
countries, and points to the need to
use other types of plants based on
alternative, simpler and lower cost
processes,otherwise known as process-
es based on appropriate technology.

Wastewater treatment in developing
countries: status and prospects
On July 28,2010 the UN General
Assembly declared that ‘safe drinking
water and sanitation is a human right
essential to the full enjoyment of life
and all other human rights’.Water and
sanitation are basic rights essential for
sustaining human life.Our interpreta-
tion of the UN declaration is that all
governments have the obligation to
supply potable water in sufficient
quantities and sanitation services to
all their citizens at an affordable cost.
However,most governments in
developing countries do not achieve
these goals, and parts of their popula-
tions do not have access to water and
sanitation services.

The fact is that most of those lacking
access to water and sanitation services
live in developing countries and the
water crisis is, for the moment,mainly
concentrated in developing countries
and for the most part affects the poor
populations there.Unfortunately, in
developing countries collection and

conveyance of wastewater out of urban
neighbourhoods is not yet a service
provided to the entire population, and
only a small portion of the collected
wastewater is adequately treated,
usually less than 10% of the municipal
wastewater generated.

In developed countries water and
sewerage coverage levels are higher,
although wastewater treatment cover-
age is still far from universal. In spite of
the low wastewater treatment coverage
in developing countries, given the
prevailing water and sanitation sector
problems governments rightly consider
that providing safe drinking water and
expanding sewerage coverage are a
higher priority than wastewater
treatment.Under such conditions
and given other pressing priorities,
expanding the coverage of wastewater
treatment is not a simple task.

There are several reasons for the
sanitation problems in developing
countries.Those include weakness
of governance at central and local
government levels;weakness of
institutional capacity at utility level,
including low technical capacity;
financial weakness; and the low
priority assigned to sanitation
problems.The main problem,and most
difficult to resolve, is the institutional
weakness of the utilities.

New treatment plants are construct-
ed to satisfy future demographic
conditions, taking into account
population growth forecasts. In 2011
the population of the planet was
approaching seven billion.Of these,
about six billion lived in developing
countries and one billion in the
developed world.Forecasts indicate
that rapid global population growth
will take place, through which the
population will reach nine billion
in 2030, and that most of this growth
will occur in developing countries,
while the population of developed
countries will remain constant at
about one billion.Forecasts also
predict significant migration from
rural to urban areas,mostly in
developing countries.As a result of
this urbanisation process, about 60%
of the population will live in urban
areas in 2030 (up from 45% in 2010).
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Impressive progress has been
achieved over the past decades

in developing new wastewater
treatment processes.The conven-
tional and most popular process
is activated sludge and its variants.
The most outstanding develop-
ment is the use of membrane
technologies (micro, ultra and
nanofiltration) in wastewater
treatment to achieve very high
effluent qualities, but other
developments have been achieved
as well, including: improved
energy efficiency, improved
nutrient removal methods,
progress in UV technology for
disinfection, and progress in water
reuse for a variety of purposes.

It appears that most of the develop-
ment activity relates to improving the
activated sludge process, and most of
the newly developed processes and
future development activity is directed
towards creating better-performing
variants of this process.

The tendency around the world is
to construct new treatment plants
based on cutting-edge technologies.
This also governs, to a large extent,
the expansion of wastewater treatment
in developing countries. Investment
financing for complex treatment
plants can sometimes be mobilised
in developing countries in the form
of grants and / or soft loans,but it is
almost impossible to obtain grants or
subsidies for operation and mainte-
nance (O&M) of such plants after
their construction has been completed.

Usually, the local or regional
authorities (municipalities or water
and sanitation utilities) do not have the
capacity to finance the high operation
and maintenance costs of complex
treatment plants by generating cash
internally, and so experience shows
that treatment plants based on complex
processes in developing countries tend
to deteriorate rapidly because of an
insufficient O&M budget, and many
of them are abandoned a short time
after being commissioned.

This indicates that complex plants
are not sustainable in developing

Sustainable treatment
of municipal wastewater

Figure 1: Schematic
process flow

diagram of rotating
micro screens

(RMS) followed by
covered anaerobic

lagoons, followed
by facultative
lagoons with

mixers, followed by
maturation lagoons

in Santa Cruz,
Bolivia.

