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Foreword

In spite of the large sums invested in wastewater management
systems in recent years (up to 1 percent of gross domestic product
(GDP) in European countries), untreated discharges from munici-

pal, industrial, and agricultural activities continue to contaminate wa-
terways and coastal areas on all continents.

Controlling water pollution is expensive. Even higher-income coun-
tries have a hard time mobilizing resources to expand the coverage of
sound wastewater disposal, and to operate and maintain the new facil-
ities. In developing countries, there is an even greater premium on en-
suring that every dollar works harder. This is best done in a decentralized
environment, with responsibility at the lowest appropriate level, stake-
holder involvement, private participation in service delivery, and the
use of market and regulatory signals. The challenge is how to reconcile
this decentralization with a coherent framework for managing water
resources across sectors, at the river basin level.

This paper looks at the experience of four higher-income countries
(France, Germany, Spain, and the United States) in managing wastewa-
ter at the river basin level. Each of them has gone through three stages:
uncoordinated local management first, then a decentralized approach
with a lead planning and facilitation agency to help set priorities at the
river basin level, and more recently a move toward uniform disposal
standards. The paper concludes that the first stage has led to inefficien-
cies, as well as gaps in coverage, and the third-stage "blanket" approach
gives poor value-for-money-a second-stage approach would be more
effective for capital-scarce economies. Recent experiences in developing
and transition countries are assessed against this framework.

The paper then maps a process by which a "stage two" approach
could be implemented in a river basin: the role and design of a lead
water resource agency, the planning and goals-setting process, and how
stakeholders are involved. This is not meant to serve as a blueprint-
the process would need tailoring to each country-but rather a useful
checklist of issues to be addressed and possible ways to handle them.
While the paper focuses on institutional arrangements, it also flags

v



vi FOREWORD

areas that call for complementary work: for instance, how the river
agency might use markets (water trading) and price incentives (envi-
ronmental taxes and grants) to convey agreed priorities to water us-
ers. Practitioners in government, donor agencies, and the private sector
will find this paper a useful contribution to an urgent debate.

Vincent Gouarne
Sector Manager

Water Supply and Sanitation
The World Bank
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Overview

W here, when, and how much to invest in wastewater treatment?
These are policy decisions that present many challenges and
generally are not properly addressed worldwide. The most

common situations are, unfortunately, those in which no treatment is
provided at all. Even more conspicuous are the many recently built
wastewater treatment plants that are not properly operated and main-
tained, or, in some cases, are not operated at all, only a few years (or
even months) after construction ends.

Often, inappropriate treatment levels or treatment technologies have
been selected, leading to excess costs or disappointing results. Such in-
vestments frequently are poorly targeted, providing abatement for low-
priority effluents, or responding with a piecemeal approach to river basin
pollution. Pollution problems are normally attributed to insufficient fi-
nancial capacity, lack of institutional competence, or inappropriate tech-
nology. Insufficient scientific knowledge of receiving water conditions
and uses is also a common contributor to inappropriate treatment levels
and wastewater management practices.

It is normally accepted that, in order to address these deficiencies,
improved investment performance requires a systematic approach to
the evaluation or analysis of wastewater management actions, carried
out within the framework of integrated resource management.

The purpose of this paper is to provide a general approach to decid-
ing the "where, when, and how much" in developing and implement-
ing wastewater management interventions. Its scope is determined by
two main considerations: (a) the need to incorporate the general princi-
ples that determine water resources management policies into the de-
sign and selection of wastewater management and pollution control
interventions; and (b) the need to address water quality problems at the
appropriate geographical scale, normally-but not necessarily always-
at the river basin level.

Conceptually, wastewater management is similar to water allocation
and resource mobilization. Wastewater management should then nor-
mally be based on a river basin approach and on three elements:

ix



x OVERVIEW

* A decision on what must be achieved-what the society demands or
wants in terms of water quality and the related uses or benefits to
consider water as an economic good

* What the society can afford, what it is willing to pay for, and what is
feasible for it to undertake and operate, which are in the end related
to the costs that society as a whole has to bear to make solutions
sustainable

* The institutional and regulatory framework to implement the process
and provide the coordination mechanisms necessary for involving
interested stakeholders in the two decisions mentioned before, so that
an accepted and adequate combination of technical solutions,
incentives, and control mechanisms can be agreed on and applied.

This paper is aimed to develop procedures to translate these concepts
into priorities and policies for wastewater management.

Experience shows that the first step in the evolution of wastewater
management policy in most countries is one of decentralized action
(Level 1 in this paper). National standards are absent, weak, or ineffec-
tual. Local governments may respond to citizen pressure, water quali-
ty problems, or the availability of grants and loans. Individual projects
are costly, uncoordinated, and often ineffective. Overall results are highly
varied and generally unsatisfactory. Level 1 management was common
throughout Western Europe until early in this century; it persisted in
the United States until the early 1960s. It remains common throughout
the developing world.

Some countries have moved beyond decentralized action into a policy
of coordinated regional action (Level 2), most often manifested as river
basin-oriented planning and implementation. Regional problems are
matched with regional solutions, with appropriate attention to institu-
tional capabilities, stakeholder consultation, consideration of alternative
strategies, and flexibility with respect to policy instruments. Level 2 ef-
forts have generally led to comprehensive, adaptable, cost-effective solu-
tions. Level 2 approaches began in Westem Europe as early as 1913 in the
German Ruhrverband and, at a national level, in the 1920s in Spain's Con-
federaciones Hidrograficas. The United States experimented briefly with this
method prior to 1972. River basin management institutions continue in
France, Germany, and Spain. Recent experimentation with Level 2 ap-
proaches has been initiated in Brazil, Colombia, Mexico, and Poland.

More recently, the United States and the European Union countries
have opted for national standards-driven action (Level 3), where most
wastewater management actions are undertaken-not in response to
local conditions, but in accordance with a set of strong national stan-
dards and subsidies. This policy corrects the unevenness and occasional
poor performance that may result from a Level 2 policy, but it does so at
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the expense of localized overcontrol, occasional undercontrol, rigidity,
reduced innovation, and generally higher costs.

Level 3 policies have led to dramatic increases in the cost of wastewa-
ter management, producing projects that approach the limits of or ex-
ceed affordability, even for wealthy industrial nations. Furthermore,
where Level 3 policies coexist with Level 2 institutions, as in Western
Europe, the national standards preempt the basin-oriented planning
approaches, reducing existing agencies to little more than revenue col-
lection offices. The rate of environmental improvement may be tempo-
rarily accelerated, but cost-effectiveness drops and total costs grow very
rapidly. Level 2 policies are distinguished by joint determination of goals
and financing mechanisms, and by iterative refinement of these results.
Level 3 policies, on the other hand, begin with fixed standards that may
or may not reflect explicit goals. Financing mechanisms are developed
later in a sequential, rather than a concurrent process.

In the absence of a fully quantitative evaluation method for develop-
ing an adequate wastewater management policy and solution this pa-
per proposes a partially qualitative conceptual framework, based on what
has been described as Level 2 institutional approach; this approach in-
corporates such quantitative measures as are available. This framework
consists of the following steps:

* The geographical scale at which wastewater management should be
implemented is selected

* A lead agency and the mechanisms for stakeholder participation are
designed and the agency empowered

* Objectives are identified
* Objectives are translated to specific goals
* Alternative strategies-and their implementation instruments-are

formulated so that they are capable of meeting goals
* The preferred strategy and instruments are selected and implemented;

feedback is solicited; the strategy is re-examined based on the results
of the feedback.

The selection of the area or geographical scale in a river that is ade-
quate for an integrated and differentiated management of wastewaters
(the "basin") is one of the most important steps of the policy develop-
ment process. It should be selected, in each case, on the identification
and evaluation of (a) the economic relationships that can be established
among the different uses of water in the particular country or river ba-
sin; (b) the scale of the water quality problems; and (c) the stakeholders
and their relation to the economic uses of the resources that are affected
by pollution, and their relation to the causes of that pollution. The basin
scope should allow for the consideration and integration of all these
factors in the management process.
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Depending on these factors, the geographical scale for management
could include a whole river basin (as is normally the case in Europe),
part of it (as is proposed in Colombia), or the river basin of a major
tributary (such as the Ruhr River in Germany or the Tiete River in Bra-
zil), including the coastal areas or not, or a combination of these.

Ideally, wastewater management strategies are carried out or at least
overseen by an organizationally competent lead agency endowed with
the authority and responsibility needed to perform the necessary func-
tions, and the incentives to do so efficiently over an area that is related to
the geographic scale of the water quality problems (the river basin). Un-
fortunately, such agencies are rarely found (the case of the Ruhrverband in
Germany or the Confederaciones Hidrograficas in Spain are two examples).
More often, wastewater functions are performed by a wide number of
agencies and ministries. Effective wastewater management requires that
one of these agencies be designated as the lead agency (the Interstate Com-
mission on the Potomac River Basin in the United States is worth men-
tioning as a good example), with the capacity to coordinate the activities
of others. In particular, the lead agency must be capable of communicat-
ing with all stakeholders and of resolving disputes among them.

The real authority and capability for implementing a wastewater man-
agement plan lies, not with any particular agency, but with the stake-
holders collectively. They are the ones with the authority and capability
to adopt and finance cooperative solutions and regulate their implemen-
tation. In many cases, it may be preferable if the lead agency is not itself
a major stakeholder, serving a technical function only. This reduces the
perception of the lead agency as having an independent agenda, thus
improving its ability to promote consensus among the parties.

The lead agency should thus be responsible for two critical roles: (a)
the development and implementation of the policies and objectives set
forth by the stakeholders; (b) but also be in charge of identifying and
assessing the policy options, the distribution of responsibilities and func-
tions, and the evaluation of results and costs of these options, in order to
present them to the stakeholders for selection. The French Agences Fi-
nancieres de Bassin and their corresponding basin committees represent
an effective approach f.or the development of these functions.

Once the geographical area has been selected and the lead agency
empowered, decisions on where, when, and how much to invest in waste-
water management should be based on a clear identification of the ob-
jectives that are to be attained. These can normally be grouped under
the three following items: collection-wastewater is safely removed from
possible human contact; protection of beneficial uses-wastewater man-
agement protects valuable human uses of resources; and protection of
ecosystems-wastewater is transported, treated, and disposed of in a way
that protects valuable ecosystems.
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The critical step becomes then the translation of objectives into action
by setting specific goals for each part of the basin. The goals, which spec-
ify in detail what is to be accomplished, determine the wastewater man-
agement strategy to be employed. Goals should be chosen after full
consultation with all stakeholders, and stakeholders should be informed
of the relative costs of meeting alternative sets of goals. This can take the
form of simple straightforward load reduction goals, as is proposed in
Colombia's point source water pollution policy, or more elaborate ap-
proaches, such as the ones being developed under Catalonia's sanita-
tion plan in Spain.

It is essential that the selected goals have the support of the affected
community; otherwise, the feasibility of the resulting management strat-
egy will be in doubt. All stakeholders must understand that the overall
planning process is iterative: although goals are agreed on at the outset,
these decisions may be revisited as information on cost and effective-
ness of different strategies is obtained.

Once a feasible, practical system configuration which achieves the
selected goals at least-cost has been identified, the main challenge is
to transmit to all stakeholders a river basin perspective, to share these
goals by collectively becoming beneficiaries of the policy for waste-
water management, as well as responsible actors for its implementa-
tion, irrespective of where in the basin the pollution originates, or
what it impacts. The German Ruhrverband, the Spanish Confederaciones
Hidrogr4ficas, and the French Agences FinanciWres de Bassin all have
particular mechanisms and instruments to transmit this idea to the
basins' stakeholders.

