detection and
control, institutional reforms and managerial reorganization.

1.4.2 Choosing the Least-Cost Alternative

31. There can be two main cases for the choice from mutually exclusive
options:

(i) the alternatives deliver the same output or benefit, quantity wise and
quality wise;

(ii) the alternatives produce different outputs or benefits.

Case 1. 

32. In the first case, the least-cost analysis compares the life cycle cost
Streams of all the options and selects the one with the lowest present value of the
economic costs. The discount rate to be used is the economic opportunity cost of
capital (EOCC) taken as 12 percent in real terms. 

33. Alternatively, it is possible to estimate the equalizing discount rate (EDR)
between each pair of mutually exclusive options for comparison.  The EDR is also equal
to the economic internal rate of return (EIRR) of the incremental cash flows of the
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mutually exclusive options.  The EDR/EIRR of the incremental cash flows can then be
compared with the EOCC for choice among alternatives.

34. The least-cost choice can also be done by calculating the average
incremental economic cost (AIEC) of each alternative.  The AEIC is the present value
of incremental investment and operating costs in with-project and without-project
situations divided by the present value of incremental output (say, in m3) also in both
with-project and without-project alternative.  The discount rate to be used is the EOCC
= 12 percent.  This will establish the project alternative with the lower per unit
economic cost.

Case 2. 

35. In this second case, it is possible to select the least economic cost option
by calculating per unit economic costs of all the project options.  Because water
demand, supply cost and price charged for water tend to be closely interrelated, least-
cost analysis should account for the effect of uncertain demand.  Lower-than-forecast
demand results in higher average costs, which can push up water prices and depress
demand further.

36. Sensitivity analysis can be used to show whether the project option
remains the least-cost alternative under adverse changes in key variables.  The scale of
the project may vary in relation to prices charged to consumers and the size may
influence the least-cost alternative.

1.5 Financial and Economic Analyses

1.5.1 With- and Without-Project Cases

37. After choosing the best among alternatives, the next step is to test the
financial and economic viability of the project, which is the chosen, least-cost
alternative.  The initial step in testing the financial and economic viability of a project is
to identify and quantify the costs and benefits.

38. To identify project costs and benefits and to compare the net benefit
flows, the without-project situation should be compared with the with-project situation.
The without-project situation is different from the before-project situation. The
without-project situation is that one which would prevail without the project vis-à-vis
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factors like population increase. As water is getting more scarce, the water use pattern
and the cost are also likely to change.

1.5.2 Financial vs. Economic Analysis

39. Financial and economic analyses have similar features.  Both estimate the
net benefits of an investment project based on the difference between the with-project
and the without-project situations.

40. However, the concept of financial net benefit is not the same as
economic net benefit.  While financial net benefit provides a measure of the commercial
(financial) viability of the project on the project-operating entity, economic net benefit
indicates the real worth of a project to the country.

41. Financial and economic analyses are also complementary.  For a project
to be economically viable, it must be financially sustainable.  If a project is not financially
sustainable, there will be no adequate funds to properly operate, maintain and replace
assets; thus the quality of the water service will deteriorate, eventually affecting demand
and the realization of financial revenues and economic benefits. 

42. It has sometimes been suggested that financial viability not be made a
concern because as long as a project is economically sound, it can be supported through
government subsidies.  However, in most cases, governments face severe budgetary
constraints and consequently, the affected project entity may run into severe liquidity
problems, thereby jeopardizing even its economic viability.

43. The basic difference between the financial and economic benefit-cost
analyses of the project is that the former compares benefits and costs to the enterprise
in constant financial prices, while the latter compares the benefits and costs to the
whole economy measured in constant economic prices. Financial prices are market
prices of goods and services that include the effects of government intervention and
distortions in the market structure.  Economic prices reflect the true cost and value to
the economy of goods and services after adjustment for the effects of government
intervention and distortions in the market structure through shadow pricing of the
financial prices.  In such analyses, depreciation charges, sunk costs and expected changes
in the general price should not be included.

44. In financial analysis, the taxes and subsidies included in the price of
goods and services are integral parts of financial prices, but they are treated differently in
economic analysis.  Financial and economic analyses also differ in their treatment of
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external effects (benefits and costs), favorable effects on health and the UFW of a WSP.
Economic analysis attempts to value such externalities, health effects and nontechnical
losses.

1.5.3 Financial vs. Economic Viability

45. The steps in determining the financial viability of the proposed project include:

(i) identifying and quantifying the costs and revenues;

(ii) calculating the project net benefits;

(iii) estimating the average incremental financial cost, financial net present
value and financial internal rate of return (FIRR). 

The FIRR is the rate of return at which the present value of the stream
of incremental net flows in financial prices is zero. If the FIRR is equal
to or greater than the financial opportunity cost of capital, the project is
considered financially viable.  Thus, financial benefit-cost analysis covers
the profitability aspect of the project.

46. The steps in determining the economic viability of a project include the
following:

(i) identifying and quantifying (in physical terms) the costs and benefits;

(ii) valuing the costs and benefits, to the extent feasible, in monetary terms;
and

(iii) estimating the EIRR or economic net present value (NPV) discounted at
EOCC = 12 percent by comparing benefits with the costs.

The EIRR is the rate of return for which the present value of the net
benefit stream becomes zero, or at which the present value of the
benefit stream is equal to the present value of the cost stream. For a
project to be acceptable, the EIRR should be greater than the economic
opportunity cost of capital. The Bank uses 12 percent as the minimum
rate of return for projects; but for projects with considerable
nonquantifiable benefits, 10 percent may be acceptable. 
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1.6 Identification, Quantification, Valuation

of Economic Benefits and Costs

1.6.1 Nonincremental and Incremental Outputs and Inputs

47. Nonincremental outputs are project outputs that replace existing water
production or supply. For example, a water supply project may replace existing supply
by water vendors or household/community wells.

48. Incremental outputs are project outputs that add to existing supply to
meet new demands. For example, the demand for water is expected to increase in the
case of a real decline in water supply costs or tariffs.

49. Incremental inputs are for project demands that are met by an overall
expansion of the water supply system.

50. Nonincremental inputs are inputs that are not met by an expansion of
overall supply but from existing supplies, i.e., taking supply away from existing users.
For example, water supply to a new industrial plant is done by using water away from
existing agricultural water.

1.6.2 Demand and Supply Prices

51. In economic analysis, the market prices of inputs and outputs are
adjusted to account for the effects of government intervention and market structure. 
The adjusted prices are termed as shadow prices and are based either on the supply
price, the demand price, or a weighted average of the two. Different shadow prices are
used for incremental output, nonincremental output, incremental input and
nonincremental input.

1.6.3 Identification and Quantification of Costs

52. In estimating the economic costs, some items of the financial costs are
to be excluded while other items, which are not part of financial costs are to be
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included. The underlying principle is that project costs represent the difference in costs
between the without-project and the with-project situations. Cost items and the way
they are to be treated in project economic analysis, are as follows:

(i) Sunk Costs. They exist in both with-project and without-project
situations and thus are not additional costs for achieving benefits. They
are, therefore, not to be included.

(ii) Contingencies. As the economic benefit-cost analysis is to be done in
constant (or real) prices, the general price contingencies should not be
included.

(iii) Working Capital. Only inventories that constitute real claims on the
nation’s resources should be included in the project economic costs.
Others items of working capital reflect loan receipts and repayment
flows are not to be included.

(iv) Transfer payments. Taxes, duties and subsidies are transfer payments
as they transfer command over resources from one party (taxpayers and
subsidy receivers) to another (the government, the tax receivers and
subsidy givers) without reducing or increasing the amount of resources
available in the economy as a whole. Hence, these transfer payments are
not economic costs. However, in certain circumstances when valuing the
economic cost of an input or an output, taxes are to be included:

(a) If the government is correcting for external environmental costs
by a correcting tax to reduce the production of water, such a
transfer payment is part of the economic costs.

(b) The economic value of incremental outputs will include any tax
element imposed on the output, which is included in the market
price at which it sells.

(v) External Costs. Environmental costs arising out of a project activity,
such as river water pollution due to discharge of untreated sewage
effluent, is an instance of such costs. It may be necessary to internalize
this external cost by including all relevant effects and investments like
pollution control equipment costs and effects in the project statement.

(vi) Opportunity Cost of Water. If, for example, a drinking water project
uses raw water diverted from agriculture, the use of this water for
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drinking will result in a loss for farmers.  These costs are measured as the
opportunity cost of water which, in this example, equals the “benefits
foregone” of the use of that water in agriculture.

(vii) Depletion Premium. In water supply projects where the source of
water is ground water and the natural rate of recharge or replenishment
of the aquifer is less than its consumptive use, the phenomenon of
depletion occurs. In such cases, significant cost increase may take place
as the aquifer stock depletes; the appropriate valuation of water has to
include a depletion premium in the economic analysis.

(viii) Depreciation. The stream of investment assets includes initial
investments and replacements during the project’s life. This stream of
expenditure, which is included in the benefit-cost analysis, will generally
not coincide with the time profile of depreciation and amortization in
the financial accounts and as such, the latter should not be included once
the former is included.

1.6.4 Identification and Quantification of Benefits

53. The gross benefit from a new water supply is made up of two parts:

(i) resource cost savings on the nonincremental water consumed in
switching from alternative supplies to the new water supply system
resulting from the project; and

(ii) the WTP for incremental water consumed.

54. Resource cost savings are estimated by multiplying the quantity of water
consumed without the project (i.e., nonincremental quantity) by the average economic
supply price in the without-project situation.

55. The WTP for incremental supplies can be estimated through a demand
curve indicating the different quantities of water demand that could be consumed at
different price levels between the without-project level of demand and the with-project
level of demand.  The economic value of incremental consumption is the average value
derived from the curve times the quantity of incremental water.  Where there is
inadequate data to estimate a demand curve, a contingent valuation methodology can be
applied to obtain an estimate of WTP for incremental output.
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56. The gross benefit stream should be adjusted for the economic value of
water that is consumed but not paid for, i.e., sold but not paid for (bad debts) and 
consumed but not sold (non-technical losses).  It can be assumed that this group of
consumers derives, on the average, the same benefit from the water as those who pay. 

57. Other benefits of a WSP include health benefits.  These benefits are due
to the provision of safe water and are also likely to occur provided that the adverse
health impacts of an increased volume of wastewaters can be minimized. 

1.6.5 Valuation of Economic Costs and Benefits

58. The economic costs and benefits must be valued at their economic
prices. For this purpose, the market prices should be converted into their economic
prices to take into account the effects of government interventions and market
structures.  The economic pricing can be conducted in two different currencies (national
vs. foreign currency) and at the two different price levels (domestic vs. world prices).

59. To remove the market distortions in financial prices of goods and
services and to arrive at the economic prices, a set of ratios between the economic price
value and the financial price value for project inputs and outputs are used to convert the
constant price financial values of project benefits and costs into economic values.
These are called conversion factors, which can be used for groups of typical items, like
energy and water resources.

1.6.6 Economic Viability

60. Once the economic benefit and cost streams are derived, a project
resource statement can be developed and the EIRR for the project can be calculated.
Bank practice is to use 12 percent as the minimum rate of return for projects for which
an EIRR can be calculated, although for projects with considerable nonquantifiable
benefits, 10 percent may be acceptable.  For rural WSPS, there may be limitations to
value the economic benefits, thus making it difficult to calculate a reliable EIRR.
However, the economic analysis may be undertaken on the basis of the least-cost or
cost effectiveness analysis using the economic price of water.
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1.7 Sensitivity and Risk Analysis
61. In calculating the EIRR or ENPV for WSPs, the most
likely values of the variables are incorporated in the cost and benefit streams.  Future
values are difficult to predict and there will always be some uncertainty about the project
results.  Sensitivity analysis is therefore undertaken to identify those benefit and cost
parameters that are both uncertain and to which EIRR and FIRR are sensitive. 

62. The results of the sensitivity analysis should be summarized, where
possible, in a sensitivity indicator and in a switching value.  A sensitivity indicator shows
the percentage change in NPV (or EIRR) to the percentage change in a selected
variable. A high value for the indicator indicates project sensitivity to the variable.
Switching values show the change in a variable required for the project decision to
switch from acceptance to rejection.  For large projects and those close to the cut-off
rate, a quantitative risk analysis incorporating different ranges for key variables is
recommended. Measures mitigating against major sources of uncertainty are
incorporated into the project design, thus improving it.

1.8 Sustainability and Pricing

63. For a project to be sustainable, it must be both financially and
economically viable. A financially viable project will continue to produce economic
benefits, which are sustained throughout the project life.

64. Assessing sustainability includes:

(i) undertaking financial analysis at both the water enterprise level and the
project level (i.e., covering the financial liquidity aspect of the project at
both levels);

(ii) examining the role of cost recovery through water pricing; and

(iii) evaluating the project’s fiscal impact, i.e., whether the government can
afford to pay the level of financial subsidies that may be necessary for
the project to survive.

65. Subsidies aimed at helping the poor may not always benefit them in a
sustained manner. Underpricing can lead to waste of water (by the non-poor in
particular), deterioration of the water system and services, and ultimately to higher
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prices for all. Cross subsidies could also distort prices and should generally be
discouraged. To minimize economic costs and maximize socioeconomic development
impact, any level of subsidies should be carefully targeted to lower the price charged for
water to poor and low-income households.

66. To minimize financial subsidies, projects should be designed to supply
services that people want and are willing to pay for.

1.9 Distribution Analysis
and Impact on Poverty

67. Water supply provision, especially in the rural areas and shantytowns in
urban areas, is considered to be important for poverty reduction.  The poverty-reducing
impact of a project is determined by evaluating the expected distribution of net
economic benefits to different groups such as consumers and suppliers, including labor
and the government. 



CHAPTER 2

PROJECT FRAMEWORK
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2.1  The Project Framework

2.1.1 Introduction

1. The Project Framework (PFW) is a conceptual tool for preparing the
design of a project. It is a disciplined approach to sector and project analysis. This part
of the Handbook is based on the ADB publication Using the Logical Framework for Sector
Analysis and Project Design: A User’s Guide (June 1998).

2. In February 1998, the ADB Post Evaluation Office has issued the first
draft of a new Project Performance Management System (PPMS). With regard to
project design, the PPMS incorporates the PFW but adds other techniques, like problem
analyses, formulation of solutions, identification of baseline and target values and
definition of accountabilities. Because the draft PPMS is yet to be finalized and
approved, this Handbook will only refer to the PFW as the basic tool for project design.
It is expected, however, that the PPMS will gradually be adopted as the methodology to
be utilized.

2.2 Purpose
3. The first step  in carrying out a feasibility study for a water supply
project (WSP), and as such also the first step  in the economic analysis of such projects,
is to  prepare a PFW. Its purposes are:

(i) to establish clearly the objectives and outputs which the project will be
accountable to deliver (these objectives and outputs must be quantifiable
and measurable);

(ii) to promote dialogue and participation by all stakeholders;

(iii) to facilitate project implementation planning and monitoring;

(iv) to establish a clear basis for project evaluation during the operational
phase; this requires a systematic comparison of project objectives,
outputs and with actual achievements.
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4. The PFW establishes the linkages between project design, project
implementation and project evaluation. This is illustrated in Figure 2.1.

5. The PFW is a tool for
preparing the project design. It describes the
goals, objectives, expected outputs, inputs
and activities, key risks and assumptions and
project costs. Preparing the PFW ensures
that the project design is responsive to
specific needs, constraints and opportunities,
since it requires an analysis of problems  and
objectives to be achieved as a preparatory
step leading to the design of a project.

6. The preparation of the PFW
is a team effort in which, ideally, all
stakeholders involved in project preparation,

should participate. The PFW facilitates project design and preparation by focusing
attention on key project issues and laying out a process for establishing the main
features of a project. As such, the preparation of a PFW should be an integrated and
mandatory part of the Terms of Reference of any feasibility study.

2.3 The Concept of the Project Framework:

Cause and Effect

7. The core concept underlying the PFW lies in creating a logical order of cause 
and effect. This is stated in Box 2.1.

Box 2.1  Logical Order of Cause and Effect

if certain inputs are provided and activities carried out,
then a set of project outputs will be realized and 

if these outputs materialize,
    then the project will achieve certain project objectives, and
  

if these objectives are achieved
then the project will contribute to achieve the overall goal of the sector.

Figure 2.1    The Project Cycle

Logical
Framework

Design

Evaluation Implementation
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8. The above statement indicates a certain hierarchy between the different
components of the PFW. The basic relations between inputs, activities, outputs and
impacts, objectives and goal can be seen in Figure 2.2.

Figure 2.2  Basic Relations Between PFW Elements

2.4 The Design of a Project Framework

9. The basic building blocks of a PFW are five key project elements, each
one linked to another in a cause-effect relationship. These five elements are described as
the design summary. They are presented in Table 2.1 and can be described as follows:

Table 2.1   Project Design Summary
DESIGN SUMMARY PROJECT

TARGETS
PROJECT

MONITORING
MECHANISMS

RISKS/
ASSUMPTIONS

1. Goal

2. Purpose

3. Project Components
    Project Outputs

4. Activities 5. Inputs

thenif

thenif

ACTIVITIES
OUTPUTS

I

PURPOSE
(objective)

GOAL

if then
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10. The Goal: the PFW begins with identifying the overall sector or area
goal to be targeted by the project. It is the higher order or general objective to which
the project contributes.  Together with other projects, the proposed WSP will
contribute to achieving such sector and area goals. An example is presented in Box 2.2.

Box 2.2   Example of Project Goal
In the case of water supply projects, a common goal is  'improved health and living

conditions, reduced poverty and increased economic growth and productivity (goal)’. This
goal has multiple dimensions as both human development and economic growth are
targeted.

11. The Purpose, Immediate or Project-Specific Objective (why the
project is being done): describes the immediate output or direct impact that we hope to
achieve by carrying out the project. By achieving the immediate objective, the project
will contribute to achieving the broader sector goal. An example is provided in Box 2.3.

Box 2.3   Example of the Purpose of the Project
If access to and use of clean water by the community is assured (purpose), then the

project will contribute to improving community health  and productivity (which is the
broader sector goal).

12. Project Outputs (what the project will deliver): the tangible and
measurable deliverables that the project is directly accountable for and for which it is
given budgeted amounts of time and resources. Outputs are specific results, produced
by managing well the project components. They should be presented as
accomplishments rather than as activities. This is illustrated in Box 2.4.