● Operation and maintenance of high-tech wastewater treatment
plants can be a stumbling block in the developing world. DR MENAHEM

LIBHABER and PROFESSOR ALVARO OROZCO-JARAMILLO explain various appropriate
technology options that can provide more sustainable answers.

Figure 2: Covered
anaerobic lagoons
at a wastewater
treatment plant in
Santa Cruz, Bolivia.
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Appropriate technology unit
processes include (but are not
limited to) the following:
• Preliminary treatment by rotating

micro screens
• Vortex grit chambers
• Lagoon treatment (anaerobic,

facultative and polishing),
including recent developments in
improving lagoon performance
(using upgraded lagoons)

• Anaerobic treatment processes of
various types,mainly anaerobic
lagoons,upflow anaerobic sludge
blanket (UASB) reactors, anaerobic
filters, piston anaerobic reactors
(PARs) and anaerobic baffled
reactors (ABRs)

• Physicochemical processes of
various types,mainly chemically
enhanced primary treatment
(CEPT)

• Constructed wetlands
• Stabilisation reservoirs for waste

water reuse and other purposes
• Overland flow
• Infiltration-percolation
• Septic tanks
• Submarine and large river outfalls

Various combinations of these
processes can be set up.Combinations
can also include some other simple
processes such as sand filtration and
dissolved air flotation (DAF),which are
not considered appropriate processes
per se,but they are in fact appropriate
processes.One interesting combined
process involves generating effluents
suitable for reuse in crop irrigation
based on pretreatment by one of the
above-mentioned unit processes,or
any combination of them, followed by

Table 1: Treatment capacity and costs of some appropriate technology unit and combined processes.
Process Total BOD TSS removal Investment cost O&M cost

removal capacity capacity
US$/capita % of activated US$/yr/Capita % of activated

sludge cost sludge cost
Conventional activated sludge (for
reference - not an appropriate process) 80-90% 80-90% 100-150* 100% 4-8 100%
Rotating micro screens 0-30% 0-30% 3-10 4-10% 0.1-0.15 1.9-2.5%
Conventional lagoon systems 70-90% 70-90% 20-40 25-40% 0.2-0.4 5-8%
Mixer aided lagoon systems 70-95% 80-90% 20-40 25-40% 0.2-0.4 5%
Covered anaerobic lagoons followed by
mixer aided facultative lagoons 80-95% 80-90% 20-50 25-50% 0.2-0.4 5%
UASB Reactors 60-75% 60-70% 20-40 25-40% 1-1.5 19-25%
Anaerobic filters 70-80% 70-80% 10-25 10-25% 0.8-1 13-20%
CEPT 70-75% 80-90% 20-40 20-40% 1.5-2 25-38%
Constructed wetlands 80-90% 80-90% 20-30 20-30% 1-1.5 19-25%
Stabilisation reservoir systems 75-95% 75-90% 30-50 30-50% 0.2-0.4 5%
Submarine outfalls 99.9% 99.9% 3-30 3-30% 0.1-0.15 1.9-2.5%
Overland flow 70-80% 70-80% 15-30 15-30% 0.8-1.5 19-20%
UASB-anaerobic filter combination 80-90% 80-90% 20-40 20-40% 1-1.5 19-25%
UASB-lagoon combination 80-90% 70-80% 30-50 30-50% 1-1.5 19-25%
CEPT-sand filtration combination 80-90% 80-90% 40-50 40-50% 1.5-2 25-38%
UASB-sand filtration combination 80-90% 80-90% 30-50 30-50% 1-1.5 19-25%
UASB-dissolved air flotation
combination 80-90% 80-90% 30-40 30-40% 1-1.5 19-25%
* The investment cost of an activated sludge plant used for the calculation is $100/capita

There are several factors affecting
wastewater treatment coverage:
anticipated population growth and
urbanisation, and the order of priorities
in expanding the water and sanitation
sector in developing countries (water
supply and sewerage first, and only
then wastewater treatment); the
tendency to construct new treatment
plants based on cutting-edge technolo-
gy; and the financial difficulties
prevailing in these countries.

Given these issues, it is unlikely
that the current low percentage of
wastewater treatment coverage in
developing countries will increase in
future unless a new, innovative and
affordable strategy for expanding
wastewater treatment coverage is
adopted.Application of appropriate,
effective and low cost wastewater
treatment technologies needs to be a
key component in any strategy aimed
at increasing the coverage of
wastewater treatment in developing
countries.