Implementation strategies and instruments should then be formulat-
ed and applied in an open, iterative process, through which alternatives
are devised, assessed, and compared to each other. Obviously, the cho-
sen strategy and the instruments it incorporates should be the ones that
meet the specified goals at minimum overall life cycle cost. However,
deviations from this result may be allowed to permit exploration of im-
portant tradeoffs. The preferred strategy should therefore be selected
on the basis of a comprehensive assessment that addresses environmen-
tal, social, economic, and financial effects within the particular political,
legal, and institutional constraints. The implementation instruments
should be designed to make the strategy sustainable and to introduce
incentives that are adequate for the stated objectives.

The monitoring and enforcement capacity in the lead agency is an in-
stitutional constraint that should always be considered and addressed in
the early stages of the strategy formulation process. This capability and
the means to cover its costs must be developed to monitor the perfor-
mance of the selected strategy, both to determine that it is capable of meet-
ing the specified goals and to detect instances of violations or inadequate
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performance. Information developed in the course of monitoring is also
essential to support the necessary periodic re-examination of goals, and
the development of incremental improvements in the implemented strat-
egy that should reflect its dynamism.
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Introduction

W orldwide experience in wastewater management has numer-
ous examples of complete or partial failure. The most com-
mon management actions are, unfortunately, no action at all-

by one estimate, as much as two-thirds of the wastewater generated in
the world receives no treatment at all. Even more conspicuous are the
many newly built wastewater treatment plants that are not properly op-
erated and maintained, or, in some cases, that are not being operated at
all.1 Often, inappropriate treatment levels or treatment technologies have
been selected, leading to excess costs or disappointing results, or both.
Often such investments are poorly targeted, providing abatement for low-
priority effluents, while more hazardous discharges go untreated. Many
of these investments, responding to a piecemeal approach to river basin
pollution problems, may also result in costly and ineffective solutions.

The consequences of these failures are that projected environmental
and social benefits have not been realized; and water resources avail-
ability, already scarce, is further depleted by pollution, even after large
sums are committed and spent. This has had an added strong negative
impact on the already weak financial situation of water agencies, and
has squandered public and political goodwill without producing ex-
pected results. As a result, these failures have jeopardized and delayed
the timely adoption of appropriate and needed remedies.

Failures in water pollution-control investments are often attributed
to lack of financial capacity in the operating agencies, or to a general
lack of institutional competence. These diagnoses, although valid on first
approximation, may overlook one or both of two common problems: (a)
the responsibility of the designer or politician who did not take into
account the specific socioeconomic and environmental conditions in
which the facilities or solutions must operate and the particular charac-
teristics and impacts of the pollution problems that "had to be solved";
or (b) the tendency of local authorities to request the "best" and "most
modem" available technologies. In these circumstances, there is a dis-
tinct preference for equipment-intensive solutions, usually involving
imported hardware, as opposed to low (soft) technology alternatives

1



2 AN INTEGRATED APPROACH TO WASTEWATER MANAGEMENT

that might have been more appropriate. This bias is clearly exacerbated
by foreign financing.

Insufficient scientific knowledge of receiving water conditions and uses
is also a common contributor to inappropriate treatrnent levels and waste-
water management practices. Where unnecessarily high levels of treat-
ment are attempted, operating costs often exceed available funds. Also
exceeded are the technical capacity and training of the personnel who
will manage the treatment plants and the whole wastewater system. Con-
sequently, the facilities are not operated and maintained correctly, and
tend to fall out of use shortly after completion. The result is idle infra-
structure that can itself become an environmental and public health haz-
ard, creating conditions worse than those that prompted the investment
in the first place. This problem is widespread in many countries, and par-
ticularly affects medium and small cities because (a) they tend to have
weaker financial and technical capacity; and (b) in these medium and
small cities the pollution problems created by inadequate wastewater
management solutions constitute a smaller embarrassment to the central
government than would be the case in a capital or major city.2

Although functioning wastewater collection and disposal systems are
taken for granted in most cities in industrial countries, the reality is that,
because of failures in wastewater management, the absence of such sys-
tems, particularly in many developing world cities, is common. The
absence of these systems is normally associated with adverse public
health effects (human exposure to wastes), inconvenience, excess cost
(alternative disposal methods), and frequent affronts to sight and smell.
As a result, inadequate wastewater management systems affect human

Figure 1. Wastewater and Water Resources Management:
Similarities among the Main Elements of Proper Policies

Water Wastewater

* The acceptance of water * Stakeholder's decision on
resources as an economic what is necessary (cost/
good benefit and economic

* The involvement of valuation)
stakeholders * Willingness and capacity to

* Institutional perspective, pay
river basin and legal * Institutional capacity with
framework stakeholders intervention for

comprehensive river basin
approach
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settlements and ecosystems in important and complex ways. The dis-
charge of untreated or partially treated wastes to lakes, streams, or coastal
waters deprives aquatic species of light and oxygen, overfertilizes al-
gae, introduces toxic substances, and creates further risk of human ex-
posure to pathogens. This situation demands an improvement in the
investment performance and a more systematic approach to the evalua-
tion or analysis of wastewater management plans and actions.

Purpose and Scope

Against this background, this paper has three objectives:

* Emphasize the need for systematic evaluation of wastewater
management actions and investments as part of any water resources
management initiative

* Define the conceptual framework that should guide the analysis
process

* Identify and explore techniques appropriate to this analysis.

The ultimate purpose of the paper is to provide a general approach to
deciding the "where, when, and how much" in developing and imple-
menting wastewater management interventions. Its scope is determined
by two main considerations: (a) the need to incorporate the general prin-
ciples that determine water resources management policies into the de-
sign and selection of wastewater management and pollution control
interventions (see figure 1); and (b) the need to address water quality
problems at the appropriate geographical scale, normally-but not nec-
essarily always-at the river basin level.

The Principles for Water Resources Management

The integration of wastewater management and pollution control in-
terventions and policies within the broader water resources manage-
ment policy is essential for achieving the efficient use of the scarce
resource available. It should ideally result in the most effective identi-
fication of the infrastructure, control, incentives, interventions, and
allocation policies. It should also address social objectives within the
framework of the particular social, economic, political, technical, and
environmental constraints.

In this context, water quality protection, water demand management,
and water allocation policies are all considered essential parts of any
program for better water use and resource optimization. The fields of
water quality protection and wastewater management (including the
combination of treatment, reuse, and reduction alternatives) encompass
the major efforts and account for nearly all capital spending. This paper
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focuses on wastewater management, while considering it within the
overall framework of comprehensive water resources management.

This integration requires that the policy framework for wastewater
management incorporate the three principles on which water resources
management policy is based.3 These are as follows:

* The acceptance of water resources as an economic good. This implies
the need to consider the economic impact of the water-use impairment
by pollution as a key element of the conceptual framework for
wastewater management.

* The recognition of the social impact of water uses and management.
This recognition leads to the desired involvement of all stakeholders
at all levels and areas of the pollution control and wastewater
management process, particularly in the setting of objectives, and in
the decision, distribution, or acceptance of the financial effort to
achieve them.

* An institutional perspective that requires the comprehensive treatment
of water resources and wastewater management interventions. This
treatment is normally, but not always, at the river basin or catchment
level. The perspective also requires a legal framework that defines the
rules and incentives to optimize the use and protection of all resources,
financial and physical.

Conceptually, then, wastewater management is similar to water alloca-
tion and resources mobilization. Optimal wastewater management should
thus be based on a river basin approach and on three elements: (a) a deci-
sion on what must be achieved-what the society demands or wants in
terms of water quality and the related uses or benefits to consider water as
an economic good; (b) what the society can afford, what it is willing to pay
for, and what is feasible for it to undertake and operate, which is in the
end related to the costs that society as a whole has to bear to make solu-
tions sustainable; and (c) the institutional and regulatory framework to
implement the process and provide the coordination mechanisms neces-
sary for involving interested stakeholders in the two decisions mentioned
above, so that an accepted and adequate combination of technical solu-
tions, incentives, and control mechanisms can be agreed-on and applied.

In this paper we present our ideas on how the conceptual framework
for wastewater management should address the institutional develop-
ments required to involve users and stakeholders in the process, the
setting of objectives and goals that recognize the economical value of
water resources, and the formulation of the strategy for achieving them
in the most efficient and sustainable way

It is also aimed at developing procedures to translate these concepts
into priorities and policies for wastewater management. For the devel-
opment of the conceptual framework presented here, we have taken
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into consideration the characteristics, conditions, and constraints nor-
mally found in developing countries.

However, the conclusions are also applicable to many industrial coun-
tries that are faced with the need to improve and expand their wastewa-
ter management infrastructure to respond to the demand for better
environmental conditions, but who are at the same time faced with di-
minishing budgetary resources and who must look for ways to improve
the efficiency of their investments.

The Geographical Scale of Water Pollution Problems

Water quality problems typically occur at the scale of rivers, lakes, or coastal
ecosystems; therefore, the solutions to these problems must be found at a
comparable geographic scale. This essentially means that (a) wastewater
management policies should address all sources of pollution likely to stress
a given ecosystem or water use, now or in the foreseeable future, no mat-
ter where in the river basin or catchment area that may occur; and (b)
wastewater management interventions should take into account all avail-
able options for source control, reuse, and treatment and be designed and
decided from a river basin perspective, avoiding as much as possible the
case-by-case approach, with piecemeal solutions.

The basin-oriented approach proposed in this paper balances the at-
tention to municipal, industrial, and other pollution sources, large and
small, in a search for the most cost-effective actions.4 This can be con-
trasted to the more common project-oriented approach, which tends to
focus on the largest single source, such as the municipal wastewater
generated in the capital city. Implementing this single project is seldom
adequate and often costly, since it ignores the relationship and integra-
tion of wastewater management measures in the broader comprehen-
sive water resources management policy of the particular river basin or
country. This river basin approach to the geographical scale of waste-
water management interventions is also consistent with the World Bank
policy on water resources management.

Wastewater management and pollution controls are among the ele-
ments of water resources management that will require larger invest-
ments and policy developments in the next decade. Industrial countries
such as France, Germany, Spain, the United Kingdom, and the United
States are implementing large investment plans to protect scarce resourc-
es from pollution and improve environmental and health conditions.
These investments are usually at large costs that result in substantial
increases in the price of water. In Germany, for instance, water prices
rising to the order of 20 DM (around US$14) per m3 are being mentioned
by the water companies to cover investments, mainly in wastewater
management and pollution control, of about 300 billion DM (190 billion
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US$) during the next decade. The situation in developing countries is
even worse, since for comparable pollution problems and ever greater
water scarcity conditions, the available financial means are much small-
er. Therefore, wastewater management will compete for these financial
resources at the expense of the environment and the quality of water
resources unless better and more efficient policies are developed and
adopted, and effective evaluation procedures are used to set priorities.

Notes

1. Peter Rogers, "Integrated Urban Water Resources Management, Natural
Resources Forum, February 1993, pp. 34.

2. As an example, it was estimated at the end of 1980s that more than 90 percent
of the wastewater plants in Mexico were operated incorrectly or not at all.

3. See "Water Resources Management. A World Bank Policy Paper" (1993),
which describes a general framework for improving the management of water
resources and the principles that define the World Bank's policy on this subject.

4. By the term "basin" we refer to the area or geographical scale in a river
where economic relations can be established among its different water uses and
their impacts, so as to justify its integrated and differentiated management. This
can include a whole river basin or part of it, the river basin of a major tributary,
the coastal area adjacent to the discharge point, or a combination of these.



2
Wastewater Management Practices

Wa astewater management practices throughout the world are
at least as diverse as the countries themselves. Some coun-
tries, especially those with a long history of coping with en-

vironmental problems, have been developing wastewater management
policies for years. These policies are often the result of experimentation
with alternative approaches. Most developing countries, on the other
hand, have only recently been faced with water pollution problems and
have begun to address some aspects of wastewater management. They
tend to borrow policies and approaches from industrial countries. The
democratizing countries of Central and Eastern Europe and the former
Soviet Union present a particular situation, since they possess consider-
able indigenous capability but must struggle with the twin legacies of
inadequate infrastructure and financial stringency.