Box 2.4  Example of Project Outputs
A typical project output could be phrased as: 'water supply systems rehabilitated

and/or  constructed' and 'O&M systems upgraded and operational'. Typical project
components would include the procurement of materials and equipment, construction
works, institutional strengthening and capacity building, community development  and
consultancy services.

13. Activities (how the project is carried out): each project output will be
achieved through a series or cluster of activities. An example is shown in Box 2.5.

Box 2.5   Example of Activities
Typical examples  of  activities taking place in water supply projects include  the

acquisition of land, the procurement of materials and equipment,  implementation of 
construction works, the preparation of an  Operation & Maintenance Manual,  training of
staff, implementation of community education programs.
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14. Inputs: the time and physical resources needed to produce outputs.
These are usually comprised of the budgeted costs  needed for  the purchase and supply
of materials,  the costs of construction, the costs for consultancy services, etc. An
example is shown in Table 2.2.

Table 2.2   Example of Inputs in Water Supply Projects

EXPENDITURE CATEGORIES COSTS
 (US$mn)

1.    Land                                          
2. Material Supplies
3.    Physical Works
4.    Consultancy Services

        Total Cost of Inputs

2
32
16
6

55

2.5 Project Targets:  The Verifiable Indicators
of Project Achievement 

15. Practical and cost-effective project measures need to be established to
verify accomplishment of  goal, objective and outputs. These performance indicators are
referred to as the project’s operational targets. The project targets essentially quantify
the results, benefits or impacts expected from the project and thus make them
measurable or at least tangible. Performance measures at the ‘objective level’ measure
End of Project Impact.

16. Project targets  are measurable indicators which should be presented in
terms of quantity, quality and time. This is illustrated in Box 2.6.

Box 2.6   Example of Project Targets
A quantitative target could be ‘to provide adequate water supply to 15,000 households in
district  Adebe’. The quality characteristic can be added to this target: ‘provide  drinking
water in accordance with WHO standards  for 24 hours per day at  a pressure of  10 mwc’.
The time dimension can also be added:  ‘before 31 December 1999’.
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2.6 Project Monitoring Mechanisms: The Means of
Verification or “How Do We Obtain the Evidence?”1

17. The project manager, the government and the Bank need a management
information system  (MIS)  that provides feedback on project progress at all levels of
the Design Summary. This includes progress in disbursements, completion of activities,
achievement of outputs, purpose and goals.  Both measurable or verifiable indicators
and means/mechanisms of verification provide the basis for project monitoring and
evaluation systems.

18. To establish an effective monitoring and evaluation system or project
performance management system, it is necessary to establish as part of the project
design, flexible, inexpensive and effective means of verifying the status of project
progress, at goal, objective and output level.  In WSPs, sources of information could be
progress reports, reports of review missions, water utility reports,  statistical data, survey
data, etc.

2.7 Risks and Assumptions
19. Risks and assumptions are statements about  external and uncertain
factors which may affect each of the levels in the Design Summary, and  which have to
be taken into account in the project design through mitigating measures. They may
include the assumption that other projects will achieve their objectives. If worded
positively, these statements are assumptions; if worded negatively, they are indicative of
risk areas. This is illustrated in Box 2.7.

Box 2.7   Example of Risks and Assumptions
In  water supply  projects, assumptions could include:

• the timely availability of land for construction of water intake;
• the timely disbursement of funds;
• a stable political situation;
• the timely completion of the dam; and
• regular adjustment of water tariffs.

In terms of risks, these assumptions would be formulated as follows:
• land not timely available for construction;
• funds not timely disbursed;
• political instability;
• dam not ready in time;
• water tariffs not regularly adjusted.

                    
1 The newly-developed ADB-Project Performance Management System (PPMS) provides additional
information and techniques on how to establish means and measures of verification.
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20. Assumptions are conditions that must be fulfilled if the project is to
succeed, but which are not under the direct control of the project. It is important to
identify the so-called “killer assumptions” which, if not fulfilled, could stop the project
from achieving its objectives. The following actions can be taken to manage killer
assumptions:

(i) assess the consequences of doing nothing;
(ii) change project design;
(iii) add a new project;
(iv) closely monitor the project; and
(v) ensure sufficient flexibility in the project design.

21. Certain risks can be eliminated by putting them as a condition to be
fulfilled before project implementation. For example, water tariffs must be increased to
achieve a targeted level of cost recovery; or the water enterprise should receive autono-
mous status before the loan can become effective. In rural WSPs, another example
would be to set certain criteria which must be met by sub-projects before they are
approved.

22. Risks and assumptions made should be carefully taken into account in
the risk and sensitivity analysis to be conducted as part of the economic and financial 
analysis.

2.8 The Project Framework Matrix:  An example

23. Project Framework Matrices have been prepared for many projects. An
example of such a matrix for a typical WSP is presented  in Table 2.3.



Table 2.3   Water Supply  Project Framework

Design Summary Project Targets Proj. Monitoring Mechanisms Risks/Assumptions

1.Sector/Area
Goals
1.1 Improved
       Health Situation
1.2 Improved

Living              
      Conditions

1.3 Sustained Socio-
Economic Dev.

-Prevalence of water-related diseases among
    target population reduced by 15% by 1999.
-50% of people below poverty line have access
    to water supply  facilities by 1999.
-Increased industrial development.
-10% reduction of absenteeism by 1999 due to
     improved socio-economic/ living conditions.
-70% of women of target population have
      improved living conditions (more time,

convenience, etc.) by 1999.

- Yearly epidemiological reports 
       of the Ministry of Health
- Water Enterprisereports
- Country report
-  End of project reports
-  Health Surveys

-  no political
instability

-  no natural disasters
-  sound macro-
economic policies

2. Project

Objective/Purpose
2.1 Provide
    improved and
    sustained water
    supply to the
    population of a
    specified area.

-Increase access to safe water supply to 70% of
the target population by December 1999.

- Water Enterprise reports
-  Progress reports

-no unexpected
population growth in
target areas.
-current ground water
tables will decrease
dramatically because
of drought (risk).
-loan effectiveness by
first of January 1996.

3. Components/

Outputs
3.1. - Existing
infrastructure     
rehabilitated;
-Physical
infrastructure
constructed;

- four intakes, two treatment plants, 20,000
house connections by 1997;

- 33.5 km  transmission and distribution pipes
completed/replaced by 1997;

- 24 hours service level operational;
- reduction of unaccounted for water from 40%

to 30% by 1999.

- Progress reports
- Water Enterprise reports

- no delays in
contracting (building)
contractors and
delivery of materials
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Table 2.3   Water Supply  Project Framework

Design Summary Project Targets Proj. Monitoring Mechanisms Risks/Assumptions

3.2 Mitigating

measures for

negative
environmental

effects in place.

-Water resources study completed by 1995;
-water quality protection measures in place by

1996;
-facilities to transport and treat wastewater in

place by 1997;
-target population educated about water related

environmental hazards;
-water reduction program operational by end of

1996.

- Environmental profile (and      
  three yearly updates);
- Progress reports
- Reports of Ministry of
  Water & Provincial Water
  Authorities
- Reports of Environmental
  Protection Agency/Water Basin
  Authority

- no environmental
    disasters
- government ability
     to enforce
     environmental
     protection
     measures.

3.3 Sustainable Org.

and Management
established.

 

 

 

-  100% of required postings fulfilled with
trained and motivated staff by 1999;

-  effective O&M systems in place;

-  management systems and procedures
operational by 1997;

-  autonomous status water enterprise approved
by 1997.

-  Progress reports

-  Water Enterprise reports

-  Management training reports
and training needs assessments of
staff;

-  Data from management info
systems;

-  Organogram of water
enterprise/staffing list indicating
qualifications of staff.

-  sufficient qualified
local staff available
and willing to work in
remote areas;

-  no halt on
governmental
vacancies;

-  autonomy to water
enterprise granted.

 3.4   Financial

 sustainability of

 water enterprise

 achieved

 -water enterprise ability to recover full costs by
1998;

 -billing and collection system operational by
January 1997;

 -financial management system effective;
 -achieve reduction in “unaccounted for water”

from 40% to 30% by 1999.

-  monthly and yearly financial

reports of water enterprise;
 -  progress reports.
 

-  proposed tariff

increases approved by
government.



3.5  User-oriented

Activities
 -Customers aware
 about new services
 and about the safe
 use of water;

 -Customers use

 water supply
facilities safely

 -achieve 90% coverage of target population

           (m/f) with hygiene education program by
1999;

 -70% of target population (m/f) know at least
two out of three communicated hygiene
messages;

 -collection rates increased from 60% to 85% by
1998;

 - 50% of target population (m/f) apply  at least
           two out of three communicated hygiene

behavior messages;

 -  Special reports (Hygiene

      education/ environmental

      education at schools)
 - Progress reports
 - Water enterprise reports
      (consumer complaints list)

 -Reports of the Ministry of

      Health and the Ministry of

       Education

 

 -  no health disasters

 4. Activities
 4.1Develop Physical
 Infrastructure
 -Detailed Eng’g.
        Design
 -Land acquisition
 -Procurement
 -Construction
 -Supervision
 -Environmental
         Management

 5. Inputs
 5.1 - consultancy services for detailed eng’g.

design / supervision (US$3 mn)
 - $2 mn government funding for land

acquisition;
 - $50.5 mn funding for procurement of

equipment and materials
 - provision for operational expenses

 

 

 - Progress reports and Review
missions

 - Special reports

 

 

 - loan awarded;
- government funds  
   awarded;

4.2.Environmental

component
-water rescues study
-water quality
protection measures
-facilities

5.2. - local consultancy services planned studies
(10 person months)

      -  international consultancy services (6
person months)

      -  local staff + government funding
      -  US$1.5 mn funding for procurement of

equipment and materials
      -  US$3 mn for construction works

-  Progress reports and Review
missions

-  Special reports

- materials available
on time;

- no delay in
consultancy services;
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4.3Establish

Organization and

Management
-Institutional Dev.
-Organization Dev.
-Human Resource
       Dev.

5.3.  - US$ 0.8 mn p.a. government funding for
local staff (operational costs)

        -  US$ 0.6 mn for consultancy
        -  US$1.4 mn for training

- Progress reports and Review
missions

-  Special reports

- resettlement

program effective
- contractors available
on time;

4.4    Establish

sustainable financial

framework
-establish tariff
   structure
-financial
management
system operational

5.4. - US$0.3 mn for computer and
management information system

      - international consultancy services (4 mm)
      - local consultancy services (12 mm)
      - computer hardware US$0.7 mn

- Progress reports and Review
missions

- Special reports

4.5  Community-

Oriented Activities
-community info
programs
-Health education
-community org
-PublicRelations
programs

5.6. - US$0.5 mn for training and extension
materials;

      - 36 person months local consultancy staff,
12 person months international
consultants;

      - US$0.2 mn for vehicles/other transport
means;

      - US$0.5 mn for public relations and mass
media activities;

      - local staff

- Progress reports and Review
missions

- Special reports

Source: RETA 5608 Case Studies on Selected Water Supply Projects
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3.1 Effective  Water Demand

3.1.1 Defining Effective Demand for Water

1. The  “effective demand” for water is the quantity of water demanded of
a given quality at a specified price. The analysis of demand for water, including
realistically  forecasting future levels of demand, is an important and critical step in the
economic analysis of water supply projects.  The results of demand analysis will enable
the project team to:

(i) determine the service level(s) to be provided;
(ii) determine the size and timing  of investments;
(iii) estimate the financial and economic benefits of the project; and
(iv) assess the ability and willingness to pay of the project beneficiaries.

Furthermore, the surveys carried out during the demand assessment will
provide data on cost savings, willingness to pay, income and other  data
needed  for economic analysis.

2. It is  useful to  note the difference between “effective demand” for water
and “actual consumption” of water.  Water consumption is the actual quantity of water
consumed whereas  effective demand relates that quantity to the price of water. For
example, a low level of water consumption may not represent effective demand but  may
instead indicate a constraint in the existing supply of water. This is illustrated in Box 3.1.

Box 3.1    Example of Constrained Water Demand
In Rawalpindi, Pakistan, the existing water supply system provided water for only an average
of 3.8 hours per day and, on average, six days per week.  Families connected to the public
water supply system used an average 76 lcd. An additional 16 lcd was collected from secondary
sources. From the household survey it appeared that during  the (dry) summer, 86 percent of
the population found the supply of water insufficient compared to 50 percent during the
winter. Effective demand for water was higher than the quantity the utility was able to supply.
This suggests that effective demand was constrained by existing supply levels.

Source:  RETA 5608 - Case Study on the Water Supply and Sanitation Project, Rawalpindi, Pakistan
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3.1.2 Increasing Cost of Water Supply

3. The demand for water is rising rapidly, resulting in water becoming
increasingly scarce. At the same time, the unit cost of water is increasing, as water
utilities shift to water sources farther away from the demand centers. Water from more
distant sources may also be of lower quality. The costs of transporting water from the
source to the consumer and that of water treatment necessary to meet potable water
standards are becoming significant components of the unit cost of water.

4. The increase in the cost of water can be seen when the cost per cubic
meter of water used by current water utilities is compared with the cost per cubic meter
of water in new water supply projects (WSPs). This relation is shown in Box  3.2.

Box 3.2  The Future Cost of Water
For example, the current cost of water in  Hyderabad is  below  $0.2 per m3 whereas in the figure below,
the calculated cost of  future water to be supplied  through new schemes is more than $0.6 per m3. This
means that future water is more than three times as expensive as water from the existing resources. Note
that the points on line 1 indicate that future costs of water equal the current cost; the points on line 2
indicate that the  future costs per unit are twice the current costs.

Source: Serageldin, Ismail. 1994. The Financing  Challenge.
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5. Box 3.2 reinforces the importance of making optimum use of scarce
water resources by avoiding inefficiencies and wastage in existing supplies and designing
efficient future investment projects. In designing new projects, it is becoming
increasingly important to make optimum use of existing resources to be able to avoid or
postpone costly investments in the future.

3.2 The Demand for Water: Some Concepts

3.2.1 Incremental vs. Nonincremental Demand for Water

6. A WSP usually increases the supply of water either by making more
effective use of existing supply capacity or by adding additional supply capacity. To the
consumer, the additional capacity supplied will either displace and/or add to already
existing water sources. Every person uses water for drinking, cooking, bathing, washing
of clothes, for sanitation purposes, etc. Sources of water include piped water supply
systems, dugwells, hand pumps, canals, ponds, rivers, bottled water, water from vendors,
rainwater, etc.

7. If the additional supply of water is used to displace already existing
sources, it is called nonincremental demand.  For example, a household which obtains a
new connection to the piped water supply system may no longer make use of the
existing dugwell.

8. If the additional supply of water generates an increase in existing
consumption, it is called incremental demand. For example, a household obtaining its
water from a well at a distance of 300 meters may increase its water consumption from
450 liters to 650 liters per day after a public tap is installed in closer proximity to the
house.

3.2.2 The Relation between Price and Quantity

9. From an economic perspective, the price of water is an important
determinant of per capita water consumption. The relation between the quantity of water
used and the price is illustrated by a demand or willingness-to-pay curve for water, an
example of which is given in Figure 3.1.
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10. The downward sloping demand curve indicates  the “decreasing
marginal value” of water. The first five liters of water per capita per day will be extremely
valuable as they are necessary to sustain life. This is illustrated by curve D1D1 in Figure
3.1. The second five liters will also be valuable, (e.g. in their use for hygienic purposes).
The next five liters are valuable for food preparation, cooking and washing of clothes.
All other factors being equal, for each additional increment of water, the marginal value
of water tends to decline as the individual is putting  the water  to less and less valuable
uses. Consequently, the individual’s willingness to pay for  each increment of  water will
gradually decrease.

11. D1 D1  in Figure 3.1. represents a non-linear curve for an average
household and shows an example of an individual’s water demand or willingness-to-pay
curve. If  the water tariff is increased from $0.25 to $0.50, this  individual would (all
other factors remaining equal) reduce daily consumption from 140 liters to 115 liters.

Price
(US$/m3

Quantity (lcd )

1.00

.75

.50

.25

0
115 140

D 2D 2

D 1D 1

Figure 3.1  An Individual’s  Water Demand Curve:
                  Linear and Non-linear Relationships

12. In this Handbook, a linear demand curve will often be used for
illustrative purposes,  as indicated by line D2 D2. However, the nonlinear relationship
between quantity and price is probably a better approximation of the actual behavior of
water users.
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3.2.3 The Concept of Price Elasticity of Demand

13. One question which often arises when considering the demand curve is
how much the quantity demanded by an individual will  change when the price  per unit
of water changes. The price elasticity of  demand is a measure that describes the degree
of responsiveness of the quantity of water to a given price change and is defined as
follows:

percentage change in the quantity of water demanded
ep = -    ---------------------------------------------------------------------------

 percentage change in the price per unit of water

   dQ/Q           dQ         P              dQ          P                  P
ep = -   ------   =   -  ----  x  ----  =   -    -----  x   ----   =  slope  x  ----

   dP/P              Q        dP             dP           Q                        Q

14. The price elasticity of demand for water is normally negative because the
demand curve is downward sloping, which means that an increase (decrease) in price is
expected to lead to a reduction (increase) in demand.

15. If ep <  |1 |, demand is ‘inelastic’. For example,  if an increase of 25
percent in water fees leads to a 10 percent reduction in the demand for water, this would
result in a price elasticity of -0.40.  The relative change in quantity demanded  (dQ/Q) is,
in this case, smaller than the relative change in price (dP/P).

16. If ep >  |1 |, demand is elastic. For example, if a 25 percent increase in
water fees leads to a 50 percent reduction in demand, this would result in a price
elasticity of -2. The percentage  change in quantity demanded is larger than the
percentage change in price.

17. For a linear demand curve as can be verified through the formula for ep,
the higher the price, the higher the absolute value of price elasticity. Using a nonlinear
demand curve (Figure 3.1), it can be seen that for the first few liters of water, demand
will be very inelastic, meaning that the consumer is willing to pay a high price for the
given volume of water. As the marginal value of the water gradually declines, the
consumer’s demand will become increasingly elastic, meaning that price fluctuations will
result in larger changes in quantity demanded.

18. In studies carried out by the World Bank (Lovei, 1992),  it has been
found that the price elasticity for water typically ranges between -0.2 and  -0.8, indicating
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inelastic demand. For example, e = -0.2 means that a 10 percent increase in price would
lead to a reduction in the quantity demanded by only 2 percent.

