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EXECUTIVE SUMMARY

South Africa, whilst known for its vast mineral resources, it is a land of many contrasts with respect water
resources and services. With its very low and highly variable rainfall as well as cyclical drought. South Africa
has over the years, developed extensive infrastructure to meet the growing demand, Further investment in
infrastructure historically tended to favour certain sections of society at the expense of others. The main
challenges facing the country are water scarcity and access 1o basic walers services. It is therefore essential
that the available resources be used equitably, efficiently and beneficially.

In a scenario of growing demand, limited resources, financial constraints, environmental concemns, and
increasing public scrutiny, a paradigm shift in the planning of water services is inevitable. Traditional planning
approaches for waler services can no longer be as effective as they were in the past. Modern planning
emphasising on forecasting with greater precision, using methodologically sophisticaled approaches to risk
and uncertainty are gamning ground. In other seclors, such as energy and transportation, and in other
countries, Least Cost Planning (LCP) and Integrated Resource Planning (IRP) have emerged as
indispansable planning tools in dealing with the prevailing challenges.

The objectives of the study were;

To explore LCP in general and its application in the water sector

e To compare LCP with cther planning approaches

e To review local and intemational LCP initiatives

¢ To provide an overview of waler services development in South Afnica;

e Toexplore an algorthm for LCP in the walter services sector,

To illustrate LCP through a hypothetical example.

The study traces the origins of (LCP) from the energy sector some two decades ago. LCP is defined,
compared with other planning approaches. LCP lessons from various sectors are highlighted. The LCP
initiatives, initially in transportation planning and recently in water sector, are attributable 1o its successful
application in the energy sector. The water, sector was found to have more similarities with energy and as
such experiences gained there provided a more useful analogy for the application of Least Cost Planning in
the water sector. To bring LCP into the South African context, an overview of water services developments
and restraints inherent in economic planning were also highlighted. This followed by an outline of prnciples
and processes of economic evaluation in the planning of water services and finally an exploration of an
algonthm application in water services.
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are not physically interconnected and it may be difficult for the supplier to meet developing or changing
demands quickly. Certain load techniques used for electricity are therefore not applicable 10 the walter sector.
The regulatory structure of the water sector may create other imitations. Unlike electricity, natural gas and
transportation utilities, which have regional transmission networks, regional water systems are constrained by

the limited application of economies of scale

The study recommends thal the algorithm be tesled through a “real ife” case study with various stakehoiders
The linkage with further research be encouraged 10 quantification of changes in services related welfare and
environmental cost. The LCP approach is communicated 10 as many interested parties as possible
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GLOSSARY OF TERMS

The glossary of terms prowides a definition or an explanation of terms commonly usad in the water sector and
mentioned in this report.

Alternatives - The different choice propositions or methods by which objectives may be attamed,

Annuity - A saries of equal payments or receipts to ba paud or recaived atl the end of successive periods of
equal ime.

Compound interest - Interest which is computed on both the onginal principal and its accrued inlerest.
Depreciation - The allocation of the original cost of a facility or equipment 10 those time penods in which the
asset is used.

Economic Analysis - A technique which allows the assessment of proposed alternatives on the basis of
considering their economic consequences over time,

Effectiveness and Efficiency - Effectiveness is the achvevement of goals and efficiency s the ratio of
effectiveness 10 the input required 1o achieve it. Efficiency can be broadly described as doing things right
while eflectiveness as doing the right things.

Financing Costs - Cosls associaled with financing capital investment in facilities. Includes both interest and
over-time loan and finance charges.

Integrated Resources Planning (IRP) - IRP is a comprehensive form of planning that incorporates aspects
of water supply and demand management for the varicus institutions within a catchment. IRP takes
cognisance of participatory decision-making as well as applying risk and least-cost analysis,

Integrated Water Resources Management (IWRM) - IWRM is simultaneously a philosophy. a process and
an implementation strategy to achieve equitable access to and sustainable use of water resources by all
stakehoiders at catchment, regional national and international level, while maintaining the characternstics and
integrity of water resources at catchment level within agreed limits,

Interest Rate - The interest rate represents the annual time value of money and is referred to as discount
rale

Life Cycle Costing - A method of expenditure evaluation, which recognises the sum total of all costs
associated with the expenditure duning the time it is in use.

Net Present Cost - The amount of money needed now 10 cover the capital and operating costs of a measure
over the lifetime of the alternative or the loan pernod using the discounted cash flow,

Present Value - The concept that a sum of money invested today will earn interest

Rate of Return ~ The interest rate which, over a period of time' equates the benefits denved from an
opportunity to the investment cost of the project.

Reliability — A measure of success. It is defined as the probability that a system will perform its intended
function when required to do so if operated within its specified design limits.

Risk - The possibility of conditions that are different to those expected and that also result in loss or damage
Sunk Cost - A cost which has already been made and should not be considered in measuring the economic
performance of an investigation alternative.
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Time Horizon - The end-point of the iife cycle cost analysis. The cut-off, or last year, of the analysis
Uncertainty - The possaility of concibons that are different to those expacted (see also nsk

Useful Life - The paniod of time over which a building elemant may be expected 10 give sarvice without major
anewa nay represant physical lifaspan or time before technological obsolesce

Water Conservation (WC) -~ The minimisaton of loss or waste, care and protection of water resources and

the afficient and effective us of water

Water Cycle Management (WCM) - WCM concemns a sirategic approach for equitable, efficient and

sustanat nanagemer fwalerr r ng 8 o WCM axpre the 1083 thal waler resources
15t be inaged n a hshc way, C nating ang integrating all aspects anc funchions of walter resources
n, control and related service delivery s0 as to bnng sustainable
LtOon the raes J as
The adaptation and implementation of a strategy by 3 water
nsttubon or consumer o influence the water demand and usage of wate rdar to meat any of the
wing objechves 1CO mic efficiancy )l development, social equty, environmental protectio

sustamability of water supply anc services. and polibcal acceptabilty

Water Services - Means both water supply services and sanitation sarvicas
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1 INTRODUCTION

11 Background

Water s arguably amongst the mos! precious natural resources on earth whose fundamental importance
needs minimal justification. Social and economic development would be almost impossible without an
adequate supply of the right quality of water. Some 80 countnes, accounting for 40% of the world’s
population, already suffer from severe waler shortages (Stephenson, 1998). South Afnica is no exception lo
this global scenario and probably amongst the worst countries. Although well-known for its vast mineral
resources, South Africa is a land of many contrasts in respect 1o ils water resources and services. Box 1
presents some of South Africa’s water resource characteristics as highlighted by DWAF (2001).

Box1 : Waler resource characteristics of South Afnca

* Located largely in a semi-arid part of the world with scarce and limited resources.
« Average annual rainfall less than 500 mm versus a world average of some 860mm.
o Water resources are unevenly distributed across the country.

* Hydrological extremes with periodic severe and prolonged droughts and ficods.

e Areas of economic development located remote from large watercourses.

* Groundwaler supplies not abundant for use on a national scale,

o Water requirements far exceed availability in several catchments

« Available water resources inadequale 1o meet projected demand.

* Development cosis have been rising in real terms in recent years.

This scenario is further aggravated by the influences of past political disposition which tended to favour
certain sechons of society at the expense of others. This has contnbuted 1o the vast backlog of service
delivery in both urban and rural areas. Access to services in the domestic sector, a significant factor in waler
demand, is highly unequal, whereas access 1o water in the industrial and commercial sector is relatively
good. PGD (1994) estimated that some 11 million people were without adequate water supplies whilst some
18 miillion peopie lacked adequate sanitation facilties. There were also indications that many schemes were
not run as effectively anc efficiently as they should be (Pybus, 1995), Failures have also become more
apparent with major water losses and disruptions due to ageing infrastructure. Customer dissatisfaction and
affordabilty. with a resultant culture of non-payment for services, will have profound impacts on the delivery
of water services

While the challenge to meet these demands remains, approaches used to assess these demands and 1o plan
developments need 10 be adjusted 1o suit political, social and environmental circumstances. Improving waler
use efficiency has thus become mere important in the light of the increasing water scarcity and the lack of
sustainability of the strongly supply-oriented approaches to water provision. Sustainable water provision
requires adequate environmental protection and lastly, but by no means least, needs to address equily
concens. To this end, strong emphasis has to be placed on taking water use efficiency into account in the




planning of waler services. Despie the drive 1o improve water use efficiancy. DWAF (1999) has hsted
several generic constraints to the implementation of Water Conservation (WC) and Water Demand
Management (WDM) n South Africa, as ilustrated in Box 2

[Box 2 Generic constraints to the implementation of WC/WDM in South Africa

e Bias towards supply-side measures:

= Money is more readily available for supply-side interventions

= Supply-side management options appear easier to implement

* Promotion of development without adaquately reviewing WC/WDM as an altemative.
e Perceptions and lack of understanding:

* Resistance to change within institutions

e WC measures are parceived only as drought relief mechanisms

* WDM strategies are often incorrectly perceived and implemented as punitive measures.
e  Lack of understanding of the principles, scope and potential of WDM. :
e Lack of knowledge on consumer and water use pattems.

If water resources and services are not planned, managed and used wisely, the scarcity of water will
inevitably hamper economic an¢ social development in South Afnca.  As the shortages and needs increase,
competition for water amongst the vanous sectors (i.e. urban, rural, industrial and agricultural) will also
become more intense. In a scenano of growing demand, limited resources, financial constraints and
envronmental concerns, as well as increasing pubbc scrutiny, a paradigm shift in the planning of water
services is inevitable. Traditional planning approaches for water services can no longer be as effective as
they were in the past (AWWA, 1997). Beecher (1995) also noted that modemn utibty planning should
emphasise forecasting with greater precision. and use mathodologically sophisticated approaches 10 risk and
uncentainty. Whilst in most countries the instinctive response tc water stress has been 10 augment water
schemeas, the new planning paracigm suggasts first improving watar usa efficiency

The shift from institutional arrangements. where the concepts of regulation, authority and responsibility were
often confused with those of service dalivery, is inavitable. In South Africa. the Watar Services Act (Act 108
of 1997) and the National Water Act (Act 36 of 1998) have laid the legal and policy framework for dealing with
these challenges. However, legisiation do@s not deal exphcitly with economics In waler services, parbcularly
the classification of water in economic terms. Thus, this study endeavours 1o open avenuas towards this end.
In other sectors, such as enargy and transportation, and in other countries, Least Cost Planning (LCP) and
Integrated Resource Planning (IRP) have emerged as indispensable planming lools in attending to the
prevaiing challenges. Both concepts have, to date, had limited application in the water services sector,
parbcularly in South Africa anc other developing countries




12 Study objectives
The overarching objective of this study is 1o broaden the horizons of water institutions and 1o alert them to the
variety of alternative planning approaches. Least Cost Planning (LCP) s explored in detad, with a view 10

proposing a framework for its implementation in the water services sector of South Africa.

The original study objectives were:

e To explore the substance of Least Cost Planning in general

e To review local and international Least Cost Planning initiatives

e To identify the constraints of, and opportunities for, Least Cost Planning

e To explore the interaction of Least Cost Planning with other planning practices
e To develop a framework for implementing Least Cost Planning in South Africa
e Toillustrate Least Cost Planning through a selected case study

e To explore a computer model for Least Cost Planning in the water sector.

The study was further shaped by the processes of two other studies undertaken in parallel and funded by the
Water Research Commission (WRC), namely

e Development of a Methodology to Determine the Effectiveness of Water Conservabon and Water
Demand Management Measures (WRC K5/1273/1/02)

e Development of a Framework for the Economic Evaluation of Water Demand Management Measures
(WRC K5/1275/0/1)

It was noted at an early stage that these studies had certain synergies and probably certain overlaps. To
avoid duplication and 1o maximise the benefits, the three studies were therefore undertaken using an
inclusive and consultative process. Through the guidance of the Project Steering Committee, this approach
proved worthwhile in that the studies were integrated to build on each other in a complementary manner.

In view of this unfolding study context, the original stucdy objectives were modified as follows:

e To explore LCP in general and its application in the water sector
e To compare LCP with other planning approaches
e To review local and interational LCP inttiatives

e To provide an overview of walter services development in South Africa

3



e To explore an algorthm for LCP in the water services sector

e To illustrate LCP through a hypothetical example

1.3 Report Structure

his documeant s intended 10 provide an overview of the implementation of LCP in the water servicas l

s oo - are mlan Sre am e ~or ~ tha A brimn
' Scuth Afnca. The target of mpnses policy makers, planners ang practihoners € South Alncan
Nater serv e fielc
he document 1s structured in the following five chaplers

e Chapter 1 - The Introduction (this chapter) provides background, highlights study objectives and the
repon struciure ‘
e Chapter 2- Deafinas LCP, compares it with other planning approaches, and highlights lessons from

VAaNous seciors. A synontic overnmew 15 provided of water services development in South Afnca

e Chapter3 - Outhnes principles anc processes of economic evaluation in the planning of water services

and high :;”.: restrants inherent in 8co mec Dlanning

e Chapter 4 - Explores an algorithm for LCP in the

wothebcal example

n

Ll

e Chapter5- Summarnsas and concludas the report




2 LEAST COST PLANNING IN DECISION-MAKING

21 Least Cost Planning defined

Least Cost Planning (LCP) was introduced by electricity providers in the early 1980s when decision-makers
realised that it could be cheaper to invest in conservation than to build additional generation and distribution
capacity. Before the introduction of this concept, project life-cycles incorporated few of the indirect costs of
delivery (e g. intervention by metering, energy conservation) (Beecher, 1995). The only aspect of interest to
the planner was how to produce a commodity al the lowest cost. How the customer actually used this
commodity was thus of limited concern to the planner and this aspect was left entirely to the customer.

Resource development planners started 10 progressively think in terms of simultaneously delvering services
to the consumer at the lowest price whilst maintaining maximum efficiancy, rather than treating these services
as a2 mere commodity. Over the years, resource development planning thus evolved from simply minimising
commodity costs to minimising society's tolal cost of delivering the services desired by the customer, This
was made possible by economically balancing demand-side (customer) criteria with supply-side (supplier)
criteria whilst, at the same time, complying with all the other constraints generated by environmental, political
and social requrements

Nelson ef al (1994) defined LCP as a comprehensive, technically consistent planning method that provided
an economic framework 1o assess the cost effectiveness of all services and management strategies whilst
faking all societal costs into account. It has come to be undersiood as the comprehansive evaluation of all
supply and demand alternatives in an attempt 1o minimise costs and to create a flexible plan that allowed for
uncertainty and a changing economic environment (Beecher, 1995).

LCP is recognised by its procedure rather than as a universal definition and, in principle, its procedure or
activities are identical in any sector, For consistency, Least Cost Planning (LCP) in this study is defined as:

“A process that kentifies the optimal mix of supply-side and demand-side options while balancing system
rekability and affordability, thereby producing planning allernatives with the lowest costs to the supphler and
the customers.”

LCP can be considered as a method that recognises the consumer's needs, accounts for uncertainty,
embodies risk management and reviews available and reliable resources to meet future needs. It is
understood as a process of comparing direct and indirect benefits and costs of any sarvice provision to meet
pre-determined goals and/or policies




2.2 LCP compared with other planning approaches
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These planning approaches appear similar excepl that their processes, particularly the scope of their various
activities, differ. LCP evolved from TSP whereas IRP is the amplification of LCP. LCP and IRP have at times
been used interchangeably, for instance in the waler sector, WSSA (1999) and Thomson (2000) prefixed LCP
with the word “Integrated” when referring to IRP. Schoette (1999) also used the terms interchangeably in the
modelling of energy emission. LCP (and IRP) incorporale many of the planming components that
characterise a well-performed “TSP” effort. It should be noted that the shoricomings of traditional planning
have increased interest in these relatively new approaches (LCP and IRP) due 10 the increased incorporation
of significant economic and political externalities (AWWA, 1997).

“TSP” is often considered as a conventional planning process whereas LCP (and IRP) are viewed as
relatively new approaches to planning ("LCP: An old concept with new relevance”, Stephen 1990). However,
the basic steps in any planning procedure are similar 1o those used in the LCP process. Although “TSP” has
been applied in many fields with more or less good results for a long time, Nicols ef al (1997) focused on two
cross-cutling elements:

The iterative nature of planning, that is. at any of the logical stages of the planning process, experience and
results are fed back 1o inform “earlier stages”, so that the norms of the analyses at those stages are
confirmed. Feedback and iteration are ongoing processes across all stages and throughout the planning
cycle. Thus, the planning process is, or should be, a recurring one.

The collaborative characler during the stages of the planning cycle. Throughout the planning process,
analysts and decision-makers should maintain effective collaboration, and communication between the
decisional and analytical processes should be key objectives. In this way, the pnnciples of transparency and
participation are attained.

In “TSP", or in planning relying on market-based competition, the lowes! possible rates or the lowest short-
term prices have been used as common measures of cost minimisation. By contrast, the costs of demand
management in LCP options are incorporated into the consideration of alternatives and the focus of economic
cost analysis shifts to a minimisation of total economic costs. This criterion is seldom reflected in planning
methods focused solely on lowest rates or prices. LCP stresses the importance of minimising the present
value of long-term costs whilst still maintaining services system reliability.