In reviewing the experiences and practices of various countries, it is
possible to group wastewater management policies according to the type
of intervention used for implementation (see figure 2). Three possible
levels of intervention can be described as follows:

LEVEL 1. DECENTRALIZED LOCAL ACTION. Most wastewater management
efforts are the result of individual action by firms or cities, normally
with the financial backing of central governments that provide
substantial subsidies. National standards are absent, weak, or ineffective.
Local governments may respond to citizen pressure, water quality
problems, and the availability of grants or loans with a piecemeal
approach. Individual projects tend to be costly, and overall results are
highly variable and often unsatisfactory.

LEVEL 2. COORDINATED REGIONAL ACTION. Regional solutions are
developed in response to regional problems. Goals and financing
mechanisms are decided jointly and iteratively. This approach can lead
to cost-effective programs, provided there is sufficient attention to
institutional capabilities, consultation with stakeholders, consideration
of alternative strategies, and flexibility with respect to policy instruments.

7
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Figure 2. Wastewater Management Practices and Education

Level 1. Decentralized Local Action

Level 2. Coordinated Regional Action

Level 3. National Standards-Driven Actions Ig

LEVEL 3. NATIONAL STANDARDS-DRIVEN ACTION. Most wastewater
management actions are undertaken pursuant to a set of uniform national
or international standards. Depending on the level of the standards and
the arrangements for monitoring and enforcement, the result may range
between the two extremes: environmental damage from undercontrol and
excess costs resulting from overcontrol. Standards are set first, then
financing mechanisms are devised. This approach is characterized by
rigidity and lack of opportunity for local initiative. Centrally provided
construction subsidies also tend to promote inefficient capital intensive
solutions, while trying to support the achievement of the uniform standards.

Examples of each of these approaches can be found by examining
practices in various countries. Some countries have employed a partic-
ular type of policy for many years, or have used a different method in
the past, while others can be observed in transition from one level of
intervention to another.

Eventual transition through all three intervention levels is by no means
a foregone conclusion, nor is it even to be expected. Later sections of
this paper will argue that cost-effectiveness and sustainability are best
achieved through a coordinated regional approach-Level 2. Yet most
industrial countries have moved to a Level 3 approach, and many de-
veloping countries are moving in the same direction. To understand these
trends in context, it is necessary to review the practices of a number of
representative countries.'

Industrial Countries

Following is a review of wastewater management policies in the United
States and several countries within the European Union.
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United States of America

Prior to the 1950s U.S. wastewater policy was determined by state and
local governments (Level 1, above), with some large cities and firms in-
stalling reasonably effective treatment works, but most ignoring the prob-
lem. In the 1960s federal legislation promoted the initiation of river
basin-planning activities, intending to lead to coordinated regional so-
lutions (Level 2). In one prominent case in 1961, the Delaware River Ba-
sin Commission dramatically improved the quality of the river through
a comprehensive, cost-effective policy.2 Among other accomplishments,
the percentage of the 282 municipal discharges provided with primary
or secondary treatment was increased from less than 50 percent to 100
percent in ten years. Concern over lack of action in other parts of the
country, however, led to federal preemption of state authority and aban-
donment of the regional approach after a relatively short time.

Current wastewater policy in the U.S. is governed by the federal Clean
Water Act, first enacted in 1972 and revised at least four times since then.
The Clean Water Act is a large and complex piece of legislation, charac-
terized by strong national standards implemented through command
and control measures. As such, it is an example of a Level 3 approach. It
employs both technology-based effluent standards and ambient water
quality standards. The standards are applied to discharges through a
system of renewable permits. Approximately 384,000 such permits are
currently in force. There are no special charges or taxes associated with
discharge. Even though the standards imply a cost-benefit analysis, costs
and benefits of specific actions are not a consideration in setting stan-
dards or developing policy.

Enforcement is based on self-monitoring by discharges as well as an
independent monitoring activity carried out (in most cases) by state
agencies. Some categories of industrial discharges are required to pre-
treat waste before discharge into a public collection system. Nonpoint
sources are subject to varying degrees of regulation, depending on the
nature of the source. Limited reuse of treated effluent occurs in a few
areas, including Arizona, California, and Florida.

Wastewater collection, treatment, and disposal systems are owned
and operated by local or regional governments or, in the case of indus-
trial systems, by private firms. Privately owned or operated urban sys-
tems are rare. Discharges into the public collection systems normally
face user charges levied on the basis of water use. In most cases, reve-
nue from these charges is more than sufficient to cover operating and
maintenance expenses. In prior years, large federal grants (up to 75 per-
cent of construction cost) were available for new treatment plants. Many
states provided additional grants for the same purpose. The federal
Construction Grant Program ended in 1985, although some state grant
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programs continue. During its life, the Construction Grant Program was
frequently criticized for providing incentives to build oversized and
capital-intensive treatment facilities, resulting in problems with opera-
tion and maintenance.

Current policy requires that all urban discharges have at least biolog-
ical secondary treatment. This requirement has been challenged in the
case of ocean discharges, where biological oxygen demand (BOD) re-
duction provides little or no benefit to receiving waters. San Diego, Cal-
ifornia, has been ordered to replace a high-dose chemically enhanced
primary plant with a biological secondary facility at a cost in excess of
$2.5 billion. Available studies predict that this upgrade will produce no
perceptible improvement in receiving water quality. In an unprecedent-
ed move, a federal judge recently refused to enforce the Clean Water Act
in this instance. Further legal action is expected. Meanwhile, it is in-
creasingly evident that full compliance with national technology-based
standards will prove to be financially unfeasible in many locations, and
that a more flexible approach will be required.

Criticisms of the U.S. policy commonly mention rigidity, excess costs
arising from uniform national standards, lack of effective incentives for
source control and pollution prevention, discouragement of technologi-
cal innovation, poor control of nonpoint sources, and limited control of
toxic substances. Some current political opposition to the policy focuses
on the large costs imposed on local governments by federal action ("un-
funded mandates"). To address theses issues, since 1995 the U.S. Con-
gress has considered revisions to the Clean Water Act, such as H.R. 961,
passed that year. Among the suggestions that were heard are various forms
of a return to a watershed-based approach with increased local participa-
tion and control (Level 2). Other proposals involved general weakening
of the federal standards, with increased flexibility in compliance.

European Union

Wastewater management policy in the European Union (EU) is gener-
ally regarded as the reference model for many developing or transition
countries, particularly in Central and Eastern Europe. Present policy is
the result of enormous social and economic development during the
past decades. Two related factors have defined this policy: (a) ambitious
goals for water and sanitation infrastructure coverage and; (b) wide-
spread public pressure for improved environmental quality that is trans-
lated into the setting of restrictive quality and effluent standards by the
European Commission in Brussels.

EU wastewater management policy is based primarily on homoge-
neous effluent standards and, to a lesser extent, on solving site-specific
receiving water quality problems. The EU legislation forces a uniform



WASTEWATER MANAGEMENT PRACTICES 1

level of load reduction. This approach builds on the secondary treat-
ment approach institutionalized by the U.S. Clean Water Act for munic-
ipal wastewater and high biodegradable organic content discharges
(Directive 91/271/CEE) and on industry-specific load and concentra-
tion effluent standards for toxic and hazardous substances (Directive
88/464/CEE and those that complement it). For sensitive areas subject
to eutrophication the EU standards introduce additional requirements
to remove nutrients (on the other hand, for less sensitive areas the poli-
cy accepts a reduction in treatment requirements). The 91/271 Directive
also introduces a progressive compliance requirement with the standards,
depending on the size of the discharges and the sensitivity of their loca-
tion. Because the effluent standards are rather stringent and budget is
assumed to be normally available through user fees or subsidies from
the EU regional development funds, this policy presumes that water
quality will improve over time, at least where point sources are the dom-
inant cause of pollution. The EU policy, like the United States policy, is
an example of a Level 3 approach to wastewater management.

This policy is far from cost-effective. In fact, as in the United States,
cost-effectiveness has not been one of the factors considered in the set-
ting of the standards. The costs of meeting the standards were not dis-
cussed or made public to those who would bear them-the residents
and other taxpayers. One economist-politician who participated as Eu-
ropean parliamentarian in the setting of these standards said that if the
costs had been made explicit, the standards would probably not have
been passed.

Although environmental and other interest groups, as well as con-
tractors, equipment suppliers, consultants, and private operators, are
pleased with the outcome of this policy and the abundance of funds
that have resulted from its application, the formerly solid public sup-
port is starting to show some fissures. Consumers-and politicians-
are beginning to complain about the extremely high costs of water and
wastewater service, weakening the assumption that the users will hap-
pily pay the required user fees. Local authorities, faced with the increased
costs and the complication of additional operation and maintenance re-
quirements-which are now passed down to them-are increasingly
talking about "phasing" compliance with the standards, since it becomes
clearer that the huge resources needed to achieve the policy objectives
cannot be raised from public budgets or from increases in the water bills
passed on to consumers.

Additionally, the EU policy represents a 180-degree turn from most
European experience and practice in the area of water resources and
wastewater management. Indeed, it does not build on experiences such
as those provided by the Ruhrverband in Germany, the Confederaciones
Hidrograficas in Spain, or the Agences Financieres de Bassin in France. In
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those situations quality objectives and the related investment plans are
financed through a combination of user fees and subsidies, which are
decided on with various degrees of stakeholder involvement at the riv-
er basin level. On the contrary, the EU now follows the "set uniform
standards and then raise the money to pay for them" approach used in
the United States, which corresponds to the intervention Level 3 of waste-
water management policy mentioned above, precisely when the United
States is rediscovering the original European ideas.

The main elements of the original approach embodied in the French,
German, and Spanish river basin institutions could well form the core
of a new agenda for wastewater management, which seems to be adopt-
ed by the new framework directive. Their development histories are
described below.

GERMANY. In 1913 a special decree created the Ruhrverband (RV) as a
self-governing public entity with the objective of improving the quality of
water in the Ruhr river basin. All users of water in the river basin are
compulsory members of the RV (directly or, for small users, through their
closest municipal government), and contribute to its finances according
to the "units of damage" (Belastungseinheiten) that are assigned by the RV,
in direct accordance with the "polluter pays" principle. The model was
later adopted elsewhere in the state of North Rhine-Westphalia. A total of
12 similar water associations were eventually formed.

Since its creation, the RV has used its own resources and government
subsidies to construct and operate wastewater management infrastruc-
ture in the river basin. It decides on priorities and levels of treatment for
the different wastewater treatment plants. This system allows the users
to influence the wastewater management policy and investments of the
RV through the "Assembly of Associates," and has involved them
through their contributions to the RV budget. The RV system demon-
strates a Level 2 approach to wastewater management.

In the past 15 years the situation has changed considerably due to
increased concern for environmental quality. This has led to the intro-
duction of uniform standards as promulgated by the EC. Also, since
the adoption of high standards, abundant resources have been made
available to build wastewater treatment plants as long as it is argued
that the environment is improved. This clearly pleases environmental
advocacy groups and, less publicly, other special interest groups such
as consultants, equipment suppliers, and construction companies that
will benefit from the sector's new wealth. However, it has had a major
impact on the cost of water (water charges on the order of US$14 per
cubic meter are being discussed to cover expected costs). This, in turn,
is creating concern among consumers and those involved with nation-
al economic policy.3
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A water pollution charge (Abwasserabgabe) has existed in the territory
of the former Federal Republic of Germany since 1981. The charge ap-
plies to a wide range of pollutants, and is closely linked to a system of
discharge standards and discharge permits. The level of the charge has
been raised a number of times, after advance warning, to dischargers.
Explicitly designed to have an incentive effect, the German water pollu-
tion charge is widely regarded as effective in reducing discharges.