3.2.4 Different Demand Curves for Different Products

19. The definition of  effective demand mentions “ the demand for water of
a certain quality”. The quality of the product “water” is not easily  explained and a
number of  characteristics are normally included in defining it, including chemical
composition  (e.g., WHO standards), taste and smell, water pressure, reliability of supply,
accessibility and convenience. The first two characteristics determine the quality of water
in the stricter sense. The other characteristics define water quality in its broader sense.

20. The  combination of these  characteristics will determine the “product”
water or service level.   Up to a certain point, an individual is prepared to pay a higher
price for  a product with a higher quality. For the same “quantity” of water, an individual
will be willing to pay a higher price for a higher quality product.  For example,
consumers are normally willing to pay a higher price for water from a house connection
than for water from a public tap.  In this case, there are two different demand curves:
one for house connections (HC) as shown in Figure 3.2, and one for public taps (PT) as
shown in Figure 3.3.

F igu r e  3 . 2   D e m a n d  C u r v e s  f o r  W a t e r  f r o m  P u b lic T a p s  v s . H o u s e  C o n n e c t i o n s

W T P
(price per m 3 )

Quant i t y  (m 3 )Q 1
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P T

H C
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3.2.5  The Relation between Household Income and the
Demand for Water

21. Households with high income  are normally able and willing to pay more
for a given quantity of water than households with lower incomes. In relative terms (as a
percent of income)  however, people with higher incomes are prepared to pay  smaller
percentages of their income for water than people with lower incomes. These statements
were confirmed in the case studies  and are illustrated in Box 3.3.

Box 3.3  Relationship Between WTP and Income

The relationship between willingness to pay and month income has been confirmed in the
case studies.  For example, in Jamalpur, Bangladesh, the relationship as illustrated below was
found.
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Curve 1:   Y = 20.891Ln(X) – 113.22
                       R2 = 0.3848
Curve 2:   Y = -0.008Ln(X) + 0.0821
                       R2 = 0.8298

Y refers to dependent variable on
vertical axis.

X refers to the  independent
variable (horizontal axis)

Curve 1 explains the relationship between  income and  WTP in absolute terms. Households
with higher income are willing to pay more for the total quantity of water consumed. Curve 2
illustrates the relation between income and WTP as a percentage of income. When income
increases, a smaller proportion of household  income is set aside to pay for water.

Source:  RETA 5608 Case Study on the Jamalpur Water Supply and Sanitation Project,
Bangladesh
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22. An increase in income will cause the demand curve for water to shift to
the right (from D1 to D2), as illustrated in Figure 3.4. At price P1 the quantity of water
consumed increases from OQ1 to OQ2. The shift in the demand curve to the right also
indicates a higher willingness to pay (from P1 to P2) for the same quantity of water OQ1.

23. The relation between water consumption and income can be expressed in
terms of “income elasticity”. The formula for income elasticity is as follows:

Percentage change in quantity of water consumed
ei = ---------------------------------------------------------------------
                           Percentage change in Income

  dQ/Q            dQ               I
ei =   +  --------     =  --------   x      ------
                 dI/I               dI               Q

24. The literature on the relation between income and  water consumption is
rather limited, but a  value  between  0.4 and 0.5  appears to be reasonable (see e.g.
Katzman 1977, Hubbell 1977 and Meroz 1986).   A positive income elasticity of  0.4
means that if an individual’s household income increases by 10 percent, consumption is
expected to increase by 4 percent. A value which is less than one shows that the demand
for water is rather inelastic to changes in income.

25. For example: consider the case that income increases from Rp200,000
(I1) to Rp300,000 (I2 ), and water consumption increases from 15 m3/month (Q1) to 18
m3/month (Q2). In this case, income elasticity is calculated as follows:

      Figure 3.3 Relation between Demand and Income: Shift of Demand Curve
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ei = (dQ/DI  x  I/Q)
=  ((Q2-Q1)/(I2-I1))  x  I1/Q1

=  ((18-15)/(300,000-200,000))  x  200,000/15
=  0.4

3.2.6 Other Determinants of the Demand for Water

26. In addition to price and income,  other factors or determinants can also
influence the demand for water. A checklist of possible water demand determinants is
presented in Table 3.1. Each project may have its own set of water demand determinants
and the importance of a given factor may differ from one project to another. The major
determinants of water demand are briefly discussed below:

(i) Domestic Demand

(a) Population. Population (especially population growth) is a very
important factor in determining future demand. Population
growth may consist of natural growth or, in certain cases,
migration (e.g. from rural to urban areas). Small differences in
demographic trends have large effects on water consumption.
For example, all other factors remaining constant, an annual
population growth of 2 percent  over a period of 20 years results
in an increase in consumption of approximately 50 percent;
whereas an annual growth of only 1.5 percent generates an
additional  consumption of about 35 percent over the same
period.

 
(b) Access to and Costs of Alternative Sources.  If  water from other

sources of good quality is readily available, people will generally
be less interested to displace their current sources. For example,
in areas where shallow ground water of good quality is available
throughout the year and  when households have their own
dugwells,  people  may be less inclined to apply for a connection
to a new piped system especially if the price of piped water is
higher than the unit cost of water from the alternative source.

 
(c) Availability and Quality of Service. If existing water supply companies

provide a fully satisfactory service to their customers, households
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not yet connected will usually be more interested in connecting to
an expanded water supply system.

(ii) Nondomestic Demand

(a) Size and Type of Industry.  Logically, size and the type of industry
will, to a large extent, determine  the quantity  of future
consumption of water.

(b) Industrial growth. Economic development and regional or urban
development may strongly influence future demand for water.

(c) Legal obligations. In certain countries  or industrial areas, industries
must apply for a permit to make use of alternative sources (for
example, ground water) or are obligated to connect to piped
systems, if available.

27. The demand for water is often analyzed for relatively homogeneous
groups of users. In many cases, a distinction is made between  domestic and
nondomestic users. Furthermore, demand from domestic users is often separately
analyzed for :

(i) users currently connected to the system (existing connections) and

(ii) those to be connected to the system under the proposed project (new
connections).
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Table 3.1 Major Determinants of Water Demand
A. Domestic Demand

1. Number and size of households    
2. Family income and income distribution
3. Costs of water presently used
4. Cost of future water used
5. Connection charges
6. Availability and quality of service
7. Cost and availability of water using devices
8. Availability of alternative water sources
9. Present water consumption
10. Legal requirements
11. Population density
12. Cultural influences

B. Commercial Demand
1. Sales or value added of non-subsistence commercial sector
2. Costs and volume  of water presently used
3. Price of future water used
4. Connection charges
5. Costs of water using appliances
6. Quality  and  reliability  of service
7. Working hours of various types of commercial establishments
8. Legal requirements

C. Industrial  Demand
1. Present and future costs of water
2. Type of industry and water use intensity
3. Relative price of alternative sources
4. Quality  and reliability  of supply
5. Costs of treatment and disposal of waste water
6. Legal requirements

D. Agricultural  Demand (for [non] piped water supply)
1. Present and future costs of water
2. Availability of other sources
3. Quality  and reliability of supply
4. Supply cost of alternative water systems
5. Number of cattle
6. Legal requirements

E. Public Services  Demand
1. Present and future costs  of water
2. Per capita revenue of local governments
3. Number and size of public schools, hospitals etc.

         4.      Legal requirements
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28. The factors which determine domestic demand may differ between the
urban and the rural sector.  In the rural sector, special attention needs to be given to
such things as the availability of alternative water sources, the income and ability to pay
for or contribute to the project facilities and their management, the choice of technology
and the use of water for other purposes like agriculture (e.g. livestock or vegetable
growing) and, the ability to operate and maintain facilities.  In the rural context, the
assessment of effective demand will have to be carried out in close consultation with the
local population, and attention needs to be given to issues such as community
participation and hygiene education.

29. The factors which determine demand will, to a large extent, define the
need for information.  The project analyst will have to determine  the key factors which
need to be considered into the analysis and design of the project.

3.3 The Use of Water Pricing to “Manage” Demand
30. In Section 3.2 the relation between the price of water and  the quantity of
water was explained.  This section deals with some applications of this concept.

3.3.1    Instruments of Demand Management

31. To understand how the quantity of water demanded can be influenced,
let us look again at the demand curve for water,  as illustrated in Figure 3.4.

Figure 3.4  Demand Management
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32. Assume that present demand is Q1 at price P1. This refers to point A on
demand curve D1. To reduce demand, one can try to:

(i) reduce the quantity demanded by increasing the price of  (excessive)
water use. This will result in a reduction of demand from, for example,
point A to B (movement along the same demand curve). At a higher
price (OP2), a smaller quantity of water (OQ2) is demanded. By
introducing financial incentives, consumers (domestic and nondomestic)
can be expected to reduce their water consumption. Often, the objectives
and reasons for such a policy will have to be thoroughly explained to the
users through public education programs. Examples of introducing
financial measures  include:

(a) increasing the average water tariff;

(b) introducing progressive water tariff structures, aiming at
reduction of excessive water use;

(c) increasing tariffs for wastewater discharge: (industries will be
particularly sensitive to this measure);

(d) introducing ground water abstraction fees;

(e) fiscal incentives (e.g. for investments in water saving devices or
treatment plants);

(f) utilization of water markets: experience from water markets in the
United States and Gujarat, India indicates that water markets
create a framework which contributes to the efficient use of
water.

An example of application of pricing effects is  given in Box 3.4.

Box 3.4   Increased Water Tariff in Bogor, Indonesia
In 1988, after increases in average water tariffs for domestic users (about 115 percent) and
nondomestic users (170 percent), the consumption of water  per household dropped from an
average of about 38 m3 per  household per month to an average of about 27 m3 per month.
This price increase was accompanied by an intensive public education program. This has
resulted in consumption being maintained below previous levels, notwithstanding the fact that
real water prices have since declined  and incomes have continued to increase until mid-1997.

Source: IWACO-WASECO. 1989(October). Bogor Water Supply Project: The Impact of the Price Increase in June
1988  on the Demand for Water in Bogor.
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Price increases may also have undesirable effects. In the case of a
significant increase in the price of  water by a utility,  consumers  may,
whenever feasible, divert to other water sources. For example, in Jakarta,
excessive use of ground water causes land levels to go down. If, in this
situation water tariffs are significantly increased, many consumers would
again divert to ground water as a main source of water. A tariff increase
introduced by the utility would, therefore, have to be accompanied by
other measures to control the use of ground water, such as: (higher) fees
for the use of ground water to industries; taxes to domestic users of
ground water; and educational programs.

(ii) move the demand curve to the left, resulting in a reduction in the
quantity demanded from point A to point C. This means that at the same
price level (P1), the quantity of water demanded will be reduced from
OQ1 to OQ3. This can be achieved through:

(a) introduction of water saving devices;

(b) changing  consumer behavior through educational programs;

(c) legal measures (e.g. regulating the use of ground water);

(d) industrial “water-audit” programs. This entails a review of the use
of water and waste water in industrial plants, with the purpose of
reducing the use of water.

(iii) save the use of water or avoid waste of water resources on the supply
side. Such measures could  include:

(a) increase in efficiency at the utility level (reduction of production
losses, UFW); and

(b) institutional changes (merger of utilities may create economies of
scale).

In most cases,  water demand management and conservation policies will consist
of a comprehensive set of measures to be carried out over a longer period of
time to achieve  the desired results.
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3.3.2   Cumulative Effects of Water Demand  Management and
Conservation Programs

33. There is empirical evidence that domestic and nondomestic water
consumption can be reduced by at least 20 to 30 percent by adopting appropriate
demand management and conservation policies. Reduced water consumption will also
result in reduced volumes of polluted water and will, in general, have positive
environmental effects.  Reductions in demand, in turn, will lead to substantial savings in
needed investments as shown in Box 3.5.  Finally, the water saved can be used for higher
valued uses by other sectors in the economy.

Box 3.5  Demand Management and Investment Planning in Australia
In Melbourne, Australia, a combination of water demand management measures was used, such
as: water pricing reforms, water saving devices, public education, etc. As a result, Melbourne’s
1993 water demand projection (line 2) differs substantially from the 1981 trend (line 1). The shift
to the right of the water trend curve has delayed the need to invest in  additional supplies by
about six years. The deferral in investment was valued at $25 million. This is illustrated in the
figure below.
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3.4   Data Collection

3.4.1 Cost Effectiveness of Data Collection

34. Data collection should be cost efficient and cost effective. The purpose
of data collection is to improve the accuracy of the estimates and predictions made in
designing and analyzing a WSP. It is therefore important to carefully consider which data
are needed and where and how  to obtain them.

35. The collection of data will require resources in terms of time and money.
The benefit or value of additional data will gradually decrease. The project analyst will
have to decide at which point the benefits of the additional data will no longer justify the
cost made. At minimum, conducting a limited but representative household survey
should provide essential information which could save large sums of money in terms of
reduced investment.

3.4.2 Sources for  Data Collection

36. Some methods of data collection, as they were used in the preparation of
the case studies on which this Handbook is partly based, are presented in Appendix A.
Section 1 of this appendix deals with:

(i) collection of secondary data from existing studies, water enterprises,
government agencies, etc.;

           (ii) conducting reconnaissance surveys in the area to observe the actual field
situation; and

           (iii) collection of primary data through field observations and household
surveys.

37. Household surveys normally provide:

(i) data about family size, occupation, income etc.;

(ii) data about the quantity, quality and costs related to the current water
supply  (and sanitation) situation; and
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(iii) data about the future use of water supply and sanitation: the preferences
of respondents with regard to the future level of service, type of facility
and what they are willing to pay for the preferred level of service.

3.4.3 Contingency Valuation Method

38. Using Contingency Valuation Method (CVM), the consumer is asked
how much he or she is willing to pay for the preferred level of service. The data can be
analyzed to provide the project analyst with an indication of the actual shape of the
demand curve for water, thus helping to estimate the price elasticity of demand which is
an important parameter in demand management. An example is given in Appendix A.

3.5  Demand Forecasting

39. Some of the initial steps in demand forecasting  is defining the different
service levels and preparing a rough estimate of the price of supplying these service levels
in a specific village or town. Subsequently, water quantity demanded is estimated for the
different combinations of service level and price.

40. Estimating a demand curve for a new WSP is difficult in practice and will,
in most cases, require adequate resources and extensive field research. The Handbook
emphasizes the need to undertake a comprehensive analysis of water demand for without-
project and with-project  situations for reasons explained earlier. Data on the factors which
determine the demand for water will  provide the project analyst with a better
understanding of what is required and will enable him/her to formulate a better project.

3.5.1  Forecasting Urban Water Supply: the Case of Thai Nguyen

41. The techniques and methods used in water demand forecasting will be
explained  in this section by making use of a case study.  The case study describes the
steps in demand forecasting as it was carried out for Thai Nguyen, Viet Nam, one of the
case studies developed in preparing this Handbook. Some of the data have been slightly
adapted for illustration purposes.

42. The general process and specific considerations in forecasting water
demand are explained in the text. The application of these principles to  demand
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forecasting in Thai Nguyen is described in the boxes. The data needed to carry out the
demand analysis are presented in Table 3.2. A short description of Thai Nguyen is
presented in Box 3.6.

Box 3.6  Thai Nguyen Case Study:  Description of the Project Area

Thai Nguyen is located 80 km to the north of Hanoi on the Cau River. At the end of 1995, the
population was 191,600 persons. The existing water supply system had 5,114 metered
connections, which provided  approximately 24 percent of the population with water.

The economy of Thai Nguyen is based on state enterprises, mainly heavy industry. There are also
universities in the town. The main source of non-piped water supply is shallow groundwater,
obtained through open wells or with electric pumps. A very small part of the population uses
water from the river.

Source: RETA 5608 Case Study on the Provincial Towns Water Supply and Sanitation Project, Thai
Nguyen, Viet Nam

Step 1:  Estimating  present and future population

43. A starting point in demand forecasting is determining the size and future
growth of the population in the project area. This step is explained below, whereas the
application of this step in Thai Nguyen is given in Box 3.7.

(i) The first step is to estimate the size of the existing population. In most
cases, different estimates are available from different secondary sources.
Often, the survey team will have to make its own estimate based on the
different figures obtained.

(ii) The second step is to determine the  service or project area (the area which
will be covered by the project) and the number of people living there. The
most important consideration in this respect is the expressed interest from
potential customers. Furthermore, the service area will have to be
determined in consultation with the project engineer, the municipal
authorities and/or the water enterprise. Technical, economic and political
considerations will play a role.

(iii) The third step is to estimate future population growth in the project area.
This estimate will be based on available data about national, provincial or
local population growth. It should also take into account the effects of
urban and/or regional development plans and the effects of migration
from rural to urban areas.
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Box 3.7  Thai Nguyen Case Study:  Assumptions Used, Ability to Pay and Willingness to Pay
Assumptions:
In the case of Thai Nguyen, these figures and assumptions have been applied (Table 3.2, lines 1-10):
(i)  The annual population growth for Thai Nguyen has been estimated at 3% up to the year
1999 and 2.5% after that (line 1). These figures are lower compared to other Vietnamese
towns because of its location in the mountainous northern part of Viet Nam; this percentage
is applied to the population figures (line 2).
(ii)   At present, the service area in Thai Nguyen covers only part of the town area with a 1995
population of 140,442 (line 4). The service area will remain the same in the new project. The
population in the service area is assumed to grow faster compared to the general population
growth because of better infrastructure facilities (line 3). The major expansion in the number
of connections is assumed to take place between 1996 and 2000, then gradually after that,until
75% coverage is achieved (line 5).
(iii) One of the targets of the project was to achieve 75% coverage in the year 2020 (line 10).
This figure was checked with the findings of a household survey, as follows:
First,  93% of the population expressed an interest in connecting to the system by means of a house
connection. Interest for other service levels  ( public tap) was very low.
Second, willingness to pay for water in Thai Nguyen  amounted to an average of VND3,005 per m3

(VND2,317 per m3 for connected households and VND3,119 per m3 for non-connected households).
WTP for connected households  is lower than WTP for non-connected households. This might be
explained by the fact that connected households are most likely influenced by the current average water
tariff of VND900 per month.  It can be assumed that willingness to pay will increase when income and
service levels increase. For these reasons, it was concluded that the set target of 75% coverage was
realistic.
Third, with regard to ability to pay for water, a so-called “affordability tariff” was  calculated. The
affordability  tariff indicates the average tariff at which a certain percentage of the population can afford to
use a minimum amount of water and not spend more than a given percentage of his/her income. An
example of this calculation is given below:

Items Unit 1996 2000
Average Monthly Income VND‘000 1,052 1,184
Lowest Income at 75% Coverage VND‘000 600 675
Min. expenditure on water (5% of income) VND‘000 30 33.8
Minimum consumption Lcd 60 60
Average HH size persons 4.26 4.26
Average monthly  consumption m3 7.78 7.78
Affordability tariff VND/m3 3,856 4,344
Estimated costs of water VND/m3 4,000 4,000

In Thai Nguyen, average monthly income in 1996 was VND1,052,000. 75%of the population had an
income higher than VND600.000. Taking 5% as an indicator of the maximum ability to pay, this  means a
maximum amount of VND30,000 per month. Assuming a minimum consumption of 60 lcd and an
average household size of 4.26 results in a minimum required monthly consumption of 7.78 m3 per
month. The affordability tariff is calculated as VND30,000/ 7.78 m3 = VND3,856/m3.