The appropriate technology concept
Appropriate technologies for waste-
water treatment means simple treat-
ment processes of proven technology,
with low investment costs and in
particular low O&M costs (much less
than conventional processes),which
are simple to operate and have the
capacity to provide any required
effluent quality.

Such processes do exist and are
particularly suited to countries with
warm climates,which most developing
countries are, since biological processes
perform better at higher temperatures.
Appropriate technology processes can

also be designed to perform in cold
climates.These processes do not
contain complex equipment and in
many cases do not include equipment
at all, just local construction materials,
which facilitates their construction in
developing countries.

A variety of appropriate technology
unit processes with a proven track
record have been in operation for
many years, each yielding a different
effluent quality. Some provide low
quality effluents, and some generate
effluents of good quality.Depending
on the receiving water body, a high
quality effluent is not always required
(for example in cities on the banks of
large rivers or on the coast).

However,when the effluent quality
required is higher than what can be
produced by a single appropriate
technology unit process, a treatment
plant consisting of a series of such
processes can be used. In this system,
the effluent from the first unit process
is fed into the second process for
polishing and the effluent from the
second process is fed to the third
and so on, if necessary.

This approach can produce practi-
cally any final effluent quality required.
The main message is the concept of
combining unit processes to create a
treatment plant based on a series of
appropriate technology unit processes
that together can generate any required
effluent quality.A plant based on a
series of appropriate technology unit
processes is still easy to operate and
usually costs less than conventional
processes in terms of investments and
certainly in operation and mainte-
nance (as shown inTable 1).
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a stabilisation reservoir.
Appropriate technology processes

are not new.All of them have been
known for many years and have a good
track record.The newest is the UASB
process,which has been in use for
decades in industrial wastewater
treatment plants. Its application to
treatment of municipal wastewater is
relatively new,but even there it has
been in use for about 20 years.

The first unit process in any treat-
ment plant is the preliminary treatment
unit.To avoid repetition, the mention
of preliminary treatment is omitted
in the following discussion but its
existence is taken for granted.The
recommended simplest and most
effective preliminary treatment is a
vortex grit chamber followed by
automatic rotating micro screens
(RMS) with screen openings in the
range 0.7mm to 1.5mm (depending
on the specific project conditions).

One of the main problems with
using conventional technologies
based on aerobic processes in
developing countries is the high
cost of energy needed for the oxygen
supply, and the difficulty in ensuring
proper operation of the aeration
equipment over a long time horizon.
It is therefore good practice to avoid
the use of aerobic processes in develop-
ing countries, and to base wastewater
treatment as far as possible – and at
least the first unit process after the
preliminary treatment unit – on
anaerobic processes.

An anaerobic unit effectively
removes organic matter and suspended
solids at a low cost, in fact producing
energy rather than consuming external
energy.The anaerobic unit process
produces only small quantities of
excess sludge (5% to 10% of the
amount produced in aerobic process-
es).These are important advantages.

In practice, two anaerobic unit
processes are available to serve as
the first unit process: anaerobic
lagoons and UASB.The anaerobic
filter is a useful unit process, but
usually serves as a polishing unit
rather than as the first unit process.
Anaerobic lagoons are considered
undesirable because of odour
problems,but using covered anaerobic
lagoons resolves this issue.Covering
anaerobic lagoons with sealed HDPE
sheets allows a higher organic loading
to be applied in the lagoons and
enables collection of the biogas,which
can then be used to generate energy.

The UASB reactor process has

become popular in recent years.
Originally it was mainly used for
industrial waste treatment applications
and later for small cities, but now it
is also being used for medium and
large cities.

A comparison of the performance of
the appropriate technology processes
(unit processes as well as some fre-
quently used combined processes)
to that of the conventional activated
sludge process in terms of effluent
quality, as well as in terms of invest-
ment costs and O&M costs is presented
inTable 1.The investment costs and
O&M costs in the table are only
indicative costs, since the costs of a
wastewater treatment plant are site
and country specific.

However, these indicative costs
allow us to draw some important
conclusions.They show that the
investment costs in appropriate
technology plants fall in the range
of 20% to 50% of investments in
activated sludge, and O&M costs
are mostly in the range of 5% to
25% of the O&M costs of activated
sludge, apart from CEPT,which
is in the range of 25% to 40%.
This is important information
that can be of benefit in the
efforts to close the gap and increase
the coverage of wastewater treatment
in the world, especially given the
forecast population growth.