SPAIN. Spain has managed its water resources at the river basin level
since the 1879 Water Law and particularly since the creation, in 1926, of
the Confederaciones Hidrogrdficas. These are decentralized self-governing
institutions for each major river basin (10 in peninsular Spain), with
strong participation of stakeholders in the management and in the
decisionmaking process (see figure 3). They were established for the
planning, construction, and operation of hydraulic infrastructure, as well
as for the supervision of water uses. The use of economic instruments
for the management of water uses is even older, with the introduction of
water user fees in 1902 for purposes of infrastructure cost recovery.

Initially, the Confederaciones Hidrograficas were responsible only for
water quality monitoring as part of their overall water resources man-
agement function. They have also played a role in financial support to
local governments, channeling federal grants and subsidies to invest-
ments initiated at the municipal level which were later operated by
municipal water companies or services. Responsibility for municipal
services, including water supply and sanitation, rested completely at
the local government level, in accordance with the Spanish legal system
that grants full local autonomy in this area (this framework has also
been adopted in many Latin American countries).

Many Spanish cities and towns were provided with wastewater treat-
ment plants through this system, but with little financial sustainabili-
ty-at the end of the 1970s, only 17 percent of the constructed wastewater
treatment plants were in operation. In addition, little (if any) consider-
ation was given to intrabasin water quality priorities or to coordination
in the planning of these investments. These omissions were inconsistent
with other water resource management actions, always undertaken with
a river basin-or even interbasin-approach, and undertaken through
the direct and active participation of all relevant stakeholders within
the framework provided by the Confederaciones Hidrogrdficas.

This situation improved with the decentralization of the country into
17 autonomous communities after the constitution of 1978 and the adop-
tion of the new Water Law in 1985. This Law introduced discharge fees
(Canones de Vertido) to be set, collected, managed, and applied by the
existing Confederaciones Hidrograficas, "in the improvement of the hy-
draulic environment of their particular river basins." Regional water
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quality management programs were also initiated, such as the Integral
Water Plan for Madrid, the Catalonian Sanitation Plan, or the Greater
Bilbao Integral Sanitation Plan for those areas where pollution prob-
lems were more acute and required a regional approach.

Under this new situation a two-step wastewater management policy
was adopted using the participatory approach provided by the Confedera-
ciones Hidrogrdficas: (a) water quality objectives were selected on a region-
al or river basin level; and (b) wastewater management investment plans
were prepared with the guarantee of financial sustainability provided by
user fees, supplemented in some cases by construction subsidies from the
central or regional governments. In the case of Catalonia-and soon after
in Galicia and Valencia-the regional plan covers not only the construc-
tion of the infrastructure, but also its operation and maintenance. This
latter function is performed on a regional basis by a Sanitation Council
(Junta de Sanejament in Catalonia), a regional self-governing body.

Through this process consumers, users, and other relevant stakehold-
ers are all informed and involved in the selection of the quality objec-
tives and in the evaluation of the cost implications. They can realize the
impact of the selected solutions on their water bills and financial obliga-
tions and can influence the final decision on the level, type, and priority
of the investments, which are regionally optimized. This provides, there-
fore, a well-developed example of Level 2 wastewater management.

The issuance in 1991 of the EC Directive on Municipal Wastewater
Treatment, setting uniform treatment requirements, has altered this sys-
tem. Although no estimates are available on the financial impact of the
application of this Directive, it clearly modifies the selection of priori-
ties and the allocation of resources, which had reached a high degree of
efficiency through the regional approach described above.

FRANcE. Until the 1960s wastewater treatment investments in France
were undertaken by municipalities, with the financial support of the
central government. This arrangement could barely cope with emerging
problems of water quality. Water management was based on a body of
texts and central government regulations that evolved, through the years,
into a legal labyrinth with numerous actors that very often rendered
state action inefficient. To manage and finance the wastewater treatment
effort needed, France adopted in 1964 a new Water Law that created
seven river basin agencies (Agences Financieres de Bassin) modeled after
the German North Rhine-Westphalia and Spanish systems (see figure
4). In each of the river basins all aspects of water policy and planning
are referred to a basin committee which represents all stakeholders-
national, regional, and local governments; industrial and agricultural
interests; and citizens-supported by a technical and financial basin
agency that performs the executive function.
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The agencies are government-owned corporations. They prepare and
propose for approval by the committees a five-year plan that is based on
the adopted water policies. The plan determines how resources will be
invested (which sections of rivers and treatment levels should receive
priority support) to maximize the environmental benefits, and which lev-
els of environmental quality can be obtained for different levels of finan-
cial resources. On the basis of this information the basin committees
determine the combination of costs and environmental quality objectives
for their particular river basin and how the services should be financed.

The river basin agencies collect revenues-mainly through water ab-
straction charges levied as part of individual water bills and through
fees for direct discharges-and pass them back to municipalities and
industries as subsidies and soft loans; these loans are used to supple-
ment local resources for investments in the agreed-on water and waste-
water treatment facilities. This system has been able to channel
substantial funds to the management of water resources, increasing the
efficiency of their use and the correspondence between local initiatives
and the overall priority demands in the particular river basins. This ap-
proach has been used in several other countries, including Spain and
the Netherlands, and has recently been adopted in Colombia.4

The river basin agencies do not manage investments or infrastruc-
ture-that is done by the firms or municipalities-nor do they set or
enforce regulations. They concentrate on providing technical and fi-
nancial support for consistent water management and the optimiza-
tion of investments.

The agencies are perhaps best known for their system of pollution charg-
es applying to direct discharges, first levied in 1964. The charges apply to
treated or untreated waste, and are based on mass loading of three classes
of pollutant (oxygen demand, suspended solids, and toxins).

Treatment plant construction depends mainly upon the amount of
revenue that the charges produce (US$1.8 billion in 1996, which covered
40 percent of the investments. The other 60 percent was covered by na-
tional government grant subsidies, local users' tariffs, and municipal
contributions in some towns). This has constrained the effectiveness of
the charge, as well as the size of the investment program. Its effective-
ness has also been constrained by its inability to charge and influence
nonpoint agricultural sources, which represent an important factor in
the rivers' water quality.

In any case, the pollution charges and the resources generated by them
have contributed to an important reduction in the industrial discharges
(27 percent from 1982 to 1992) and to an increment of the municipal waste-
water treatment from less than 50 percent in 1982 to over 70 percent in
1992.5 Current pollution charges are generally still considered to be too
low to have a significant effect on municipal discharges, even though they
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have grown fast in real terms from the mid-1980s, representing a big com-
ponent of recent water tariff hikes.

Examples from Some Transition
and Developing Countries

Following are some examples from Central and Eastern Europe, Mexico,
Brazil, and Colombia.

Central and Eastern Europe

Wastewater management decisions and planning in Central and East-
ern European (CEE) countries responded to a centrally organized and
planned economy until very recently. Although large investments were
made in the area of water pollution control with the use of centrally
provided subsidies, under this management approach less than one third
of the wastewater produced in urban areas is treated. Treatment levels
in rural areas and small towns (in the 5,000 to 25,000 population range)
are even lower, and the availability of sludge treatment facilities is very
limited. As a result of this situation, important water quality deficien-
cies are common in most of these countries.

Many wastewater treatment plants suffer from poor designs that re-
spond to local demands or to the desire to meet, at the local level, cen-
trally designed, homogeneous, and usually unrealistic and untenable
effluent standards (only the Czech Republic and Bulgaria depend upon
centrally issued receiving water standards for the control of wastewater
discharges). These plants usually contain low-quality, outdated equip-
ment that has a high energy demand. The result is serious operation
and maintenance problems, including hydraulic overloads that often
exceed 100 percent. Activated sludge is the preferred process for sec-
ondary treatment in all CEE countries-it is employed in about 50 per-
cent of the constructed treatment plants.

The recent political changes in the CEE countries have resulted in an
accelerated and sometimes disorganized decentralization in the area of
wastewater management. As a result, the planning and construction of a
wastewater treatment plant in most of these countries now involves sev-
eral central government ministries, the regional governments, and the local
government. Operation and maintenance responsibilities are generally
being transferred to local authorities. Centralized strategic and financial
planning by the state has been almost completely abandoned, and state
subsidies are generally absent-sometimes replaced by newly established
environmental and water funds supported by polluter fees (in Poland,
for example). Coinciding with these political changes, the construction of
a large number of wastewater treatment plants was initiated in recent
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years (there are more than 1,000 partially constructed plants in the CEE
countries). However, most of these plants still suffer from faulty designs
and, particularly, significant over-sizing-sometimes by as much as 100
percent-as a result of past practices in forecasting treatment needs and
an uncoordinated local perspective in the planning process.

Some initiatives have attempted to fill the vacuum created by the end
of the central government planning and management role. As an exam-
ple, in Poland, river basin agencies on the French model (designed with
the help of the French government) have been proposed to manage water
resources in seven regional areas. Pollution fees that contribute to an
environmental fund have been instituted and partially enforced. New
environmental legislation is also being enacted in most CEE countries
that would lead to new water quality and effluent standards and river
classification schemes. The tendency in these countries is to avoid water
quality standards and adopt the effluent standards in use in the EU, an
approach that will preempt the still-unrealized Polish system for regional
management. However, budgetary realities, generally overlooked or not
considered at all at this point, will restrict the capacity of all these coun-
tries to afford the investments required to comply with EC standards,
particularly over the near term.

Mexico

Water pollution control has been a key objective of Mexican water resources
planning since the early 1970s. Currently, Mexico presents one of the most
instructive examples of the evolution and experience in water resources
and wastewater management in developing countries.

Water resources management in Mexico is the responsibility of the
federal National Water Commission (CNA). However, efforts in the
area of wastewater management have normally been the result of pol-
lution control initiatives that started at the municipal level, particular-
ly after the 1983 amendment to the Constitution that assigned to the
municipalities the responsibility for the provision of water supply and
sanitation services. Lack of resources and other priorities have result-
ed in limited investments in this area and only a small fraction of mu-
nicipal and industrial discharges is currently treated before discharge
(20 percent in the case of municipal discharges and 10-15 percent in
the case of industrial discharges). Unaffordable operation and mainte-
nance costs have also plagued many of these treatment plants, many
of which stopped operation shortly after completion (less than 10 per-
cent of the existing wastewater treatment plants in Mexico are now
estimated to be operating satisfactorily).

To address this problem and the growing demand for water quality, a
Basin Council was established in the Lerma-Chapala river basin in 1989
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by CNA to test an integrated water pollution approach, based on the
concept of river basin management. The results to date suggest that it
has obtained improved financial sustainability, increased state and local
involvement in the planning and implementation of pollution control
programs, and improved compliance with industrial effluent standards.
Further modernization to the sector has been achieved with the new
Water Law, which introduces pollution charges and mandates the cre-
ation of river basin councils to manage resources in an integrated way
at the river basin level. CNA is currently extending the Lerma-Chapala
approach to other river basins and is developing a simplified procedure
for adapting effluent standards and pollution charges to the specific
pollution levels of each river basin. In this way, Mexico is moving into
Level 2 in the evolution of wastewater management policies.

Brazil

Brazil federal system has produced different approaches in its different
states, but the most developed among them is the one used in Sao Paulo.
The largest city in Brazil, Sao Paulo, is also one of the largest urban ag-
glomerations in the world, with a population of over 17 million. Most of
this area is drained by the Alto Tiete River, a tributary of the Tiete/Parana
river system. Before the 1950s, the Alto Tiete was still used for recreation
within the metropolitan area. With population growth and increasing
industrialization, pollution levels in the river reached critical levels. Ef-
forts to intercept and treat industrial and municipal wastewater began
in 1976. Today, despite the expenditure of more than US$1.5 billion on
treatment works, the mean flow of the river is 58 percent untreated sew-
age as it leaves the center of the metropolitan area. The river remains
devoid of life, a sanitary hazard, and an affront to the senses.