This indicates that in the year 1996, 75% of the population can afford to pay an average tariff of
VND3,856 per m3  (based on a minimum consumption of  60 lcd) and not spend more than 5% of
his/her income. Comparing the affordability tariff with the estimated average costs of water to be
provided by the project, indicated that the target of 75% was realistic.

Source: RETA 5608 Case Study on the Provincial Towns Water Supply and Sanitation Project, Thai
Nguyen, Viet Nam
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(iv) Finally the project has to determine which level of coverage it intends to
achieve. Often, project objectives contain statements such as:

“provide safe water supply to 75 percent of the population of town x”.

In this statement, it is assumed that the town area and service or project
area are the same.

44. It is strongly recommended that such statements are verified in the field
by asking potential customers:

(i) whether or not they are willing to connect to a new or expanded
water supply system;

(ii) which service level they prefer;

(iii)  whether or not they are willing  and able to pay for the related costs; and

(iv) how much they are willing to pay.

Step 2:  Estimating the number of persons to be connected

45. The number of persons making use of one connection needs to be
determined.

(i) One figure which is often available is the average size of the household.
This figure may, however, differ from the number of persons making use
of one connection. Other persons may live in or near the house, making
use of the same connection.  Sometimes this information is available from
the water enterprise; otherwise, it should be checked in the survey. An
assumption will have to be made whether or not this number will remain
the same over the project period. With increasing coverage in the service
area and decreasing family size over the years, it may be assumed that the
number of persons making use of one connection will gradually decrease.

(ii) Depending on the coverage figures assumed in step 1(iv) and the data
found under step 2(i),  the annual  increase in the population served and
the annual increase in the number of connection can be calculated.
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Step 3: Estimating  water consumption from the piped system1 before-project

46. The starting point for estimating demand  for water in the with-project
situation is to estimate demand or consumption before-project. In piped water supply
systems with working watermeters, estimating existing consumption is straightforward.
In some cases, consumption before the project  will provide a reasonable indicator of
demand for water at a certain price level. In cases where the current system capacity is
insufficient,  consumption may be lower than actual demand. In those cases, data from
other utilities may provide indications of normal consumption patterns.

47. In the case of piped water supply systems without installed watermeters,
it is often  difficult to estimate  water consumption before-project.  In general,
households do not have a clear idea of how much water they consume per day;
therefore, directly asking these households does not provide reliable answers.  In the case
studies, the following methods were  suggested to address this problem:

(i) measuring the volume of water storage facilities available in the house
and estimating how much of the storage capacity is used on a day-to-day
basis;

(ii) carrying out a small in-depth survey among a selected number of users;

(iii) installation of temporary water meters at a selected number of
connections, including consideration of seasonal variations;

                                                       
1 Existing consumption from nonconnected households will be estimated later as part of step nine
(estimating incremental and nonincremental demand). Refer to Box 3.16.

Box 3.8  Thai Nguyen Case Study: Number of Persons per Connection

In Thai Nguyen, the number of connections in 1995 was 5,114 ( Table 3.2, line 6). The
average household size was 4.26. In the household survey it was found that the average
number of persons making use of one connection  is 6.5. In many cases, private connections
were in fact used as a kind of yard connection. It was assumed that with the increasing
number of connections in town, the number of persons making use of one connection would
gradually decrease from 6.5 in 1995 to the level of 4.26 in year 2010 (line 8). By multiplying
the end of year number of connections by the number of persons per connection and
comparing this to the total population in the service area, the end of year coverage in the
service area is calculated (line  9 and 10).

Source: RETA 5608 Case Study on the Provincial Towns Water Supply & Sanitation,Thai Nguyen, Viet
Nam
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(iv) estimating the number of buckets of water which are carried/hauled by a
household on a day-to-day basis from each supply source, and

(v) if data on total production and/or distribution of water are available, an
estimate can be made about consumption per household, after deducting
the estimated UFW.

Step 4: Estimating Demand for Water Without-Project

48. The without-project situation is not necessarily the same as the before-
project situation

(i) The water company may be under pressure to connect additional
customers to the system even though the system capacity is not
sufficient. This, in turn, may reduce average consumption per capita and
service levels and people would have to start looking for alternative
sources. In case the project includes a rehabilitation component, it is
reasonable to assume that the  current level of  water service will gradually
deteriorate in the without-project scenario.

The application of  steps 3 and 4  in Thai Nguyen is given in Box 3.9.

Step 5: Estimating Demand for Water With-Project

49. Future demand for water at the household level will depend on a number
of factors. The most important factors are changes in service level, water tariffs and
income.  When extrapolating demand to cover new supply areas, other factors such as

Box  3.9  Thai Nguyen :  Demand before-project and without-project

In the case of Thai Nguyen, existing consumption was found to be 103 lcd. Because the water
pressure was considered sufficient by the large majority of customers and an average supply of
about 23 hours per day could be maintained  throughout the year, it was therefore assumed that
the consumption before-project of 103 lcd equals demand at the current price level.

Furthermore, because the project basically aims at an expansion of supply to achieve a higher
coverage, it has been assumed that demand without-project will remain equal to demand “just
before the project”.

Source: RETA 5608 Case Study on the Provincial Towns Water Supply and Sanitation Project, Thai
Nguyen, Viet Nam
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differences in income, housing, alternative sources, etc. will have to be taken into
account.

(i) Service Level.  Improvements in service level include for example:

(a) increased number of supply hours;

(b) improved water quality;

(c) higher water pressure;

(d) a shift from public tap to piped house connection; and

(e) a shift from own facilities to a connection to a piped system.

In general, it is difficult to assess the effect of these physical improvements
on individual water consumption.  Households will, in most cases, not be
able to provide accurate estimates. In case the project will result in
considerable improvements in existing supply conditions, the best source
of information is data from other water enterprises that supply water in
comparable conditions.

In case the present water supply system functions satisfactorily and
demand is not constrained, existing consumption data may be taken as the
basis for future water demand estimates.

(ii) Water Tariffs.  An increase in water charges will generally result in a
decrease in the demand for water. In case the household remains on the
same demand curve, the extent of the decrease will be determined, among
others, by the numerical value of the price elasticity of the demand for
water . Difficulties in estimating the price elasticity include:

(a) new WSPs often generate a better level of service and may,
therefore, cause a shift from one demand curve to a new demand
curve as another product is offered. In this case, price elasticities
pertaining to the old demand curve could only be used as a proxy
for the true price elasticity  which is very difficult to determine.

(b) a situation of constrained supply exists and therefore, existing
demand is not known;
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(c) it is very difficult to estimate how much individual households will
reduce water consumption when prices are increased because
individual households will have great difficulty in providing reliable
estimates.

If available, data on earlier price increases and subsequent reduction in
water consumption can be examined.  If such data are not available, it is
recommended to use conservative estimates based on experiences
described in the literature.

An indication of  changes in demand as a result of price increases can also
be obtained from willingness-to-pay surveys.  An example is provided in
Box 3.10. However, it should be noticed that the percentage of households
is only a rough proxy for the true dependent variable which is the quantity
of water consumed expressed in m3.
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(iii) Income Levels.  In most cases, it is expected that the real income level of
households will increase over the lifetime of a WSP, which is normally 20
to 30 years. When real income increases, the demand for water is also
expected to increase, depending on the value of income elasticity. A
generally accepted level of income elasticity is between 0.4 and 0.5.  An
application of the issues raised above for Thai Nguyen is presented in Box
3.11.

Box 3.10   Thai Nguyen:  Relation between WTP and Number of Households

In Thai Nguyen, the willingness-to-pay survey for already connected households provided the results as
given in the Table below. The 1996 tariff is VND900/m3 and therefore, all households are apparently
willing to pay that amount.  Subsequently, 83 percent of households is willing to pay a tariff of
VND1,500/m3, 61 percent is willing to pay VND2,000/m3, etc. These figures can be depicted in a graph
shown in the Box. The line connecting the dots could be considered as a “surrogate demand curve”.

WTP (VND/m3)

Percentage
of

Households
(Cumulative)

5,500 0
5,000 2
4,500 2
4,000 4
3,500 11
3,000 26
2,500 37
2,000 61
1,500 83
1,000 96
900 100

Assume that in this case, the new tariff has been fixed at VND1,500/m3.   An indication of  the relative
change in the  number of HH  (q) to relative changes in tariff (p) for these values  is as follows:

      (q2-q1)/q1  =    (83-100)/100   =  - 0.26
       (p2-p1)/p1      (1,500-900/900)

Assuming a constant average consumption per HH, this figure provides an indication of the value of the
point price elasticity for connected households.
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Box 3.11   Thai Nguyen Case Study: Estimating Future Demand

In  Thai Nguyen, the following assumptions were made to estimate future demand:

• Existing per capita consumption equals existing demand: Q = 103 lcd (Table 3.2, line 12);
• The proposed tariff for the year 2010 is VND2,000/m3 and for the year 2020, it is
VND2,500/m3.   This results in required  annual real price increases  (dP/P) of 5.87 percent
during the period 1997-2010 and 2.26 percent in the period 2011-2020 (line 38).
• A price elasticity was estimated at – 0.3 (line 37);
• increases in real income of  4 percent per annum (based on national forecasts) (line 42);
• an income elasticity of + 0.50  was assumed  based on literature (line 41).

A  sample calculation of the above estimate for the first year (1997) is given below:

Price Elasticity =  [dQ/Q] /  [dP/P];
dP/P = + 5.87%.
Therefore,  - 0.3 = dQ/Q/ 0.0587; or:
dQ /Q = - 0.01761 = - 1.76% (when prices increase with 5.87 percent, demand for water will
decrease with 1.76 percent: line 40). The decreased demand for water indicates the price effects.

Income Elasticity = dQ/Q /  dI/I;
dI/I = + 4%.
Therefore,  0.5 = dQ/Q/0.04, or:
dQ/Q = 0.02 = 2 % (an   increase in income of 4 percent will result in an increase in water
demand with 2 percent, line 43). This increased water demand represents the income effects.

The combined effect of  changes in price and income on quantity demanded shows a net result
of:  2% - 1.76 % = 0.24% (see line 44 and line 11).
The positive effect of the income increase is slightly larger than the negative  effect of the price
increase. Per capita consumption in this case will increase from 1996 to 1997 by 103 x 0.0024 =
0.24 liter.

Source:  RETA 5608 Case Study on the Provincial Towns Water Supply and Sanitation Project, Thai
Nguyen, Viet Nam.

Step 6: Calculating Total Domestic Demand With-Project

50. Based on the projections for population and per capita water
consumption, the domestic  demand for water can be calculated by multiplying the
number of persons served with the daily consumption as shown in Box 3.12.
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Step 7: Nondomestic consumers

51. In general, future demand for water from the nondomestic sector is
difficult to estimate. Future demand will depend, among others, on the  price of water,
reliability of supply, type and size of industries, regional and urban development plans,
legal requirements, etc.

52. In the short run, the nondomestic sector is less likely to quickly
increase/decrease the use of water as a result of changes in prices, meaning that
nondomestic demand for water is more inelastic than domestic water demand. Reasons for
this include:

(i) the users of water are often not the persons who have to pay for it (for
example, in offices, hotels);

(ii) for industries, the costs of water are, in general, very small as compared to
other production costs; and,

(iii) any increase in the price of water is likely to be incorporated in the cost-
price of the product produced and be charged to the consumer.

53. In the medium to long run, however, large nondomestic consumers will
often compare the costs of water from other sources with the costs of water from the
piped system. If they can obtain cheaper water from other sources, they may not be willing
to connect to the piped system, unless there is a legal obligation.

Box 3.12   Thai Nguyen Total Domestic Demand

  The total domestic demand for Thai Nguyen for the year 1995 is calculated as follows:

   Basic calculations for estimating Total Domestic Demanda

Table3.2
Line no.

Item Unit Value Explanation

9 Persons served No. 33,241
12 Per capita consumption Lcd 103
13 Total Consumption per day m3/day 3,424 (33,241 x 103)/1000
14 Total Consumption per year ‘000 m3/year 1,250 (3,424 x 365)/1000
15  Household consumption m3/month 20.4 1,250,000/ (12 x 5,114)

a/ - Calculations may slightly differ due to rounding off of original figures.
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54. In some cases, the government may wish to encourage industries to apply
water saving technologies and the application of such technologies will be encouraged by
higher water tariffs such as discussed in Box 3.13.

55. Depending on available information about existing nondomestic
consumption,  estimates of economic and industrial growth, regional and urban
development plans, employment figures, (expected) legislation,  the application of water
saving technologies, etc., approaches in estimating nondomestic water demand include:

(i) the application of past growth rates for nondomestic water consumption;

(ii) the application of population growth rates to existing  water consumption
of, for instance, government institutions;

(iii) the application of industrial- or economic growth rates to existing
nondomestic consumption;

(iv) estimate nondomestic consumption as a (changing) percentage of
estimated  domestic consumption; and

 (v) estimate the effects of water conservation technologies on nondomestic
consumption;

The estimates for nondomestic consumption in Thai Nguyen are given in Table
3.2 and illustrated in Box 3.14.

Box 3.13   Example of Estimating Industrial Consumption

When projecting industrial demand for three cities in China, industrial water consumption
was expected to grow at a rate of 8.7 percent per annum, based on expected industrial
growth rates for the next ten years. At the same time, a survey conducted by the municipal
authorities revealed that water consumption  of industries in the cities was two to five times
higher than water use in comparable industries in many other countries. In an effort to
conserve water, the cities now require industries to improve water consumption efficiency
by imposing penalties for excessive use. At the same time, water allocations to new
industries are now based on prudent water use for the concerned industrial sector.  Based on
these new policies and their strict enforcement, it is expected that water consumption levels
will be reduced to about 70 percent of existing levels. This would result in an industrial water
consumption growth of 4.7 percent per annum, compared with the initially much higher
growth rate of 8.7 percent.

Source:  WB-SAR. 1991. Liaoning Urban Infrastructure Project. China.
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Box 3.14   Example of Estimating Nondomestic Consumption

In Thai Nguyen, a small survey was conducted among nondomestic users. It appeared that
enterprises were willing to pay up to VND3,500/m3. At higher tariffs, however, they would start
developing  alternative water sources.

Based on  secondary data analysis, the following assumptions were developed:

• government/social sector at 2.5 percent per year based on forecasts for population growth
(Table 3.2, line 16)
• commercial sector growth at 3.0 percent per year (line 21);
• industrial sector growth at 4 percent per year, based on forecasted industrial growth (line 26);

The calculations are presented in Table 3.2 lines 16 - 29. Calculations for the different sectors are
basically the same. The number of connections is first multiplied with the annual growth figure
for the sector. This figure is then multiplied by the average consumption per connection per day
and subsequently with 365 to find the annual figures.

Example: Commercial consumption in 1996 amounts to 20 x 1.03 x 5,147 x 365/1000 = 38,700
m3/year (figures  in Table 3.2 may slightly differ due to rounding).

Source:  RETA 5608 Case Study on  the Provincial Towns Water Supply and Sanitation Project, Thai
Nguyen, Viet Nam

Step 8: Application of Technical Parameters

56. After having added domestic and nondomestic demand (see lines 31/32 in
Table 3.2), certain technical parameters need to be incorporated in order to determine the
total demand for water.

Unaccounted for Water

57. Normally a certain percentage of the water supplied to consumers is lost
due to technical losses (physical leakages) and/or nontechnical losses (unmetered
consumption,  illegal connections). This so-called Unaccounted For Water (UFW) is
normally expressed as a percentage of the volume of distributed water. In 1995, the
average percentage of  UFW in 50 Asian cities was 35 percent of water distributed (Water
Utilities Data Book for the Asian and Pacific Region, 1997). This high level of UFW illustrates
the inefficient use of existing water resources and is of great concern to the management
of water utilities. A reduction of the UFW rate is therefore normally a specific objective in
the formulation of new WSPs.
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58. It will be necessary to include a realistic estimate of UFW in a demand
estimate for a WSP. This percentage will naturally relate to the existing UFW rate and
should be based on realistic targets for UFW reduction.

59. It is also necessary to estimate the proportion of technical and
nontechnical losses in UFW because, in economic analysis, nontechnical losses (which add
to the welfare of the population served) are included in the assessment of economic
benefits. This assessment is often difficult and the project analyst will have to make a
reasonable estimate in consultation with water enterprise staff.  The percentage reduction
in UFW should be set realistically in consultation with the project engineers (for technical
losses) and utility managers (for nontechnical losses). A reduction in UFW will normally
require a sizable portion of the project investment cost.

Peak Factor

60. The demand for water will very seldom be a constant flow. Demand for
water may vary from one season to another and throughout the day. Daily demand will
show variations and there will be peak hours during the day, depending on local
conditions. These seasonal and daily peak factors will influence the size of the total
installed capacity. These are technical parameters and will be determined by project
engineers.

61. The demand for water is seldom constant. Rather it varies, albeit
seasonally, daily and/or based on other predictable demand characteristics. At different
times of the year the demand for water may be higher than others due to factors such as
heat which may increase the demand for water for hygiene, drinking and other purposes.
At different times of the day the demand for water may be higher than others, based on
people’s and industries needs and patterns of consumption. At other periods, the stock
and flow requirements of the system may be impacted by other predictable events, such
as an industrial activity. These seasonal, daily and other predictable demand factors are
known as peak factors.

62. In determining the total installed capacity of a planned project, the
technical staff needs to consider both these peak demand factors and the projected
growth in demand. Failure to do so could result in the project becoming supply
constrained and unable to fully meet the demand requirements of its targeted
beneficiaries from its outset.