Further, although “TSP" also considers risk and uncartainty, LCP (and IRP) offers a treatise on these aspects.
LCP (and IRP) focuses on identifying and managing risks by informing the decision-makers of the risks and
the uncertanty inherent in each alternative. All assumptions, predictions and estimations are subjected to
sensitivity analysis. The “TSP™ process is mostly charactensed by a single baseline forecast of expected
conditicns. The LCP (and IRP) process observes multiple baseline forecasts and reflects a wide range of
possible future conditions. The process encourages feedback from implemeantation activities into a dynamic




anc adaptive planning process. In "TSP", the focus was placad significantly on structural facilties (2.g. water
supply, power oulpul) to mes! end-user sarvice naeds. The LCP (and IRP) procaess, inslead, examinas and
mncorperates both supply-side and demand-Sde options (structural or non-structural) 10 meel end-user
requirements

23 LCP in the various sectors

As incicaled earlier, LCP was nitially applied more than twenty years ago in the energy sector where
planners had the greatest knowledge of production and consumption. The benefits of the approach in this
seclor prompted researchers and practitioners to extenc it to other sectors, such as gas supply, transportaton
and even the water sector.  Highhights of lessons from the various sectorsectors follow

231 LCPinthe energy sector
The two areas, electricity and gas, where LCP has been successiully apphed are highlighted separately

Electricity supply

The key stralegy for electricity supply was to implement demand-side managemant and energy services
programmes that met consumers’ needs in the most cost-effective way. Energy sarvices providers set out to
develop a procass desgned to maximise eficcency and, at the same time, reduce electricity costs to the

customer (Stiles. 1998)

In the past, about 75 % of the United Stale of Amernica’'s (USA) annual electricity produchon was “wasted”
through the use of inefficient procucts and practices (EREC, 2001). Changing socio-economic conditions and
regulatory enwonment of the 1970s, however, forcad electnaty providers to develop tools 1o balance ther
financial interests with society's goals of an energy-efficient economy and a clean environment Some of the
resource oplions for both gemand- ang supply-side in the electncity industry, based on expenences gained in
the USA_ are histed

Demanc-side options:

Consumer energy efficiency (e.g. home weatherproofing, energy-efficient appliances. lighting, heating, air
conditioning, water heating, duct repair, motors, refngeration, energy-efficient programmes. appliance timers
and controls, thermal storage and geothermal heat pumps)

Service provider energy conservation (e.g. 10ad management. high efficiency molors and reducec
transmission and distnbution losses)

Renewable energy applications (e.g. solar heating and cooling, photovoltaic, passive solar design and day

hghting)




Supply-side options:

Conventional power plants (e.g. fossd fuel, nuclear, life extension of existing plants, hydro/pumped storage
anc re-powering and utility battery storage)

Privately-owned generation (e.g. co-generation, independent power producers)

Renewable energy applications (e g. biomass, geothermal, solar thermal, photovoltaic)

With the expected growth in electricity consumption in the residential sector, it was estimated in 1997 for
South Africa that, at 15% per year over 10 years (Africa, 2002), the implications for Eskom - the supplier -
were profound. This new load type would have required the construction of new generation plant capable of
running for relatively short periods during the day and only for a few months of the year. The capacity
utilisation of this new plant would thus be very low compared with the currently installed capacity.

In considering the cost implications of new generation capacity provision 10 the country and ils electricity
consumers, demand management became an attractive alternative for Eskom (Afnca, 2002). The lead times
for new plant construction are lengthy (up to 10 years for pumped storage hydro capacity) and Eskom had to
decide on whether or not to build new capacity by 2002. If demand-side management (DSM) can be used to
imit residential demand growth or miligate the impacts through the provision of incentives for
industry/commerce to move load out of the peak periods, then substantial benefits for all customer groups
could be derived. High price increases would thus be avoided through the deferment and probable avoidance
of certain generation capacity construction. It was then noled that appropriate DSM may well achieve
permanent avoidance of certain new plant.

Eskom geared itsell 1o meet the challenge pro-actively, based on thorough and dedicated research and
planning in the field of energy efficiency. In its demand management programme, Eskom now implements
activities designed 1o influence the time, pattern and amount of electricity usage in such a way that it wil
increase customer satisfaction without loss in production and, at the same time, produce desired changes in
the load shape (Africa, 2002).

. Gas supply

The USA and several countries in Europe recognised energy efficiency and renewable energy applications as
some of the most effective resource options, and regulatory mechanisms were therefore adoptled to provide
financial incentives 1o those services providers which employed the LCP approach. It has, however, been
recognised that conservation can have a negative impact on a provider's revanues by raducing demand.
When a provider owns surplus generating capacity, conservation may also mean that a provider might
operate at less than full capacity.




The LCP concept in gas supply (i.e. transmission and distribution) was thus recognised as a powerful tool.
The goal for gas providers was generally to provide resicential. commercial and industnal consumers with
mos! of their energy services (i @ gas for cooling, lighting and heating) at the least possible cost. assuming

the inclusion of economic. environmental and soc:a! costs (Stephen, 1990)

In natural gas supply, optimised fracturing methods and secondary recovery of gas from existing fields could
lead to increased efficiency in field development. More gas from each well drille¢ and completed and more
optimal placemeant of each well means more gas per monetary unit nvested. Fewer wells mean reduced
envircnmental impact. The use of gathering systems, gas clean-ups and pipelines can save money and
eliminate additional energy consumption (and emessions) needed to manufacture equpment for new fields
while, at the same time, minirmising the environmental impacts of ceveloping new gas supplies.

The apphication of least cost methods in transmission and distribution technology has led to guided horizontal
bering equipment, plastic pipe installation and gquality control, and less labour-intensive excavation anc repas
concepls. Slephen (1950) found that interest had moved to natural gas (8. g. methane) which had minimal
environmental impact compared with synthetic gas. The role of methane in global cimate change and the
environmental impacts associated with pppeline nght-of-way construction have both contnbuted to finding the

most cost-effective way 10 provide the most environmentally attractive energy supplies

232 LCP intransportation planning

The search for traffic congestion mitigation strategies in the USA led to the emergence of LCP in
transportation planning. (Nelson and Shakow, 1997). Political reality demanded that authorities respond to
frustrated travellers who expenence long delays in their weekday commuting and. increasingly, during off-
peak and week-end tnips. Nelson and Shakow emphasised that the lack of comprehensive transportation
demand management (TDM) compounded the problem. They suggested that effective TOM be developed as
an alternative. or even as a complement. to transport capacity and that public and pnivate support be
obtainec for its implementaton They therefore proposed a new least-cost planning model for assessing the
costs and benefits of solutions. This model was capable of searching across a large number of altematives
for the set of synargistic alternatives that provided the maximum amount of transport maobility or accassibiity
at the lowes! invesimenl cost. The model also apphed full cost accounting and accounted for both direct
capital and operating costs as well as indrrect social and environmental costs.

Nalson (1996) observed that LCP provided a suitable methodology in the transportation sactor by identifying
demand management methods to balance available resources with capacity expansion. The most
economically effisent aspect was investigated by using LCP rather than planning methods that restricted the
range of solutions that could be applied to the transportation problems. Some of the impacts highlighted by
using LCP were a reducton of total tra®ic, peak perod traffic and freight traffic and shifts from peak to off-
penoc penods
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From a financial perspective, benefits and costs, road risk and environmental costs lended to be reduced.
The reduced costs included transition and other additional administrative activities. The benefits included
congestion reduction, road and parking savings, consumer savings (1.e. tends to improve transport choice).
road safety (i.e. tends to reduce automobile use), environmental protection (i.e. lends to reduce automaobile
use), efficient land use and community liveability. With regard to equity impacts, LCP indicated benefits by
creating more neutral pubdlic policies in terms of transportation investments. Thus, a more efficient and
diverse transportation system tended 1o benefit lower-income and transportation-disadvantaged people by
improving their mobility options and increasing access for non-drivers. The equity impacts included:

Treats everyone equally

Indrwduals bear the costs they impose
LCP is progressive with respect 10 income
Benefits the transportation-cisadvantaged
Improves basic mobility.

In South Africa, a number of major cities are now coming to terms with the LCP approach to transportation
planning. For example, in the City of Johannesburg, the Johannesburg Roads Agency (JRA) has been
entrusied with the responsibility of addressing the roads and storm-water function for the City. In defining the
scope of this responsibility, the JRA realised that there was an inadvertent focus on the construction and
maintenance of the roads, as defined by the pavement. The City had always managed this portfolio as
though the provision of roads-related services was an end in itself yet the essence of the portfoko is a means
to enhance transportation of people and goods across the City. It is in this context that the JRA is refocusing
its outlook 1o capture the essence of this business, which is “Mobility”™.

The JRA has thus embarked on a plan that is premised on ensuring that the roads system that is already in
place should be made to function in the most optimal manner, so that the development of new assets is
conceptualized as augmenting current investments. In analysing business opportunities in the City, it has
become apparent that the current network provides fairly good coverage (other than the obvious histonical
distortions of “where and what standard” infrastructure was developed). The one pressing omission from the
previous investment strategy was the faiure to create a platform for maxmising functional use of the
investment. In the past, the approach seems 10 have been that the exstence of a road was sufficient to
ensure mobility and further, depending on ad hoc and subjective human interfaces, to address operational
deficiencies. The situation is characterised by the low levels of investment in the management of facilities
(from vehicle database, intersection monitoring, travel information to operational mapping and tical movement
of vehicles in the City, amongst many other aspects). Without this baseline data, there is no reliable platform
from which meaningful management and planning decisions can be made for future needs of the City.
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The City has defined a new vision for a “World Class African City”. This vision can be better realised if the
City has modern management systems that ensure that investment and trading access 10 opportunity in the
City takes place as a matter of course, rather than as a result of a mammoth struggle in accessing all sectors
of the City. The best practice lessons from other cities, aganst which Johannesburg has to be benchmarked,
will have to adopted and refined 1o sute specific Johannesburg conditions. This will not require the re-

invention of systems or plans but rather the adaptation of different functional medels from successful cties

2.3.3 LCP in the water sector

LCP has not been particularly popular in the water secior untl recently, as highlighted by Stiles (1998) in
Southemn Africa and Maddaus (1387) and Beecher (1995) elsewhere. A number of initiatives have, however
bean reportad both internatonal and locally. The international expearences include the Sydney Study in
Australia (WSAA, 1996) and the California Study in the USA (AWWA 1394). In South Africa, most initiatives
only discretely highlight WC/WDM interventions and not the cverall planning process. Summanes of some
these mterventions are provided in Appendix B

The most relevant and comprehensive application of LCP (or IRP) by Rand Water (Thomson, 2000) anc the
City of Cape Town (CTT, 2002) are highlighted below.

Rand Water's Integrated Least Cost Planning Modeal

Rand Water supples water 10 the end user mainly through a three-lier arrangement. It procures raw water
from the Department of Water Affairs and Forestry, purifies, stores and then distributes it to municipalities,
industries and imgators. The municipalities store and distribute water to the and user.

A water l0ss study. undertaken by Rand Water in its supply area in 1997, incicated water use inefficiency in
excess of 25% (Thomson, 2000). At that stage, water was already imported from neighbouring countries and
the price had reached the elastic imit of certain users. It was noted that this level of inefficiency could have
led to premature augmentation by some 13 years. Ranc Water was faced with the challenge of attaching an
economic value to inefficient water use in the three-tier operational environment. The additional challenge

was to minimise water cost to the user as though the tiers were integrated into one body.

Rang Water therefore formed a task team, which developed a business study to determine the impact of
premature supply augmentation on long tarm water tanffs and the subsaquent expansion of a strategy to the
full water supply chain.  Integrated LCP was used to demonstrate the financial viability of WOM.  This
approach was also useful in enabling Water Services Authorities (WSA) within the supply area to determine
their inefficient use and target losses. The model was, however, smplistic as it did not take into account

additional operations and maintenance that could result from the system being overloaded




City of Cape Town IWRP case study

In the context of the growing demand for water, limited water supplies and the anticipated need for water
restrictions during the summer of 2000/1, the former Cape Metropolitan Council initiated an Integrated Water
Resources Planning (IWRP) study to investigate altlernative options for managing water demand and/or
increasing water supply (CTT, 2000). The study included a component based on Multi Criteria Decision
Analysis (MCDA) which allowed for the comparison of options using all crileria considered relevant (e.g.
engineering, financial, environmental and sccial). Financial and economic criteria were analysed within the
process using Cost-Benefit Analysis tocls which thus formed part of the more comprehensive MCDA process.

The conclusions drawn by the study are summarised:

Pressure control, user education and replacement of automatic flushing systems came out as obvious
priorities

Improved management of waler services indicated that significant water savings could be achieved

In the short term, sewage treatment to potable water standards was found to be not a priority supply option
Promotion of any water use from privale boreholes was ranked low.

Based on the lessons learned in the case study, Van Zyl and Leiman (2002) developed a framework for the
financial and economic evaluation of WC/WDM measures.

Sydney Water IRP case study

The financial and economic evaluation for the formulation of Sydney Water's IRP took the form of a cost-
benefit analysis (WSSA, 1998) The IRP aimed at finding ways to:

Reduce water demand by 25% by 2001
Reduce water demand by 35% by 2011 relative to the 1991 levels
Reduce unaccounted-for water to, at most, 15%.

After WC/WDM options had been identified, they were modelled by estimating the potential reduction in water
demand that would be achieved at different levels of investmant in each option. Oplions were selected based
on a set of criteria, including:

Cost to the community to implement the option

Ability to provide a timely reduction in demand

Certainty about costs and benefits

Balance across consumer seclors

Equity between customers with different economic circumstances
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Balance across option type (pricing, education, incentives, regulation)

Al costs and benefits were indexed for comparative purposes, that i1s, the present value of the costs of the
option were divided by the present value of the reduction in demand for water resulting from the option (Howe
& White, 1999). The study yieldecd the following results:

Possible deferral of supply augmentation
Reduction of size of effluent reuse infrastructure

Reduction of greenhouse gas emession.

234 Summary of LCP experiences

The LCP initiatives, nitially in transportation planning and more recently in the water sector, are both
atiributable to its successful application in the energy sector. As waler resources development appears to
have more similarities with anergy than with any other sactor, the experience gained in the enargy sector can
therefore provide a more useful analogy for the application of LCP in the water sector. Stiles (1998)
recognised thal the energy sector can provide special insights intc how user neecs can influence the
resource management process. The process can lead 10 a profound change in financial management and
investment patterns

The parallels between the use of water and energy are summansad:

As with energy, water is commonly transmitted from its point of collection (generation) to its point of use It is

in the transmission process that substantial losses and inefficiencies are typically incurred.

The methods of transmission vary between water and energy resources. In the casa of water_ it ranges from
fairly simple manual technologies, such as grawity-based imgabon canals, 10 highly complex-intensive
transmission by pumps and pipelines. For both water and energy transmission, the transmitter and the user

are faced with important technological choices that may affect overall technology efficiency

Similar to energy use, the end-uses of water typically require some form of distribution technalogy. This can
range from a ssmple tap or showerhead in comestc reticulation systems to canals and sprinkler imgation in

agriculture and to bollers and purifiers in industry.

Water must be often changed in form, for axample, to potable quality, steam, hot water or pressurisad, before
it can be used effectively

Similar to energy, water is a cnitical resource and lends itself to the impositbon of control by authonty and
moncpoly. Control over the supply of water requires water providers to consader efficieant demand and supply
management methods




LCP for electricity has, for the most part, been able to focus almost entirely on market costs. The consumer
is generally assumed to be indifferent as to how, for example, the comfort of his/her building is achieved,
whether this 1s by supplying more electricity or by other means

24 The need for LCP in the water sector

Watler is critical for the health of both humans and ecological systems and it is @ most important element in
our economic and recreational activities. Despite its widespread scarcity, water is not necessarily recognised
as an economic good or service. As waler shorlages increase and demand grows, competition amongst
users can become very high. However, water is not renewable 10 the extent that its availability is fixed in
quantity in given time and place. It can also be subject to poliution beyond pre-established standards. For
potable purposes, water also requires non-renewable chemicals and energy o transform it into a form that
meets public health and other standards.

With regard to the companison between “TSP™ and LCP, water services providers are mainly enfranchised by
government to operate within a given territory, with or without limited competiton. Traditonally, water
services provders were supply-oriented and the incentives for investment in capacity 10 mitigate the risk of
shortage or 1o increase returns have been significant. A further characteristic of traditional planning by water
sarvices providers is the cyclical pattern in which system design determinés costs, thereby determining prices
and ultimately demands. When determining the price-demand and demand management system capacity
requirements, it is now necessary to evaluate inter-relations between all the variables. It is therefore of
paramount importance to discard the old misconception of considering water as a simple commodity and to
recognise the increments (and costs) associated with each step in water delivery.

Developing approaches to facilitate successful responses to these challenges is essential. There is also
increasing public scrutiny on costs, benefits and cost effectiveness of options. There is broad recognition that
other issues, such as preserving the environment, water conservation and demand management, must be
considered in water supply planning and decision-making. As a resull, there is 3 need for the adoption of
more comprehensive approaches. Moreover, the vanous slakeholders in the water sector have an increasing
desire 10 become involved in the decision-making process related to events that are bkely to impact on their
communities. For these reasons, “TSP™ does not necessarily work as well as in the past.

These new approaches should be characterised by “best practices” of which Sant (1996) Isted a number of
kay principles for good planning in today's context:

Transparency and participation, not because of their benefits but because they are inalienable nghts in a
democralic governance system

Perspectives of all those whose livelihood security is involved should be given the central place

Integration of the precautionary principle or the principle of error-fnendliness
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Distribution of cost and benefits across the varous sections of society should be clearly articulated before
anc¢ durning the planning process

Participaton of non-mamnstream individuals and non-formal institutions in the articulation of planning
objectives and idantification of candidate options

The underying implicit assumptions and concitions necessary for realising the clamed advantages and
cdisadvantages for @ach option should be clearly artculated and presented 10 the public

Accountability of cecision-making and executive agencies direct to the public, ensured through mandatory
procecures and competant mechanisms that are completely open for intervention by the publc

LCP can easily fit within what is termed "bast practices” planning. The concept of LCP should be adopted not
only in places where water is scare and limied but also where there is poor management of the resource,
inherent in most developing countries. It is recognised that one of the key opportunities for adopting LCP in
the water sactor is the high level of loss and inefficiency in using water. The concepts of efficiency and
consarvation will inevitably introduce economic use of existing resources. Consequently, the objective of LCP
for the planner is one of meeting all the water-related needs of customers dy not only seeking options for
adational supply (e.g. grouncdwater, dams) but also, and importantly, investigating alternatives for improving
the efficiency of water use.

Searching for solutions to the crisis at hand brings us to compare the recent experiences of developed
countries with those of developing countries. The comparison is not necessanly helpful as the inefficencies
of developed counirnes have been just as large as those of developing countrnes. The advantages of
cdeveloped countries are their adequate service coverage, stronger revenue base and better access 0
efficient technology

25 LCP in the water sector of South Africa

251 Institutional Arrangements

In South Africa, water problems require actions by many role players but, without coordinated frameworks for
action, grid-lock and conflict-filled decision processes will be inevitable. There are three spheres of
government in South Africa - national, provincial and local - each with its specfic functions and
responsibiktias with respect to water services. The Water Services Act (Act 108 of 1997) and the Natonal
Water Act (Act 36 of 1288) provide the legislative framework within which water services and water use need

to take placa

The Water Sarvicas Act prowides for waler sernces insttubons ((Walte: Services Authonty (WSA), Water
Services Provicer (WSP), Water Board and Water Services Committee)) whereas the Nabonal Water Act
provides for Water Management Institubons ((Caichment Management Agency (CMA) and Waltar User

Assocation (WUA)) The responsibilities of these institutions are:




. WSA is any institution responsible for ensuring access 1o waler services and it must be a municipality
. WSP provides physical waler services 10 end users under coniract to the Water Services Authority, a
municipality or any public body.

. As a public water services provider, a Water Board's pnmary function is 1o provide water services 10 other
waler services institutions. It may carry out secondary activities as long as there is no interference with its
primary function and its activities are financially sound.