The general conclusion is that
by using appropriate technology
treatment processes or a combination
of such processes a significant amount
can be saved in investment costs, and
a lot of O&M expense can be saved.
The operation and maintenance of the
plants is much simpler than in plants
based on conventional process, and
almost nothing is lost in terms of
effluent quality.

Sustainability implications of using
appropriate technology processes
It is intuitively clear that the use of
appropriate technology wastewater
treatment plants will significantly
enhance their sustainability.They
are simple to operate and their
O&M costs are low, so there is no
reason to abandon them shortly after
their commissioning.However the
sustainability aspects of appropriate
technology treatment plants have a
much wider scope.

Appropriate technology processes
can contribute to enhancing the
sustainability of utilities in several
ways, as described below.

Enhancing the financial
sustainability of the utilities
As mentioned, the investment costs
for appropriate technology treatment
plant units are in the range of 20%

to 50% of those of conventional
processes, and more importantly,O&M
costs are in the range of 5% to 25% of
those of conventional processes.These
figures make a huge difference from
a financial point of view.Utilities
that may collapse as a result of using
conventional processes can safely cope
with appropriate technology processes.

Enhancing the technical and
operational sustainability of
the treatment plants
The use of processes that are simple
to operate and maintain,based on
simple,mostly locally manufactured
equipment, can ensure that technical
difficulties are easily overcome and
that the treatment plants function
properly for as long as required
without the risk of failing and being
abandoned, ensuring their long-term
operational sustainability.

Enhancing the institutional
sustainability of the utilities
Given that the appropriate technology
treatment processes are reliable and
keep functioning with limited financial
and technical effort, they do not
present meaningful problems to the
utilities’management,nor do they
impose additional managerial effort.
In fact they reduce the institutional
burden and challenges for the water
and sanitation utilities, thereby con-
tributing to institutional sustainability.
Appropriate technology treatment
plants can also generate income (from
the use of the biogas produces in
anaerobic unit processes or from sale
of effluent for use in irrigation) and
further enhance institutional and
financial sustainability.

Examples of sustainable treatment
processes
Many combinations of appropriate
unit processes can be designed to
create combined appropriate technol-
ogy treatment processes. Some of
these combined processes are used
in existing full-scale plants and others
are at this stage only ideas that might
be used in the future to construct
treatment plants. In this section we
present as examples some combined
sustainable treatment processes, some
of which are working in existing
plants.We do not provide detailed
information, since the purpose is just
to show some examples of combined
processes.

Figure 3: UASB
reactor followed by
anaerobic filter at
the Tibagi plant in
Ponta Grossa,
Parana, Brazil.

RIGHT Figure 4:
Satellite photo of
the Sao Sebastiao
treatment plant in
Brasilia, Brazil,
consisting of UASB
followed by
overland flow,
followed by
lagoons.
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Uberaba, in the state of Minas Gerais,
Brazil,which serves a population of
about 300,000.The effluent from the
UASB units flows into a battery of six
aerated lagoons in series, in which fine
bubble aeration is the source of oxy-
gen.The aeration intensity decreases
throughout the lagoons, as the organic
matter is consumed.

UASB followed by sand filter
This is a simple process that occupies a
small area and is more compact than
activated sludge.The sand filter will
capture and remove most of the solids
contained in the UASB effluent, so the
final effluent is clear and of good
quality.Coagulants and / or flocculants
need to be injected into the UASB
effluent to achieve efficient filtration.

CEPT followed by sand filter
This system can be used to produce
an almost secondary quality effluent,
which under certain conditions would
present a good option for developing
countries as it can provide secondary
effluent quality at lower cost than
conventional processes; reduced
power needs; easy operation; and
a smaller footprint than that of
conventional processes.

Pilot scale test results indicated
that the process yields effluent of
good quality.The main disadvantage
of the process is that it generates
large quantities of excess sludge.
An important advantage of the
process is that it functions well in
low temperatures.