63. Data about daily and seasonal water consumption patterns will normally be
available from secondary data or may be collected in the household survey. The
application of technical parameters in Thai Nguyen is given in Box 3.15.
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Box 3.15 Application of Technical Parameters

In the case of Thai Nguyen, the objective was to reduce UFW from its existing level of 39
percent in year 1995 to 25 percent in year 2015 (Table 3.2, line 33). The Peak Factor has
been estimated at 1.1.

The calculation, for example,  in the year  1996 is as follows:
                            ‘000 m3/year
Water Demand (domestic + nondomestic; line 32) = 2,665
UFW = (2,665,000/(1-0.38)) x 0.38  (line 34) = 1,633
Peak factor  10% x (2,665,000+1,633,000) =    430
Total Production Capacity required (line 36) = 4,728

(Please note that the figures resulting from the above calculations slightly differ from the figures in Table 3.2,
due to rounding off.)
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Table 3.2 Demand Forecast and Required Production Capacity
Financial Analysis Stages 1& 2 Unit 1995 1996 1997 1998 1999 2000 2005 2010 2015 2020
1.  POPULATION

1 Population Growth % 3.0% 3.0% 3.0% 3.0% 3.0% 2.5% 2.5% 2.5% 2.5% 2.5%
2 Total Population Thai Nguyen Number 191,615 197,363 203,284 209,383 215,664 221,056 250,105 282,970 320,155 362,226
3 Growth (in service area) % 3.0% 3.0% 4.5% 4.5% 4.5% 3.0% 3.0% 3.0% 3.0% 3.0%
4 Total Population in Service Area Number 140,442 144,655 151,165 157,967 165,076 170,028 197,109 228,503 264,898 307,089
5 Increase in No of Connections % 100.00

%
10% 37% 37% 37% 37% 7% 7% 3% 3%

6 No of Connections (end of year) Number 5,114 5,625 7,683 10,494 14,332 19,574 27,495 38,620 45,695 54,065
7 Increase Person/Connection % 0.0% -2.8% -2.8% -2.8% -2.8% -2.8% -2.8% 0.0% 0.0% 0.0%
8 Person per Water Connection Number 6.5 6.3 6.1 6.0 5.8 5.6 4.9 4.26 4.26 4.26
9 Population Served Number 33,241 35,549 47,204 62,681 83,231 110,518 134,843 164,522 194,659 230,317

10 Coverage % 24% 25% 31% 40% 50% 65% 68% 72% 73% 75%
2.  DEMAND
A. HOUSEHOLDS

11 Increase per capita  consumption % -46% 0.22% 0.24% 0.24% 0.24% 0.24% 0.24% 0.24% 1.32% 1.32%
12 Per capita consumption l/con/d 103 103 103 104 104 104 105 107 114 122
13 Total consumption/day m³/d 3,424 3,670 4,884 6,501 8,653 11,518 14,222 17,561 22,189 28,036
14 Total consumption 000m³/yr 1,250 1,339 1,783 2,373 3,158 4,204 5,191 6,410 8,099 10,233
15 Total Consumption m³/mo/

conn
20.4 19.8 19.3 18.8 18.4 17.9 15.7 13.8 14.8 15.8

B. GOVERNMENT
16 Increase in No of Connections % 2% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5%
17 No of Connections (end of year) Number 221 227 232 238 244 250 283 320 362 410
18 Consumption l/con/d 8,895 8,984 8,826 8,670 8,518 8,368 7,656 7,006 6,772 6,546
20 Total Consumption 000m³/yr 718 745 748 753 758 766 791 818 895 982

C. COMMERCIAL
 21 Increase in No of Connections % -83% 3.0% 3.0% 3.0% 3.0% 3.0% 3.0% 3.0% 3.0% 3.0%
22 No of Connections (end of year) Number 20 21 21 22 23 23 27 31 36 42
24 Total consumption m³/d 102 107 108 109 110 112 119 126 141 158
25 Total 000m³/yr 37 39 39 40 40 41 43 46 51 58

D. INDUSTRIAL
26 Increase in No of Connections % 4% 4.0% 4.0% 4.0% 4.0% 4.0% 4.0% 4.0% 4.0% 4.0%
27 No of Connections (end of year) Number 17 18 18 19 20 21 25 31 37 45
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28 Consumption l/con/d 82,848 83,676 82,203 80,756 79,334 77,937 71,313 65,251 63,072 60,966
29 Total consumption m³/d 1,408 1,479 1,511 1,544 1,578 1,612 1,795 1,998 2,349 2,763
30 Total 000m³/yr 514 541 552 564 576 590 655 729 858 1,011

TOTAL DEMAND
31 No of Connections (end of year) Number 5,372 5,890 7,955 10,772 14,618 19,868 27,830 39,002 46,130 54,562
32 Total Water Demand 000m³/yr 2,519 2,665 3,122 3,730 4,533 5,601 6,680 8,003 9,903 12,284

3. PRODUCTION
33 UFW (%) % 39% 38% 38% 37% 36% 33% 30% 27% 25% 25%
34 UFW 000m³/yr 1,626 1,666     1,890     2,185     2,569    2,759     2,863 2,960 3,301     4,095
35 Peak factor (10%) 000m³/yr 414 433 501 591 710 836 954 1,096 1,320 1,638
36 Required Production('000m³/Year) 000m³/yr 4,559 4,764 5,513 6,506 7,813 9,195 10,497 12,059 14,524 18,016

PER CAPITA DEMAND
(HOUSEHOLDS)

1996 1997 1998 1999 2000 2005 2010 2015 2020

37 Price Elasticity -0.300 -0.300 -0.300 -0.300 -0.300 -0.300 -0.300 -0.300 -0.300
38 Price Increase 5.87% 5.87% 5.87% 5.87% 5.87% 5.87% 2.26% 2.26%
39 Tariff 900 953 1,009 1,068 1,131 1,504 2,000 2,236 2,500
40 Price Effect 0 0 -1.76% -1.76% -1.76% -1.76% -1.76% -1.76% -0.68% -0.68%
41 Income Elasticity 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500
42 Income Increase 4.00% 4.00% 4.00% 4.00% 4.00% 4.00% 4.00% 4.00% 4.00%
43 Income Effect 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00%
44 Combined Effect (Increase lcd) 0.24% 0.24% 0.24% 0.24% 0.24% 0.24% 1.32% 1.32%
45 Liters/Capita/Day 103 103 104 104 104 105 107 114 122

No - number; l/con/d - liters per connection per day; m³/d - cubic meter per day; '000m³/yr - thousand cubic meter per year; m³/mo/conn -
cubic meter per month per connection
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Step   9: Calculating Incremental and Nonincremental Demand

64. In demand forecasting, it is necessary to prepare separate estimates for
incremental and nonincremental demand with-project.  When estimating the project’s
economic benefits,  both categories of demand are valued in different ways as will be
further explained in Chapter 6. Because  the average volume of nonincremental water
generally differs between connected and nonconnected users, and because other variables
such as income and price may also differ, it is useful to do a separate analysis for  these
two groups of users.

(i) Users already connected to a piped system. The calculation of
nonincremental demand is best explained by a simple example as shown
in Table 3.3.

Table 3.3  Nonincremental Water from connected users ( in lcd)
Without
Project

With
Project

Incremental
Piped Water

Supplied

Non
Incremental

demand piped
water

Incremental
demand for
piped water

Average water use from
piped  system

75 100 25

Average water used from
other sources

15 0 15

Average total  Water Used 90 100 10

Before-project  and without-project, already connected households use,
on average, 90 lcd (75 lcd from the piped system and 15 lcd from other
sources such as vendors or wells).  With-project, production capacity will
be increased, and the already connected users are expected to increase
their consumption to 100 lcd.  The additional supply of piped water in
this case is an average of 25 lcd,  consisting of 15 lcd  which displaces
water from other sources (nonincremental demand)  and 10 lcd of
incremental consumption.

There is also a need to consider the question whether or not the current
demand figures  with-project and without-project will change over time.
Estimates of future water consumption with-project have been made in
Box 3.11. In the without-project situation, current consumption figures
may  change over time as a result in changes in income, prices or changes



HANDBOOK FOR THE ECONOMIC ANALYSIS OF WATER SUPPLY74

in  service levels. The project analyst will have to develop reasonable
assumptions about taking these factors into account.

(ii) Users not yet  connected to a piped system.  Again, two questions need
to be answered. The first question is: what will be the nonincremental use
of water in the with-project situation?  An example is given in Table 3.4.

Table 3.4 Average Nonincremental Water of nonconnected users (in lcd)
Without
Project

With
Project

Additional
Piped Water

Supplied

Nonincremental
piped water

demand

Incremental
piped water

demand
Average water use from
piped  system

0 100 100

Average water used from
other sources

65 0 65

Average total  Water Used 65 100 35

In this example, the average user will:

(i) displace all the water currently used from other sources (non incremental
demand = 65 lcd);  and

(ii) increase consumption from 65 lcd to 100 lcd (incremental demand = 35
lcd).  The additional supply of piped water will be 100 lcd on average.

The second question is: whether or not these figures will change over
time. Box 3.16 provides an example which explains how the quantity of
nonincremental water can be determined. A summary of step 9 is
presented in Table 3.5 showing incremental demand for both connected
and nonconnected households as well as nonincremental demand for
water.

The above is applied to the case of Thai Nguyen in Box 3.16.
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Box 3.16   Determination of Incremental and Nonincremental  Water
In Thai Nguyen the existing supply capacity of about 10,000 m3 per day is fully used. Increases

in demand can only be met if the UFW is reduced, but this will require considerable investments.
Domestic demand:

Demand from presently connected households before-project is, on average, 103 lcd; and
because the system is operating at full capacity, it is assumed that this figure will remain the same
without-project. The household survey showed that the use of other sources by households, which are
currently connected to the system, is negligible. It is assumed that this figure also will not change in  the
future.  Furthermore, with-project,  the average water use from the piped system will gradually increase
(see Table 3.2, line 12). Therefore, the increased consumption of presently connected households can be
considered as  incremental water demand. The calculation  for 1998 is as follows:
With the Project: (lines refer to table 3.5)

1998 Demand without the project 103 lcd (line 8)
1998 Demand with the project 104 lcd (line 9)
1995-98  Increase in per capita consumption:

                       (1.0022 x 1.0024 x 1.0024 = 1.007 =)      0.70 % (line 2)
1998 Demand without the project:              1,250,000 m3/year (line 1)
1998 Demand with the project: 1,258,750 m3/year              (line 3)
1998 Incremental Demand                           8,750 m3/year (line 4)
The average water use of non-connected households  in Thai Nguyen before the project was

estimated at  564 liters per day.  With an average number of 5.5 persons per house, this means an average
use of about  102 lcd  (which is very close to the average consumption of users of the piped system).  It
is assumed that in without-project situation, this figure will not change in future.  Furthermore, it is
assumed that the average use of these households with-project  and when they will be connected will
increase in a similar way as the presently connected households.1/  The increase in average consumption
is considered as Incremental demand.  Nonconnected households which will obtain a new connection
are assumed to displace all their present sources with water from the piped system. Therefore, this is
considered as nonincremental demand.
The calculation is as follows:
Line 6 1998 number of  connections 10494

5             1995 number  of connections 5114
                             Incremental number of connections 5380

7 1998 persons per connection  5.97
9 1998 average water use  103.7 lcd
8 1995 average water use 103 lcd
10 1998 Incremental demand  8,206 m3/ year

    (= 5380 x  5.97 x (103.7-103) x  365/1000)
- 1998 additional supply 1,215,705 m3/year

                        nonconnected HH     (= 5380 x 5.97 x  103.7 x 365/1000)
- 1998 nonincremental demand     1,207,499 m3/year
         nonconnected HH (= 1,215,705 - 8,206)

(Please note that the figures resulting from the above calculations slightly differ from the figures in Table
3.5, due to rounding off).

1/  It should be noticed, however, that this simplifying assumption may not hold in practice.  As a result
of the lower water price (with the project), the average water consumption of previously nonconnected
households may actually increase more than the average water use of connected households. If empirical
evidence is available, this should then be taken into account in the demand forecast.
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Non Domestic Demand:
Without any further data available, it  has been assumed that existing nondomestic consumers

will continue to consume the same average volume of water with-project and without-project. Therefore,
all additional nondomestic demand will come from industries not presently connected to the system
which will  fully displace existing sources. Therefore, all nondomestic water can be considered as
nonincremental.

From the above it can be seen that except for the incremental demands from existing and
future connections, all other demand can be considered nonincremental.  It has  been assumed that
without-project  demand from existing  users will remain constant at 2,519,000 m3 per year (Table
3.5,line 11) .  The calculations for (non) incremental demand for the year 1998 are as follows:

1998 Total Demand without the project 2,519,000 m3/year (line  11)
1998 Total Demand with the project 3,730,000 m3/year (line  12)

                      (refer to Table 3.2, line 32)
1998 Supply by the Project: 1,211,000 m3/year (line  13)
1998 Incr. demand connected HH        8,750 m3/year (line  14)
1998 Incr. demand non-conn. HH       8,447  m3/year (line  15)
1998 Nonincremental demand 1,193,803 m3/year (line  16)

As can be seen in the case of Thai Nguyen, the incremental water  demand with-project is
rather small, which is caused by the fact that the  current use of water from other sources by non-
connected households is relatively high and therefore,  these households will only marginally increase
their water consumption.



Table 3.5   Calculation of Nonincremental Demand
Unit 1995 1996 1997 1998 1999 2000 2005 2010 2015 2020

Connected Households
 1 Current conn HH consumption ‘000m³/yr   1,250   1,250   1,250    1,250    1,250     1,250    1,250    1,250    1,250

1,250
 2 Increase per capita consumption % 0.22% 0.24% 0.24% 0.24% 0.24% 0.24% 0.24% 1.32% 1.32%
 3 Future conn HH consumption ‘000m³/yr 1,250 1,252 1,255 1,258 1,261 1,264 1,280 1,295 1,383 1,477
 4 Incremental Demand ConnHH ‘000m³/yr 0 2 5 8 11 14 30 45 133 227

Nonconnected Households
 5 Current no. of connections 5,114 5,114 5,114 5,114 5,114 5,114 5,114 5,114 5,114 5,114
 6 Future no. of connections 5,114 5,625 7,683 10,494 14,332 19,574 27,495 38,620 45,695 54,065
 7 No. of persons per connection 6.50 6.32 6.14 5.97 5.81 5.65 4.90 4.26 4.26 4.26
 8 Current Avg.  water use lcd 103 103 103 103 103 103 103 103 103 103
 9 Future Avg. Water use lcd 103 103 103 104 104 104 105 107 114 122
10 Incr demand 0 0 3 8 19 36 99 195 693 1,426

Connected+Nonconn HH
11 Total Existing Demand ‘000m³/yr 2,519 2,519 2,519 2,519 2,519 2,519 2,519 2,519 2,519 2,519
12 Total Future Demand ‘000m³/yr 2,519 2,665 3,122 3,730 4,533 5,601 6,680 8,003 9,903 12,284
13 Additional Supply by Project ‘000m³/yr 0 146 603 1,211 2,014 3,082 4,161 5,484 7,384 9,765
14 Incr Demand Conn HH ‘000m³/yr 0 2 5 8 11 14 30 45 133 227
15 Incr Demand Nonconn HH ‘000m³/yr 0 0 3 8 19 36 99 195 693 1,426
16 Nonincr Demand          0      143      595    1,194    1,984     3,031    4,033    5,245    6,558

8,113



CHAPTER 4

LEAST-COST ANALYSIS
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4.1 Introduction

1. Given the project’s objectives and after having arrived at the demand
forecast, the next task is to identify the options or alternative ways of producing the
required project output. The selection of the least-cost alternative in economic terms
from the technically feasible options promotes production efficiency and ensures the
most economically optimum choice. The alternatives need not be limited to technical or
physical ones only but could also include options related to policy measures. The
options related to the technical measures may include:

(i) different designs and technologies;

(ii) different scale (large-scale or small-scale) and time phasing of the same
project;

(iii) the same project in different locations.

2. The options related to policy measures may include demand and supply
management.  Both can achieve optimum use of the existing facilities: the former by
introducing proper tariff or pricing and metering of supply; the latter by, for instance,
leakage detection and control of an existing water distribution system to reduce the
unaccounted-for-water (UFW) to the maximum extent possible.  The options
considered must be realistic, not merely hypothetical, and can be implemented.

3. Once the alternatives are identified, the next step is to estimate the entire
life-cycle costs (initial capital costs and future operating and maintenance costs) for each
option, first in financial prices and then in economic prices by applying appropriate
shadow price conversion factors. Estimating the entire life-cycle costs involves close
cooperation between the economist and the engineer.

4. Finally, the discounted value of the economic costs for each option is to
be worked out using the economic discount rate of 12 percent. On this basis, the
alternative with the least economic cost can be selected. The different methodological
approaches are explained in this chapter.

5. It must be noted that least-cost analysis, while ensuring production
efficiency, does not provide any indication of the economic feasibility of the project
since even a least-cost alternative may have costs that exceed the benefits (in both
financial and economic terms).
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4.2 Identifying Feasible Options

4.2.1 Technological Measures and Options

6. Depending on the source of water supply and the configuration and
characteristics of the area where the water is needed, the following technological options
can be considered:

i) surface or ground water supply scheme; and

ii) gravity or pumping scheme.

These options are not necessarily mutually exclusive: a ground water supply scheme
requires pumping while a surface water scheme may make use of gravity flow of water,
at least, partially.

7. Again, for the choice of components in a water supply scheme, there
may be several technological options for both urban and rural areas. Some of these
options are listed in Box 4.1 and Box 4.2.

Box 4.1  Technological Options in Rural Areas

1. Increasing the quantity of available water
• new source of water - ground water with use of hand pumps

or community wells;
• new source of water – surface water with house connections,

yard connection or public standposts;
• rainwater collection, treatment, and distribution;
• water conservation through rehabilitation of existing distribution

system, or through better uses of existing source.
2. Storage systems

• building new community storage systems like ground level
reservoir or overhead tanks;

• extending existing storage systems (if possible).
3. Distribution systems

• new systems incorporating either house connections and/or
community standposts; and

• extending existing water delivery systems.
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8. Box 4.3 below illustrates the identification of feasible options for three
Indonesian villages.