The water services business cycle comprises a number of separate components, which are linked into one
business cycle, as illustrated in Figure 1

Figure 1: Components of the water services business cycle
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Rolfe (1988) summansed the most common nstitutional arrangements for water services in South Africa
(Figure 2)
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P | . —
W - | A | |
! DAYAF D-O’J C'v‘\f‘\F | DA’AF
.—L—. S S e !
| Water Board | Water Board End User
- v
(3 s— mm—
G e Municpaity
| e 1 v
Muncpality r“— ] —— | DWAF |
. Municipaity | ‘
e | —— L_—Y- — | —— -
v |
— L . - 4 . .
ne User —_—
i Encg User | E“G User ] - Munics 4lv’
| — i -

Municipaity

Figure 2: Most common institutional arrangements for water services in South Africa

In Scenarnio 1, DWAF supplies raw water 1o a8 Water Board whose funchion s water treatment and distinbution
to municipalities. In turn, the Water Board. Board distributes water to municpalities which distribute it to end

users. This is the most common arrangement in South Africa

Scenario 2 is similar to Scenario 1, excaept that the Water Board supphes water direct to end users in addition

1o municipalies. Exampies of this arrangement are Rand Water and Umgeni Water

In Scenario 3, DWAF supples raw water diract to the municipality which, in turn, arranges its own treatment
and bulk distribution and raticulation to end users. The City of Grahamstown is an example of this

arrangement

Scenario 4 s similar 10 Scenario 3. except that a municipality also has an option to supply other

municpalibes. Cape Town and Port Elizabeth provide exampies of this arrangement

252 Application of LCP in the water sector
The implication of these institutional arrangaments is that each tier or sphere i1$ autonomous and responsle
for different components of the water services business cycle (Figure 1). LCP provides an avenue 1o

minimise the cost of water to the end-user as though each lier or sphere is integrated into one unit




The prime objective of a more advanced approach o planning for the sustainable development (or
enhancement) of water services in Scuth Africa is @8 mechanism providing full integration at all three key
levels of water services provision, including State, Water Boards an¢ Municipalites. Since 1994, national,
provincial, distnct and local authorities have focused on the delivery of waler services to previously
disadvantaged people, predominantly in the rural and peri-urban areas. In support of the water services
provision process, the State embarked on the formulation of a8 National Water Resources Strategy (NWRS)
and has subsequently promulgated the Water Services Act (Act 108 of 1997) and the National Water Act (Act
36 of 1998). Both Acts focus on the fundamental principles of equity in access 10 water services and
sustainability in the provision of water. The goals entrenched in this mechanism are primarily social and
political in nature. However. in trying to rectify the legacy of the past short-sighted development approach,
little attention is at times gven 1o the economics of water services development 10 ensure efficient
development of water services. There is also a need for efficient and user-friendly mechanisms to ensure
that the capital invested in water services IS managed according 10 economic principles. Such a mechanism
should provide a balanced approach 1o water resources and services development, and the principles of
engineenng economics in the evaluation of waler services development should not be sacrificed.

Advanced approaches to the development of water services must also accommodate a broader
understanding and application of engineering economics, in particular the principles related to micro-
economics theory. Two principles of micro-economics having special significance for the water services
industry are “economies of scale” (i e. increasing unit cost with decreasing capacity) and “price elasticity of
demand” which is mainly inelastic in the water services industry.

The numerous management measures needed in waler services should fit within a coordinated framework so
that they can be harmonised. The attributes of management framework begin with inclusion, that is, the
framework should be comprehensive, with extensive stakeholder involvement and collaboration. The
decision making processes should be clear, action orientated and adaptive. Local control within a national
policy framework helps to promote local incentives and 1o build capacity among appointed and volunteer
leadership. Other desirable qualities of the framework include a focus on environmental integrity, effective
integration of system components and management measures, and use of proven management practices.
Management decisions should also be based on valid scientific and risk assessments. These attributes
relate to exclusivity, process and control authority.

in the absence of central authonty and when the marketplace does not coordinate scolutions, the incentive
structures of water agencies, regulators and poltical leaders may work against integrated and multifaceted
solutions to large-scale and cross-cutting problems. As a resull. people seeking solutions often yearn for a
benevolent dictator, but the dcictator should be the coordinalion mechanism, implemented under a
management framework.

In addition o their principal roles, water services providers and regulators can take on extended citizenship
roles to help resolve large-scale water issues. This notion may seem naive 10 some, but 1 is an important
rasponsibdity for public sector managers. The need for public agencies to take on better citizenship roles was
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explaned by Peter Drucker (1995), who concluded that, while organisabions are the necessary integrating
mechanisms for social problems. they must also take social responsibility (such as promoting cooperation in
the water sactor) in addition to their intended functions (like providing a water supply)

Finding effective frameworks for coordination, cooperation and integration is a site-specific challenge that
must take place in local areas. in catchments and with help from citizen leacders. Local authority
implementation within a national policy framework is an important principle, although government may be
requirad to provide a coordinating role. Voluntary forums are also desirable, if they can be made to work.
Management conferences can be convenad by government or non-government groups and reporting at such
conferences and in technical papers can encourage integrated sclutions

The meadia play a surprisingly important role. Scorecards of progress on large-scale water problems could go
a long way lowards building pubbc support and could assist the pubkc in understanding the stakes involved
and in supporting remediation efforts,

Education is also a tool for gaining support for comprehensive frameworks. Educators and public interest
groups can leach students and the public can gain appreciation for the science and citizenship required to
solve environmental problems, using local problems as examples. Engineering ecucators can use the case

stucy approach to teach the complexities of large-scale water problems to future industry leaders

2.5.3 Project (or system) development feasibility tests
Kuiper (1971) stated that, due 1o the lack of any direct method of determining the real value of domestic and

industrial water, it is common practice 10 express the benefits of prowiding such water in terms of the cost
determined from the least expensive altemative source of water supply. The basic critenon for evaluating
banefits and costs can be the willingness of water users to pay a price for water supply davelopment (or
enhancement). If the willingness to pay is low, then there is a strong likelihood thal water consumption (or
demand for water) will be substantially reduced. Therefore, the benefits should be re-valued

However, in most developing countries, decisions to provide water supples for domestic consumption (i.e
municipal supphes) are commonly made without uncertaking prior benefit-cost analysis. regardiess of the fact
that the main purpose of this method is to provide a meaningful decision-making process. James and Lee
(1971) suggested five feasibiity tests for evalualing water resource development projects:

Engineering feasibility Engineering design must be confined to technologically feasible regions, assured by
the application of adeguate standards and codes.

Economic feasibility The total benefits that result from implementing a project must exceed project costs
The level of economic feasibility is a function of engineanng feasibility

Financial feasibility Rebes on sufficient fungs anc favouradle financial elements (e.g. interest, ime penod
for repayment. etc). A project may be economically non-feasible but financially feasible, if the cost of
davelopment of non-economic goods is coverad.




Political feasibility The required political approval must be secured. Political support normally
folows proof of economic and engineering feasibility but, in most developing
countries, economic and engineering feasibility often come later.

Social feasibility Social feasbility is based on the pretext that potential users of a project will
respond favourably to the development (or enhancement) of the projecl.
However, the infusion of productive capital wil not automatically gain the
support of a tradition-bound community (€.g. cultural unacceptability).

Since the early 1970s when James and Lee (1971) introduced ther five feasibility tests, environmental
feasibility tests for development projects, involving an assessment of the environmental consequences of the
proposed system development, have gainad significant recognition woridwide. The Environmental Impact
Assessment (EIA) has thus become a yardstick for the development and implementation of most anginearing
projects.

In its generic form, a benefit or cost can be measured in terms of a goal or set of objectives. The benefit or
value of water in the development (or enhancement) of water services projects (or systems) is defined as a
function of several variables (or objectives). The most important of these variables are:

. Quantity of water available and supplied
. Quality of water available and supplied
. Relability of water supply

. Seasonal variation in demand for water
. Growing annual demand for water.

The level of waler services based on technological development (i.e. economic consequences of advanced
technology) and the degree of its application are also featured In determining indirect primary benefits, The
benefits denved from the supply of good quality water area most important in the development of municipal
waler services systems. There are also other indicated primary benefits to be denved from urban water
services projects, including employment, income redistribution and public benefits.




3 ECONOMIC EVALUATION IN PLANNING WATER SERVICES

31 Economics in the planning process

The process of planning for the development (or enhancement) of engineering projects (or systems) should
primarily explore alternative solutions to a given situation - that is, with or without a project. The objective of
analysing various altematives by applying adequate economics methodology. engineering judgement and
expertise enables the selaction of a best, or least-cost, alternative

The application of economics allows the planner to identify and select a solution for a system development
(or enhancement) with the smallest overall expenditure over the system's expected lifespan, taking into
account the time value of money. The following two cost categories are most relevant:

Cost of investment, or capital investment, needed up-front to plan, design and build the system and to start its
operation

Recurring annual costs (i.e. annuities of operating and maintenance costs) to keep the system in operation
and n a state of readiness.

Alternatively, when working with an annual income, the present value of an annuity (a recuming payment)
over a me interval can be considerad 1o be equivalent to the capital investiment, while the amount of the
annual annuity is the operating cost. If the capital investment and recurring annual costs are to be combined
to provide the total cost, then both must be adjusted to an equivalent basis to realise the interest associated
with the use of money. A capital investiment cost is added directly to the present worth, but a recurring cost
must be multiplied by a present worth factor (or present value of annuity).

Present Worth Factor (PWF)

PWF-l_l- | =(I+i)'—l (3.1)
i (1+n" i+

Where: PWF = Present Worth Factor
i = Interest rate per time peniod
n = Number of recurring payments (or the life span of the project in years)

Similarly, recurring costs may be added directly to obtain the senes payment amount, but the Capital
Recovery Factor must then be multplied by the capital investment costs before both costs can be added
together 10 determine the total series payment.
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Where: g = (Effective) Rate of inflation
C, =Cost of commodity at the end of the year

C, , = Cost of commodity at the beginning of the year.

Consequently, the cost of capital can be split into two elements representing the nominal cost of capital which
equals the sum of the true cost of capital and inflation,

When payments are to be made during an inflationary period, the effects of inflation may be incorporated into
the cost analysis by applying the above equation. However, it is common practice not to incorporate inflation
into engineering costing procedure if the life-cycle costing principle s not applied in the process of planning
for development (or enhancement) of an engineering project (or system).

Discounted cash flow (DCF)

The set of payments associated with an investment (money 1o earn inlerest) is referred o as cash flow. The
present worth of an investment is sometimes referred to as the premium worth or discounted cash flow.
Once a cost for cash flow has been determined, including both initial construction costs and future O&M
costs. a discounted cash flow (DCF) calculation can be undertaken:

A
I+

P= (3.4)

Where: P = Nel Present Value (NPV) of A
A =The sum paid in year n
i =The cost of capital or discount rate

The discounted cash flow method is principally a rate-of-return methed, although it implies a present worth
analysis. The essential factors employed in this method are:

Use of continuous interest instead of discrete and continuous cash
Use of only one factor, the single payment presant worth faclor
Equating the extra investment to the present worth of the savings (i.e. cash flow).

The discounted cash flow method stems from the financial concept of “cash flowback™ which refers 10 the
cash flowing back to the service provider from net profits plus depreciation. It is therefore logical that this
cash flow 18 the same as the difference in disbursements between allernatives.
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Socal ime performance rate (STPR)

Although time performance feels natural to most pecple. and is ofien applied unconsciously, it is quite difficult
to explain and justify why it should be apphed systematically to collective decisions. It is even more difficult to

set out a coherent and convincing justification for any particular discount rate

This concept relates to people's decisions about how long they will wait for benefits. The STPR rate refers to
the balance between consumption, savings and investments. In additon 10 technical considerations, the
choice of STPR is also concernaed with equity between generations and with athical and political matters
Sneall (1997) proposed that the decisions on discount rate - a common choice s within the range of 2% 1o 6%

made on behalf of 3 community or society - shoule take social tme preference rate into consideration,

3.2 Opportunity costs in water services development

3.2.1 Concept of opportunity cost
The concept of opporunity cost can be explained by considering the background of the cost of scmething

that we have t0 give up in order 1o obtain that something. The fundamental reasoning of economic analysis is
to datermine if a particular investment in a development project (or systam anhancement) is worthwhila. The
commitment of investment requires a certain amount of sacrifice by the investor or, as an opportunity for
choice, reducing the amcunt of productive capital invested in another cevelopment The value of this

sacrifice is the key to discount rate selection

The inherent imbalances in the availabikty of water resources, as related to its demand, require large capital
and human capacity and expertise to overcome such imbalances, particularly in the urban water services
secior. Most waler services systems depend on surface water storage (e g dams) for assured water
suppbes. The costs of water services provision are closely related to the seasonal imbalances in the
availabilty of surface water. For that reason, waler services cannot, in practical terms, be prowided without
assured and reliable availability of water quality and quantity, which must be maintained through capital
investment into primary infrastructure (e.g. dams, resenvoirs, bulk pipelines). The development of capital
works will, in turn, generate quanttatve and qualitative detenorabon impacts on other economic and

environmental processes and outputs

The inputs from all those resources that contribute o the transformation of water from the natural state into
an economic good are commonly evaluated by the opportunity costs principle. The pricing structure,
according to the opportunity cost principle of allowing for adequate accounting of all costs incurred, is
illustrated in Figure 3.
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Figure 3.  Opportunity costs in water services development (adapted from OECD, 1987)

Opportunity Costs (OC) = Resources Development Costs (RDC) + Natural Depletion Costs (NDC) + Damage
Costs (OC).

or:

Socio-Environmental Costs (SEC) = Natural Depletion Costs (NDC) + Damage Costs (DC)
= Social Opportunity Costs (SOC)

Then: OC=RDC +SOC (3.5)

The partial or complete restoration of water to its original state, or even the maintenance of damaged river
sysiems, requires considerable economic resources which must be essentially recovered from those water
services rendered within the economic systems (i.e. water services).

3.22 Shadow pricing methodology and application
Shadow pricing can be defined as a special evaluabon technique using @ Shadow Price Factor (SPF) to

convert values in financial prices into values in economic prces. Theoretically, prices obtained in a free
market are indicators of people’s willingness to pay for different goocds and are thus the correct measures of
value to society.

In a perfect equilibnum market, the shacow price of a scarce resource will equal its real price. In an imperfect
market situation, where prices are separated from taxes, duties and subsidies (i.e. transfer payments), prices
for the scarce resource are usually determined from the economic benefit-cost analysis. The presence of
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scarce resources in the market therafore indicates the need for shadow pricing to be adepted. In principle,
the economic analysis of water servicas development based on shadow pnces cannot be dismissed in a
developing country and shoulc be integrated as an important tool within the overall development programme.
Examples of shadow pricing, financial costs and economic costs are given in Table 2.

Table 2: Example of shadow pricing, financial costs and economic costs

Cost category Financial cost Shadow price factor Economic cost
. estimate (R'000) = (SPF) ____estimate (R'000)
Imponead matenal 20 13 26
| Local mareral w1 w
Skilled labour . - 0 ' 11 1
Unskiled labour - 30 ‘ 06 18
Machinery usage T 12 18
Taxes and cubes 15 0 0 |
- ———— e e————————
Other costs 20 1.0 20
’- S — —_— —_— _—_{
Total 120 - - 103

Source. Snell (1997)

If the shadow price equals the marginal productivity of walter in 38 waler servicas davelopment project, then
the net benefits can be maximised using this shadow price as the initial cost of water. The shadeow price
would be chargec to the users of the water that is made available by the developmeant project, and it would
depend on the users themselves to negotiate whatever deal they could under the particular political
crcumstances. Users should be made aware that water, and particularly potable water. has a certain value
and. if they receive it free, they should show a willingness to ensure that the water is not wasted and that

ocptmal use is made of thes scarce resource (commodity).

Essentially, if the shadow price is the real equilibrium price, then market supply and demand will balance out,
with the demand for the scarce resource equalling its supply at this shadow price. If demand does not equal
supply, the shadow price should be adjusted so that the twe become equal. In this way, optimum allocation
can be made of any scarce rasource.

33 Marginal cost pricing principle

Marginal Cost Pricing (MCP) can be defined as a search for an optimum welfare condition, satisfying the
principle that the additional consumption of goods or a sarvice should be possible at a price not greatar than
the additional cost necessarily incurred in producing such goods or service. Marginal cost pricing will be
manifested in the water services pncing structure, with water prices reflecting the cosis of dbalancecd
commodity marginal demands. This will result in the corect message being conveyed o the users and

subsequeantly in the efficient (optimal) use of water resourcas or services
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The MCP principle distingusshes between “current” and “past” opportunity cost. It is basad on the assumption
that, once sacrifices necessary 10 create durable and specific assels have been made, no further opportunity
costs are incurred by its later use. This means that no account should be taken of past costs in deciding
current prices. This principle is adopted in the mechanism of a parfectly competitive market economy. For
the competitive service prowider. it is an incidental property of the leng-run equilibrium, meaning that:

. Marginal Cost (MC) = Average Cost (AC) = Price of service (PS) (3.6)

It should be noted that the above equation may create problems because waler provision services are
predominately provided by public or parastatal enterprises which are far from perfectly competitive. In such
an environment, pricing structures based on a marginal cost pricing principle would inevitably lead to losses
and there would consequently be a need for subsidisation of water services. This situation is inherent to
water services provision in most developing countries. In recognising a ganeral convention, it is suggested
that marginal cost (MC) could provide a benchmark for water pricing as it indicates at what level water
services might be priced with economic justification. In economic terms. the MC of waler services is the cost
of supplying a unit of water demanded by the users. If, at any time, a new project needs to be built to supply
additional water, then the MC al that ime would depend on the cost of the new project. MC thus takes into
account the future cost of bulding new or providing enhancement of existing water services facilities,
including the system’s fixed, variable and total costs of commodity output.

Fixed, variable and total costs of commodity ocutput

Fixed costs are those costs that were spent during the period of time under consideration and cannot be
changed (e.g. loans, salaries, some mainienance).

Variable costs are those costs that change as output changes (e.g. energy. chemicals, some maintenance).

The total cost is the sum of fixed and variable costs. These and & procedure to determine the MC of
commodity output are illustrated in Table 3.