In the late 1980s another major effort was begun to deal with the
pollution of the Alto Tiet& A river basin plan was developed with the
goal of reaching target water quality conditions by the year 2005. In-
termediate goals were also set for 1995, including a reduction of the
untreated sewage fraction of the river from 58 percent to 5 percent.
The intermediate plan includes five new treatment plants, additional
sewerage, and increased industrial treatment, at an estimated capital
cost of US$2.6 billion.

The river basin planning is being carried out jointly by a number of
state and regional agencies. In 1992, these agencies began to investigate
the application of economic instruments to the Sao Paulo region. A sys-
tem was envisioned of user charges for discharges into the public sew-
erage system, pollution charges for directed discharges into the river
and its tributaries, and abstraction charges for users of water from the
river. It was expected that these charges would promote more rational
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use of the river and provide a revenue stream to support the required
investments. Specific charge proposals are currently under development.

Colombia

In 1993 the Colombian Ministry of the Environment designed a national
wastewater decontamination program based on and implemented
through a nationwide system of pollution charges and regional envi-
ronmental funds.

Under this program rivers and lakes are divided into local river basin
management areas by the Regional Environmental Authorities, based
on social, economic, and environmental criteria. Representatives of the
community negotiate a five-year total pollution load reduction target
for each river basin management area, based on locally perceived costs
and benefits of pollution reduction.

A pollution charge is levied on municipal, industrial, and farm efflu-
ents.6 The charge starts from minimum values of US$30 per ton of BOD
and US$13 per ton of suspended solids (SS), increasing gradually until
the target is met, with the aim of equalizing the marginal costs of treat-
ment across the different polluters in the management area.

The charges feed regional decontamination funds, managed by the
regional environmental agencies, that finance wastewater management
investments (70 percent), allocated on the basis of their cost and BOD
reduction effectiveness, and the management of the program (30 per-
cent). The funds cover, among other things, project feasibility studies,
soft loans for industry and agriculture, and grants and loans for munic-
ipal wastewater treatment plants.

Overview

These brief discussions of experiences throughout the world illustrate
several interesting points. First of all, the industrial economies all show
a common evolutionary history. Each of these countries began with the
uneven, uncoordinated practices associated with local initiative, de-
scribed earlier as a Level 1 wastewater management policy. In all cases,
this approach was recognized as ineffective many years ago.

The next step was a coordinated river basin-oriented approach, which
utilizes a regional, participative model for planning and management. This
transition to Level 2 began as early as the beginning of the twentieth cen-
tury in Germany and Spain, and as recently as the 1960s in France and the
United States. The next transition, to policies driven by a set of uniform
national standards (Level 3), began in 1972 in the United States, and more
recently in Europe with the adoption of the EU Directives on municipal
wastewater treatment. Accordingly, the United States' brief experiment
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with basin planning effectively disappeared without a trace, while West-
ern Europe's well-known basin agencies (for example, in France, Germa-
ny, and Spain) continue to function, although under strong constraints on
their management autonomy However, as the United States experience
makes clear, Level 3 policies can be expected to preempt and eventually
render superfluous any vestiges of Level 2 institutions and policies.7

Central and Eastern Europe, on the other hand, utilized a form of
Level 3 management under the former political system, although it was
an unsuccessful experience. Despite signs of interest in Level 2 regional
policies, most CEE countries appear to be returning to a national stan-
dards-driven approach, based on the recent model of the EU. Little
thought seems to have been given to the very high costs now being dealt
with in the EU.

Developing countries throughout the world are most often charac-
terized by a highly uneven application of Level 1 wastewater manage-
ment policies. As these countries begin to devote more attention and
resources to wastewater problems, they seem uncertain as to which
model to pursue. Brazil, Colombia, and Mexico offer interesting exam-
ples of attempts to apply a regional Level 2 approach, achieving water
quality improvements in a flexible, cost-effective way.

It is instructive to compare these new ideas and approaches from
developing countries to the first signs in the United States of a desire to
return to a regional, basin-oriented approach, or the most recent trend
in the EU toward the coordination of measures within river basin dis-
tricts, the economic analysis of water uses, and the incorporation of en-
vironnental costs that the Framework Directive under preparation seems
ready to introduce.

Although some industrial countries have gone through a common
evolutionary history that involved the three levels, these should not be
seen as parts or steps of a necessary or desirable transition. Further-
more, these experiences show that a Level 2 type of approach is feasible
and tends to result in the most sustainable and cost-effective solutions-
and are therefore the favored ones in this paper-even though each one
of them has both positive and negative aspects:

1. The Level 1 approach allows a good response to local short-scale
interests (particularly of localities situated in the upper reaches of the
river basin), but does not respond to broader goals and does not
account for other effects outside the local area of interest. It is normally
easy to apply since it is based on self enforcement.

2. The Level 2 approach provides the basis for quantitative methods of
evaluation of priorities, stakeholders participation and a river basin
approach-all elements of what are considered a correct wastewater
management policy. Its applicability and results depend to a great
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extent on the implementation and financing instruments adopted and
suffer from the difficulties of properly measuring the costs of pollution
and the related benefits of controlling it.

3. The Level 3 approach is effective in achieving load reduction targets,
although it depends heavily on the availability of adequate enforcement
capacity and abundant financial resources, normally in the form of
subsidies. Because of this dependence, and Level 3's difficulty taking
into account local conditions or the inter-relations within the river basin,
this approach tends to lead to overexpenditure and to the allocation of
resources and interventions based on factors other than their
effectiveness on the overall water quality in the basin.

Notes

1. This chapter draws extensively from "Mexico Second Water Supply and
Sanitation Project SAR," World Bank, 1994; "Municipal Wastewater Treatment
in Central and Eastem Europe," World Bank, 1993; J. Briscoe, "Implementing
the New Water Resources Policy Consensus: Lessons from Good and Bad
Practices," presented at the IWRA Conference, Cairo, Egypt, 1994; J. Briscoe,
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7. It is interesting to note that, similarly to what happened in the United
States, although the Directive reduced the autonomy of the river basin agencies
to select their wastewater management policies and objectives, it brought a wealth
of funds for pollution control that further exacerbated the lack of a cost-effective
approach in their interventions.



3
Conceptual Framework

for Wastewater Management

T he development of an effective wastewater management policy
requires numerous decisions on the area to be sewered, the op-
tions for controlling pollution at the source or for reusing waste-

waters, the technology to be employed in their treatment, and the dis-
charge location or locations. Many different system configurations and
policy approaches are possible, each with a unique set of beneficial and
adverse effects. Each configuration results in a set of services, while im-
pacting environmental resources in particular ways. Each policy ap-
proach provides different advantages while requiring particular condi-
tions to be effective.

From the analysis of the experience to date made in the previous chap-
ter, it can be derived that the most efficient approach should be based on
an institutional framework equivalent to what has been called Level 2.
It would also be desirable to have a fully objective method for compar-
ing and ranking alternative wastewater system configurations under
this institutional framework.

As has been said before, this would require, among other things, a
capability for resource valuation that could identify the consequences
and opportunity costs associated with various patterns of resource use.
This information could be combined with monetary costs and other data
to provide a ranking of alternative configurations. It would also permit
quantitative evaluation of individual projects.

Unfortunately, this capability does not normally exist. Some work
has been done, particularly in the area of human uses of water resourc-
es, which permits the quantification and monetization of certain envi-
ronmental values. However, most environmental impacts of wastewater
disposal, especially those involving ecosystem impacts, are beyond the
reach of economic valuation at the present time.

In such a situation, several approaches are possible. One is to aban-
don any attempt at formal evaluation, designing and implementing
management systems on the basis of fixed criteria and some notion of

25
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standard practice. National or international water quality standards (such
as those used in the Level 3 approach) often form the basis of such a
system design, even where near-term achievement of those standards is
unlikely. Insistence on a particular technology, regardless of suitability
or local conditions, may also result from this view of the problem. This
standards-driven approach is probably the most common in practice,
among other things, because it is simple to apply given sufficient re-
sources. However, costs tend to be excessive by comparison to potential
benefits, and can lead to malfunctioning systems and damage.

Another choice would be to limit evaluation to those factors that can
be measured in monetary units. This second method, clearly deficient
but sometimes advocated, has a particularly unsatisfactory result in the
case of wastewater projects. Since the benefits of wastewater manage-
ment are usually not monetized, while most costs are fully reflected as
cash flows, any comparison of monetary benefits to monetary costs will
fail to justify many wastewater management projects and systems. This
distorted view of project merit should not be the sole criterion for eval-
uating and ranking wastewater projects or systems.'

The relative scarcity of monetized benefits leads to other problems.
Public wilhngness to pay for wastewater operations may be less when
the expected benefits are mostly qualitative or nonmonetized. This, in
turn, threatens the viability of some existing and proposed systems.
Further problems arise when attempts are made to include the nonmon-
etized benefits in conventional cost-benefit assessments. Undervaluing
benefits will cause feasible projects to be rejected, while overvaluation
may lead to acceptance of ill-advised proposals.

In the absence of a fully quantitative evaluation method for develop-
ing an adequate wastewater management policy, this paper proposes a
partially qualitative conceptual framework, based on what has been
described as the Level 2 institutional approach, incorporating such quan-
titative measures as are available through the involvement of the basin
stakeholders in the decisionmaking process (see figure 5).

A possible process to develop this approach-and to formulate and
implement optimal strategies for wastewater management-is discussed
further in this chapter. It consists of the following steps:

* The geographical scale at which wastewater management should be
implemented is selected

* A lead agency and the mechanisms for stakeholder participation are
designed and the agency empowered

* Objectives are identified
* Objectives are translated to specific goals
* Alternative strategies-and their implementation instruments-are

formulated so that they are capable of meeting goals
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Figure 5. Conceptual Framework
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Geographical Scale

As was mentioned before, water quality problems typically occur at the
scale of rivers, lakes, or coastal ecosystems. The solutions to these prob-
lems should be found at the same or larger geographic scale, and must
address all sources of pollution likely to affect a given ecosystem or re-
source, no matter where in the river basin they may occur. This basin-
oriented approach should lead to the search for the most cost-effective
wastewater system configurations. Implementation of a basin-oriented
approach should also build upon the relationship and integration of
wastewater management policies in the broader comprehensive water
resources management policy of the country or the particular river ba-
sin. The result should be a feasible, cost-effective policy.

The selection of the area or geographical scale in a river that is ade-
quate for an integrated and differentiated management of wastewater
is one of the most important steps of the policy development process. It
should be selected, in each particular case, after the identification and
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evaluation of (a) the economic relations that can be established among
the different water uses in the particular country or river basin; (b) the
scale of the water quality problems; and (c) the stakeholders and their
relation to the economic uses of the resource that are affected by pollu-
tion and their relation to the causes of that pollution. The area should
allow for the consideration and integration of all these factors into the
management process.

In Western Europe's experiences the management areas normally
comprise the whole river basin because of the size of most main river
basins and the extensive and well-established relationships among wa-
ter uses, pollution, and stakeholders in these rivers.2

The experience of the Delaware river basin in the United States also
seems to point to whole river basins as the geographical scale that is
appropriate for wastewater management. However, although the idea
of extrapolating the use of the whole river basin as the management
area has its advantages, the specific circumstances and conditions of
European rivers are not easily found elsewhere. The scale of the pollu-
tion problem, the relations among the different water uses the area sup-
ports, and the involved stakeholders should be the determining factors
for selecting the management area in each particular case. Depending
on these factors, the geographical scale for management could include a
whole river basin, part of it, the river basin of a major tributary, the coastal
area adjacent to the discharge point, or a combination of these.3

The process for selecting the geographical scale for management should
begin, therefore, with the identification of affected and geographically
relevant stakeholders. These include any local, regional, and also national
government agencies that would be affected by the wastewater manage-
ment plan, including but not limited to those agencies with wastewater
management or water quality responsibilities. Other important stakehold-
ers include associations of irrigation, industrial, commercial, or residen-
tial users; large industrial firms; tourism-oriented businesses; NGOs with
interests in wastewater, environmental, or related issues, and so on.