Box 4.3  Identifying Feasible Project Options in a Rural Setting

Three Indonesian villages identified for inclusion in a rural water supply project are
exposed to the effects of degrading ground water quality and dry dugwells in the dry
season. Rainfall, on the other hand, occurs with reasonable frequency. Options identified
for the least cost analysis appropriately included the following:

• rainwater collection (with storage);
• hand pumps, small bore well;
• hand pumps, small bore well with upflow filter units; and
• piped water supply system.

By including all these options in the consideration of alternatives, the analysis explored not
only the conventional water supply systems but also the use of relevant and potentially
viable traditional options.

Source:  RETA 5608 Case Study Report, RWS&S Sector Project, Indonesia.

Box 4.2  Technological Options in Urban Areas

1. Increasing the quantity of available water
• water conservation through rehabilitation of existing distribution

system;
• new source of surface water - nearby river or canal, etc.;
• ground water from deep or shallow wells.

2. Treatment plants
• Different types and processes in treatment plants and installations.

3. Storage systems
• building new storage tanks - overhead or ground level;
• extending the existing storage systems.

4. Distribution systems
• Standpipes (community use)
• Yard connections
• House connections
• Tanker
• Bottled water
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4.2.2 Policy Measures and Options

9. Management measures and options may include any of the following:

(i) reducing the percentage of UFW (especially technical losses and
particularly in urban areas) through leakage detection and control, thus
increasing water availability from existing facilities;

(ii) reducing water consumption from consumers by introducing metering
for the first time;

(iii) reducing water consumption through appropriate cost recovery
measures where there was no or very little cost recovery before, or
through the introduction of progressive tariff structures;

(iv) carrying out public health education programs to promote efficient use
of water; and

(v) implementing a commercial management system.

10. In Box 4.4, an illustration shows how supply of water was augmented by
reducing UFW.

11. Box 4.5 shows an illustration of “metering” in combination with leakage
reduction programs in Singapore.

Box 4.4   Identifying Project Options in an Urban Setting
Case 1 : Unaccounted-for-Water

The city of Murcia in Spain (pop. 350,000) was faced with a high unaccounted-for-water
(UFW) level of 44 percent. By implementing a new commercial management system that
better accounted for all water uses and users, the municipal company reduced UFW to 23
percent over five years. The resulting water savings proved adequate to increase the number
of water connections by 19,000 and achieve 100 percent coverage.

Source: Yepes, Guillermo. 1995. Adopted from Reduction of unaccounted-for-water, the job can be done. The
World Bank.
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12. Based on cross-sectional data for 26 industrial firms in Jamshedpur,
India, a price elasticity of demand of –0.49 was estimated, meaning that a 100 percent
price increase would cause industrial demand to fall by 49 percent.  (Source: World
Bank-ODI Joint Study. 1992 draft. Policies for Water Conservation and Reallocation, “Good
Practice” Cases in Improving Efficiency and Equity.) The calculation is shown in Box 4.6.

13. In situations where tariffs are substantially below cost, an increase in
tariffs is likely to lead to a reduced demand; in this way, more water will become
available for additional supply. This measure stimulates a more efficient use of water
(avoiding wasteful overuse) and will result in postponing physical expansion of the water
supply system.

Box 4.5   Identifying Project Options in an Urban Setting
Case 2: Metering and Leakage Control

The city-state of Singapore (pop. 2.8 million) has scarce water resources. By sustaining a
consistent metering and leak reduction program, the Public Utilities Board has succeeded
in reducing unaccounted-for-water (UFW) from the already low level of 10.6 percent in
1989 to 6 percent in 1994. “The goal of the utility is not to have zero UFW, but rather to
reduce it to a point where benefits equal costs.”

Source: Yepes, Guillermo. 1995. Adopted from Reduction of unaccounted-for-water, the job can be done.
The World Bank.

Box 4.6  Demand Management Through Pricing

Price elasticity of demand =  -0.49
Percentage increase of tariff =  100%

       Percentage change in demand
Percentage change of water use =     -------------------------------------

         Percentage change in price

=   -0.49    x   100%   =   -49%

Meaning a 49 percent decrease in water consumption.
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4.3 Identification and Valuation of Costs
for Feasible Options

4.3.1 Identification of Cost Elements

14. The economic costs associated with each of the identified options
should be the life-cycle costs: i.e., initial capital costs, replacement costs, and future
operating and maintenance costs. Such costs should include both adjusted financial and
non-market costs.

15. The non-market costs reflect costs due to external effects which are not
reflected in the project’s own financial cost stream. These costs may include:

(i) environmental costs, such as depletion premium (scarcity rent) for the
use of ground water if the normal replenishment of the aquifer falls
short of the extraction from it, and

(ii) opportunity cost of water, e.g. if water is diverted from existing uses
such as agricultural uses, etc.

The costs may also include household costs (if any) to bring the quality of the water
service to the same standard for all the comparable options. This would also be the case
in rural schemes where, for instance, yard connections installed at different distances
from the house would involve different values of collecting time for the household
(Refer to Section 4.3.2.3).

4.3.1.1   Capital Costs

16. Typical items to be included in the capital cost streams of a ground water
pumping scheme with output of say 60,000m3/day supply in a town in Viet Nam is
shown in Table 4.1.
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Table 4.1  Capital Cost Items for a Ground Water Pumping Scheme
Capital Costs Items Unit Quantity Unit Cost

(VND‘000)
Total

(VNDmillion)
1.   Rehabilitation of  existing boreholes
     for supply of 10,000 m3/day m3/day 10,000 L.S. 1,665
2.   Constructing new boreholes for
     supply of 50,000 m3/day no. 28 1,111 28,305
3. Installing pumps m³/day 50,000   266 13,220
4. Treatment installation m³/day 50,000 444 22,200
5. Constructing elevated storage m³ 6,000 1,221   7,326
6. Constructing ground storage m³ 7,500   777   5,828
7. Water transmission pipelines

i)    375 mm dia.
ii)   525 mm dia.
iii)  600 mm dia.

m
m
m

10,000
  2,300
10,000

1,365
2,309
3,108

13,653
  5,310
31,080

8. Distribution system
i)    Clear water pumping station
ii)   Secondary and other connections

m
no.

60,000
70,000

  172.05
  621.60

10,323
43,512

Subtotal Costs 182,422
Physical contingency 8%   14,594
Total Costs excluding tax 197,015
Tax (weighted average) 7%   13,791
TOTAL COSTS 210,806

Source: Adopted from RETA 5608 Case Study of Thai Nguyen (Viet Nam) Provincial Towns Water
Supply and Sanitation Project

17. Alternatively, the cost of a surface water scheme with the same output of
60,000m3/day in the same town in Viet Nam will be as follows:
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Table 4.2  Capital Cost Items for a Surface Water Scheme
Capital Costs Item Unit Quantity Unit Cost

(VND‘000)
Total

(VND million)
1. Raw Water Pumping Station
     of 60,000 m3/day m³/day 60,000 188.7   11,322
2. Storage Pond at intake
     of 60,000 m3/day m³/day 60,000 5.55     3,330
3. Water Treatment plant
     of 60,000m3/day m³/day 60,000 1,165.5   69,930
4. Elevated Storage tank m³ 6,000 1,221     7,326
5. Ground Level Storage tank m³ 7,500  777     5,827
6. Water Transmission Mains:

i) Canal to treatment plant
525 mm dia.

     ii)     Clean water to distribution
             system

- 600 mm dia.
- 525 mm dia.

m

m
m

6,000

1,200
2,300

2,308

3,108
2,308.8

  13,853

    3,4230
    5,310

7. Distribution system
i) Clear water pumping stations
ii) Secondary and other connections

m³/day
no.

60,000
70,000

172.05
621.60

  10,323
  43,512

SUBTOTAL COSTS 174,163
Physical Contingency 8%   13,933
Total Costs excluding Tax 188,096
Tax (weighted average) 7%   13,166
TOTAL COSTS including tax 201,263
Source: Adopted from RETA 5608 Case Study of Thai Nguyen (Viet Nam) Provincial Towns Water
Supply and Sanitation Project

18. According to the Tables 4.1 and 4.2, the capital cost in financial terms of
the ground water-pumping scheme of VND210,807 million exceeds the capital cost in
financial terms of the surface water scheme of VND201,263 million by some five
percent.

4.3.1.2 Annual Operation and Maintenance Costs

19. The next step is to estimate the operation and maintenance costs for
both options. In Table 4.3, the O&M costs are shown for the two options (ground
water and surface water) in the town in Viet Nam. The capital cost used in the base
capital cost excludes physical contingency and taxes.
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Table 4.3   Operation and Maintenance Costs for Two Alternatives

ALTERNATIVE 1 (Ground Water) O&M Costs
    Costs of annual O&M (weighted average
         percentage of the Capital Costs

= 1.135%

    Hence, annual O&M cost yearly in financial price = (182,422) x (0.01135)
= VND2,070 million

    Add, physical contingency of 8 percent = (2,070) x (1.08)
= VND2,236 million

    Add, taxes and duties of 7 percent = (2,236) x (1.07)
    TOTAL O&M COSTS PER YEAR = VND2,393 million

ALTERNATIVE 2 (Surface Water Scheme) O&M Costs
    Costs of annual O&M (weighted average
    percentage of the Capital costs)

= 1.432%

    Hence, annual O&M cost per year in financial price = (174,163) x (0.01432)
= VND2,494 million

    Add, physical contingency of 8 percent = (2,494) x (1.08)
= VND2,694 million

    Add, taxes and duties of 7 percent = (2,694) x (1.07)
    TOTAL O&M COSTS PER YEAR = VND2,882 million
Source: Adopted from RETA 5608 Case Study of Thai Nguyen (Viet Nam) Provincial Towns Water
Supply and Sanitation Project

4.3.2 Non-Market Cost Items

4.3.2.1 Opportunity Cost of Water

20. Some situations may arise where water availability is limited so that the
town’s demand for water cannot be fully met by the new, previously unused sources.  In
such cases, it may be necessary to divert water from its existing uses, e.g., from
agriculture, to meet the town’s demand for drinking water. In this example, the
opportunity cost of water diverted from its use in agriculture will be the agricultural
benefits foregone as a result of reduced agricultural production.

21. A sample calculation is shown in Table 4.4 for the town in Viet Nam for
its water supply alternative 2 (surface water). A maximum of 25,000 m3/day can be
drawn from the existing canal source. This leaves a gap of 5,000 m3/day, assuming that
the water demand to be supplied is 30,000 m3/day. This gap is to be met by diverting
water from its existing agricultural use.
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22. The value of water in agricultural use is estimated through the marginal
loss of net agricultural output, at economic prices, per unit of water diverted to the
town users (refer also to Chapter 6).

23. The  net benefit in financial prices derived from the loss of  agricultural
output is estimated at VND2,800 per m3 of water used in agriculture. Since agricultural
prices for the staple crops grown are regulated and some of the inputs are subsidized,
the conversion factor for the output from the agricultural water is estimated   at  1.98.
In economic prices therefore, it amounts to VND5,544 (=2,800 x 1.98) per m³  of
water. The opportunity cost of diverted water is therefore expected to be  VND10,118
million per day ( =(5,544 x 5,000) x 365) when 5,000 m³/day is diverted from
agricultural use.

Table 4.4  Calculating the Opportunity Cost of Water for Alternative 2
(Surface Water)

Year Quantity of water diverted from
agriculture water use

(m3 per day)

Economic value of diverted water
(106 VND)

0 – 8 NIL -

9 1,088         1.088 x  5.544  x  365 =  2,202

10 - 25 5000             5.00 x 5.544 x 365 = 10,118

24. Annex 4.1 presents a more detailed example of how the opportunity
cost of water can be calculated, based on foregone irrigation benefits.

4.3.2.2 Depletion Premium for the Withdrawal of Ground water

25. The depletion premium is a premium imposed on the economic cost of
depletable resources, such as ground water, representing the loss to the national
economy in the future of using up the resource today. The premium can be estimated as
the additional cost of an alternative supply of the resource or a substitute, such as
surface water, when the least-cost source of supply has been depleted.

26. In this example, the time until exhaustion is assumed to be 25 years and
the alternative source to replace the ground water is surface water to be brought from a
long distance.  The marginal economic cost of water supply (ground water) without
depletion premium is assumed to be about VND2,535 per m3. It is expected that the
marginal cost of replacing water (surface water) will be around VND2,578 per m3, which
is VND43  per m3 higher.
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27. The formula to calculate the scarcity rent (refer to Appendix 6 of the
ADB Guidelines for the Economic Analysis of Projects) is as follows:

Depletion premium = (C2 - C1)e
-r(T-t)

where C2 =  cost of water per m3 of alternative source;
C1 =  cost of water per m3 of exhausting source;
T = time period of exhaustion;
t =  time period considered;
r = rate of discount (r = 0.12);
e = exponential constant = 2.7183

28. For example, the depletion premium in year 2 is calculated as:

(2,578 - 2,535) x 2.7183 -0.12(25-2) = VND2.72 per m³;

and for year 3 as,

(2,578 - 2,535) x 2.7183 -0.12(25-3) = VND3.07 per m³.

As can be seen, the premium or scarcity rent increases each year as the stock of water
diminishes. Table 4.5 shows the depletion premium for the ground water supply.



CHAPTER 4: LEAST-COST ANALYSIS 93

Table 4.5  Depletion Premium for Replacing Ground Water
with Surface Water (Alternative 1)

Year Depletion
Premium

Annual
Premium

Discounted Value
(106 VND)

(VND/m3) (VND million) at 12% At 15% at 10%
  0
  1
  2
  3
  4
  5

  -
  2
  3
  3
  3
  4

-
    2
    5
    8
  11
  18

-
    1.79
    3.99
    5.69
    6.99
  10.21

-
    1.74
    3.78
    5.26
    6.29
    8.95

-
    1.82
    4.13
    6.01
    7.51
  11.18

  6
  7
  8
  9
10

  4
  5
  6
  6
  7

  23
  34
  49
  57
  77

  11.65
  15.38
  19.79
  20.55
  24.79

    9.94
  12.78
  16.02
  16.21
  19.03

  12.98
  17.45
  22.86
  24.17
  29.68

11
12
13
14
15

  8
  9
10
11
13

  88
  99
110
120
142

  25.30
  25.41
  25.21
  24.55
  25.94

  18.91
  18.50
  17.88
  16.96
  17.45

  30.84
  31.54
  31.87
  31.60
  33.99

16
17
18
19
20
21
22
23
24
25

15
16
19
21
24
27
30
34
38
43

164
175
208
230
263
296
329
372
416
471

  26.75
  25.48
  27.04
  26.70
  27.27
  27.40
  27.17
  27.45
  27.41
  27.69

  17.53
  16.26
  16.81
  16.17
  16.07
  15.72
  15.20
  14.95
  14.52
  14.32

  35.69
  34.62
  34.42
  37.61
  39.08
  39.99
  40.40
  41.55
  42.22
  43.47

517.54 347.25 686.68

4.3.2.3 Household Cost Associated with a Technological Option
(Tubewell with Hand Pump).

29. This section considers the household cost associated with a
technological option when such an option is analyzed vis-a-vis other options with no
such associated costs, assuming that the benefits are the same.  This could, e.g., be the
case in a rural setting where rainwater collectors are compared with tubewells.
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30. The following illustration shows how such a cost can be arrived at.  In
Jamalpur. a semi-urban town in Bangladesh, the following costs were identified in
connection with the operation of tubewells with hand pumps:

(i) Economic life of tubewells =    ten years

(ii) Capital Cost (Annualized) with Economic Price

Initial Installation Cost = Tk2,500

Capital Recovery Factor for 10 years @ 12 percent discount rate =
0.177.

Annualized capital cost =  (2,500)  x  (0.177) =    Tk442.5

The annual cost including operation and maintenance cost (10 percent
of annualized capital costs)  =  (442.5)  x  (1.1) =   Tk486.75

(iii) Time Cost in Collecting Water:

The total use of water per household per year with an average of six
members per household is 153 m3. Household members spend on
average a total of 1.0 minute per 20 liters of water in travelling and
collecting water. Hence, the number of hours spent on collection 153 m3

of water per year is equal to:

=   
60 x 20
1,000  x  153

 =   128 hours

Unskilled labor wage rate =   Tk4.00 per hour

Value of travelling and collecting time in a year =  128 x 4
=  Tk512 in financial price

Shadow Wage Rate Factor = 0.85 (refer to Chapter 6)

Value of travelling and collecting time in economic prices =  512  x  0.85
=  Tk435.2
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(iv) Storage Costs

The investment cost in economic terms of the household storage in
connection with tubewell and hand pump is about Tk150 per household.
With an economic life of five years and an economic discount rate of
12 percent, the annual value is estimated to be Tk41.61 (= 150 x capital
recovery factor for five years and 12 percent interest).

With annual operation and maintenance cost of 10 percent of the
annualized capital cost, the annual cost of storage facility works out to be
41.61 x 1.1 = Tk45.77.

(v) Total Cost per m3 of Water

The total annual household cost in economic prices with the tubewell
and hand pump in Jamalpur in Bangladesh is equal to: [Installation plus
O&M Cost] +  [Time Costs in Collecting Water] +  [Storage Costs] or
486.75 + 435.2 + 45.77 =   Tk967.72

Therefore, the economic cost per m3 of water  =  
153

967.72
 =  Tk6.32 per m3

4.4 Conversion Factors for Costing of Options
in Economic Prices

31. The cost in market prices must be converted to its economic price
before applying least-cost analysis. The procedures for such conversion are detailed in
Chapter 6.