. Total cost (TC) = Fixed costs (FC) + Vanable costs (VC) (3.7)




Table 3: Example of marginal cost (MC) of commodity output determination o
Output (Units)  Fixed costs (FC)  Variable costs (VC) | Total costs (TC) | Marginal cost (MC)

3 % 3B | 83 |
“ 50 S0 ‘ 100 | 12 |
9 50 100 150 | ‘
10 | 50 i 108 | 158 ! H
16 50 150 200
i S I P— . - - 207 } it
22 50 200 B 250
- B S —10 260 L
27 50 255 305 |
(- N U N C— 1. B S . — 15
a2 50 350 400

Note Marginal cost is the mcrease (decrease) in fotal cost resuling from iINCreasmg (or 0ecroeasing) the level of output
by one unt. Source: Snell (1997)

Total marginal cost (TMC) in water services tanff

The water tanff structure serves as an important policy instrument in regulating the demand for water services
provision. The price of water services to the end user is based on the tanff structure as incurred by walter
sarvices authorities and providers. Howeaver, the present price of walter services provision should also reflect
informaticn about the cost of water over 3 number of years ahead, based on the projection of demand for
those water services. The projections of future water demandc are fundamental to the estimation of marginal
costs. Both the forecast of future demand for a commodity and a prediction of the least-cost level of
expenciture requirec 1o meet this demand are subjected 1o a number of constraints of, for example. an
institutional, financial and contractual nature. In some instances, no explict demand forecast will be available
and a planned future investment in water services development may then substitute for a lack of implicit or
explicit projections

The total marginal cost (TMC) of water services can be derived from the sum of the marginal operating costs
(MOC) and marginal capital costs (MCC)

. T™C = MOC + MCC (3.8)

Marginal Operating Cost (MOC). The most common approach 10 calculating marginal operating costs
(MOC) is 1o assume that they are equal to current unit vanable costs (UVC) of such inputs as power,
chemicals, rates and abstraction charges of water supplied. UVC are calculated by dividing total demand-
dniven operating costs by the current output of processed water. UVC determination procadure should be
carned out at the lowes! possible level (i e. at water user level)

Marginal Capital Cost (MCC). The capital expenditure related to the volume of water supphed includes
source works, treatment works, pumping and booster stations, service rasarvoirs, trunk mains and distribution
infrastructure. These costs are fundamental in determining marginal capital cost. To understand this concept,
it 1s necessary to distinguish between the expansion costs of an overall system (or facility) and the expansion
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of the subsystems (e g. the distribution network in the water services system). Generally, the subsystems will
expand through a larger number of smaller investments, often separated by long periods of time.

Average marginal incremental cost (AMIC). Assuming that appropriate cost and demand data are
available, the following mode! provides a suitable method to determine thes average cost:

e AMIC = MOC + MCP) (3.9)

Consaquently:

e AMIC = MOC + (PW of system expansion - PW of difference in volume of water delivered) (3.10)
Where PW = Present Worth of system costs

MOC = Marginal Operating Cost.

Information on the costs and quantities of water associated with the least-cost investment planned for a
development is usually generated in the investment appraisal analysis. The difference in plannad expansions
of the water services system, that is, the difference between demand projections, should ideally be sufficiently
large to be noticeable but small enough to be marginal. The principle of marginal capacity costs analysis IS
illustrated in Figure 4.
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Figure 4: Analysis of marginal capital costs (adapted from UK Water Industry, 1994)




34 Rationale behind the marginal cost pricing of water services
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3.5 Lifecycle cost approach in economic analysis

3.51 Lifecycle costing concept

The life Cycle Costing (LCC) approach to economic analysis is recognised as an explicit approach dealing
with penodic changes in benefits and costs as they are expecied 10 occur over the service life of a system or
a project. Of all the available methods for economic analysis, the life cycle approach is the most popular with
industries and energy and waler service providers.

The LCC approach is a dynamic approach, which deals with changing economic factors by accommodating
year-Dy-year changes in pnce inflaton. price changes. regulatory requirements and variations in replacement
and O&M costs. The method allows for a conversion of changing future costs and benefits to a common time
basis by means of the lump sum present worth method. Inflation in prices can be accommodated in this
method by the escalation of costs and benefits to the time of their occurrence by application of a single
payment compound amount factor. The conversion of future costs and benefits to their lump sum present
worth equivalents and to ther annual equivalents is accomplished through the respective use of a single
payment present worth factor and a capital recovery factor. The LCC approach is primarily used o identify
the long-term feasibility of various engineernng projects (or systems). In particular, high-cost energy-
dependent projacts require the LCC approach in their economic analysis. Essentially, the life cycle costing
concept allows for the examination of the economic feasibility of an engineenng project (or system) and
regards the total cost as a sum of present value of all expected cosls incurred in all phases of tha life cycle of
a given system. The transformation processes in a given system can be designed for economic feasibility
using the LCC method. In this way, the total costs of development and ownership over the full life span of a
given system can be determined.

352 Life-Cycle Cost Analysis

The procedure of a Life-Cycle Cost Analysis (LCCA) may be defined as a systematic analytical process of
evaluating various designs or alternative courses of action with the objective of choosing the best way to
employ scarce resources. A typical engineering project (or system) development comprises four generic
phases - concept, development (or procurement). implementation (or operation) and terrmunation (or
disposal). For different types of project development, these slages are usually broken down into stages
specific to the industry or area of project application.

The process of LCCA estimation provides an economic insight into vanous cost components and identifies
the specific information required to make alternative investments and management choices with the objective
of minimising life-cycle costs

The technical characteristics of a system (or product) will pnmarily dictate the output from the LCCA. The
kmitations of LCCA can be established through the definition of system performance constrainis, operational
requirements, the maintenance concept or advanced planning programmes. Each constraint might generate
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3.5.3 Total system lifecycle cost
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Traditonally, life cycle costing analysis of overall costs has suggested opportunities for realising substantial
savings in operating and mamntenance costs by making design changes involving relatively small increases in
construchon costs.

354 Planned and unplanned lifecycle costs

In recent years, the life cycle cost concept has been expanded 10 include system user costs in addition to the
costs incurred exclusively by the owner (or developer) of a given system. User costs represent the social
costs that are imposed on users when the serviceabinty of a system is raduced due to maintenance,
rehabilitation and/or replacement works. The serviceability of large engineering systems will possibly be
reduced by the effects of regular maintenance procedures, natural disasters (e.g. floods, storms,
earthquakes) and even lerrorist attack over thewr lifespan. Due to the uncertain nature of such events, system
life-cycle costs assessment associated with such disasters is usually negiected in life-Cycle costing.

The incorporation of natural hazards into life cycle costing needs 1o be considered in the context of planned
and unplanned life cycle costs peraining 1o both the owner (or developer) of the system and its users.

. Planned costs. Plannad costs include expenditures and user costs related 10 the procurement and
maintenance phases of the system’s life span (i.e. capital costs and maintenance)

. Unplanned costs. Unplanned costs are those costs related to damages which can occur to a system
primarily due to natural hazards or unexpected terrorist attack on a system or its key components.,

Total life-cycle costs in an extended form are represented by:

TLCC =CPO + CPU + CUO = CUC (3.15)
WhereTLCC = Total We-cycle costs
CPO - Planned costs incurred by the system owner/devaloper
cPU = User costs associated with CPO
CuO = Unplanned costs induced upon the owner/developer of a system
cuc = User costs associated with CUO.

In the main, planned and unplanned life-cycle costs estimation provides econcmic insight into the various
cost components of a system and identifies the specific information requirad to make such estimates into the
future. The unplanned fe-cycie cost component relates lo the astimating of the mechanical integrity of a
system with regard to repair costs incurred due 10 natural hazards or unexpected lerrorist attack upon a
system




3.6 Evaluation of restraints and externalities in planning

It should be noled that economic analysis is only useful as a decision-making tool if it is realistic and based
on the pragmatic selection of all the relevant restraints and extemnalities that influence the developmant of
water services (i.e. water supp'y and sanitation) Costs and benefits of both permanent or temporary
restraints and extermnalities should be valued using a pragmatic anc realistic assessment of reakstic
conditions and supported by experience and judgment, preferably separated from direct political influences
However, all technical and economic solutions must also be both socially and politically feasible.

To form a balanced wew about the restraints and impacts relevant to the planning processes, risk and
uncertainty are two key slements that feature prominently in economic analysis. The characteristics of
economic development are influenced by various restraints and impacts, including natural, cultural, technical/
technological, political, socio-economic, financial, institutional, environmental and legal influences. Both
direct and indirect restraints and externalities can influence both present and future water services
development and management in vanous ways and magnitudes of impact For that reason. they must be
identfied. evaluated, prioritised and incorporated into the benefit-cost analysis of alternative project
cevelopment. Most relevant restraints and externalties 10 the water sarvices sector are presented in the

following paragraphs.

Table 5 summarises the most significant restraints and impacts on waler services development and
management that are applicable to any water services system in South Afrca. Most of these restraints are
external to the processes and activites of water services provigers but, as much as they appear external

they still influence the system processes indirectly.

The magnitude (low, medium, high) of relevant restraints and extermalibes can be somewhat subjective to the
decision-maning process. However, the priority and magnitude of each externality can be tested by using
technigues of multi-critena decision analysis (e.g. scaling, scoring, evaluating. wesghted averages) Within
the context of economic analysis, the concept of externalies addresses those activities that create side-
effects or trade-offs.

Externalities will typically relate 1o issues such as pollution, occupational risk, health and safety, as well as
production processes involving employment, competitiveness, productvity, economic growth and energy

savings. Externalities may be positive, nagative or negligble.

The large number of factors mherent in a complex urban water services system requires the application of an
analytical chain process. In this way, a large number of water services development constraints and impacts
can be identfied as criteria and grouped at different logic levels to form a hierarchical chain. Thes ranking 1s

than used (o evaluate the intensity of importance of the vanous faclors




Table 5:

Summary of the most signficant restraints and extemnalities in water services provision

in South Africa.
___Water services mtnw | ‘Magnitude of restraintimpact  Consequences on water services
l Low maum an (externalities)
Stochastic distnbution of precoation Unaeven rainfall patternsiack of
e ——— it i —— Se——— ._._WQEM_PW
[ H Hngmy variable temperatures. vanadle % Evaooraem exceeding precoeaton |
peak dcemands {
High population growth rate/AIDS | X | H»gh na'mm and un:bm:d
PPy . - | 43 = popula X Mw am
SW of capw resources and x - Compettion between establisned
institutional capacity | ang eme emerging communities
Culture of non-payment for | X Non-sustamabdity in mantenance
|_sanvices/low cos! recovery and expansion of infrastructure
Direct and ndirect subsisation l l X Least contnbuting users gel largest
| . Share
Ongong restrl:g‘u:o of local | | | * S;-ous dscontnuily In services
arnment, capacity | and cevelopment
One WSP accounts for 97% of all | X A pure monopoly of polable water
wale: supplies | l ‘ _Supply
Fragmentation in management of i ; X Lack of corgunclive management
metropolitan services | ' acuens, ad hoe solutions
Avsence of an overal master [ X | Crisis management approach 10
management plan water services
| Large volumes of water pumped over Excessive demand for energy due
ﬂd-ﬂm anc heads X 10 pumping heads
lnaoequsto waler cemand assessment X Inadequate methods affect capacity
| methots and econom < analysis axpansion and timing of
\ ) developmeant
Absence of economic analysis from X Selecton of atenatwe project 1S
established procedures based exclusively on costing
analyss only
huazolmmocaownyanomaoh X Slow and madequate apphcation of
mechansms advanced technology
Water conservabon and demand X Effect of conservaton not
_management principles overooked accounted for in capacity expansion |
Inconsistent technology transfer and | X Changes in water technology
|_promotion overiooked or neglecied
| Absence of assets managemnent at all X Non-methodcal financial
‘l:wholurbmmmm management, lack of OMIMSELON
| ncentves ) o
| Contaminated urban run-off and X UnaTencec urban hydroiogy
| excessive pumping of mineralised problems
mining water ' |

Nole: WSP = Waler Services Provder
Source: Barta (2000)




4 LEAST COST PLANNING FRAMEWORK IN WATER SERVICES

41 Conceptual Algorithm for Least Cost Planning

The conceptual algorithm for LCP was informed by lessons from other sectors, initiatives in the water sector
and methodology presented by Johnson ef al (2002). As indicated, LCP is recognised by its procedure rather
by 2 universal definition. The LCP process is summarised in seven basic stages as illustrated in Figure 5.

Stage 1: Define the Problem

‘

Stage 2: Establish the Goals

‘

Stage 3: Develop a Full List of Options

»

Stage 4: Quantify Options

- |

Stage 5: Develop an Action Plan

!

Stage 6: Implement the Action Plan

'

Sﬁge 7: Evaluate the Results

g Sk

Figure 5: Leasl Cosl Planning procedures (adapted from Mount Baker Region, 2000)
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The details of each stage are

Problem definition (Stage 1)

The LCP process starts with a clear upfront statement of the problem. The planner then identifies the specific
charactenstics of the problem at each location. The problem may also be defined by forecasting the
customer's needs over time. There are different types of forecast - short-term, real-tme or long-term - and
correct selecton will depend on the problem at hanc. Generally, forecasts are made from past racords and
analyses of the current situation and relevant constraints. The planner then identifies the main contributing
factors 1o the problem which can also be defined at different levels - national, regional or project. The planner
will also identify the constraints associated with specifically resolving the problem

Goals establishment (Stage 2)

The goals to be established relate directly to the problem at hand and should be defined 10 meet user needs
The planner should then formulate explicit objectives in quaktative terms and should not generally quantify
the level of output or service to be provided. However, criteria must ba established by which the achievement
of each objective may be measurad. National policy and planning will affect the objectives addressed in
regional planning, which should focus on the economic development and environmental protection policies
These should be supplemented by provincial-level policies and should also influence the structunng of
ragonal planning

Options development (Stage 3)

The planner should cevelop alernative courses of acton to acheeve the goals and objectives effectvely
Here, the ful set of optons should be reduced to those polential options which are relavant to the statec
problem and which can be feasibly implemented. Al the feasibility stage, the planner should examine one or
more options that will be capable of meeting the objectves and comply with the identified constrants

In selecting potential options, the LCP procadure could link inlo the comprehansive methodolegy developad
by Johnson ef & (2002) This methodology evaluates other related factors n more detadl, including
environmental, social and institutional issues. A comprehensive summary - as a flow diagram - of the
methodology. indicating each step, sub-step, objective/goal, process and associated tool or mathod 1S given
in Figure 6.

The feasibility stage can be regarded as a more cetalled options assassment stage and raquiras high quality
data for the analysis, costing and identfication of tha range of environmental and social impacts expectec
from the alternative options. The analysad options are then grouped into alternatrve plans
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Re-evaluation

| s sy SO, {

Figure 6: Funneling process (adapted from Johnson et al, 2002)

The focus of this stage is the selection of the most effective mix of options formulated duning the previous
stage. Selecton is based on a companson of the dfferent options in terms of their financial and
environmental benefits, their cost and the flexibilty of thase options in the uncertan future,

Quantify costs of options (Stage 4)

This stage involves the quantification of impacts and their valuation in terms of costs and benefits, and of the

risks of the various options. The factors 1o be considered are:

Iimpacts on water demand or supply
Financial costs
Environmantal costs and benefit

Changes in services-related welfare
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Estimate environmental costs and benefits

The main steps involved in guantifying environmental impacts, from icentifying the impacts 10 quantifying

them in physical terms and, finally, placing a monetary value on them, are summansed

Identity hikely impacts

The planner should consider the full range of potential environmental impacts and determine which are
relevant for each option. It is usually helpful to classify the types of environmental impact in terms of both
environmental receptors (2.g. air. water and other living creatures) and type of human aclivity (e g. users,
non-users). All stages of option implamentation should be examined and both direct and indirect potential
wmpacts should be consicered. at least intially. Some indication should also be given at this stage as to
whether the potential impacts will be included as costs or benafits for the purpose of the apprasal,

As with all other costs and denefits, there 1s littie need to focus on impacts that are likely to be minimal. For
example, it is not suggested that second-order effects such as impacts on glodal warming should be taken
into account. There is a large element of professional judgment in determining which impacts are sufficiently
significant to be guantified and which are notl. In ceciding which impacts o include, the signficance of the
impacts should be considered in the specific context of the problem (e.g. they may be significant at the local
level but not at the naticnal leval). K there s doubt, assume that an impact may be significant and then
quantify it further

As a general rule, if the identified physical impacts are hkely to breach any environmental laws or regulations
or other environmental consirainis to an unacceptable level of probabilty, then that option should not be
considered further. If. however, these types of constraint are impeding the impiementation of imaginative and
realistic projects or programmes, then this should be ponted out to regulators with a view to beneficial

changes to legislation and/or regulations

Value the environmental impacts

In order 10 incorporate anvironmental impacts directly into an appraisal of options, it is necessary to place
monetary values on those environmental impacts so that they can be compared with other types of mpact

such as the financial costs of a particular measura

Economists have developed a number of different techniques for the valuation of environmental impacts
These techniques usually derive values for environmental impacts by assigning values from peoples’ actual
behaviour (revealed praference) or by asking people diractly about how they value the environment (stated
preferance). Alternative valuabon techniques are described in more detail by Jordan (1995).
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In some circumstances, for example, where there are tight time constraints, a full valuation of environmental
impacts are taken into consideration in the decision-making process in some other way. Al the very least, the
impacts should be described and, as far as possible, should be guantified in physical terms. A record of the
assessment of impacts should be made and presented with the relevant option before any final decision on
options is laken.

Quantify service-related welfare change

The welfare implications of changes in water services received by people may need to be established and
included in the evaluation. Quantificabon of the weifare change for each relevant option will require an
estimation of the demand curve for water and an estimation of the area under the curve for two cases.

The base case, where the volume of water enjoyed is unaffected by the proposed options, and the welfare
quantum is the area under the demand curve to the left of that volume

The case for the option whera the welfare quantum is the area under the demand curve to the left of the new
volume of water enjoyed.

The welfare change resulting from implementation of the option is the difference between the two areas
under the demand curve,

Calculate tolal NPV of costs and benefits

The costs and benefits of each option within a specified scenario can now be totalled over the life of the
option. Since costs and benefits are incurred at differant points in time, they must therafore be discounted.
Discounting allows for the fact that people prefer 10 incur costs later in time and receive benefits sooner.
Those costs and benefits that occur sooner in the Iife of an option are therefore given more weight than those
costs and benefits that occur later in s life.

The discounted Net Presant Value (NPV) of an option can be calculated as follows:
NPV, = 3,Pv=3, (BeC(14r)"

NPV, . Net present value of Option |,

Pv, . Present value of Option | in Year t,
B, . Benefits of Option I in Year t,

Ce « Costs of Option | in Year 1.

R percentage discount rate.
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If the discount rate is expressed in real terms (i.e. not taking inflation into account), then costs and benefits

should also be in real terms (by expressing future costs anc banefits at today s pnces)

Unit Costs (UCs) are denved as the ratio of Present Net Social Costs over Net Present Value of walter
savings or yields. The intial prograrmme of options is then obtained by selecting options in order of their UCs,
up 1o the point where supply and demand balance.