Through the involvement of all stakeholders, the selection of the
management scale should allow for a comprehensive perspective in
the selection of wastewater management interventions, avoiding as
much as possible the case-by-case approach, with piecemeal solutions.
It should also balance the attention to municipal, industrial, and other
pollution sources, large and small, in a search for the most cost-effec-
tive actions and allow for the consideration of all available options
and combination of pollution control and reduction at the source, re-
use of wastewaters, and treatment technologies. It should, finally, per-
mit the integration of wastewater management measures into the
broader comprehensive water resources management policy of the
particular river basin or country.
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Lead Agency

Ideally, the tasks described here would be performed by an organiza-
tionally competent lead agency that is endowed by the stakeholders with
the authority and responsibility to perform the necessary functions, and
the incentives to do so efficiently.4 Unfortunately, such agencies are rarely
found. More often, responsibility and operational competence are di-
vided among several agencies and ministries. One may be responsible
for collection, another for treatment, another for water quality protec-
tion, and so on. Typically, no single agency has a reason to consider the
effectiveness or efficiency of the system as a whole.

Consistent with the principles enunciated before, in order to be effec-
tive the design of the lead agency must start by recognizing that the real
authority and capability for implementing a wastewater management
plan lies, not with any particular agency, but with the stakeholders col-
lectively. The identification, empowerment, and development of the
mechanisms that guarantee the adequate involvement of all relevant
stakeholders is thus a critical factor in achieving and implementing a
satisfactory wastewater (and water resources) policy. The potential for
subversion of the process in order to achieve a specific outcome favored
by some subset of stakeholders is quite real.

For this and other reasons it is preferable that the lead agency itself
not be a major stakeholder, and that it instead serve a technical function
only, providing the information and analysis in order for the stakehold-
ers to reach decisions. (The solutions adopted in France, Germany, and
Spain, as well as the Interstate Commission on the Potomac River Basin
in the United States, described in the attached box 1, are all good exam-
ples of this.)5 This reduces the perception of the lead agency as having
an independent agenda, thus improving its ability to promote consen-
sus among the parties. It also reduces the risk of a deliberately incom-
plete identification of stakeholders.

In other to proceed, the lead agency must be identified and given
responsibility for the development and implementation of the waste-
water management strategy. Ideally, the lead agency would be formed
around an existing resource agency, with responsibility for water resourc-
es or environmental management over an area that is related to the geo-
graphic scale of the water quality problems (for instance, the river basin).
This would facilitate the integrated planning of wastewater facilities,
and would permit lessons learned in the wastewater planning effort to
be applied to other resources.

It is desirable that the lead agency have capabilities in the areas of
management, planning, and regulation, although this does not mean
that it should necessarily perform all these functions. If the lead agency
does not itself perform all related functions, it must be able to solicit and
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Box 1. A Lead Agency: The Interstate Commission on the
Potomac River Basin in the United States

In the 1980s the Washington, D.C., metropolitan area faced a water supply
crisis. The 3 million residents of the area, as well as U.S. government offices,
were supplied by 29 independent water supply agencies. Water was
obtained from a number of local sources, but 70 percent came from the
unregulated flow of the Potomac River, a barely adequate and highly risky
supply. Available supply barely covered demands in 1980, with no reserve
for future growth or for dry years. During the previous 30 years successive
studies had warned of the need to construct dams on the Potomac River or
its tributaries. The water agencies waited for the U.S. Army Corps of
Engineers to find a solution, but the Corps was unable to do so. Proposal
after proposal was defeated for a combination of economic and
environmental reasons. Another Corps study, authorized in 1974, presented
its interim proposals in 1979. Four plans were presented. They differed from
previous proposals in that they all included substantial water conservation
as a plan element, and a costly interbasin diversion from the Potomac River,
with uncertain environmental consequences. Controversy erupted, and it
seemed that yet another Corps proposal was destined to fail.

At this point something unique happened. The three largest water
agencies in the region, joined by many of the smaller ones, formed two
task forces; the Corps of Engineers formed a third task force. The three
task forces set out to find a workable solution to the problem. Much of the
technical work was delegated to the Interstate Commission for the Potomac
River Basin (ICPRB), a tiny agency previously occupied with river

mobilize the active participation of the organizations and ministries that
do perform them. This participation must be sufficient to give the lead
agency access to relevant information and experience, and to promote
consensus among the affected agencies.

The lead agency could collect fees and provide funding or matching
grants for wastewater treatment, but should not engage in the design,
procurement, or construction of the treatment plants. This should be the
function of municipal Water Supply and Sanitation (WS&S) utilities or
regional sanitation companies.

As part of the strategy, the lead agency should help define the re-
sponsibilities and functions of each of the involved agencies, other par-
ticipants and the stakeholders of the basin, providing appropriate
procedures and instruments for providing incentives, as well as mea-
suring and rewarding performance. To the extent that such a strategy
redefines the responsibilities of the various agencies and ministries, it is
especially important that the planning process have the full support of
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monitoring. ICPRB quickly assumed a leadership role, and was able to
guide the task forces through an unprecedented exercise. Traditional
planning concepts and design criteria were abandoned and replaced with
notions of risk management, regional systemwide operation, and joint
management of supply and demand. Jurisdictional boundaries were
erased for planning purposes, and the river basin was analyzed as a single
unit. It was discovered that, with a high level of regional cooperation, the
water supply problems of the metropolitan area through the year 2030
could be solved with a combination of a small, local side-stream reservoir,
demand management, drought management, and revised operation of
two existing reservoirs located 200 miles upstream. The solution was
embodied in eight legal contracts, signed by all the parties, which set forth
the terms of cooperation, performance, and cost-sharing. The contracts
were signed in 1982.

Twelve years later, the regional solution remains robust, it continues
to provide abundant, reliable, and inexpensive water to the Washington
region, and promises to do so until at least 2030. The river is managed by
ICPRB in an integrated way, although each agency retains all of the
authority and responsibility that it had before. Credit for this goes to all of
the participants, but particularly to the ICPRB, which proved to be the
catalyst and the facilitator of a bold and innovative solution. In the complex
political environment of the Washington region, this role would not have
been possible for one of the major players. It was possible for ICPRB exactly
because it lacked power: it was regarded as a technical agency, an honest
broker, and a threat to no one. As such it became, in effect, the lead agency
for a regional water supply solution.

the central and regional governments. Regardless of how these respon-
sibilities are allocated among ministries and agencies, it is essential that
the lead agency be capable of dispute resolution.

It is important that a clear separation be set between the regulatory
functions that the lead agency would perform as part of the implemen-
tation of the wastewater management policy, and the implementation
of the actions incorporated in the adopted strategy. Similarly, the lead
agency should not be involved with the economic regulation of the wa-
ter and sanitation utilities and companies. This would ensure clarity of
mandates and facilitate the protection of resources and consumers against
monopoly abuse.

The lead agency should thus be responsible for two critical roles: (a)
the development and implementation of the policies and objectives set
forth by the stakeholders that, as have been pointed out, are the ones
that ultimately determine the authority and capability to adopt and fi-
nance solutions; and (b) be in charge of identifying and assessing the
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policy options, the distribution of functions, and the evaluation of
results and costs of these options, in order to present them to the stake-
holders for selection. Examples of this type of roles are the cases of the
French Agences Financitres de Bassin, the Ruhrverband in Germany, and
the Spanish Confederaciones Hidrogrdficas.

Objectives

In order to identify and measure the beneficial and adverse effects of
wastewater systems there must be agreement concerning the objectives
of wastewater management (see figure 6). Every wastewater system is
constructed with some objectives in mind, either explicit or implicit. Ex-
plicit objectives may include very specific statements of purpose, such
as avoiding beach closures, reducing harm to a particular fishery, elimi-
nating noxious odors near a river, or solving a sewage-flooding prob-
lem in an urban area. Implicit objectives may include similar purposes,
as well as a desire for greater convenience and efficiency in urban life.

It is best if the objectives can first be stated at a general level, so that
they are broadly applicable to all systems under all conditions. Later,
these general objectives can be translated into specific goals applicable
to the local situation. In this way the specific goals are likely to be collec-
tively more comprehensive, and possibilities for tradeoffs among indi-
vidual goals become apparent.

Figure 6. Identification of Objectives and Translation into Goals
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At the most general level, wastewater management policy is driven
by one or several of the following three objectives:6

Collection and Removal of Wastewater: Wastewater should be re-
moved from possible human contact or proximity in a way that pro-
motes public health and avoids nuisance.

This objective drives decisions concerning the areas to be sewered and the
design of the sewerage system (technology, density, construction practic-
es, and so on). These decisions, in turn, reflect the feasibility and applica-
tion of in situ treatment and disposal of wastes in part or all of the study
area. Decisions are also influenced by sanitation practices in the catch-
ment area, including the prevalence of piped water, housing conditions,
characteristics of building plumbing systems, and access to flush toilets.

Protection of Beneficial Use: Wastewater should be managed to pro-
tect valuable human uses of the river basin in the catchment and dis-
posal areas.

Wastewater management should seek to minimize disruption of or maxi-
mize benefits from human activities and protect those who engage in these
activities from exposure to disease-carrying organisms. The most common
case is where untreated or inadequately treated wastes are exposed to hu-
man contact, creating a nuisance and a risk of pathogen transmission that
may interfere with water abstractionsfor potable supply, agriculture, swim-
ming, boating, passive recreation, tourism, and other human activities.
Wastewater management should also seek to reduce the impact on com-
mercial, recreational, and subsistencefishing, which might be induced by
damage to ecosystems. However, wastewater management should do more
than avoid damages by giving adequate consideration to all available op-
tions of reuse of wastewater, which may bring incremental benefits along
with the adequate disposal of effluents.

Protection of Ecosystems: Wastewater should be transported, treat-
ed, and disposed of in a way that protects valuable ecosystems.

This objective aims to protect naturally occurring ecosystems, main-
taining water and sediment quality conditions conducive to restoring
and maintaining biota in appropriate numbers and diversity. Once
wastewater is collected, there are many choices as to how it may be trans-
ported from the catchment area, the number and location of treatment
sites, what treatment technology will be applied, where treated effluent
is discharged, and the design of the outfall line and diffuser. Where re-
use is practiced, this represents an alternate means of disposal, with
environmental effects and risks of its own. Related decisions affect the
handling, storage, treatment, and disposal of sludge. Environmental
impacts are possible anywhere throughout this system, but are most
likely to occur at the final disposal sites for effluent and sludge.
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The wastewater management policy should seek to identify the strat-
egy that provides the best combination of progress toward all aspects of
these objectives. The main challenge is to transform these general objec-
tives into specific goals, then find a feasible, practical system configura-
tion that achieves the selected goals at least-cost. Another important
challenge is to involve all stakeholders with a river basin perspective to
share these objectives by collectively becoming beneficiaries of the pol-
icy for the management of the wastewater, as well as responsible actors
for its implementation, irrespective of where in the basin the pollution
originates or what it impacts.

Goal Setting

Objectives are translated into action by setting specific goals for wastewa-
ter management strategy. These goals should specify in detail what is to
be achieved: for instance, restore and protect a particular fishery, meet
World Health Organization (WHO) water quality guidelines for a par-
ticular bathing beach, and so on. It is progress toward these goals that
generates the direct and indirect benefits of wastewater management. As
these benefits should be identified and potentially measured, the process
must start by identifying as precisely as possible what is to be achieved.