32. The calculation of composite Conversion Factors (CF) for the capital
and operating and maintenance costs of the two options for the Viet Nam town is
illustrated in Tables 4.6 and 4.7.
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Table 4.6  Calculation of Composite Conversion Factor for Alternative 1
(Ground Water Supply)

Items Break-up of
financial costs

(A)

Basic C.F.
(using domestic
price numeraire

(B)

C.F.
(Composite)

(A x B)
A.  Capital Costs

0.67 1.25 0.838

0.18 1.00 0.180
0.02 1.20 0.024
0.06 0.80 0.048
0.07 0.00     -
1.00 1.09

0.05 1.25 0.063

0.20 1.00 0.200
0.12 1.20 0.144
0.10 0.80 0.080
0.46 1.30 0.598
0.07 0.00     -

     (i)   Traded Elements:
           (Direct and Indirect)
     (ii)  Non-Traded Elements:
           Domestic material and Equipment
           Labor (skilled)
           Labor (unskilled)
     (iii) Taxes and Duties

B.  Operation and Maintenance Costs
     (i)  Traded Elements:
          (Direct and Indirect)
     (ii) Non-Traded Elements:
          Domestic material (including
             Chemicals and Equipment)
          Labor (skilled)
          Labor (unskilled)
          Power supply
    (iii) Taxes and Duties

1.00 1.085
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Table 4.7  Calculation of Composite Conversion Factor for Alternative 2
(Surface Water Supply)

Items Break-up of
financial costs

(A)

Basic C.F. (using
domestic price

numeraire
(B)

C.F.
(Composite)

(A x B)
A. Capital Costs

0.50 1.25 0.625

0.30 1.00 0.300
0.02 1.20 0.024
0.11 0.80 0.088
0.07 0.00     -
1.00 1.037

0.10 1.25 0.125

0.20 1.00 0.200
0.10 1.20 0.120
0.12
0.41

0.80
1.30

0.096
0.533

0.07 0.00     -

    (i)  Traded Elements:
          (Direct and Indirect)
    (ii)  Non-Traded Elements:
          Domestic material and Equipment
          Labor (skilled)
          Labor (unskilled)
    (iii) Taxes and Duties

B. Operation and Maintenance Costs
    (i)  Traded Elements:
         (Direct and Indirect)
    (ii) Non-Traded Elements:
         Domestic material and Equipment
         Labor (skilled)
         Labor (unskilled)
   (iii) Taxes and Duties

1.00 1.074

4.5 Methodologies for Carrying Out
Least-Cost Analyses

33. Least-cost analyses generally deal with the ranking of mutually exclusive
options or alternative ways of producing the same output of the same quality. In some
cases, there may be differences in the outputs (quantity wise or quality wise) of the
alternatives. Two types of cases may arise in choosing between alternatives through the
least-cost analysis:

(i) alternatives deliver the same output;

(ii) outputs of the alternatives are not the same.
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4.5.1 Alternatives Delivering the Same Output: Overview of
Methods

34. There exist different methods to choose between alternatives:

(i) the lowest Average Incremental Economic Cost or AIEC;

(ii) the lowest Present Value of Economic Costs or PVEC;

(iii) the Equalizing Discount Rate or EDR.

All methods are illustrated here.  The Guidelines for the Economic Analysis of Water Supply
Projects recommend the use of the AIEC method.

4.5.2 Lowest AIEC Approach

35. The average incremental economic cost is the present value of
incremental investment and operation costs of the project alternative in economic
prices, divided by the present value of incremental output of the project alternative.
Costs and outputs are derived from a with-project and without-project comparison, and
discounting is done at the economic discount rate of 12 percent. The equation is as
follows:

∑ ∑
= =

++
n

0

t
t

n

0t

t
t     )) d)  (1 / (O( /  )) d)  (1 / (C(   =  AIC

t

where Ct =  incremental investment and operating cost in year t;
Ot =  incremental output in year t;
n =  project life in years;
d =  discount rate.

36. Tables 4.B.3 and 4.B.4 in the Annex show the calculation of AIEC using
a discount rate of 12 percent for both alternatives 1 and 2 (ground water supply scheme
and the surface water supply scheme respectively). The results are as follows:

Alternative 1 (ground water scheme) Alternative 2 (surface water scheme)

AIEC          VND2,545 per m3 <          VND2,616 per m3



CHAPTER 4: LEAST-COST ANALYSIS 99

37. Since the AIEC for the ground water scheme of VND2,545 per m3 is
lower than the AIEC for surface water scheme of VND2,584 per m3, the least-cost
solution for the supply of water to the town is alternative 1 (ground water scheme).

4.5.3 Lowest PVEC Approach

38. This straightforward method can be applied to the cost streams (in
economic prices) for all options. The choice of the least-cost option will be based on
the lowest present value of incremental economic costs, discounted at the economic
discount rate of 12 percent.

39. Tables 4.B.3 and 4.B.4 in the Annex  show the application of this
approach for the two options in the Viet Nam town mentioned above, i.e., ground
water supply scheme and surface water supply scheme. The results are as follows:

Alternative 1 (ground water supply)

PVEC1  =  VND123.8 billion (see Table 4.B.3)

Alternative 2 (surface water supply)

PVEC2  =  VND127.8 billion (see Table 4.B.4)

As PVEC1  <  PVEC2

The alternative 1 (ground water scheme) is the least-cost option.

4.5.4 Equalizing Discount Rate Approach

40. A third approach on which the choice between mutually exclusive
options can be based, is to calculate the equalizing discount rate (EDR) for each pair of
options. The EDR is the discount rate at which the present values of two life-cycle cost
streams are equal, thus indicating the discount rate at which preference changes. The
EDR can be interpolated if the present values of the cost streams have been determined
at two different discount rates, or may be arrived at by calculating the IRR (internal rate
of return) of the incremental cost stream, that is the difference between the cost
streams for each pair of alternatives.
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41. Table 4.B.5 in the Annex shows the calculation of EDR. Both
diagrammatic and algebraic approaches are illustrated. They are shown for the two
options considered (the ground water and the surface water schemes). Table 4.B.6 in the
Annex shows the IRR of the incremental cost stream.

4.5.5 Comparative Advantages and Disadvantages
of the Three Approaches

42. AIEC Approach.  This method not only arrives at the least-cost option
but also clearly indicates the long-run marginal cost (LRMC) in economic prices, an
essential core information for tariff design. The methodology, however, needs
explaining why discounting the water quantity is to be done to arrive at the unit price of
water.

43. PVEC Approach. This method is easiest to apply as straightforward
discounting is needed at one fixed rate of discount.  However, information available is
limited.  It does not  indicate the per unit cost of water, nor does it indicate which
option will be the least-cost if the discount rate is different from what has been used for
calculation.

44. EDR Approach. Unlike the other two methods, this approach gives a
clear indication as to which option is the least-cost at different discount rates rather than
at a fixed discount rate.  However, the calculations needed are more than in the other
two methods and it requires understanding that EDR is also the IRR of the incremental
cash flow of one option over the other.

Results

45. The results show that the EDR is 13.66 percent. In other words, the
additional capital costs involved in choosing option 1 (ground water scheme) as against
option 2 (surface water scheme) has a return of 13.66 percent, which is above the
acceptable rate of return of 12 percent. Therefore, the lowest life-cycle cost option is
option 1 (ground water scheme).
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4.6 Outputs from the Alternatives are not the same

46. In principle, the LCA is applied to mutually exclusive options, which
generate identical benefits. If those benefits are not the same, a normalization procedure
can be applied to allow for comparison

4.6.1 Normalization Procedure

47. Where one alternative has a larger but identical output than another, the
costs of the smaller project should be increased to allow for its smaller output. This can
be done by adding the value of the foregone benefits to the cost of the smaller
alternative. Box 4.7 shows an example of the normalizing method, applied to the data of
two alternatives considered (ground water and surface water supply schemes) for the
Viet Nam town. It is assumed that while the ground water supply scheme is able to
meet the full demand of the town (30,000 m3/day), the surface water scheme is only
able to supply 25,000 m3/day. The surface water source is limited due to shortage of
availability of water resources.

Box 4.7   Normalizing Procedure
Present Value of Outputs
    Ground water scheme         =
    Surface water scheme          =
Present Value of Costs
    Ground water scheme         =
     Surface water scheme         =

48.858 m3 (in millions)
44.127 m3 (in millions)

VND123,858.00 (in millions)
VND101,578.00 (in millions)

Output of the surface water scheme is lower than that of ground water scheme by

=                                  =    9.68%

The marginal cost of supply or AIEC of surface water scheme

=                                            =    VND2,301.95 per m3

The normalized cost of surface water should be increased by 9.68 percent to ensure equivalence.

Normalized cost of surface water  =    2,301.95  x  1.0968   =  VND2,524.78 per m3

This normalized cost (not the un-normalized AIEC of the surface water VND2,301.95 per m3)
should be compared with the AIEC of the ground water scheme.

48.858 = 44.127
      48.858

101,578.26
   44.127
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ANNEX 4.A.
Opportunity Cost of Water Calculation : Case Study

1. Introduction

The opportunity cost of water (OCW) can be calculated in numerous ways which are
indicative of the foregone benefit of utilizing the water for a water supply project
(WSP)1 as compared to its next best alternative. In particular, the foregone benefit in
irrigation and in hydropower generation are common methods of estimating the
opportunity cost of water. In the former case, the value is based on the highest value
irrigation crop being displaced when water is diverted from irrigation purposes for water
supply schemes. In the latter, it is based on the reduced value of electricity production
caused by water being diverted for water supply purposes upstream of the hydropower
station. (i.e., less water is available for electricity generation). In either case, the OCW
value in economic terms gets charged as a cost in the economic analysis of the WSP.

This annex proceeds with an example of how the opportunity cost of water based on
foregone irrigation benefits may be calculated. The basis for the example is a case study
in the Philippines undertaken during preparation of the Handbook for the Economic
Analysis of Water Supply Projects.

2. Economic Assumptions

Through comparison of cropping patterns,  intensities and yields, rice was demonstrated
to be the highest value irrigation crop in the project affected area. The case study
country is a net importer of rice. Consequently, the basis for the estimation of the
opportunity cost of water is the import parity price of rice.

Economic costs and benefits were denominated in terms of the domestic price
numeraire and are expressed in constant 1996 dollar prices. For purposes of illustration
all prices and costs are presented in foreign currency costs, the $ being the foreign
currency unit selected. Traded components were adjusted to economic prices using a
shadow exchange rate factor (SERF) of 1.11 and non-traded components were valued at
domestic market prices. Labor was adjusted using the Shadow Wage Rate Factor
(SWRF) for unskilled labor in the country of .9.

The without-project scenario has one rainfed crop wheras the with-project scenario has
one dry season irrigated crop and one wet season irrigated crop.

                                               
1 A water supply project is defined as non-irrigation water supply for purposes of this example.
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The estimate of OCW is calculated for an indicative production year when full yields
have been achieved from the irrigation scheme.

3. Import Parity Price of Rice

The calculation of the opportunity cost of water is presented in Table 4.A. For ease of
presentation the reference to line numbers are all with respect to Table 4.A.

The calculation begins with the calculation of the import parity price of rice for the
rainfed, dry season irrigated and wet season irrigated crop scenarios. The benchmark
world price of rice used for analysis purposes is Thai (5 percent broken). This
benchmark price may be obtained from the World Bank’s quarterly publication
Commodity Markets and the Developing Countries.2 This benchmark price is equivalent for the
without-project and with-project scenarios. It is shown in line 2.

The quality of the rainfed and the wet season irrigated crop are equivalent and are 10
percent lower quality than Thai (5 percent broken). The wet season crop is of the same
quality as Thai (5 percent broken). The quality adjustment factors for the without-
project and the with-project scenarios are presented in line 3.

To calculate the quality adjusted price FOB Bangkok shown in line 4, the
benchmark price presented in line 2 is multiplied by the quality adjustment factor given
in line 3 for each scenario.

It is now necessary to estimate the economic price at the port of importer (i.e., border
price). This is done by adding the costs of shipping and handling from the port in
Bangkok to the port of destination (say, Manila). These costs are based on weight or
volume and are assumed identical for the with-project and the without-project
scenarios. They are estimated at $33 as shown in line 5. By adding  the quality adjusted
price FOB Bangkok (line 4) and the shipping and handling costs (line 5) the CIF Port of
Destination, or in this case CIF Manila, price is calculated. This is given in line 6.

As the domestic price numeraire has been selected for purposes of economic analysis it
is now necessary to convert the CIF Manila price from a financial price to an economic
price by applying the shadow wage rate factor (SERF). The CIF Manila price (line 6) is
muliplied by the SERF (line 7) to derive the quality adjusted economic price at the
border, as shown in line 8. All costs are traded to this point and must be adjusted by the
SERF.

                                               
2 The prices used in the example may not be identical to those presented in the World Bank Commodity
Markets and the Developing Country Reports.
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It is also necessary to determine the economic farmgate price by calculating the costs
incurred in transporting and handling the rice from the port to the farmgate. In practice,
this typically includes consideration of dealer’s margins, milling costs and other costs
associated with the transportation and handling from the port to the farmgate. It is
necessary to apportion these costs on the basis of being traded and nontraded and
further separate labor costs. The SERF is to be applied to the traded components and
the shadow wage rate factor (SWRF) to the labor component. For ease of illustration, all
costs are considered under the category local shipping and handling in line 9 and are
considered to be nontraded. The farmgate price can be calculated by adding the CIF
Manila price (line 8) and the local shipping and handling costs (line 9). The farmgate
prices for the rainfed, dry season irrigated and wet season irrigated crops are presented
in line 10. This represents the import parity price of rice at the farmgate. It is not
necessary to calculate an average farmgate price for the incremental analysis. It will be
accomodated in the comparison of the with-project and the without-project analysis of
crop production and farm inputs.

4. Crop Production Analysis

The next step is to perform a simplified crop production analysis. In practice, this
requires knowledge of the cropping patterns, cropping intensities, yields, dry paddy to
milled rice conversion factors and other factors impacting on the quality and quantity of
rice yields without-project and with-project. In this illustration, the analysis of alternative
crop production models indicated that paddy production had the highest value both
without the project and for both the wet and dry season cropping pattern with the
project. The paddy yields in tons per hectare for the rainfed, wet season irrigation and
dry season irrigation are shown in line 12. The paddy yields represent dry paddy. The
production of rice from dried paddy is calculated by applying the processing factor
(0.59) shown in line 13 to the paddy yields in line 12. Rice production in tons per
hectare are given in line 14. The gross returns in dollars per hectare given in line 16 are
then calculated by multiplying the rice production estimates shown in line 14 by the
farmgate price shown in line 15 (i.e., identical to the farmgate price calculated in line 10).
The incremental gross margin is the difference in the with-project and the without-
project scenarios calculated by taking the sum of the gross margins for irrigated crops
and deducting the gross margin from rainfed crops.

5. Farm Inputs

Farm inputs represent the input costs required for crop production including labor,
draught animals or machinery, seed, fertilizer, irrigation and other input factors. In
practice, the market price of each input are shadow priced to derive economic values on
a dollar-per-hectare basis. For purposes of this illustration farm inputs are shown as
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non-labor and labor inputs only. Non-labor inputs are assumed to be non-traded,
requiring no further shadow pricing and are shown in line 18. Labor requires adjustment
by the shadow wage rate factor (SWRF). The economic price of labor shown in line 21
is calculated by multiplying the price of labor shown in line 19 by the SWRF given in
line 20. Total farm inputs shown in line 22 are the sum of non-labor inputs (line 18) and
economic labor costs (line 21). Incremental farm inputs from the project are calculated
by taking the sum of the wet season and dry season farm inputs (i.e., with-project
production ) and deducting the rainfed farm inputs (i.e., without-project production) as
given in line  22.

6. Net Return

The net return for each scenario given in line 26 is the difference between the gross
returns (line 24) and farm inputs (line 25), where the values of gross returns and farm
inputs are equivalent to the values calculated in lines 16 and 22 respectively. Incremental
net returns from the project are calculated by taking the sum of the wet season and dry
season net returns (i.e., with-project production ) and deducting the rainfed net returns
(i.e., without-project production) as shown in line 26.

7. Water Requirements

Water requirements for irrigation purposes are now introduced into the calculation. As
shown in line 28 in the rainfed scenario, there is no additional water requirement, and
dry season irrigation requirements are less than wet season irrigation requirements. This
is because during the wet season, rainfall provides much of the water requirement and
irrigation provides the additional requirement to increase productivity. During the dry
season, irrigation water accounts for the entire crop requirement. As shown in line 29,
there are also losses from evaporation, transpiration and non-technical reasons incurred
in the supply of irrigation water. The total irrigation water requirements for the wet and
dry season are shown in line 30 and is equivalent to the sum of lines 28 and  29 . The
incremental water requirement is equal to the sum of the wet and dry season irrigation
water requirement.

8. Opportunity Cost of Water

It is now possible to calculate the opportunity cost of water (OCW). It is calculated by
taking the incremental net return shown in line 32 which is derived from line 26 and
dividing by the incremental gross water requirement shown in line 33, which is derived
from line 30. In this example, as shown in line 34, the opportunity cost of water is
approximately $0.02 per m3. This OCW can now be used as an input cost in the
economic cost estimate for the WSP.
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Opportunity Cost of Water based on Irrigation Benefits Foregone
(Based on Import Parity Price of Rice

Line
No.

Item Units Rainfed
Crop

Dry
Season

Irrigated

Wet
Season

Irrigated

Incre-
mental

1 a) Import Parity Price of Rice Calculation
2     Rice FOB Bangkok $/ton 323 323 323
3     Quality Adjustment 0.9 0.9 1.0
4     Quality Adjusted Price

    FOB Bangkok
$/ton 290.7 290.7 323

5     Shipping and Handling $/ton 33 33 33
6     Landed Price(CIF Port of Entry) $/ton 323.7 323.7 356
7     Shadow Exchange Rate Factor (SERF) 1.11 1.11 1.11
8     Quality Adjusted Economic

    Border Price
$/ton 359.3 359.3 395.2

9     Local Shipping and Handling $/ton 5 5 5
10     Farmgate Price $/ton 364.3 364.3 400.2

11 b) Crop Production Analysis
12     Paddy Yields tons/ha 1.5 3.7 2.6
13     Processing Factor 0.59 0.59 0.59
14     Processed Rice Production tons/ha 0.9 2.2 1.5
15     Farmgate Price $/ton 364.3 364.3 400.2
16     Gross Returns $/ha 322.4 795.3 613.8 1,086.7
17 c) Farm Inputs
18     Non-labor Farm Inputs $/ha 66 226 150
19     Labor Inputs $/ha 66 155 119
20     Shadow Wage Rate Factor (SWRF) 0.9 0.9 0.9
21     Economic Price of Labor $/ha 59.4 139.5 107.1
22     Farm Inputs in Econ. Prices $/ha 125.4 365.5 257.1 497.2
23 d) Net Return $/ha
24     Gross Returns $/ha 322.4 795.3 613.8 1,086.7
25     Farm Inputs in Econ. Prices $/ha 125.4 365.5 257.1 497.2
26     Net Return $/ha 197.0 429.8 356.7 589.5
27 e) Water Requirements
28     Water Required at Farm m3/ha 0 13,500 9,500 23,000
29     Water Losses Reservoir to

    Farm
m3/ha 0 3,500 2,500 6,000

30     Gross Water Requirement m3/ha 0 17,000 12,000 29,000

31 f) Opportunity Cost of Water
32     Net Return $/ha 589.5
33     Gross Water Requirement m3/ha 29,000.0
34     Opportunity Cost of Water $/m3 0.0203



CHAPTER 4: LEAST-COST ANALYSIS 107

ANNEX 4.B
Data for the Illustrated Case

of a Viet Nam Town Water Supply

1. Water Demand Forecast

The quantity of water demanded per day in the town is estimated at 23,077 m3 in year 0
and it is expected to grow at the rate of 7.2 percent per year. Thus it is projected that
the demand will amount to 46,145 m3 per day in year 10.