Examine whather risks can be reducad without cost

During the quantification process, it may be useful for planners 1o examine whether or not it 1S possible to
reduce the potential risk of any of the considerec options without incurring substantial acditional cost. In this
framework, it is generally assumed that the optons considered are specified according to their most cost-
effective and risk-minimising methods of implementation. However, it 18 possible that the quantfication
process could reveal scope for further reducing the costs of an option andior reducing the uncertainty of an
opbon at vary litthe additional cost.  For example, the “riskiness™ of an option could ba reduced by gathering
additional information or by dnnging forwarg the timing of the option (to aliow more time for water savings to
be achieved).

Once the feasible options and ther impacts have been quantfied, a first attempt can be made to denve an

optmal solution - a final set of options in a definitive programme

. Implementation Action Plan (Stage 6)

The adoption of LCP is a decisional milestone in the planning process. but it 15 not the end of the process as
implementation still hes ahead LCP serves as benchmark against which actual utility system performance

can be measurad

. Evaluate Results (Stage 7)

During implementation of the latest LCP, ongoing evaluation of the effectivenass of the whole plan 1s useful
Evaluation should enable planners 10 know whether the goals established have baen reachad and if not, what
correchons must ba made. Monitoring of implemantation 1s therefore critical to assure responsible agencies

and participants in the planning process that the agreed steps have been camied out and objectives reached

The LCP needs to be revised as conditions change and new information becomes available and reconfigured
in the lignt of lessons leamead from the implemeantation expenence. The results are then combmned with the
new demand forecasts and the process begins agamn. All the steps mantioned above are then repealed and

the LCP becomes a dynamical process.




42 LCP Hypothetical Example
A settlement of some 3 000 houses is supphed with water from a reservorr and abstraction from a nearby

river.  The population is estimated at five people per household with an average per capita consumption of
140 litres per day.

Problem statement

Due to expansion (an additional 500 houses) and increasing economic aclivity in the area, addtional water
supplies will be requred over the next 4 1o 5 years. The water supply is currently un-metered and high levels
of loss (estimated at an average 80 litres per day per household) have been reported. The goal of the Water
Services Authority (WSA) is 1o meet the growing demand by implementing waler demand measures and/or
considering supply augmentation within its financial capacity. The target is to achieve a capacity of 170
million litres per year within a penod of five years.

Identify options

The WSA has an opportunity 10 select options from a checklist calegorised as:

Water resources measurement
Distribution management
Consumer demand management
Return flow management.

The details of these options have been highlighted by Johnson ef al (2002). The WSA explored and
screened the options (following the process oullined in Figure 6) to meet the requirements. The filtering
process resulted in selection of the following four feasible options:

Option A Install water meters to all households. implement compulsory metering; introduce charges at a
lower tariff rate (say R 0.23 per iitre). promote WC/DM through education over a period.

Option B: Install water meters 10 all households; implement compulsory metering. introduce charges at a
higher tariff rate (say R 0.39 per litre); promote WC/DM through education over a period.

Option C: Embark on water loss control measures; retrofitting; extensive educational campaign.

Option D: Augment abstracting additional supphes from the rniver, install new pipelines; build a new resanoir
(scheme estimated at R 7 million).
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Goal estabishment

The challenge of the WSA is to decide on a mix of options (Least Cost Plan) to meet the capacity goal of 170
million litres per year within five years

Quantity costs of options

The summary of available information and assumptions is given in Table 6.

Table 6 Exampie - Information and assumptions

Nmbar of housand ids

Total populaton  _JW7s00 T17S00 17800 17500
Average per capes consumption (ppc)mbescay 000 1 | 140 K. SR N SN el
Average waler loss in lireshouseholdicey : I 20 80
Consumption reduchon a%ter mstallation , 1% 11 R 0
| Average weler ossrecucbonafierinstafisson L % 10 (40 S0 |0 |
Capacity of new ugmantation in MLyear Ll 0 e )
Capial expenciture Y R - -
-Dar household R 3000 3 500 __ 15000 o ]
perscheme N - R 0 - . 7 000 000
Operadsng expenditure
ealiment, pumpng, replacement. management per kicitre | R 0 P | 9 1 I—
metering. biling. "eplacement R 160.00 320.00 ) e
@ducational campaign. housenold year (frst 6 years | R 16.00 . 3200 32 2 -
| -education campaign’ household yesr (subsequentyears) | R | 800 | 600 & NS . T——
, Charges per litres , b 8 0.23 C: 9 o —_—
£ miranmental benafis -
-due 10 avoided abstrachion per kliday of waler saved | R 3200 3200 3200 C
due 10 reduced nver Sows per ML cay of water abstracted R 3 g Q 1900 d
| 3ue 10 new CoNBINUCION per Mcay - 1R g .0 1o %0
| Change in socta! watfare per person metered/day = id 24 4300 9 0
_Oiscount rate par annum F L e e L9 . e

The assumptions contained in Table 6 are subjected to the algorithm (Figure 7). The financial (capital and
operating) cost of the four options are quantified and thesr NPV caiculated. The net environment benefits are
quantfied, the change in service-relatec cost is estimated and the NPV of each is calculated Further, the
changes in service-related cost and NPV are calculated. The total NPV of all the costs is then calculated and
divided by the discounted present sum of yeld or savings 10 determing a8 unit cost of each option. The
options are then ranked in order of increasing unit costs, The risk of each option is assessed If the risk is
unacceptable, the option is adjusted 1o suit or else discarded. In this case, all the options had an acceptable
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The calculations are provided in the spreadsheet in Appendix A, The spreadsheet contains 11 sub-sheets
made up as follows:

Sheet 1: Assumption. All data and assumptions are captured in this sheet

Sheets 2, 3, 4 and 5. Calculations. For each of the four options, A, B, C and D: the number of calculations
could increase or decrease depending on the number of options selected

Sheets 6, 7, 8 and 9. Summary reports, Options A, B, C and D.

Sheets 10 and 11. Comparison and ranking. The information from the report sheets is summarised,
compared and ranked.

Result of analysis

It is evident from Table 7 that there are a number of option combinations that will meet the capacity target of
170 Miyear within five years. The combinations are:

Option A plus Option C will achieve target capacity by year 5.
Option A plus Option C plus Opticn D will achieve target capacity by year 4.
Option A plus Option D will achieve target capacity by year 5.
Option B plus Option C plus Option D will achieve target capacity by year 4,
Option B plus Option C will achieve target capacity by year 4.
Option B plus Option D will achieve target capacity by year 4.
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Table 7 Surmmary of LCP results (ax spreadsheat)

= Yoar i | Veawr? | Veard | Yoawrd | VewS | . TVeww | . Yoar 20 | Year 30 | Unk Cost
10pton A 12 44 I N . 115 11 11.5
‘Opton 8 14 N | o 133 %8| 1% | - 158 58 14
iOption C ‘ ' Pa = (L Lk 3 (L I
Opson O ( - - -~ i ] =, 280
[WSA Onypectve :",'?, oy e d veany

|
‘ Programme 1 to Meet Objective
Water Savings or Supply Augmaentation

TYotals Your 1 | Vear? | VowS | Vowd | VearS | = TVear 90| TVew®| —— | Vear$h |Cost(mition)
B 3 ~ = = T 11 T =87
AT | =8 72 143] ol [ 1 70| [0
.‘.g-o e 18 ; 203 20! by 20 230| B 31 81
A % 4 1.5 1&F 178 175 | 175 175 = o4

. . Programme 2 to Meet Objective
Water Savings or Supply Augmentation

Totals L Year1 | Year2 Yewd | Yewd  YewS5 | .. | YewW e | Yoar20 |
) ] 7 33 ot 13 58 156 158
[+ | I ) I S S FiF; I
|BSCeD . s 145 2% 2 : Fir 72
[BsD 3 T2 [ 218 1 280 | 28

If the selected mixes of options are considerad feasble and acceptable through the necessary participatory

processes. then final selection wil be made on the cost dfferentials between the options. In this example,

the selected Least Cost Plan would be a combination of Opticn A and Option C because they meet the

objective at the lowest cost




5  SUMMARY AND CONCLUSIONS

With growing water demand, lmited resources, financial constraints, environmental awareness and
increasing public scrutiny, a paradigm shift in water planning in South Africa is inevitable. The key objective
of this report was 10 explore the applicability of Least Cost Planning (LCP) in the water sector as it has been
applied successfully to other sectors. Although some expenence is transferable 1o the water sector, certain
aspects of water supply are dramatically different from enargy supply, in particular the electricity utilities.

The study traces the history of LCP and the adoption of a definition of LCP applicable to the water services of
South Africa. Lessons were drawn from the various sectors and an overview of water services development
identified key issues to be taken into account in the use of LCP. It was noted that, while planning approaches
were similar, their process and treatment of various aspects, such as risk, varied,

The principlas and process of aconomic evaluation in planning are examined and inherent restraints in
ecenomic planning highlighted. A conceptual LCP algorithm was presented and tested through a hypothetical
example,

This report focuses on the evaluation of methodology for option identification and decision-making in waler
services development and enhancement. A detailed knowledge of end-uses, or customer consumption
patterns, is a precondition for successful LCP programming, as suppliers should be able to target specific
cuslomer classes

Although water is a renewable resource, making it different from other resources, natural and aruficial
constrants can still occur and can limit the quality requred and the quanlity available. Most natural
resources are common to more than one user and the development and use of a particular water supply can
affect the ability of others to develop and use that same supply. For example, upstream use can affect
downsiream use and contamination can render a water supply source useless.

When it is applied in the water sector, technical probleams challenge the LCP approach. Unlike electricity
utilities, water utikties are not physically interconnected and d may be cifficult for the supplier to meet
developing or changing demands quickly. The relatively low price of water in many areas may prove 1o be a
disincentive for consumers to invest in demand-management measures. On the other hand, if consumers
adopt “best practices” (e.g. water conservation), the water utilities may have difficulty meeting overall revenue
requirements and covering their fixed costs under current tanff structures. This could be of particular concern
because of the relatively high fixed costs and stable demand.

Similar 10 the eleclricity seclor, the water sector is subject 10 seasonality of both supply and demand.
Because water can be stored, seasonal variations are more relevant than daily or hourly variations. Certain
load techniques used for electricity are therefore not applicable to the water sector. The regulatory structure
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of the water sector may create other imitations. Given the regulatory disincantives and the uncerain impact
of demand managemen! on revenues, some water sarvices providers may be reluctant to implement

efficiency programmes

Unlike electnicity, natural gas and transportation utibtes, which have regional transmission networks, regonal
water systems are constraned by the limited apphication of economies of scale. For example, it s not
genarally cost-effective 1o move treated waler over long distances. In any event. transporting water from one
catchment 10 ancther is somewhat controversial. The competition among users can be intense and highly
pobtical. Water markets and trading may not be appropnate for developing countrias. Pncing cistorticns
currently exist because of the historical role of the government in water development. All thase faclors
present a bamier to any proposals designed to achieve LCP

Although limitec, the application of LCP in the water sector was found t0 be encouraging. The financial
viability of Water Demand Management was demonstrated by Rand Water through the use of LCP. LCP
allowed Rand Water to combine all its component water senaces in its supply area, as though all of its water
servicas weare mntegrated into one body. This benafited the WSAs in the area as it allowed tham to determine
their water use inefficiencies and 1o target water losses. As a resull, the LCP approach directly facilitated the
avoidance of premature augmentation. In Cape Town, the LCP (or IRP) approachad highlighted pricrity

measuras {0 deal with water shortages

The planning of waler servicas requiras action by many role-players but, without coordinated frameworks for
action, conflict-filled decision processes will be inevitabla. Tha application of LCP in the water sactor of South
Africa is feasible and is supported by the legal framework. The successful apphcation of LCP will require

coordinated frameworks and an indusive process

Trans-boundary, or regional, water resource exploitahon will be a great chalienge 1o the LCP approach. An
extended body of participants will be required in order to facilitate regular and effective communication

The study recommends that the algonthm be tested through a “real life” case study with various stakeholders
Further research and study of LCP should be encouraged in order to quantify changes in both services-
ralatad welfare and environmental costs. The LCP approach should be communicated to as many interested

parties as possible,
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APPENDIX A
LCP HYPOTHETICAL EXAMPLE




LEAST COST PLANNING EXAMPLE

| - OptionA | Option8 | OptionC | OptionD ‘ Units 0 s
- — ————
Assumplions g5 S LN S Quantity Quantity Quantity  Quantity
Tolal poputalion 17500 17500 17500 17500
People per household 5 5 5 5
Number of household 3500 3500 3500 3500
Average per capila consumplion (ppc) 140 140 140 140|litres/day
Average water losses a0 80 80 80|litreshouse/day
Reduclion in average ppc afler installation 10% 15% 10% 0%
Average ppc after inslallation 126 119 126 140} lires/day
Average waler losses after installation 55 55 35 0}litres/housel/day
Capacily of avgmeniation scheme 0 0 0 60| Ml/year
Capital Expenditure
- per household R 3,000 | R 3,500 [ R 5,000 | R - |per household
- per scheme R - R - R - R 7,000,000 |per scheme
Operating Expendilure
- trealmenlt, pumping, management, replacement R - R - R - R 3.00 |per ki
- metering, billing, replacement R 160,00 |R  320.00 | R - _|R - |per melered connection/year
- education campaign R 16.00 | R 3200 | R 3200 | R 2.00 |per houselyear for firsl 6 years
R 8.00 | R 8.00 | R 10.00 | R 1.00 |per houselyear subsequently
Volumelric charge R 023 |R 039 |R - |R - |per litre
Environmental benefils -
- due lo avoided abslraction R 3,200 | R 3,200 | R 3,200 | R - |per klday of waler saved
- due lo reduced river flows R - |R - |R - |R 1,900 | per Miiday of water abstracted
- due lo new construction R - |R - |R - _|R 900 |per Miiday
Change in social wellfare R 23.00 | R 43.00 | R - R = |per person melered/day
Discount Faclor 10% 10% 10% 10%|per annum




LEAST COST PLANNING EXAMPLE
Option A - Compulsory mete
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LEAST COST PLANNING EXAMPLE
Option B - Compulsory metering (at higher rates) and education
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LEAST COST PLANNING EXAMPLE
Option C - Retrofiting and education
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LEAST COST PLANNING EXAMPLE
Qpllon D - Suppy Augmentation
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LEAST COST PLANNING EXAMPLE

Option A - Summary and Report

Discounted
Description Units present sum of 1 2 3 “ s 10 20 we b 30
Impacts ; '

Prasant consumpbon Miryeir 0 854 25 894 25 89425 B9425 094 25 854,25 BiM 26 894 25
Prosent inakage losses Miryear 0 1022 1022 022 1022 1022 1022 1022 1022
Mealey panatralion % Housaholds 0 10 20 40 A0 o5 a5 a5 85
Consumplion (afler metanng) Miryear 0 BAS a6 858 823 a0% ROQ RO . 809
‘(U.’.Imlm leakage (alter madering) Mirear 0 990 a8 A54 767 79 e 719 719
{ Total watar saving MUy e 0 12 24 a9 97 115 ’ 118 - 115 . 115
[Discounted prasent sum of waler sanngs ML 858 11,03 2006 3047 6631 7169 . 4448 . 794 .0 8610
I
lﬂnmclal Costs
|Capex RiYew 0 1050000 1050000 2100000 4200000 1575000 0 ' 0 . 0
Opeax - meloring. bding, replacoment RiYow 0 56000 112000 224000 448000 532000 532000 532000 532000
Opeax - aducalion campakin (< 6 years) RiYowm 0 56000 S6000 S6000  S6000 56000 3500 3500 3500
Tota! financial cosls RiYow 0 1162000 1218000 2380000 4704000 2163000 535500 535500 535500
0

NPV of financial costs Rydiion/Yeer | 45 1 2. 1 3 T

Environmental Costs

Net Costs (due 1o avosded absirachon) /Y o 0 -106400 212800 425600 851200 1010800 = 1008500 1010800 1010800
Net Cosits (due 1o consuction of new link) /Y oar 0 0 0 0 0 0 0 0 0
Net Costs (due 1o reduced river Pows) Y ewr 0 0 0 0 0 0 . 0 ‘ 0 0
Costs of net benalis R/Y oanr 0 106400  -212800 425600 -851200 -1010800 1010800 -1010800 -1010800
NPV of environmental net costs Rmblion/Yes 1.50 96727 ___-175888 319760 -581381 627627 ... 380707 .. +150249 B7927
Soclal Costs 0 0 0 0 0 0 0 0 0 0
Total change in wellare Riyear 0 83950 167900 335800 671600 797525 797525 7525 797525
NPV of 50331 Cosls “Rollion/Y e 5.92 76318 138760 262292 458712 _ 495200 . e 2k e
NPV of costs net of benedits Ramdllion nar

Discounted presant sum of wabler savings M (1513

Livwt Cost Ratio RivlliorvM 0.011543222

Upit Cost Rato RN 11.54 ]




LEAST COST PLANNING EXAMPLE

Option B - Summary and Report

- ) .. “ - N y ™ '.--.'ir‘
Present Milyoar 0 ; ! L i
Present Cusiomer-side leakage losses Miyew 0 1022 1022 102.2 1022 1022 102.2 1022 122
[Meter Presantation *4 Housahoids 0 10 20 40 (5] a5 a5 [ an
Consumplion (afler now raw waler supply) MUyoar 0 881 as7 a4 787 767 767 767 767
Customer leakage (alter new raw waler supply) Mlyeor 0 99.0 05.8 894 76.7 79 719 7.9 719
Tota! water 0 17 33 66 133 158 158 158 158
" " FELL 4 :
Financlal Costs
Capex RiYesr 0 1050000 1050000 2100000 4200000 1575000 0 0 0
Opex - melering, billing, replacement RiYesr 0 112000 224000 448000 896000 1064000 1064000 1064000 1064000
Opex - aducation campaign (< 8 years) RiYew 0 154000 154000 154000 154000 154000 3500 3500 3500
Total financial costs RiYex 0 1316000 1428000 2702000 6250000 2793000 1067500 1067500 1067500
{NEV of financiel costs . X
Environmental Costs
Net Coslts (due to avoided abstraction) RiYew 0 ~145600 -291200 -582400 -1164800 -1383200 -1383200 -1383200 -1383200
Net Cosls (due to construcion of new link) RiYow 0 0 0 0 0 0 0 0 0
Net Costs (due o reduced river flows) RiYew 0 0 0 0 0 0 0 0 0
RiYex 0 -145600 -291200 -582400 -1164800 -1383200 «1383200 «1383200 -1383200
0 0 0 0 0 0 0 0 0 0
Riyear 0 1560950 313900 627800 1255600 1491028 1491025 1491025 1491025

itk ettt it MM it




LEAST COST PLANNING EXAMPLE

Option C - Summary and Report

Discounted
Description Units prasent sum of 1 2 3 4 8 10 P 20 “ 30
. P linpacts > s ‘ LB