These goals should also be set in a participative process involving all
significant stakeholders. It is essential that the selected goals have the
support of the affected community: otherwise the feasibility of the re-
sulting management strategy will be in doubt. Also, it should be under-
stood that the overall planning process is iterative: although goals are
agreed upon at the outset, these decisions may be revisited as informa-
tion on cost and effectiveness of different strategies is obtained.

The importance of adopting a structured goal-setting process as is de-
scribed here is that it forces the involvement of stakeholders in the setting
of goals and, therefore, in the distribution and acceptance of the financial
effort needed to achieve them. Also, the process makes explicit the expec-
tations of society for the wastewater plan, and facilitates future assess-
ment of the actual performance of the resulting system (box 2).

In practice, most water quality-related goals can be stated in terms of
water and sediment quality criteria or standards. These should be spa-
tially delimited: that is, a water quality criterion intended to protect shell-
fish should apply to areas containing shellfish beds; a criterion adopted
to protect bathing beaches should apply to waters near such beaches,
and so on. The advantage of such specificity is that the resulting set of
criteria can be more thoroughly monitored and effectively enforced.
Outfalls and diffusers can thus be located in waters with less restrictive
criteria, and still protect more sensitive areas, while reducing the over-
all cost of the interventions.
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Box 2. Goal-Setting Process

In the initial round of goal setting it is expected that the lead agency would
develop and disseminate certain basic information on existing
demographic and environmental conditions, then propose a list of specific
wastewater management goals. This list would then be elaborated and
extended as a result of comments and suggestions from stakeholders.
Discussions between the lead agency and stakeholders may or may not
lead to understandings as to priorities among goals. The discussion might
take the form of proposals and comments exchanged between the lead
agency and individual stakeholders, or it may utilize public meetings,
committees, focus groups, or other devices.

Following the development of the initial list of goals, the lead agency
proceeds with the development of a strategy designed to meet those goals.
The implementation schedule and preliminary cost of that strategy,
together with information on how the cost would be borne, are
communicated to stakeholders. They are then asked to re-evaluate their
choice of goals in light of the cost information. This is the first step in an
iterative process designed to reach consensus on the benefits and costs of
the wastewater management strategy. Further iterations may be needed
to achieve reasonable agreement.

This process should be repeated periodically in the future, probably
every four or five years, to respond to demographic changes, or as
additional information of environmental conditions becomes available. It
is essential to make all stakeholders understand that besides being an
iterative process, it is also an evolving one, where objectives, goals, and
strategies should necessarily change with time and be agreed on by those
that ultimately have the authority to do so: the stakeholders themselves.

In many cases, ambient water quality standards may already exist in
law or regulation (these are often based on recommended international
guidelines, such as WHO guidelines). Where existing conditions differ
substantially from the standards, the wastewater management plan
should include interim steps on the way to achieve the ultimate goals,
which might be represented by these standards, with a gradual approach
based in simpler more sustainable interventions.7 Once implemented,
because the plan is subject to periodic re-evaluation and adjustment, the
performance should improve over time.

The questions of whether the existing standards are the best ones, or
whether more or less restrictive standards should apply, do not need to
be addressed in the early stages of policy formulation. Moreover, they
should be left open because for practical purposes they are irrelevant-
they can normally not be achieved immediately. Once an effective
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wastewater management system is in place, with the decisionmaking
mechanisms properly developed, decisions on standards can be made in
the light of accumulated knowledge and experience.

Strategy Formulation and Assessment

A management strategy is a set of decisions, policies, regulations, infra-
structure, and activities which, if implemented, is expected to meet se-
lected goals (see figure 7). By meeting the goals, the management strategy
should be able to achieve the three objectives of wastewater management.
In principle, more than one alternative strategy may be devised to meet a
given set of goals. One strategy may require high levels of treatment at
municipal discharge points while ignoring industrial and nonpoint source
discharges; another might place a heavier burden on nonmunicipal dis-
charges while achieving the same water quality goals; another might rely
mainly on water conservation, water demand management, and exten-
sive reuse. Instead of requiring extensive end-of-pipe treatment, more at-
tention may be given to pollution prevention and source reduction. Ex-
tensive reuse may replace discharge into natural waters.

Figure 7. Strategy Formulation, Selection, Implementation,
and Evaluation
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Implementation instruments embedded in a strategy may range from
conventional regulatory mechanisms as command-and-control ap-
proaches to land use controls, education, economic instruments and in-
centives, and voluntary action. Strategies may also vary with respect to
the sequencing of actions, the gradualness of the interventions or the
time scale of compliance with goals.

The strategy's formulation consists of the development of one or more
detailed sets of actions that promise to meet the specified goals at mini-
mum overall life-cycle cost. In practice, it is best to develop several rela-
tively cost-effective but otherwise dissimilar alternatives, because the
final choice may turn on factors other than total cost. For example, a
low-cost strategy may depend upon intensive enforcement of industrial
pretreatment standards, enforcement that might be judged unfeasible
over the long term, or politically unacceptable, or both. Another strate-
gy may have a low overall cost, but if much of that cost is to be borne by
private citizens (for instance, through high user charges intended to act
as water conservation measures), then a more expensive plan with low-
er private costs may ultimately be selected. Key recommendations for
the strategy's formulation are summarized in box 3.

Existing Constraints

An important issue in strategy formulation is whether to accept existing
constraints as binding. In most cases, if strategies were to be developed
within the framework of existing laws, regulations, fiscal constraints,
and practice, very few alternatives could be proposed. In the absence of
legislation authorizing economic incentives, these would be omitted and
jurisdictional boundaries would preclude regionalization. Such barriers
might readily be removed if the actual advantage of doing so could be
understood. It is best, therefore, to formulate alternative strategies with-
out consideration of most existing constraints. These issues can be con-
sidered again when the strategies are assessed and compared.

Where individual strategies exhibit conflicts with political, legal, insti-
tutional, or fiscal constraints, the assessment process should include in-
vestigation of ways to resolve those constraints. Where resolutions seem
possible, the needed actions should be incorporated into the strategy.

Process for Formulation and Assessment of Strategies

A possible approach for formulating and assessing the strategies could
consist of an iterative process with three main steps: (a) an assessment
of the river basin; (b) the development of evaluation procedures for pri-
oritizing investments; and (c) the identification and evaluation of in-
vestment priorities and applicable management instruments.
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Box 3. Key Recommendation for Strategy Formulation

Do not anticipate the final decision. The best approach is to present one effi-
cient plan that meets the goals at the lowest overall life-cycle cost, along
with several alternative plans that illustrate possible tradeoffs, and that
allow for cost comparisons. One alternative strategy might have lower
private costs, at the expense of higher total costs; another might make
greater use of in situ treatment; another might minimize the use of for-
eign exchange; and so on. In this way, if the final decision is to implement
something other than the least-cost plan, it is clear what has been gained
and what has been given up.

Openness and transparency. All parties should have confidence in the
essential fairness of the procedures being used. Unless there is a sense of
trust in the integrity of the planning process, no plan will be taken at face
value by all the stakeholders, and effective discussion of alternatives will
not be possible.

All reasonable configurations, technologies, and regulatory instru-
ments, together with altematives for the graduality of their application,
should be considered. In managing industrial discharges, for example,
some firms may be permitted to continue discharging to streams while
other discharges are intercepted and treated centrally, or all firms may be
included in the central system. The treatment works may be designed to
accommodate expected industrial discharges, or the strength of those
wastes may be reduced through pretreatment requirements, or through
economic incentives. Similar choices exist for other classes of discharges.
Systems may be more or less integrated spatially, and may make use of
varying levels of technology. Although existing collection systems and
treatment works may be incorporated in the final strategies where doing
so contributes to lower total cost, the possibility of abandoning some ex-
isting infrastructure should be evaluated.

Stakeholders should be able to make cost comparisons among strategies. This
would ideally require the computation of total overall life-cycle cost. This
consists of the initial costs of all elements of the strategy plus the continu-
ing costs of those elements over the lives of the related facilities or equip-
ment. Using an appropriate discount rate, these various costs are con-
verted to annualized cost and summed over all elements of the strategy
Similar data should ideally be prepared about the benefits to be achieved.

Determine the likely impact on all sectors of society and the economy. This
includes not only such matters as the effectiveness of the strategy in meet-
ing its goals and the overall cost of implementation, but also the cost im-
pact on individuals and groups of individuals; the burden placed on vari-
ous agencies and institutions; any divergence of the strategy from
customary practices or cultural norms; the need for subsidies and user
charges, and the nature and incidence of such charges; impacts on the
political distribution of power and control; coordination needs; options
to resolve disputes; and so on.
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The lead agency should first assess the base river basin conditions,
both presently and those expected as results of development trends and,
particularly, of any decentralization process underway in the country. It
should ideally analyze all the physical and institutional conditions that
influence the water resources management approach to be used. A list
of the main aspects to be analyzed is included in box 4.

Next the lead agency should develop, structure, and test the "evalu-
ation procedure" to select and assess priorities in water quality protec-
tion and pollution control. It could possibly be synthesized in the form
of an algorithm intended to be used by the lead agency for its dialogue
with the stakeholders to develop consensus, dispute resolution, and se-
lection of priorities.

The evaluation instrument should incorporate the capacity to ana-
lyze the constraints (available resources, stakeholders' participation,
and social demands) that influence the selection and the wastewater

Box 4. Content of the River Basin Assessment

The assessment of the river basin should include the study and analysis
of the following aspects:

(a) The typology and characteristics of the river basin, including the
available water resources; their uses and demands; the river basin
physical conditions; the environmental constraints; the wastes entering
the system (agricultural, urban, and industrial); and the actions that
affect its quality (such as abstractions and transfers among river basins
or deforestation)

(b) The impacts of wastewater discharges on water quality and of water
quality on the uses of water; the costs linked to the water pollution
levels; and the impact of these pollution levels on the intended
socioeconomic and development objectives and plan for the river basin
and the country

(c) The institutional framework of the area, in particular: distribution of
responsibilities in the selection and implementation of wastewater
management options and priorities; technical and financial capacity of
present water utilities, regulatory bodies and agencies involved in the
management of water resources-especially in the monitoring and
enforcement of water quality; territorial structure, and distribution of
governance among institutions; and stakeholders and political
relationship of power among them

(d) The social demand and concern for water pollution problems (present
and potential) and the available financial and technical resources that
determine its willingness and capacity to implement and afford
solutions.
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management alternatives. It should allow the decision, for a given lev-
el of resources availability, on what are the priority wastewater man-
agement actions. Under this step the tools and instruments needed for
this evaluation, such as river quality modeling or economic impact
modeling, should be prepared (box 5).

The third step should develop on the findings of the first to identify
and define priority investments and management-implementation in-
struments. 8 The key questions that should be addressed as part of this
step are summarized in box 6.

The results of the studies carried out under this step should be incor-
porated in the "proposals for a comprehensive river water quality protec-
tion plan" that should be presented for the stakeholders' consideration.
They should include (a) the economic and financial mechanisms for

Box 5. Wastewater Management Modeling

Model Details. Strong modeling capacity is one of the lead agency's key
needed tools for adequate wastewater management. In order to be useful
for the selection of alternatives and options, models for wastewater
management should be able to examine the tradeoffs between objectives-
such as economic growth among competing sectors, or public health or
environmental protection-in the allocation of water quantity and quality.
The intent is to provide a tool through which the diverse stakeholders in
the lead agency may gain an understanding of the impacts of alternative
strategies of water management, and reach a consensus on the best use of
the available resources and policies.