Even though the demand will continue to grow beyond year 10, the proposed water
supply project (WSP) will have a maximum output so as to meet the growing demand
for only ten  years from year 0.

It is expected that the new project will supply the incremental quantity of water
demanded from year 1 up to the end of the life of the project, which is assumed to be
25 years.

As the non-revenue water in the system is approximately 30 percent, the quantity to be
produced to meet the required revenue demand will vary from 30,000 m3 per day (=
23,077 x 1.3) in year 0 to 60,000 m3 per day (= 46,165 x 1.3) in year 10. Columns 1 to 5
of Table 4.B.1 show the quantity to be produced by the WSP.
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Table 4.B.1   Discounted Value of Quantity of Water Supplied
Column 6 of this table shows the discounted value when the water quantities are discounted at the rate of 12%.

Col 1
Year

Col 2
Sale

Quantity
per day

(m3)

Col 3
Quantity to be

produced per day
(sale quantity x 1.3*)

(m3)

Col 4
Incremental

quantity to be
produced/day by

the project
(m3)

Col 5
Quantity to be
produced by

the project in a
year

 (Mm3)

Col 6
Discounted

value @ 12%
discount rate

(Mm3)
  0
  1
  2
  3
  4
  5

23,077
24,738
26,520
28,428
30,475
32,670

30,000
32,160
34,476
36,957
39,618
42,471

-
  2,160
  4,476
  6,957
  9,618
12,471

-
  0.79
  1.63
  2.54
  3.51
  4.55

-
0.705
1.299
1.808
2.231
2.582

  6
  7
  8
  9
10

35,022
37,544
40,246
43,145
46,154

45,528
48,807
52,320
56,088
60,000

15,528
18,807
22,320
26,088
30,000

5.67
  6.86
  8.14
  9.52
10.95

2.872
3.103
3.288
3.329

11
12
13
14
15

46,154
46,154
46,154
46,154
46,154

60,000
60,000
60,000
60,000
60,000

30,000
30,000
30,000
30,000
30,000

10.95
10.95
10.95
10.95
10.95

16
17
18
19
20

46,154
46,154
46,154
46,154
46,154

60,000
60,000
60,000
60,000
60,000

30,000
30,000
30,000
30,000
30,000

10.95
10.95
10.95
10.95
10.95

  =27.537

21
22
23
24
25

46,154
46,154
46,154
46,154
46,154

60,000
60,000
60,000
60,000
60,000

30,000
30,000
30,000
30,000
30,000

10.95
10.95
10.95
10.95
10.95

    48.858

*UFW is assumed to be 30 percent.

2. Supply of Water from the Two Alternatives of the Project

Whereas alternative 1 (ground water scheme) will be supplying the annual water
requirements of the town from year 1 to year 25 (see Column 5 of Table 4.B.1),
alternative 2 (surface water scheme) will be supplying the project from year 1 to year 8;
but from year 9 to year 25, the project water supply will be confined to 25,000 m3 per
day. The remaining quantity of 1,088 m3/day (= 26,088 m3 – 25,000 m3) in year 9 and
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5,000 m3/day (= 30,000 m3 – 25,000 m3) from year 10 to year 25 will be met by water
diverted from agricultural use. This is shown in Table 4.B.2.

Table 4.B.2  Quantity of Water to be Produced
for the Ground water and Surface Water Alternative

Year Alternative 1
(ground water)

Alternative 2
(surface water)

from the project
(Mm3)

from the project
(Mm3)

diverted from agricultural
use

(Mm3)  0
  1
  2
  3
  4
  5

-
  0.79
  1.63
  2.54
  3.51
  4.55

-
0.79
1.63
2.54
3.51
4.55

-
-
-
-
-
-

  6
  7
  8
  9
10

  5.67
  6.86
  8.14
  9.52
10.95

5.67
6.86
8.14

  9.125
  9.125

-
-
-

0.395
1.825

11
12
13
14
15

10.95
10.95
10.95
10.95
10.95

  9.125
  9.125
  9.125
  9.125
  9.125

1.825
1.825
1.825
1.825
1.825

16
17
18
19
20

10.95
10.95
10.95
10.95
10.95

  9.125
  9.125
  9.125
  9.125
  9.125

1.825
1.825
1.825
1.825
1.825

21
22
23
24
25

10.95
10.95
10.95
10.95
10.95

  9.125
  9.125
  9.125
  9.125
  9.125

1.825
1.825
1.825
1.825
1.825



  HANDBOOK FOR THE ECONOMIC ANALYSIS OF WATER SUPPLY PROJECTS110

3. Construction Period

The project construction period is expected to be four years. The
physical progress determining the financial expenditure during the construction period
will be as follows:

Year Physical Progress

0
1
2
3

    5%
  30%
  45%
  20%
100%

4. Depletion Premium for Alternative 1 (Ground Water Supply)

The depletion premium worked out in section 4.3.2.2 is to be added as “other costs” in
the case of alternative 1 (see data in Table 4.5).

5. Opportunity Cost of Water for Alternative 2 (Surface Water Supply)

The opportunity cost of water diverted from agricultural use (0.395 million m3 in year 9
and 1.825 million m3 in years 10 to 25) are to be added as “other costs” (see data in
Table 4.4).

6. Capital Costs (Ground Water Supply) and (Surface Water Supply)

They are given in Tables 4.1 and 4.2.

7. Operation and Maintenance Costs

They are given in Table 4.3.
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LEAST-COST SOLUTION OF THE CASE

1. Capital Costs:

A. Alternative 1 (ground water scheme)

The total economic cost of the scheme for a daily supply of 60,000 m3 is estimated at
VND229,779 million (from section 3.A below). The maximum water supply of the
project will be only half of 60,000 m3 per day i.e. 30,000 m3 per day. The cost function
of capital and O&M cost of the water supply scheme shows that the economics of scale
factor is 0.7 as ascertained in the Viet Nam Town by the RETA 5608 Study.

The cost function of water supply with the use of scale factor is as follows:
C = k (Q)α

Where C = Cost
k = constant
Q = Quantity
α = Scale factor

Applying this for 60,000 m3 water per day, the cost function is:
C60000 = k (60,000)0.7

To arrive at the cost for  30,000m3/day, the following relationship can be used:

C30000           k (30,000)0.7

-------   =   -----------
C60000           k (60,000)0.7

or
C30000    = C60000  (1/2)0.7

=  (229,779)  x (1/2)0.7

=  229,779  x  0.61557
=  VND141,445 million.

This cost is expected to be distributed as follows during the construction period.
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(Year) (%) VND Million

0
1
2
3

    5%
  30%
  45%
  20%

    7,072
  42,434
  63,651
  28,289

100% 141,446

B. Alternative 2 (surface water scheme)

The maximum amount of water which can be drawn from the canal is 25,000 m3 per
day. The remaining 5,000 m3 per day will be met by diverting water from existing
agricultural use. The capital economic cost for supply of 60,000m3/day has been worked
out to be VND208,710 million  (from Section 3A below). Hence, the capital cost for a
supply of 25,000m3/day from the surface water scheme

=   (208,710)  x                 =  (208,710)  x  (0.54182)    =  VND113,083 million

The distribution of this cost over the construction period is as follows:

(Year) (%) VND million

0
1
2
3

    5%
  30%
  45%
  20%

    5,654
  33,925
  50,887
  22,617

100% 113,083

2. Operating and Maintenance Costs

A. For Alternative 1 (ground water scheme)

The economic O&M costs per year for supply of 60,000 m3/day was worked out to be
VND2,596 million (from Section 3.B below). The supply in year 1 is 2,160 m3/day and
it is expected to rise up to 30,000 m3/day in year 10.  The scale factor is expected to be
the same 0.7 as O&M is proportional to the size of the plant.  Hence, the O&M costs
will be:

25,000 0.7

60,000
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In year 1:   (2,596) x                       =  VND253.35 million

In year 10: (2,596) x                       =  VND1,598.03 million

B. Alternative 2 (surface water scheme)

The economic O&M costs per year for supply of 60,000 m3/day was worked out to be
VND3,095 million (from section 3.A below). Hence the O&M costs will be:

                
In year 1:   (3,095) x                       =  VND 302.05 million

In year 10: (3,095) x                        =  VND 1,676.92 million

3. Economic Costs of the Two Options

They can now be arrived at:

(A) Capital Costs for 60,000 m3/day Supply

Alternative 1 (ground water supply)
Economic Costs  =  [Market Costs]  x  CFI

Economic costs =  [VND210,806.5 mn]  x  [1.09]  = VND229,779 mn
(Note: CFI  =  1.09 from Table 4.6; Market costs are taken from Table 4.1.)

Alternative 2 (surface water supply)
Economic Costs  =  [Market Costs]  x  CF2

Economic Costs = [VND201,262.92 mn] x [1.037] = VND208,709  mn.
(Note: CF2 = 1.037 from Table 4.7; Market costs are taken from Table 4.2.)

(B) O&M Costs for 60,000m3/day Supply

Alternative 1 (ground water supply)
Economic Costs  =  [Market Costs]  x  CFI

Economic Costs =  [VND2,392.67mn]  x  [1.085]  =  VND2,596.05 mn
(Note: CFI = 1.085 from Table 4.6; Market costs are taken from Table 4.3.)

2,160 0.7

60,000

30,000 0.7

60,000

  2,160  0.7

   60,000

25,000 0.7

60,000
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Alternative 2 (Surface Water Supply)
Economic Costs  =  [Market Costs]  x  CF2

Economic Costs =  [VND2,882.09mn]  x  [1.074]   =   VND3,095.36 mn
(Note: CF2  =  1.074 from Table 4.7; Market costs are taken from Table 4.3.)

Table 4.B.3  Life Cycle Costs Stream of Alternative 1
(Ground Water Supply)

(A)  Without Depletion Premium
Year Capital costs

(VND106)

O&M Costs

(VND106)

Total Costs

(VND106)

Discount Factor
for 12%

discount rate

Discounted value

(VND106)
  0
  1
  2
  3
  4
  5

  7,072
42,434
63,651
28,289

-
  253.35
  421.91
  574.50
  720.71
  864.43

  7,072.00
42,687.25
64,072.91
28,863.50
    720.71
    864.43

1.0000
0.8929
0.7972
0.7118
0.6355
0.5674

    7,072.00
  38,115.54
  51,078.04
  20,545.04
      458.01
      490.48

  6
  7
  8
  9
10

11-25

1,007.81
1,152.45
1,299.23
1,499.13
1,598.03
1,598.03

  1,007.81
1,152.45
1,299.23
1,499.13
1,598.03
1,598.03

0.5066
0.4523
0.4039
0.3606
0.3220

2.1929a/

      510.56
      521.25
      524.76
      522.55
      514.57
    3,504.31
123,858.00

a/  Discount factor 2.1929 = 7.8431 – 5.6502 where 5.6502 is the sum of discount factors for the
first ten years.
PVEC = VND123,858.00 million.
The discounted value of water = 48,858 million m3 (from Table 4.B.1).

AIEC =                        = VND2,535 per  m3

(B) With Depletion Premium

Total PVEC  =  Total Discounted Costs
                     =  [Discounted cost without D.P.]
                            + [Discounted value of depletion premium (from Table 4.4)]

       =  (123,858)  +  (517.54) =   VND124,375.54million.

Therefore, the AIEC =                                =  VND2,545 per  m3124,375.54
 48.858

123,858
 48.858
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Table 4.B.4  Life Cycle Cost Stream for Alternative 2
(Surface Water)

Year Capital
Costs

(VNDmn)

O&M costs
(VNDmn)

Other costs
from Table4.5
(VNDmn)

Total

(VND mn)

D.F. for
12%
D.R.

Discounted
Cost

(VNDmn)

  0
  1
  2
  3
  4
  5
  6
  7
  8
  9
10

11-25

  5,654
33,925
50,887
22,617

-
  302.05
  503.01
  684.94
  859.24
1,030.59
1,201.53
1,373.97
1,548.96
1,676.92
1,676.92
1,696.72

  2,202
10,118
10,118

  5,654.00
34,227.00
51,390.00
23,302.00
    859.24
  1,030.59
  1,201.53
  1,373.96
  1,548.96
  3,878.92
11,794.92
11,794.92

1.0000
0.8929
0.7972
0.7118
0.6355
0.5674
0.5066
0.4523
0.4039
0.3606
0.3220

2.1929a/

    5,654.00
  30,561.29
  40,968.11
  16,586.36
      546.00
      584.80
      608.70
      621.40
      625.60
   1,398.70
   3,798.00

     25,865.10
127,818.06

a/ 2.1929 = 7.8431 − 5.6502

PVEC  =  VND 127818.06 million, and AIEC  =                                   =  VND2,616.11 per m3

PVEC (without other costs) = VND101,578.26 million (in column 4)

127,818.06
   48.858



Table 4.B.5  Equalizing Discount Rate
ALTERNATIVE I (Ground Water Supply)              ALTERNATIVE II (Surface Water Supply)
Cost Stream Discounted Costs (VND106) Cost Stream       Discounted Costs (VND106)

Year (excluding
depletion premium)

VND(106)

at 12% rate
of discount

at 15% rate of
discount

(excluding
depletion premium)

(VND106)

at 12% rate of
discount

at 15% rate of
discount

  0
  1
  2
  3

  7,072.00
42,687.25
64,072.91
28,863.50

    7,072.00
  38,115.54
  51,078.04
  20,545.04

    7,072.00
  37,120.80
  48,445.50
  18,977.80

  5,654.00
34,227.00
51,390.00
23,302.00

   5,654.00
  30,561.29
  40,968.11
  16,586.36

    5,654.00
  29,763.80
  38,856.00
  15,321.07

  4
  5
  6
  7
  8
  9
10

11-25

    720.71
    864.43
  1,007.81
  1,152.45
  1,299.23
  1,499.13
  1,598.03
  1,598.03

      458.01
      490.48
      510.56
      521.25
      524.76
      522.55
      514.57
    3,504.31

      412.10
      429.80
      435.70
      433.20
      424.70
      426.20
      395.00
    2,309.60

    859.24
  1,030.59
  1,201.53
  1,373.96
  1,548.96
  3,878.92
11,794.92
11,794.92

      546.00
      584.80
      608.70
      621.40
      625.60
   1,398.70
   3,798.00
 25,865.10

      491.30
      512.40
      519.40
      516.50
      506.40
    1,102.80
    2,915.70
  17,047.20

123,858.00 116,882.40 127,818.06       113,206.57
Add discounted value of
depletion premium (from
Table 4.5)

     517.54       347.25

124,375.54 117,229.65



DISCOUNTED
COSTS

(VND106 )

127,818

124,376
120,00

     117,229.65

     113,206.57
110,000

                     Equalizing
                    discount rate

100,000 13.39%
12% 13% 14% 15%

           DISCOUNT RATES

Alternative  1 (ground water)

Alternative 2 (surface water)

Equalizing Discount Rate



Table 4.B.6  IRR of the Incremental Cash Flow (Alternative 1 - Alternative 2)
Year Alternative 1

(Ground water)
Cost stream
(VND106)

Alternative 2
(Surface Water)

Cost stream
(VND106)

Difference in
cost streams

(Alt 2 - Alt 1)
(VND106)

Discount
factor for
15% DR

Discounted value
of cost stream

differences
(VND106)

Discount
factors

for 12%
DR

Discounted value
of cost-stream

differences
(VND106)

  0
  1
  2
  3
  4
  5
  6
  7
  8
  9
10
11-25

  7,072.00
42,687.25
64,072.91
28,863.50
    720.71
    864.43
  1,007.81
  1,152.45
  1,299.23
  1,449.13
  1,598.03
  1,598.03

  5,654.00
34,227.00
51,390.00
23,302.00
    859.24
  1,030.59
  1,201.53
  1,373.96
  1,548.96
  3,878.92
11,794.92
11,794.92

-1,418.00
-8,460.25

-12,682.90
-5,561.5
+138.53
+166.16
+193.72
+221.51
+249.73

+2,429.79
+10,196.89
+10,196.89

10000
0.8696
0.7561
0.6575
0.5718
0.4972
0.4323
0.3759
0.3269
0.2843
0.2472

1.4453a/

     -1,418.00
     -7,357.74
     -9,590.09
     -3,656.78

      +79.20
      +82.61
      +83.75
      +83.27
      +81.64

      +690.79
      +2,520.52

      +14,738.39

1.0000
0.8929
0.7972
0.7118
0.6355
0.5674
0.5066
0.4523
0.4039
0.3606
0.3220

2.1929b/

   -1,418.00
   -7,553.79

    -10,110.70
   -3,958.57

  +88.04
 +94.28
 +98.14

   +100.20
   +100.86
   +876.21

     +3,283.13
       +22,360.92

       -3,661.53  +3,960.69
a/  1.4453 = 6.4641 − 5.0188
b/  2.1929 = 7.8431 − 5.6502
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Notes for Table 4.B.6:

(1) Without depletion premium in Alternative 1:
IRR of the incremental cash flow =  12 + (15 - 12)  x

=  12  +  1.56  =  13.56%

(2) With depletion premium in Alternative 1:

Discounted value of depletion premium (refer to Table 4.5 in para. 4.3.2.2)
(i) at 12% Rate of Discount = VDN517.54 million
(ii) at 15% Rate of Discount = VND347.25  million

Discounted cost stream differential:
(i) at 12% Rate of Discount =   3,960.69  −  517.54

=  3,443.15
(ii) at 15% Rate of Discount = −3,661.53  −  347.25

=  −4,008.78

IRR of the incremental cash flow  =  12  +  (15 - 12)  x
     

     =  12 + 1.39 = 13.39%

           3,960.69
3,960.69 + 3,661.53

          3,443.15
3,443.15 + 4,008.78
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