Present Consumplion Miyear 0 B9425 89425 689425 80425 89425 894 25 894 .25 894 25
Presant Cuslomer-side laskage losses MLUyear 0 1022 02 2 102.2 1022 1022 1022 1022 1022
Targel housas % Households 0 10 20 40 H0 a5 as a5 18
Customes leakage (afler relrofil) MUyear 0 965 907 792 6.2 476 476 476 476
Tofal walor savwig Miynar 0 o 11 23 46 565 56 55 e 55
| Oscounted prasent sum of waler savings M 406 923 950 1720 3141 _ 9801 .. 2100 .. 812 . 313 2
Financlal Cosls

Capex R'Y o 0 1760000 1760000 3500000 7000000 2625000 0 0 0
Opex - melanng, biling, replacement R'Yewr 0 0 0 0 0 0 0 0 0
Opex - sducalion campaign (< 6 yews) Y e 0 12000 112000 112000 112000 112000 50 3500 3500
Toral financial costs Yo 0 1862000 1862000 3612000 7112000 2737000 3500 3500 3500

0
[NFV of financial costs _RmillonYear | 1256 1692727 1638843 2713749 40STC02_ 1099462 .. 1349 .. B30 .. 201 _
Environmental Costs

Net Cosls (doe o avoided absiraction) RiYoar 0 S0400 100800 201600 403200 478800 478800 473800 478300
Net Costs (due %0 construchion of new Wnk) RiYear 0 0 0 0 0 0 0 . 0 0

Net Cosis (due 10 reduced river Nows) RiYear D 0 0 0 0 0 0 2 0
Costs of nef benelits RiYoar ] 50400 100800 201600 -403200 -478800 476800 478800 478300
NPV of envsonmental net costs Rillon/Yesy |

Social Costs 0 0 0 0 0 0 0 0 ) 0
Total change n wallwa Rlyear 0 0 0 0 0 0 0 0 0
NPV of soclal costs RmioryYear 0.00 0 0 0 0 I AT it .5
NPV of costs nel of benalils Rmition an

Dvscounted presant sum of waler Savings Al 405

Lt Cost Roto Renddliorviil 0.022292627

Unil Cost Ratio . M 2229 J



LEAST COST PLANNING EXAMPLE

Option D - Summary and Report

Mm " s 2 < 3 :"., u”‘l. MM“ ; ‘ ‘,':f 1 : 1 ’ _ _'J ‘ ‘ ) LLLUN 'o e '” ‘¢ e " !
SRR P ) o ST i e o B e Ak % 'l R PO (o 2 Gl et el S W

Present Consumption Milyear 0 B9425 89425 89425 89425 8M25 . B9425 B9425 ... 89425

ncreased supply Milyear 0 0 0 60 60 60 80 = 50 60

Consumplion (afler new raw water supply) Milyear 0 0 0 0 0 0 0 0 ’ 0

Customer leakage (afler new raw waler supply) Miyear 0 00 00 00 00 0.0 00 00 . 00

Tolal woler saving or increased supply Miyear 0 0 0 60 60 &0 80 60 60

i M A0 000 000 4508 _ 4000 3728 . 2303 ... 892 . 34

Financial Costs

Capex - new ink RIY e 0 4900000 1400000 700000 0 0 0 0 0

Opex - Irealmeant and pumpng RiYoar 0 0 0 180000 180000 180000 180000 180000 180000

Opex - education campaign (< 6 years) RiYear 0 7000 7000 7000 7000 7000 0 0 0

Total financial costs RiYear 0 4907000 1407000 BS7000 187000 187000 180000 180000 180000

0 — ——

NPV of financial costs 158 162810 &1

Environmental Costs

Net Costs (due 1o avoided absraction) RiYear 0 0 0 0 0 0 0 0 0

Nel Costs (due 1o consbruction) R/Year 0 328500 197100 98550 0 0 0 0 0

Nel Costs (due 10 reduced river fows) RiYear 0 0 0 0 693500 693500 693500 693500 693500

Costs of nef benefis RiYear 0 326500 197100 98550 693500 693500 693500 693500 693500

NPV of costs nel of benefits _____ _RmilicoYesr [ 535 ? 4

Social Costs 0 0 0 0 0 0 0 0 0 0

Tolsl change in wellare Riycar 0 0 ) 0 0 0 0 0 0

[PV of social costs _Revigoear | 0,00 [) 9.0 [ RSTIN Jo T NPT YR ]

Discounted NPV of cosis nel of benelils Rmilson 1290

Discounted present sum of waler savings M 461

Uit Cost Rato Rowlhion\ 0.027955398

[Und Cost Ratio IR G ~ae__]



LEAST COST PLANNING EXAMPLE

Option Comparison

Description Option A | OptionB | OptionC | Option D
Discountd present sum of impacts
Discounted prosent sum of walee savings a%% 1170 405 45
NPV of inancial costs 1145 1583 1258 7155
NPV of costs et ol benelils 750 -10 26 -3 55 535
NPV of social costs 592 11.06 000 0.00
Tolal costs nel of benedils - Rmion 9 R7 16 63 903 12 90
Discounted present sum of waler savings of yioki - Mi 855 28] 13 40513 461 48]
Unit Cost Ratw RV 118 142 223 28.0

r . ——— wap -

|

I 23

Unit Cont raso (R%)

42
1"ns

Savings or Supply (Mikyear)




LEAST COST PLANNING EXAMPLE

Selection of Least Cost Programme
Water Savings or Supply Augmcntatlon

Year1 | Year2 | Year3 | Yeard | Years | .. | Year10 | Year 20 .| _Year30 | Unit Cost
Option A 12 24 49 97 115 115 115 115 1.5
Option B 17 a3 66 133 158 158 158 158 14.2
Option C 6 11 23 46 55 55 55 55 22.3
Option D 0 0 60 60 60 60 60 60 28.0
|Option A 11.5 1A
Option B 14.2 2|8
Option C 22.3 alc
Option D 28.0 4]0
WSA Objective 170 MUyear |in 5 years
Programme 1 to Meet Objective
Water Savin ?s or Supply Augmentation
Totals Yoar1 | Year2 | Year3 | Yeard | Year Year10 | .. Year 20 sie Year 30 [Cost (million)]
A 12 24 49 o7 115 115 115 - 115| R 9.87
A+C 18 36 72 143 170 170] 17 170| R 18.90
A+C+D 18 36 132] 203 230 230| 230 230 R 31.81
A*D 12 24 109] __ 157] 17 175] 175 175| R 22.77 |
Programme 2 to Meet Objective
Water Savings or Suppl Augmentation
Totals _Year1 | Year2 | Year3 | Yeard | YearS Lass Year10 | ... | Year20 sas Year 30 |Cost (million)|
3 17 33 66 133 158 158 158] .. 158| R 16.63
B+C 22 45 89 179 212 212 21 212| R 25.66
B+C+D 22 45 149 239 27 272 72 272| R 38.56
B+D 17 33 126], . 193 21 218 ~ 8 18| R 2953
Programme 3 to Meet Ob]octlvo
Water Savings or Supply Augmentation
Totals Year1 | Year2 | Year3 | Yeard | YearS | .. Year10 | .. | Year20 .l Year 30 _[Cost (million)|
() 6 11 23 46 55 55 55 55| R 9.03
C+D 6 11 83 106 115 115 115 15| R 2103




APPENDIX B
WC/WDM PILOT STUDIES




I'he pilot study sheets have been split into the following:

EiTective Distribution and Operation

) S

Reference r Study Details Source of Information Comments
| AL Creation of Management Zones o '
L
A2: Menitoring of Unaccounted-for water in cach zone =
A2A1 Ga-Rankuwa : Rand W ater | ILON Report N | Incomphete Information
202 Nimberkey Municipalin 1ILON Report Kimberkey Minimal Information
| Municipalitn
A2} | Greater Bloemfontein L.C Mangaung Local CION Report Greater Project in progress
Municipabin - Bloemfontein LC Mangaung

. | o Local Municipalin

’_,32-04 | Greater Hermans A1 1LCN Report/Overstrand Incomplete Information =
A ODI Retail Water ‘_ll'(‘ilcpm'funan Scott Incomplete Information i
A2D6 Rustenburg Pilat Project | IUON Report/Stewart Scott Incomplete Information

B A —

(A0l Eastlesdes ___MRP Py Lid Project in progress |
A0 | Johanneshurg =~ _ . RP Py Lud & month payback ey
ALey | Tembisa TLC - _WRP Py Lad Project in progress .
e S T — L 4 X | Projectin progress
oS Weeksdop | weePn L | N Informarion avaitatle
AV __rr_qo_(h  WRPPh LM «'\o Information available

A ._1."3-.‘_'2_".":: WRP Py Ld 1 No Information avallable |
ARSI Krugersdorp Town Council Kagiso Mahlota City Local - Incomplete Information

Municipaling '
A9 Slovorille and Albertsyille | WRP Py Lid Incomplete Information
AL10 Lmgeni Water Supphy Arca L ILON Report'l mgeni Water  Project not started
Al Lecuhop Prison Pressure management

Systems

Ad: Management Meters

401 | Greater Bloemfontein LCMangaung Local | ILCN Report'Greater Incomplete Information
Municipaliny Blocmfoatcin LC/ Mangaung
l . Local Municipaliny
A402 | East London Cley /Buffalo Clry Municipalin | ILON Report’ East London Incomplete Information
’ City/Buffalo City
— , V_},‘.'-_".ﬂw&\ .
A4-03  Rimberles Municipatiny ILON Report Kimberies | Project in Progress
- S | Municipaliny
G0 SesthCoastKZN  LILEN Report | Minimal Information
Ad-08 _ Tikabane: Rand Water ILCN Report Rand W ater _Incomplete Information |
AS: Consumer Meters ) -
AS-02 East London City Buffalo City Municipality | 1LON Report’ East London | Incomplete Information
City/Buffalo City [
Municipality |
AS03 Krugersdorp Town Council Kagise ILON ReportMahbota City | Tncomplete Information
Local Municipaliny |
S Motherwell Water Loss Investigation TUCN Report/Nelson Incomplete Information
o 4 - Mandela Municipalin
A8 U Mzimy athi Thubela Regional Council 1UCN Report/ AquaManzi Incomplete Information

A6: Mains Replacement .

2




AT: Active and Passive Leakage Control

\7.401
AT2 Ga-Rankuwa : Rand W ater ILCN Report Incomplete Information
AT Goreater Bloemfonteln LC Mangaung Local ILOCN Report Greater Incomplcte Information
Municipalin Blocm fontein LC Mangaung
| o | _Local Municipalin | ]
AT East London Ciny Buffalo Cins Municipabing LN Report East Londen Incomplere Information
City/Buffabo Ciry l

! - l g — _ Municipalin | P

ATAS Motherwell Water Loss Investigation ILON Report Nelson Incomplcte Information —1
R o o __._\Bnq:-h_llu_m_lpnlip)_ |

AT _____ Boksburg - . ILCN Report Rand Water | Minimal Information

lll_:ltrlruﬁ_llinvml Removal of Wastelul Devices
Bl-01

L | -
l“_‘._l.(‘gi\lil_iol_._
L L
Cl: Water Audits
ca
CX: Reconciling '\_\ ater Meters

[ 1] ) ' Rustenburg Pilot Project

. Greater Hermanus

| Grcater Hermanus
" S - —_

 Rustenburg Pilot Project

__TUON ReportOverstrand

n ('lllrgqﬂ ‘Orverstrand

__Minimal Information

ILON Report Stewart Scott Incomplete Information

_ ILON Report Stewart Scort

_Incomplete Information

| lncgupk«_ln!orﬂalhm___

Bl-02 —1 Schoheng Thembina - 1ILCs R:Eﬂ‘ltaml“ ater : Incomplete Information
Bl-03 hgiso Sivong' Amansi ILON Report Rand W ater Incomplete Information
B1-04 |
Bl.05 Bohsburg ILCN Report Rand Water Minimal Information
Bl-0o o o
- LU Ra— - s sk
—

Blos P F—_— I
Bl9  Greater Hermanus __ILCN Report Onverstrand | AIncomplcte Information .
Bian __ Ioner Ciny: Rand Water B __ Rand Water Inner City I Incomplete Information
Bl-11 _ Mpumalanga - __ Stewart Scott ____ Minimal Information |
B2 New Homes: Rand Warer' Eshom Rand W ater Incompicte Information

B2: Reoyeling of waste effluene - R
BY: Grey Water Use o e o B |
B301  New Homes: Rand Water' Eshom _ Rand Warter Minimal Informarion ]
B4: Tariff Structures and Billing Procedures o N - R - N
B0 Durban Metro 1L ON Report Durban Metra Minimal Information
! |wawSmke st ol

B0z __ | Greater Hermanus _ ION Report'Overstrand - Minimal Information __1
B4.03 Rustenburg Pilot Project ILCN Report Stewart Scott Incomplete Information
BE: Gemeral Education and Public lny ol ement i ) ) N
B0 | Greater Hermanus . ILCN Report Overstrand Incomplete Information
B502 | Sebokeng Thembisa __ ILCON Report Rand W ater _Incomplete Information
RS-0} _ODI Retail Water . _ILCN Report Stewart Scott Incomplete Information ]
Bo: Payment for Water and Niegal Use - . B s - e |
B7: Schools Education Campaigns R . IR




Greater Bloemfontein LC/Mangaung Local Municipality A2-03
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PROJECT DESCRIPTION
Generoal Defails:
This inmamve was part of 2 progect whose objectives were:
. To acuvely raduce unaccountod for waler 1o an acooptable kevel
. 10 s¢t up 8 management system that will enable the service provader 1o effectively manage the water distnbution

network i the long term.

The followang imtiatives on monitonng unaccountad for water n zones were implemented

. Inssallation of 20n¢ meters,

™ Installation of automated dats loggers

. Replacement of faulty meters

. Lse of statisnical methods 1o isolase problem arcas

. Follow up on meter readers

. Improvenments on delivery of bills w users

Implementation costs: Savings:

In 959999 00,00:01, about RSO0 000, R3O0 000 2nd Value of savings from water koss management simee
RI00 000 respectiv cly spend on water loss G900 is estimated 1o be R4 million

management (includmg management meters),

KEY FINDINGS

General (technical, implementation, operational, sustainability ete,):

Significamt mvesment would be reguired in recnifyving the problem of unaccounted for water considering the size of the
water supply network. Most of the water dustribution system data is now avatlable and a number of water supply sones
have boon implemented throughowt the oy, Base data for night Nows and comparison pumposes has heen gathered, Waser
boss managoment 1 a concrete and effective method of saving the service provider and end user money and resources
The more technical solutions were consaderod expensine and less effoctive in the short 1emm.,

Social impact and equity issues:

Problems identified included illegal connectonrs, Some of these connections were for imigation connections could never
he detected. People had boon misgunded o acoept that these.  Thas problem was prevalent even m affluent arcas. The
Beavy fimes imposed discouragad porgibours from revcaling thorr sstuation o others, As a resalt more Wlegal water
Connections were uncovered

Expertise required:

To avoid negative reaction from consumers several months were dedicated 10 radsing public awareness on this imtative.
Extensive use of the media was made. This was asgmemcd by public awaremess workshops, The meter readers were
mspected and the City Treasurer's accounting svstem was @sed 10 vendy statistics on water use and detect illegal
connoctions seratchmng over peniods of up 1o throe vears.  Inmovative ways are still roguirad 1o claim back the monies
owad especially from lowaancome groaps, In howse expoentise was used 10 reduce costs, Consultants were wsed m
Prepanng sEMUs quo repors

Institutional requirements:

In this instaative the municapality depended mostly on in house capacity and the madia but poltical suppornt was found 1o
he necessary

Contact details Prepared by

Contact person  Mr G A Ptz Name W R Nyvabere
Positian Assistant City Engineer Company SFC
Company Mangaung Local Manscipality Date 20004 2000
Phone 051 405 8911 Phone 011 403 0561
Fay 031 405 8701 Fax 011 403041
F-mail stz dicnae bingoangd coza §-mail PR (L aTe O




Greater Hermanus A2-04
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PROJECT DESCRIPTION
rGenetd Details:

The project objectives arce summansod as

. To achicve suvangs of 30F ¢ waler consumption over throe yeurs (1997 1999)

. To idgcuse the waler revenue \1(.'I'I:' these theee scars by R L1 selbon per vear o fund some of the
Somponents of the comsenanon program

The following was adopted as part of a 12-point consarvation programme

! Imtensive public anareness campaign

2 W oaier sudits

3 W ater loss management

Implementation costs: Savings:

SNo data provadad . Within one veur the unacoountod for

water droppad from 158% 10 1% duc o
pabln reporting of leaks and burses and

Faulty maters bang reporntad

KEY FINDINGS

General (technical, implementation, operational, sustainability ete.):

e There is nead for public support and commitment 1o roduce enaccoumted for water

- Pubhic suppon can oaly be ohtained through 3 comprehensn ¢ communication programme

Social impact and equity issues:

e Poour groups cannot afford high waler ant®s and benefits m roduction enacooanted for water newd to be

Passod on o Iem

Expertise required:

. Specialist skills in public awareness and water Joss audits

. Contractons or i house icams o undertake necessary repairs
Institutional requirements:

. Insttutional co-ordmanion within local aathonngs is essental especially on educanon and awarengss

programs

Contact details Prepared by

Contact Name W R Nvabere
James van der Laind

person
Posation Town Engecer Compam SH
Company nerstrand | Date o6 08 ]
Phene 02K 315 wisd Phone 011 #0353 0%
Fay U2 3 i Far QAR R &)
E-mail n anderlinde ¢ hormanus oo 23 { Femail L TRy |




ODI Retail Water e
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PROJECT DESCRIPTION
General Details:

This progect was implomeniad from 1995 o 2000, Tes obgective was:

To address the focus ancas relating to metitunional, socal, water mfrastructure and fimancial to redece
wnaccounted For water and 1o impros e cost regovery (hilling)

e approach on mopioring and control of unaccountad for water myolved:

Installatson of pro-payment meters where rogquestod by consumers

Upgradng evisting unauthomsed connections where necessany

Establishment of network of builifts and vendors 1o control payment for and operation of pre-pasments
MCICTIngG sysbam

Zomal Distract comtrol was establishad. Water was supplied for 56 hours per Tday week

Implementation costs: Savings:

Tomal project cost was R1.6 million but detasl Total savmngs of S0 000 cubee metres per day

G N ESImEnt on mositonsg nacounied for 129.2 million m 3 per annum ) on whole project

waler was mot pavadald and comteihution fome unaccoumstad for water was
ot providead.