Model Components. The major components that should form the basis
for the model are as follows:

a. Objective Functions. The objective functions should include, by sector,
the costs of the actions and the benefits that accrue as a function of
water use and quality, net of the costs. Typical benefits could be
calculated using the product's value (such as crop, industrial product,
or energy), demand curves, revenues from water charges or pollutant
fees, or avoided costs. The objectives should be set up to allow for
aggregation by region, stakeholder, and sector.

b. Constraints. The constraints in the model should ensure the values of
the decision variables remain in the range of feasibility. They should at
least include (i) system continuity (such as mass balance of flows and
pollutants); (ii) budget and financial viability; (iii) environmental
requirements (such as water quality standards, or assimilative capacity
of river); (iv) engineering feasibility (such as capacity of conduits,
treatment plant limitations); (v) use-related requirements (such as crop
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pollution control; (b) the needs for strengthening of monitoring and en-
forcement institutional capacity; (c) a tentative set of scenarios of priority
wastewater management investments; and (d) economic balance of the
program and options for cost-sharing among the basin stakeholders.

This plan should be based on the modeling and preparation of the
scenarios, in terms of river water quality, that would result from the al-
ternative options for wastewater management (considering the different
combinations of reuse-treatrnent levels of all the discharges in the river
basin as well as the application of "soft" instruments for pollution con-
trol). These can be expressed by significant parameters such as oxygen
content, suspended solids concentration, benthic oxygen demand,
eutrophication levels, or concentration of toxic substances (phenols, am-
monia, heavy metals, and aromatic hydrocarbons primarily), selected on

requirements, flood protection, and industrial and household uses);
(vi) legal, institutional, and political values; and (vii) public health,
social, or cultural issues.

c. Strategies and Sensitivity. The capacity to run sensitivity analyses and
allow the generation and exploration of alternative strategies should
be an essential component of the model. The model should allow the
manipulation of at least the following management options: demand
and supply management, regulatory measures, wastewater treatment
and reuse, pollution prevention, water and pollution charges, new
institutional arrangements and environmental reclamation. The
optimal solutions should at least be tested over a range of hydrologic
situations to evaluate whether small changes in parameters affect the
values of the decision variables. To optimize each alternative strategy,
the model should also be based on methods of constrained
optimization, and be multi-objective-by stakeholder, by sector, and
by region (such as sub-basin).

d. Development approach. The approach to model development should ensure
that stakeholders are involved throughout the model development. The
input from the stakeholders should influence the nature of the objectives
to be considered in the model, but emphasis should be placed on
capturing the breadth of the issues involved in water resource
management, which includes wastewater management. A conceptual
model or problem statement should be jointly developed, outlining the
management issues, constraints, measures of performance, and indicators
for decisionmaking. The formulation should also allow for variable
weighting of the objectives. The model should be developed iteratively,
and should evolve through interaction with stakeholders. The model
could evolve from a simpler, descriptive model in the first phase to one
that forms the basis for decisionmaking in subsequent phases.



42 AN INTEGRATED APPROACH TO WASTEWATER MANAGEMENT

Box 6. Questions on Priority Investments and Managing-
Implementation Options

What are the options for pollution control? Options include (i) alternative
investments in wastewater management; (ii) alternatives for reuse or
treatment; (iii) degree of treatment; (iv) available technologies; (v)
alternatives for water conservation and demand management as a way to
reduce wastewater; and (vi) expected impacts on water quality, water uses,
and water institutions' financial and operating situation

What is the institutionalframework needed to make them feasible, both in terms
of the management of the water resources and of the functioning of the
water utilities that would ultimately operate and maintain the infrastructure?
The framework should include options such as the establishment of a
regional sanitation company to undertake or manage the pollution control
infrastructure, or an environmental fund to finance it.

What should be the instruments for implementing the strategy? The
instruments should cover command and control mechanisms, market-
based instruments (such as pollution or use fees, fiscal incentives, or
product taxation), regulation, monitoring, enforcement capacity, and the
alternative financing mechanisms, including the use of subsidies and seed
fiscal money to support local and regional investments.

What are the coordination needs for resolution of disputes and to reach
agreements among involved or interested stakeholders? It especially
applies to the selection of priorities and to the options for sharing the
financial effort that would ultimately lead to policy actions. Particular
attention should also be given to the distribution of roles and functions
and the coordination possibilities among the different govemment levels
(municipal governments, regional governments, regional water
authorities, and central government ministries) and later among the
different sub-basins of the particular rivers to be addressed.

What resources might be available? Options include abstraction and
polluter fees, resource transfers from national fiscal funds, budgetary
contributions by local and regional governments, donor contributions,
and contributions from the stakeholders and polluters themselves
(industry, agriculture, or transport). These resources should be sufficient
to make the lead agency financially viable and capable of performing the
roles and functions assigned to it.

the basis of the uses that are affected by pollution, rather than on the
pollution sources.

Ideally, the water quality scenarios could also be expanded to incor-
porate the impacts on the uses of the resource and on the costs to the
users for the whole region. The expansion should be to the level that is
necessary for their evaluation by the stakeholders, to allow them to ulti-
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mately decide on the water policy and action programs by providing
them with the assessment of (a) the opportunity costs of water uses (for
instance, economic costs incurred because of lack of water quality); (b)
the costs of pollution control actions and investments; and (c) the insti-
tutional capacity and cost requirements to properly implement, moni-
tor, and enforce the adopted wastewater management options.

Selection, Implementation, and Monitoring

After the alternative strategies have been thoroughly analyzed and as-
sessed, one of them must be selected for implementation. The selection
process, like the goal-setting process, should be based on broad
participationof all types of stakeholders. It is particularly important to
stress that those who will bear the cost of the plan, as well as those who
must take various actions, must understand the reasons for selecting
the final strategy.

Implementation involves not only the construction of facilities and the
adoption of regulations and policies, but also the resolution of constraints
and conflicts, and the development of long-term political and financial
support for operation and maintenance of the needed infrastructure.

There must be a capability to monitor the performance of the selected
strategy, both to determine that it is capable of meeting the goals and to
detect instances of violations or inadequate performance. Where viola-
tions of standards or regulations are detected, an enforcement capabili-
ty must exist, sufficient to promote future compliance. This requirement
goes beyond the usual water quality monitoring found in developing
countries, usually within the ministry of health. The monitoring system
must be designed to collect information on the goals of the wastewater
strategy, and on the performance on individual dischargers and system
components and pass it over to the stakeholders periodically for main-
tained support and re-evaluation. A successful program requires time,
financial capacity, expertise, and appropriate legal authority.

Whether the responsibility for monitoring should remain in the minis-
try of health, or wherever else it is currently housed; or whether it should
be placed in the lead agency or with some other management agency are
complex questions. Monitoring by a lead or management agency is likely
to produce the most useful data. On the other hand, an independent or
nonmanagement agency is in a better position to effect enforcement, should
violations be detected. The solution may be a distribution of the monitor-
ing function over several agencies, with a sharing of data. This latter solu-
tion may be difficult to achieve in many countries.

Beyond detecting violations, monitoring information is also used to
verify the assumptions of the goal setting and strategy formulation
processes. Information obtained in this way is fed back to the first steps
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in the planning process, permitting the relevant agencies and stake-
holders to revisit the determination of goals. If goals are modified as a
result of this review, it may be possible to propose incremental chang-
es in the implemented strategy to reflect those modifications. In this
way, the process is iterative, constantly reassessing its own performance
and modifying policies accordingly.

Overview: Key Elements and Steps for Reform

The preceding analysis shows that the key elements for the successful
development and implementation of a wastewater management policy
are (a) the acceptance of water resources as an economic good, consid-
ering the economic impact of pollution impairment of its uses in the
selection of priorities; (b) the recognition of the fact that the real au-
thority and capability for implementing a wastewater management
policy lies, not with any particular agency, but with the stakeholders
collectively; and (c) the empowerment provided by the stakeholders
to a lead agency to provide the data and information necessary for the
different stakeholders to understand the economic implications of
wastewater management decisions, with technical credibility to medi-
ate in disputes resolution and lead to optimized solutions, all of it at
the appropriate geographical scale, which is normally-but not neces-
sarily always-the river basin.

These elements represent a departure from the most common situa-
tions that are normally characterized, either by responsibilities on deci-
sions or financing located at the municipal governments or water
companies, or by centralized planning and implementation, without
stakeholders' participation. Clearly, the changes and redistribution of
responsibilities required to adopt the proposed conceptual framework
cannot be fully adopted in one step in most situations.

These elements also determine the minimum and first steps that are
needed to implement an effective wastewater management policy in
those cases in which the whole application of the conceptual framework
described above might not be feasible. As a minimum we consider that
it is necessary to (a) define the management's geographical scale (as
defined above) and identify the stakeholders in it; and (b) involve them
in the decisionmaking process through a lead agency. To this end the
appropriate management framework must be set up to provide the stake-
holders with the information necessary to perceive and assess the real
economic value of water, the impact of pollution on it, and the effect
and costs of alternative solutions and forms of implementing them.

The gradualness of the reform should lie in the selection and type of
the lead agency (at the least it must be empowered and trusted by the
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stakeholders) and in the form, mechanisms, and degree of stakeholders'
involvement in the management process and in the adoption of decisions.

Notwithstanding the difficulties involved, the evidence available-
both positive and negative-shows that the adoption of policies based
on these elements and the principles described in this paper, even with
a gradual approach, are more effective, will lead to more sustainable
solutions, and make better use of the scarce resources normally avail-
able for this type of investments.

Notes

1. An opposite reaction has recently been taking place in some of the most
developed and wealthy nations, where the lack of appropriate valuation methods
for environmental resources is leading to the adoption of solutions that seek
"complete protection," regardless of the cost. These solutions tend to be
unsustainable in the medium term, particularly when the approach is copied in
developing countries.

2. One significant exception is provided by the Ruhrverband, which manages
the river basin of the Ruhr, a tributary of the Rhine.

3. In the extreme, in the absence of these relations, it could have a local scale,
although this should not be mistaken as a Level 1 approach.

4. The term "lead agency" was chosen as a compromise among different
denominations for the institution or organization that should ideally be available
for developing and implementing the wastewater management policy in a given
river basin. As it is explained in the text, its key characteristics are that it must be
formed by and represent the stakeholders collectively, be endowed by them for
this task, and should serve as a conflict resolution tool among them.

5. National Research Council, Waterfor the Future ofthe Nation's Capital Area,
Committee to Review the Metropolitan Washington Area Water Supply Study,
National Academy Press, Washington, D.C., 1980; and Robert S. McGarry,
"Potomac River Basin Cooperation: A Success Story," in National Research
Council, Cooperation in Urban Water Management, National Academy Press,
Washington, D.C., 1983, pp. 90-102.

6. All of these objectives are important: none can be given absolute priority
over the others. While the collection objective can be viewed as separable in
some circumstances (collection system design may not be affected by subsequent
decisions regarding treatment and disposal), the same cannot be said for the
remaining two objectives. Ecosystem protection and protection of beneficial uses
clearly interact. Even though these objectives may often be consistent, there are
important cases where they are not. For example, disposal sites that avoid
sensitive or endangered biota may displace huiman activities, or vice versa; when
financial resources are much scarcer than needs, treatment options might be
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relegated in favor of improved collection and other actions for protection of
beneficial uses or ecosystems.

7. One common challenge that has to be faced in the goal-setting process is
the demand by politicians, environmental groups and part of the population for
the almost immediate achievement of the most "advanced" and demanding
standards, often taken from developed countries, disregarding gradual
approaches. This demand is normally made without considering the costs and
time normally required for achieving these standards, the need to balance
priorities and available resources or the real costs of the impact produced by the
pollution that is to be controlled.

8. The issues of design and assignment of the instruments for the
implementation of the pollution control strategy has been treated by Antonio
Estache (personal communication); R. Seroa, "Utiliza,co de Criterios Econ6micos
para a Valorizac,o da Agua no Brasil," Instituto de Pesquisas Econ6micas 556,
1998; F. Mendes and R. Seroa, "Instrumentos Econ6micos para o Controle
Ambiental do Ar e da Agua," Instituto de Pesquisas Econ6micas 479,1997; and
Sergio Margulis, among others.
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