In zones where there are very
low temperatures during the cold
season and normal temperatures
in other seasons, it is possible to
combine the previous process
(UASB followed by sand filter)
with this process.The idea is to
build two parallel units, one CEPT
and the other UASB, in the same
treatment plant, both followed by
one sand filter unit.During the low
temperature season the plant will be
operated as CEPT followed by the
sand filter and for the rest of the year
the operation will be UASB followed
by the sand filter.●

Upgraded lagoons (covered anaero-
bic lagoons followed by facultative
and polishing lagoons with mixers)
The flow diagram for this process is
shown in Figure 1.Here, anaerobic
lagoons are covered with HDPE
sheets.These can be subjected to
higher organic loads than uncovered
lagoons without creating odour
problems.The biogas is easily collected
and can be used to generate energy.

The mixers in the facultative and
polishing lagoons significantly improve
the performance of the lagoons and
allow them to be subjected to higher
loadings, so their dimensions can be
reduced.The mixers are not aerators,
consume very little energy and are
wind-operated when wind velocities
are higher than 5km/hr.The process
generates practically no excess sludge
on an ongoing basis.The lagoons are
cleaned once every five to ten years,
and the settled digested sludge is
removed.

The city of Santa Cruz,Bolivia,has
three functioning municipal treatment
plants and one industrial waste treat-
ment plant all based on this process.
The municipal plants serve a popula-
tion of 200,000 to 300,000 each.They
are located close to populated areas
and do not cause nuisance because
the anaerobic lagoons are covered.
A fourth municipal plant, based on the
same process for a 300,000 population,
is in the final stages of construction.
Figure 2 shows a covered anaerobic
lagoon of one of the Santa Cruz plants.

UASB followed by an anaerobic
filter
This is an effective appropriate tech-
nology process.The advantages are that
it yields a high quality effluent, is easy
to operate and is very compact.This
process can be applied where land is
scarce and the area available is insuffi-
cient for lagoons – it is even more
compact than activated sludge.

TheTibagi treatment plant,one of
the plants serving the city of Ponta
Grossa in the state of Parana,Brazil,
is based on this process (see Figure 3).
It is a small plant designed to serve a
population of about 15,000.The
UASB reactor and the anaerobic filter
in theTibagi plant are circular. It is
possible to use rectangular units,which
use less land.There are other plants in
Brazil using rectangular units based on
this process that serve much larger
populations.

UASB followed by overland flow
followed by lagoons
This is a simple process that occupies a
large area because of the lagoons and
the overland flow units. It has no
mechanical systems apart from simple
equipment in the preliminary treat-

ment unit.This process is used in the
Sao Sebastiao plant in Brasilia,Brazil,
which is designed to serve a population
of ~80,000 and yields a good quality
effluent (Figure 4).

In addition to the preliminary
treatment installations, the plant
consists of four UASB reactors whose
effluent flows into the overland flow
area.From here it is collected and flows
into a system of two polishing lagoons
in series.The objective of the lagoons is
to reduce the concentration of faecal
coliforms in the effluent before it is
discharged to the nearby river.

UASB followed by polishing
lagoons
Under this scheme, the effluent of a
UASB plant is polished by facultative
lagoons.This is a logical scheme and a
popular appropriate technology
process with plants in Brazil,Colombia
and other countries.The removal of
the main portion of organic matter is
achieved in this scheme by the USAB
process.The facultative lagoons system
used for polishing the UASB effluent is
a simple reliable system.Removal of
pathogenic organisms can be achieved
in this process naturally if sufficient
detention time is provided in the
lagoons system.The excess sludge of
the UASB is handled by drying beds,
without mechanical equipment.The
lagoons require large extensions of
land. If area is scarce,deeper lagoons
with mixers can be used.Figure 5
shows the Padilha Sul Plant located in
the city of Curitiba, the capital of the
state of Parana,Brazil,which is based
on the process of UASB followed by
polishing lagoons.The first stage of
this plant was designed to serve a
population of about 300,000 and
the plant is being expanded.

UASB followed by aerated lagoons
UASB followed by aerated lagoons is a
simple process to operate.The polish-
ing aerated lagoons do not consume a
lot of energy, as the bulk of the organic
matter is removed in the UASB unit
and the aerated lagoons need to
remove only part of the residual
organic matter contained in the UASB
effluent.This process produces a high
quality effluent.

An example based on this process is
the main treatment plant of the city of
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Figure 5: The
Padilha Sul plant in
Curitiba, Parana,
Brazil, based on
UASB followed by
facultative lagoons.