KEY FINDINGS

General (technical, implementation, operational, sustainability etc.):

Conventional metenng supported by hand-held clectroance data capeure devioes hinked 0 a cemtral billing
systom was usad to track unauthorisad connoctions

Prior 1o commencement of projest almost $5%, of the cost of water purchasaed by ODI Retail Waser from
Rand Water was not recoverad and or accountod for

Zonal Drstnct control has resubied in the average daily demand 1o about 20000 hoescholds boon radecad
from 16 00 12 cubic metres,

Social impact and equity issues:

o Custoaner satisfaction from cyuitable waler sen e,
Expertise required:
Water Demand Management, Waser Consenvation and water meser expertise providad by the comsulzant
Institutional requirements:

Insttunonal sarengthemang of ODI Retal Water cstablishad as an arca of noad.
Contact details Preparcd by
Contact person  Fdgar Johnson Name W R Nvabese
Position Consulant Company SFC
Company Stcwan Scon Date 1602 20010
Phone 012 347 101X Phone 011 403 0861
Fas M2 3477 Far 011 405 6431
E-mail odgarn v s oo 22 E-mail nomsa d sfC oo 2




Rustenburg Pilot Project
12 - “ v e s et W F o e A - e - e ESA L e vah s

~e NN PR

PROJECT DESCRIPTION

General Details:

The first “" as¢ of th
v planned For 2000 10 20061, whoch includad Jetoctson and repanr of kakages within properties endod

project was snplomentad from 1995 30 2000 for the suburb of Thiahane. A scoond phase

prematurcly bocause of fackh of funds, The objectnes of the prgect were

o Todevchop shalls and methodologaes under the Town Care range of products and services whseh are currenth
undor dovedopment by Ramd Water theough vanous Gicld prgects
e T reduce the hisses and wastage in the rety ulation network

Appeoaches usad on moaitonag enacoounted for water in cach 2mne meludad

o Estahlishment of water management sones, metenng and data logging for water balance and moramum mght
flow meusurement

e Im ClZaton of MCET MacCuracies 2 nd JIsCICPancics mn water meter v\‘u't‘\p

o Empincs measurement of minimum night flow s, domestic night usage wastage, mstitutional might
usage wintage and commercial industnal mght wsage wastuge

Took dephinad includod

o NManagoment Distrwt Seb-district metonmg o Davclopment and mmplementatuon of a computensal
and data b gzing for waler halance and MAECTICTIE sy stom for mosdonts complamts, abkage
mimmem n ':'vr low measuremont comtro] and water moter managoment ( lmu__-y_: al Warer

o Dusign and smplementation of 'Water Asset Management Sy stem, ITWAMS)

Management Distriges o Computerisad water audit program (SABS (30n)

e  Suncys of ConmsEICT MCters e Tramning of Rustenburg Councal Seatt

Implementation costs: Savings:

Part of ROSKIS0 whach also includad water No data was avanlable

sodil. lcakage control and revonciling water
myicrs

KEY FINDINGS

General (technical. implementation, operational, sustainability ete.):
e IWAMS can faarlnare cost-¢ffective manapoment of sen ces and resources by peonoding For informatson

'y
107 Waler 1 el isteml A

storage. procesamg and reencs al for momn WINE WIS
o Sigmificant water bosses from reticulation network were sdennified

e Noomformateon provided on maasures taken 1o raduce unacoruntod water

Social impact and equity issues:

. Its mot v adent that measures b roducy unacoountad for water were implomensad
Expertise required:

- Woater Jomand manugement and Water Comsenyation spevialings supplial by Consaliant
Institutional requirements:

- Institutsona) strengthoning of the Local Authorty roguimad to monisor s aner sapphad and taken up by

wsers 10 cuch management sone and tab e measures w0 reduce ungecountad for water

Contact details Prepared by

Contact person Ediar Johnaaon Name W R Ny abese
Position Consulsant Company SK(

Company Secwan Seot Date 2308
Phone 012337 100 Phone 011 4073 056 )
Fax N2 7739 Far 011 30 i)
F-mail adgan @ ssi e 2 E-mail oL O TR (S




Krugersdorp TC/Kagiso A3-08
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PROJECT DESCRIPTION

General Delails:

The municapalmy implementad o pressure management progect Controllers were imstallad 10 automanically reduce
pressurc ot might. Thes was combmod with an adf doc Icak repair operation was on private propemies followang
complamis by consumers shout exocssively hagh water bills. Ropaars were done 1or close to 4000 house stands

Implementation costs: Savings:
Data mot avanlable 12 000KT momth <avings achieved
KEY FINDINGS

General (technical, implementation, operational, sustainability etc.):

Daty oot anvalable

Social impact and equity issues:
Dt ol avanlable

Expertise required:

Data ot avakable

Institutional requirements:

Data mot avalable

Contact details Prepared by

Contact person Mike Rabe Name W R Nyzhese

Pasition City Engincer Company SFC

Company Mahlota City Local Date 16122001
Municopabty

Phone 011951 238 Phone 011 403 (561

Fay 011 60l 1288 Fax 011 403 643]

E-mall mikci kicco.zn F-mail NoMSS i 100073




' Umgeni Water Supply Area | A310 |
l * - | |
PROJECT DESCRIPTION
General Details: :
| " 2 I |
|
l - C Wt cop T ! o 7C . !
|
! . I r o ! — |
|
I 1 . f Ny ] ! ! ] ] ela |
| . Ca | ' ) ¢ |
| )
|
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Implementation costs: Savings: |
! Iy e . s o |
. e N . J
KEY FINDINGS
| General (technical, implementation, operational, sustainability ete.):
t ¢ ’ . niad
|
| Social impact and equity issues
|
| Projoct mot vet implementad
|
|
“ Expertise required
!
| ) |
Institutional requirements i
lcmemad |
' |
—e—— . ——————e——— e — e —— - —— et S e —— e e— — e e
Contact details Prepared by
[ Contact person Angus Sieoll 1 ['Name W RNsabere |
| | |
Position Waser Resowrces Mumnu ! | Company b1y !
| 1 |
Company e W angr | | Dare (% 03 2000 ] |
| Phene nii g N | | Phone nil4 s :
Fax 033 331 1218 | Far 1 4 - E
F-mail \ . |l F-mail L - J




Greater Bloemfontein LC/Mangaung Local Municipality A4-01
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PROJECT DESCRIPTION

GENERAL DETAILS:

Thes mitiative was pant of a project whose objectives were:
. To actively reduce gnaccounted for witer 0 an scceptable level.

. T set up o management system that will enable the service provader o effestively manage the waler distnbution satwork
w the long term

The following initiatives on managemaent meters were implemensod:
. A Status qui et was prepared on the watey senoces within the mumicipal arca

- Installation of 2one meters.

. Installation of setonsatad duta bggers

Implementation costs: Savings:

Im 9899 99 000001, ahout RSO0, R300 (00 and N daga v ailable on contribynon of myestment in
R3O0 000 respectively spend an water boss mumagement maers o overall savings of Rdmillhon
management (including monitonng of snaccoumad for achseved from water hoss mamagement since 99 00,
waler)

KEY FINDINGS

General (technical, implementation, operational, sustainability ete.):

A number of meters were mstalled om mlets 10 water supply zones. Base data for might flows and companson purposes has boon
gatherad. Problem zomes were identifiad through bhalancing sone and sub-2one meter readings.

Social impact and equity issues:

The social impact has boen Bimisad. The henetits o be passed on to water esers are pot vt chear but more income for the water
serviee provader can enable it to mect the oost of the senvice

Expertise required:

Consaliants were engagad 1o prepare 2 states quo report. Eguipment installers and dueas analvses. Consultants required for capaciny
burldng on data caprure, analyvsis asd micrpectation
Institutional requirements:

In tis initiative the manscipality burkd its in bouse capacity to monstor water supply o different zones,

Contact details Prepared by

Contact person Mr G A Frtz Name W R Nvabere
Position Assistat City Engincer Company SFC

Company Mangawng Local Mumicipality Date 20004 200))
Phone 081 305 x9n Phone 011 030561
Fax 051 405 570 Fax 011 403 6431
E-mail gtz i cin e Mncoungil co za E-mail orsarar s g0 2a




East London City/Buffalo City Municipality fu-oz
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PROJECT DESCRIPTION
General Details:
Thus s part«t g SRS ‘\m\\? \\Ir'-g b LTIV e W
. To redeoe wastage of walgr
. TO nCOUREES COnSMMETs B JoeePt responsibility Sor pasing for water
. To collegt ingvme from the sale of water to finance the operation of water sapply system
! he PO b ' v on m r LN 'S | A
L. To install motors 2t s dets 10 maor GasuImer arcas
|
) Tolc-metening 1o get relaabic raal g Juta

Implementation costs: Savings:

Data ot provided Sasangs mot e nttiad

KEY FINDINGS

General (technical, implementation, operational, sustainability ete.):

- Moters mstaliad at ndets 1w Hive muanm 20mes i Mdaarsane
. Demarcation of sub-zones still 1n progress
- Remore moters rcading cnablos incrcasad rohabilany of obsen anons

Social impact and equity issues:

. Impact not yot quantified

| Expertise required:

. D3t prroocssmg, analyvsis skills, water disinhutes in ¢ngmeen

Institutional requirements:

. nstludeong capaciiy b Jemarcate waler st Py Anes, analvae and mtorpret Meter fo rds
s Prepared by
| Contact person Mr Grabam Cowbay Name W R Nvabea
Position Dusanbutin Engmocr Company SFC
Company Butlade Cas Mumscipalin " Date 31l
Phone 43 708 2084 ! Phone [1 3050561
Fax M3 T48 5208 ! Fax 1] 3038351
E-mail ol A R | E-mail )y )
. ———— . e ® ——— B e D ——— N e —— - e — ——




Kimberley Municipality A4-03

Inlomaaon fom 10N opon- Waer comaomvanvm & waner dewand rumapemsen | S A e wady salvon

ey e wrd Asesay (O Ergewe Vismagvewss \irems

PROJECT DESCRIPTION

General Details:

Kimberiey Mumcipaliny supphics water to industrial and domestie consumers via Council Pipelne svasems. Unaccoumad for
water im the lasr Four vears has boem an average of 13.49% The obgective of the project was so raduce umacoountad for water
and s estigane the councl’s reverse o svatem

e Aspart of this project bull water meters were o be imstallad at strategic poimts 10 be able 10 measure inflow ingo the

varous destncts and determune losses in the water supply maans,

Implementation costs: Savings:

It 15 ot clear how much moncy was allocated 10 management No data svanlable. Savings can only be quantificd
meieTs, once distnict metoning i1 in place

KEY FINDINGS

General (technical, implementation, operational, sustainability ete.):
o Jonmg of outlving consumer arcas has boen dithicult bocause of the noad 10 raleting the natworks

e Although the metered nctwork sepplics S0P« of the population #t accounts for far kess than 300 of the 1ol waer
consumed

o The progact has not hoon fully implomaentad bocaase of budgetary constrames,

e Further work 1s roquired o meter the remaining Jismnicts

e Mumcipal water acoounting sofiware 10 be used 10 corrclase balk mcser readings and distnct metenng,

Social impact and equity issues:

o Nodata avaalable as progect has heen hand'y implementad

Expertise required:

o Expertse roguired 10 measure might Nows, prossures and &0 calibrate moded is avanlable in house but is constramed by
other responsabilinies

Institutional requirements:

e Computer bardware and software roguired so caprure, store and process data

Contact details Prepared by

Contact person L O'Conned Name W R Nyabese
Position Assitant Ciry Eapmeer Company SFC

Company Kimberley Musicipaliry Date 14032001
Phone 05386312 Phone 011 4035 0861
Fax O53 K3 630K Fax 011 403 43)

E -mail hoe | Ra kbvmum. oo 2 F-mail BOm s s Gy 2
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South Coast KZN A4-04 «
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PROJECT DESCRIPTION
GENERAL DETAILS: |
! ' . » | | T L8 \ od t™hovau alt I |
| !
3 . . UL I ' . ) \ J I ) !
: ‘ l | 1 ;
Implementation costs: Savings |
)ala D
KEY FINDINGS
r.?nc#jlﬂcchnic.ui imple nn-:l.ninn. -;;u'rallnon.nl. sustainabilin tl\_bt - _ ‘ )
. v W LA T N T 1] e N Tl mgie 4 S nis d ey M reey than
T O famater. Metors for small bulk mams roguire remwon al and calibrats " Borators . S0P . of thy
el m
i Social impact and equity issues:
| Duta nest
Expertise required: I
|
' . Details of balk water system and water suppiy network are essential before Ju ML T Qtion Sratogies !
1 '
; !
| Institutional requirements:
| P ats ol an Tl
|
|
. - - —— e ——— — —
Contact details Prepared by
[ Contact person g mson | 'Name T W R Srabese
Paosition { sultan ‘ l ( ompans SH( I
Company Stew art Sot | Date 602 Nu
Phone 237 Phone | 4 S |
| Fax 2 7730 | Fax | 4 |
X -mail I | E-mail e /m 1 ) |




Tihabane Project
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PROJECT DESCRIPTION
GENERAL DETAILS:

The privect ran for 2 years and was mmplementod in phases as follws:

e Project Plan Desclopment

o leswllation of management mcters, valves and & monitonng sy stem
o Implemenmtanon of water loss and kot datochon procadures

o Results analyses, and water audn

The lyectives of the project were 10 reduce and manage the water losses withan the distribation network of Tlhabhanc and 10
ilustrate the coonomical vuaability of such inery entions

Implementation costs: Savings:
R1138 1190 Mimmum night fows seducad by 11.2 m' M

KEY FINDINGS

General (technical, implementation, operational, sustainability ete.):
e The project ’dentificd that about 1% of Minsmum Night Flow (MNF) is the resalt of leabages in the dstnbuton
network, K9 was attributed 10 Jeaks within properties. Wastage within properties amounted to 395 417m” per anngm

e Sacwant Scott assessad and trained the Council™s meter readers i Tlhabane to redece overcome anomalics that were
discoverad meludmp stopped and anrcad meters.

o The Water Audit Management System was implemented for both the water balance determmaton @ well as waser
adns

Social impact and equity issues:

o Membars of the commumity were emplovad by the project. especnally for data collecton

Expertise required:

o Epgmocrs and moter readers

Institutional requirements:
o Competer s and appropriae software reguired 1o capeure and analyse data

Contact details Prepared by

Contact Menzi Mdlopane Name W R Nvabeze
person

Position Water Comsersation Officer Company SFC

Company Rand Waser Date 2603 2001

Phone D11 682 (68X Phone 011 403 056)

Fax 011 452 3625 Fax 011403 643

E-mail Mensa randwater com F-mail nomsaa sic ooz
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PROJECT DESCRIPTION
GENERAL DETAILS:
Thes s port of 3 larger project whosg ol £y
- To rabuce wastage of water
‘:. Tog (N ! TSN responsaading rnN AL T WaleY
. To culloct monme from the salbc of water 10 Tinance the oparation of water suppls sssiem
| The m rah soptad a pre-pasment mcter svatem for communad water standpipes. The Sllowme approach has been
3t |-’.\|
- Workshops w th commumnal wsors 10 Ts¢ FNUICHICSS Of PICRUsTan! metos
- Installanion of pre-payment mgters at communal standpapes first as pilog actnites tialhy 4 were mstaliad m Mdantsane and
2 were mstallod in Duncan village
. Commassionmeg of 2 propxt ! stall 150 more prepayment meters a1 communal standpipes
. Replacoment of old malfunctroming meters. | 220 Samagad metors were replacad
- Installanen of adS LSl vard mors. S o miers wery 'al o 1ap LS "
. nstallation of 300 new mgters
Implementation costs: Savings:
UALUL AL L oonmsaltants and contractors (_.'-;l\'-[.:h], N e e B boon Jong 1o guantaly savimgs but
ponminal onnection fog general ncome has ingressed as more poople are paying
1Or W aICT > e

KEY FINDINGS

General (technical, implementation, operational, sustainability ete.):

s estment i cducation and aw arengss s essontual for consamoens o Ao0UM Inters Canons
t? 3TN PN | sl OOTISUIACTS o S 1O Wale? sem™ ioes oy of The satstatsonn is mnpros ing and stuatn ns where poopic
(evenm those with prepavment mcters Ll 1o pas ) have i be handiod carctuliy
Social impact and equity issues:
Mot wsers have acoepted pre-pasment meters. Thore arc vory fow cases of vandalism. Communal standpipes ane mamneainad
Expertise required:
Homest and comminttald meters readers are reguired. Gossd public relations especsaliv on workshogs with aomsumers to imtroduce
| peepavment maters. Spociad sholls anre roguanad cradat contr
|
Institutional requirements:
The manicipaliny s boen Quite aggressive on th " ¢ and ans impwos ements havg boen ¢ IMUniCai] OISO
meotns ation., Co-operation from consumers has morcasod chanoes for saooess of the insernventions. However, it has o O Jithicul s
plan and follow up on every aspoct of thes mmiativg bocause of shormage of person wl
Contact details Prepared by
Contact ! Name W R Nsubes
MM m ¢ Pman |
person !
l Posstion Principal Water Engimour ! Company SH(
Company Bautftalo Oy Mamcipalns ‘ Date 114
Phone M3 708 2278 i Phome 011 40T 056
Fay N3 T 8266 | Fay U1 403 6331
| E-mail ale e | | E-mail Pom g ot sy .72
. —_—— - - - - . —




Krugersdorp TC/Kagiso AS-
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PROJECT DESCRIPTION

General Details:
The project objective of the project was 1o obtain revenue for water sarvices. This was 1o be

achieved through the following approaches:

o Cradit comrod

e Installation of prepand meters
Resdents who defauliod on pavang waier acoounts were subjectad W restection. Farther continead defaultng
resulied mowater heing cut off. Abowt 1000 prepond metes were mstallad free of charge W consumwers

Implementation costs: Savings:
Data not analable Data not anvnlahle
KEY FINDINGS

General (technical, implementation, operational, sustainability ete.):
o Income mercased from RY 000 month 1o R10S 000 month armbatad 10 meroduction of prepand meters

Social impact and equity issues:

Data not availabie

Expertise required:

Dt mot avalahle

Institutional requirements:

Data ot an mlahle

Contact details Prepared by
Contact Mike Rabe Name W R Nyabere

pers
on

Position Cuty Engineer Company SHC

Company Mahlota Caty Local Date 16022001

Munscipalay

Phone 011 951 2368 Phoae 011 303 0861

Fax 011 (ueld 1288 Fan 011 403 643

L-mail mike e Klcon.za E-mail o s SIC 002
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[ Motherwell Water Loss Investigation gy 7
! lotherwell Water Loss Investication AS-04 |
| ' - " o > , .- PR &
| . " '
| — — { a

PROJECT DESCRIPTION

; General Details: _
1 This project was smplemented trom 1999 and its objoctives wer |
| - 1o mmamase bosses from seticulatson mams as the minimu "W aas +00 Al howr :
| . To reducy onsie wintage by ¢ sUmers %
‘ - | g ment 0 waler ;
|
| |
' Approaches usad o '
. Dhste bogeg W o n -1 o | el |
. et replaemen ransme mirated
Implementation costs: Savings:
Fotal proput eost simge inception in 1999 5 shout . Possible savings on progect estimatod at about
R4nx 000 but no detanls have bhoen pros el on RI14 500 Jday or RE 3milbon por vear wath
Qusts INCUrTad Of COMSUITICT MIJICTS scable contrnibgtion from gurregt metening, hilling
| active and passive leabage contro
_KEY FINDINGS
General (technical, implementation, operational, sustainability ete.): ]'
- Noaberwoll, har tormer aparthos] muamscipalon, had & buge hacklog of muingenance and menornng
- Investigatinve work on metering can be costly 1
Social impact and equity issues:
- In pros ament of metening ofien ¢ al*onts on o Mg INture angd a we n 1 Carg

Expertise required:

. Koo badee of meter n My - Lt

- Computer Know ladee

Institutional requirements:

. T he correct data logyrine

equipment and personnel i1s essennial

|
|
it tusde 1
|
|

Contact details _

Contact person
Posttion

D Rayvmer
Water Engineer
A\

Company Nebon Mandela Metropolitan

Municipalin

Phone (4] 506 2258
Fan 031 506 2180
1
| E-mail dravmera pecin co.za

Prepared by
[ Name
| Company
i Date
|

W R Nvabeze
SFC
1602 2001

| Phone

]
|
|
011 403 056 ‘
J

' Fay 011 303 A3
l E-mall NOMSA o sIC 23
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uMzinyathiThukela Regional Council AS5-05
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PROJECT DESCRIPTION

General Details:

To build and operase rural communaty water mfrastructure through the des chopment of lcal community and govermment capacity
1o operate and mamtam projects. Approximately 30 progects are bomg implementad, cnsunmg water supply 10 some 200 (00
people om completion, The follow ing approaches and sools hane boen mmplemented i the imtiative

. Build operate tram and transfer (BOTT) methodology implemented through an active partacrship with the DWAF and local
govemment

. Propand meter systems imstalled

. Minchon Data boggers wsad 80 assess water wsage

Implementation costs: Savings:
Costs range from R 4 - 60 million dependent on community No data avanlable but revenue collection improvad
profile and density. goographne conditions and the nature of through use of pre-payment meters

the senvige fron wad

KEY FINDINGS

General (technical, implementation, operational, sustainability etc.):
. Focus 1s 00 aempuing 1o use water v alabie through the pro-pasmont mochamism Le on wiler sakes and on casy aovess 1o

sale waber sources

. The BOTT system enables cffective monstonng of water saving through water loss management system - regualar bigging »
undertaken om a project spevific basis of projects such as Ngutw, which are fully operational, Resuhts are submingd w
DWAF monthly.

Social impact and equity issues:
. Water management skills developad at local government kevel,

Expertise required:

. Skills o mstall and calibrate pee-paymont meters

Institutional requirements:
. Capaciry w0 handle pre-payvments and moct demand for prepayment mcters
Contact details P"p'red by

Contact person Richard Dixon Name W R Nyaheze
Position Director Company SFC
Company AquaMann Date 16022001
Phone 033 205 e Phoac 011 403 0561
Fax 033 347 3e7 Fax 011 303 6421
F-mail Auapmbamueh oz3 F-mail 1oqn s s fe o0

18




—““-Ga-Rankuwa o .—1 .7\-7-02_

PROJECT DESCRIPTION

| General Delails:
he pror . sl 1 sod D
l -  § | Wy ' ot e N TRV s .
| » I " h S I ) 1 W |
i Mansgement programmg, a mana W program autonomous)
|
) (S I I | L L 8 1 W re
|
; Implementation costs: Savings:
So data o alable Ficuks found they haad gone for ot Seast ong vear
J INERS (% s LN | J PO IN L RN b
[N ANE 1 od ut 2 1 ¢ R 2.2% milboe
e ________________ i __ ]

KEY FINDINGS

[ General (technical, implementation, operational, sustainability ete.):
! | - ™ | TS ' | ) )

Lauk Y [ ) Can o TESEUS ISR OF s RS 1o 1B UseT and Sa iy Vi

i Social impact and equity issues:

| Expertise required:

v JUta av atiatvig

Institutional requirements:

> ——

Contact details Prepared by

~Contact VR

' pers MrDR
|

on
| Position Warer [y T i Compans
i Company Ra Woater | Date > 2N
Phone N2 R8O S069 Phone 0086l
| Fax 012 22 7038 Fax I $056d5)
| E-mail ! 1 o ra ! ) ! F-mail




Greater Bloemfontein LC/Mangaung Local
Municipality

A7-03

Aorae ad Puanc
Leshoc Crom o
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General Details:

This mitiative was part of 3 propect whose objectves were

. To actvely reduce unaccountad for water 10 an acceptable lev el

. To sct up a management systam that wall enable the servace provider 10 eflactinvely manage the water

distributson network i the long term

Leak detection and repair 1s done a¢ pant of regular masntenance work, However losses from Jeaks are generally
lower than from unacoountod for water. Thus cnaphasis has been put on the later.

Implementation costs: Savings:

No data avanlable No data s mvanlable oa <nongs from anending o
active and passive leakage control

KEY FINDINGS

General (technical, implementation, operational, sustainability etc.):
. Passive and active leabage control done as @ regular activity

Social impact and equity issues:

. Daraibad mformataon not avaslable but mercased assurance of waser semvice gonerally welcomed by users

Expertise required:
. In-howse maimtenance team, which incledes plambers and engineers.
Institutional requirements:
- Instituponal Capacity to pronitse miorventions (1e. amend 10 arcas of EICaiost Wastage ) against prossing
TOsounes
Contact Name W R Nyabese
PersS G A Friz
on
Position Assistant Ciry Engincer Company SFC
Company Mangawng Local Mumicipality Date 2544 2001
Phone 051 405 %911 Phone 011 403 0561
Fay 051 305 8701 Fay 011 303 643)
E-mail glritz i oo e Minosangl co. za E-mail nomsa 4t ¢ oo za




East London City/Buffalo City
Municipality

- - N cpees W g PE— o At . .

PROJECT DESCRIPTION

General Details:

Thas s part of o larger project whose obpectines ane e

- To raduce waszage of waler

. To encourmge Qomsumcers 3o acoept responsibalan tor paving for waser

. To collect income from the <ale of water 10 finance the operation of water supply <vstom
™

The approach bang followad by the mumicipality on gotiyv e and passive leakage contro] was
3 : } |

o To carmy owt prossure and night 1 marsurement sumveys theough iclc-metenng

o T acquare and install eloctromicully controlled pressare flow regulators. Between ¥ and ton wnits 3¢ roguingd

Implementation costs: Savings:
Total ost s far was R 300 000 but m-house San ings hans € not vt bhoon guantif A and project
ooty not incleded Ll L

KEY FINDINGS

General (technical, implementation, operational, sustainability etc.):

- Convmncing smformation is roguarad to Justifs imyestment e active and passive ieakage control if Gigures
mmvolvad are far less than water, which s consumod but not pand for
. Poor pavment for water 1s quate v ident through uapard hells and probicoms in reconciling mcter readings

which are alecady pant of water accoenting. However, passive and active leakage control may nead 1o he
peovadad By colicatnon of aecurag Juta
Social impact and cquity issues:
. No data as mlable. Getting more poople 1 acvess cloan water closer 8o therr homes an snaalution ropaie
mCIErs appaars 5 be a lngher priony

- Mot activg Isghage control 1s Jone as an on SUIME MAmICnangy gt iy

Expertise required.

. Sectalisad Kal's from consultamnis 0n Icak Jetection sum ovs and contractons on lakage reparrs, In hvouse
s can Be devchopad withim water ser oo P ader 10 Jatoat icah s and repair them
. S Jisead shills 1 ,m.nl'\n\- and imterpectation of Jaa

Institutional requirements:

. It can Be maore cost-ctioctny © for the water seraoe provider so monsor actin ¢ and passng iuhage

Contact details Prepared by

Contact Name W R Nyahes
AMr Grubam Cownlcy
person

Position Dvstnbution Enginevr Company SK(
Company Buttalo Cay Mumcipalmy Date 2 RIT R
Phone (M3 TOS 2084 | Phome 11 305 086]
Fax (3 742 5200 Fas (11 403 6331
E-mail desel i safrica o 'Ll mail el sig OOz
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Motherwell Water Loss Investigation
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PROJECT DESCRIPTION

General Details:

Thas progect was implemontad from 1999 and s oot es were
o Tominimise honses from reticulatson masns as the mimimuem naght-flow was S00 L1 o
o Toreduce on-site wastage by consemers
Thas progect is still m progress,
Approaches usad mvohvod:
e  Eaablishing a lcak detection tcam for an arca of some |8 D00 consumer points
e Dataloggers and fhow meters, using step-testing method s locate Tosses
Schools has ¢ boon vistiad and arcas that has e communal taps
Many existng metered conmections had leak ing stopeocks. The bead parte of these stopoocks were

replaced
Implementation costs: Savings:
R 6% 00000 since inception duning October e Minimum Night Flow 1o be reduced
1999 from 400 10 o0k howr

e Possible savings of abowt R14 300 day
or RE3multon por veur

KEY FINDINGS

General (technical, implementation, operational, sustainability ete.):

o Contingogs momsonag of Minsmem Night Flow i essential 1o detect major pape breaks or kaks

e Us¢of non-speciabised expertise wang non-sophisticated agquapment for lcak detection and repairs can be
successful but demands diligent officsal Sollow-up

e Prior toany water loss imvestigation ismtification and imspoction of all values s eosential
Motherwell, beang a former apanthesd mumicapahty, had a huge badklog of mamcnance, which 1ok o
months 10 underake and 1s ongoang. Thes phase can be time consuming and fresirating and generally
such mvestigations are costly and newd strong motination,

Social impact and equity issues:

Educanng the local population about the valoe of waser,

Apathy on the part of the communiny sow ards conserving water reporting visdhle keak s
Non-payment culture and 3 “we don’t care™ attitude

e Water problems 1.¢. Jow pressure, not being repornted

Expertise required:

Non-spoctalisod cxpertise wang nonssophsticatod oguipment for laak detection and repairs.

Knowledge of Juta loggng and evaluating results is essential

Compater knowlodge.

Keowledge of the arca and waser retsculatson Lav-ou.

Sounds of Teaks through valves, and othwr ransmitting arces, and the beak noise of different pipe maerials,

Institutional requirements:

A dodicased tcam s perform 1he step testing and locane breaks  Teaks 1 cssential for suceess. The hackup of the
workshops to repasr those lcaks promptly s o further reguirement. The comrect loggmg oquipment and personned 10
operae the equipment s vital. Authonny by management 1o provide the resources

22



“Contact details

Contact Raviser
pers
on
Fositwonm W b

Company

| PRon !
| Far 4

E-mail

l‘r(-p.nn d by

Name

Company
Date

Phone

Fan

E-mail

—————
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Boksburg Project
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PROJECT DESCRIPTION

General Details:

Thas pilot project was undertaken so as 1o desclop best practioes pundclines for retrofittng schools and similar
otablishments. The obgectivgs of thas pavject were:
o Toreduce comsemption or wastage and cnhance awarencss on newd for water consen ation

e To promote partership betwoon Ramd Waner and Bokshurg | ocal Council
e Tocraute job oppostunities within the council
o Tomorcase pavment levels of communatics associatod with schoolks

o Tomorcase the affordability of warer supply

Approaches used mvolved
o dentifving and repasning leuks within the waser distribution system and water comnections within the schools

o Review of water pressere within the metwork

o Repaw of leabs

Implementation costs: Savings:

Data on amount of moncy spend on active and Norduta available,
passive kaukage aomtrol not available

KEY FINDINGS

General (technical, implementation, operational, sustainability etc.):
o Lack of proper masntenance of the facilitics lead 1o wastages due o leakages.

o Inone sehool meter reading dropped from S00m” 80 60 m” in one month due to keekage repairs

e Inother schonls S0P6 reduction in water consumption was achicvad

Social impact and equity issues:
Data mot available
Expertise required:
Data mot available
Institutional requirements:
Data mot avalable
Contact Mena Mdlopane Name W R Nyvahere
pers
on
Position Warer Conservation Officer Company SKC
Company Rand Water Date 2605201
Phone 011 682 DOXX Phone 011 405 0461
Fax 011432 3623 Fay 011 405 6431
F -mail Menss a randwater . com F-mail O b 6 51 23
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I Kimberley Municipality | A4-03
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PROJECT DESCRIPTION

Kimberieys Mumapahiny suppbhios waser 1o mdastnal and domestie consamers via Councrl Pipchne s

L Nacoounig, water an U Tast Fowr yeurs has boon an averaeg of | 2 4Y he obpectn g of the pr

i General Details:

ViIeCt was

oms

reduce unacocumiad 1or water and imy ctezate the coancsl s revanse W oSVslom
|
' he approwt he mumicipalinty 1> "»:.!I.J‘la_.~ IS MIQIRTs a6 sirgtogie pants. These mgiers alis ISl |
! 3! { I | ne Unacy or
|
' .
, Implementation costs: Su\ings:
Approcomaccly RSO0 000 was allocatad from the No data avanlable. Savaings can only he guann il
ool Aurhonty budget once Jisonct maetenimag i an place
E
KEY FINDINGS
General (technical, implementation, operational, susum.nlnlll\ ete.):
- Balk mcters ha ¢ been installad an imlets o ourlving consumer arcas but these arcas are not well tina
. The progect has not been fulhy mmplomental because of badectan constraints
. Further work 1s reguirad 1o mgier the remamng Jestncts
. Convinamg Juta 15 reguirad to suppon mycstment Jovisions
Social impact and equity issues:
. Nodata oy e labie as project bas boor div implementad
Expertise required:
o Exporting 1> reguared 8o amalyse duta and Jefime priorities on waler Qonsen it
' Institutional requirements:
- . nputer hardw are and softw an PO airead 0 Sapurg, shorg ang | Jous Juta
Contact details Prepar(sd bv
Contact Name W R Nyvubese
: pQI’S L O'Conex
! on
1
| Position Assistant Cry Engangxy | Company SE
Compans Kimborles Musigapaling ' Date 1408 Ml
| Phone USRI 6312 | Phone 413 034

T 650N ] Fax 5 el

'fn\ 183 83 : ! !
E-mail how I8 a Kbumum oo 2 ! ¥ -mail . ofc ¢
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PROJECT DESCRIPTION

General Details:

This peogect starad in 1997 and was completad in 1990 Js objegtn es werg

o Todemonstrase 10 local councils that repasning keals on prvate plogs can sigmificamtly reduce water
Qonsumption

To barkd partnersdup with kacal counails

To mtervene with the water wastage of consumers

To mcrvene with non-pavmont aspocts

To alucate the commandy on walcr awareness
Om retrofitning and ramoval of wastetul devices the approach followad mvelsvod

Repanr of leaks on taps and pipe work
o Replacement of 13 are ik asterns with 3.5 9hire dual Nush wnins
LR00 howses were retrofitiad with duad Nush cisterns and taps were enther repaired or replacal.

Implementation costs: Savings:

[he 1odal progoct cost was showt R [ millson . In Sebokeng Zone 12 water
comsumpton Jecreased by 36.5% Thas
was also attmbuted 80 greater public
AW ATCness

KEY FINDINGS

General (technical, implementation, operational, sustainability ete.):
. Resadents henetital lhwugll oy water hills
o Puvhadk perwd of 15 80 24 months achieved
¢ Local mecome kevels and unemployment hinder mmpros cments in poyments fior service
o Roessdenes resasted replacement of steel eastern with Jual Nush plastse cisaem

Social impact and equity issues:
o hwas ohserved that while poople may be aware that they bave so pav 1o water they sl do not do so
Expertise required:
e Tramsfer of plembing skills 30 council employees 10 sestam mitiative, bowever quality of work manship
mot always satisfactory
. Abthiey s do mimsor repairs roguarad at the household Jevel
Institutional requirements:

e Itis essential 1o buald in a traiming component 1o boing down kw Jevel mamtenance down 10 the user

Contact details Prepared by
Contact Mens Mdlopane Name W R Nyabere
pers
on
Position Water Conservation Officer Company SF(
Company Rand Waler Date 2603 21
Phone U1 652 0548 Phone 0l 4020561
Fax 011 332 5625 Fax 011403 6d})
E-mail e randwater ooz E-mail omae @ S 1C .00, 28




Other related WRC reports available:

Development of a framework for the economic evaluation of water conservation/water
demand management measures with specific application to decision-making in
Cape Town

T 2 A mth s ! orrm r
Huago van Zyl: Anthony Leiman

- | > the
Ji La Wwas ine

y years the pnmary focus of water resource planning in South Afr

expansio supply. Only fairly recentiy with the promuigation of the Water Act (Act 108

1998) has the importance of water conservation / water demand management
WNC/WDM) been recognised. In consequence, techniques for the evaluation of WC/WDM

neasures are less sophisticated than those for the evaluation of new sources of supp

tudy develops a framework for the fl"d"C al and economic evaluation of WC/WDM

An investigation of the available literature indicates that cost-benefit analy CBA
remains the Ie;’""w-qu’ favoured for the analysis of the bulk of public sector investment
decisions. It was also the method most commonly appearing in the literature on guidelines
for the financial and economic evaluation of WC/WDM measures. Linking this to the

ape Town Integrated Water Resources Planning, the process and resu ‘.s show that
tudy participants indicated satisfaction with the MCDA (multicriteria decision analysis

rocess used as it 5"(‘:‘).,’,—‘!1’_}9*1 a holistic xﬂfo’lfj{]n",f' n which pr—lr'. ipants were "r'nr"r ed

ippreciate each other's points of view and build consensus. The parts of the process
dealing with financial and economic evaluation relied heavily on CBA principles
At a local policy level, CBA remains the preferred technique for financial and economic
evaluation of water projects. The framework for the evaluation of WC/WDM measures
presented by this study needs to be consistent with CBA principles given the likelihood

that revised CBA r;u!de ines would be accepted by DWAF and possibly more widely
hrough these procedures the study has developed a framework for economic evaluation

WC/WDM measures
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