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ABSTRACT
A wide range of technologies is available in the market place for wastewater and
stormwater management from simple on-site to complex centralised systems. Not all of
these are suitable for developing countries, and particularly not those which require a
large capital cost and on-going maintenance and operating costs. There are many other
equally important factors which need to be considered besides cost. Criteria for
evaluation of technologies are therefore needed, particularly if we want to achieve long
term sustainability of the technology. Three case examples are examined to help
stimulate our thinking about the criteria that are required. Criteria for selection are then
suggested. These can be grouped into criteria for (1) Protection of public health and the
environment, (2) Economic/financial affordability and (3) Social/cultural
appropriateness. These criteria are elaborated and a framework for achieving integrated
waste management suggested.
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INTRODUCTION

There is a wide range of technologies available in the marketplace for wastewater and
stormwater management. Criteria for evaluation of technology are therefore required to
determine which technology is most suited to a particular situation. This is especially so
when our aim is to ensure that sustainability is achieved.
Examples of application of technologies which are not sustainable abound. In
developing countries wastewater and stormwater collection and treatment systems based
on the activated sludge process are not operating to specifications, or not operating at all
due to lack of spare parts, funds for maintenance, trained personnel or related factors.
The activated sludge process has been a dominant technology in developed countries. It
is instructive therefore to examine the background to the development of this
technology, and to look more closely at the question of sustainability of large scale
centralised systems.
A simple technology 'SanPiat' is gaining popularity in sub-Saharan Africa and helps to
overcome public health problems associated with the lack of sanitation facilities. It will
be instructive as well to consider the factors that lead to its acceptance and to examine
the sustainability of this technology.
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What technologies were used before we had technologies such as the activated sludge
process and SanPlat ? It is instructive as well as of historical interest for us to examine
at least one such technology. I have chosen the chamber pot to illustrate what might
have been the criteria for their selection.
Having considered the above three examples, I will outline criteria which I believe we
should consider for the evaluation of technology for sustainable wastewater and
stormwater management. This paper is based on an 'International Source Book on
Environmentally Sound Technologies for Wastewater and Stormwater Management',
which is being published by UNEP IETC. I am Managing Consultant for this Source
Book, which has contributions from 12 international experts from all regions of the
world.
This paper should be read in conjunction with my two accompanying papers in this
series: 'Technology choice and sustainable development in wastewater management'
and 'Alternative technologies for wastewater management'. The first of these
emphasises the need for an integrated approach in addressing not only wastewater and
stormwater management, but also solid waste management, if we are to achieve public
health improvements. The waste management hierarchy and the concept of sustainable
wastewater management are also introduced in this paper. The second paper presents
the range of major technologies available for wastewater collection, treatment, reuse
and disposal, together with decision making tools for selecting technology. Possible
scenarios for sustainable practices are presented in this paper.
These three papers should also be read together with the two papers written by my
colleague Professor Maksimovic, which cover the corresponding aspects for stormwater
technology and management. In addition Professor Maksimovic prepared the slides for
the Training Modules based on the International Source Book. A number of these slides
are used in our papers, and illustrate how these slides can be used for training purposes.

THREE EXAMPLES TO STIMULATE OUR THINKING ABOUT CRITERIA
FOR SELECTION OF TECHNOLOGY
There is limited good documentation of technology used for the management of human
excreta in ancient times. A conveyance system (aqua duct) is known to exist in Roman
time. Direct disposal to rivers or onto land appears to be common practice. The spade is
an implement that has been used for digging a hole for burial of human waste, and can
be considered an early technology for waste disposal.
The chamber pot can also be considered to an early and simple technology for
managing human excreta in cold climate. Because of the low temperatures it is more
convenient to collect the waste in a pot indoors. It may have been noticed that
separation of urine and faecal materials reduces odour that is produced. Separate
collection of urine also enables its direct use as a plant fertiliser. The faecal materials
can be buried, or stored and used as fertilisers. Its use is therefore not different from the
use of animal manures as fertilisers. There is a recognition here of the nutrients for plant
growth that are contained in the wastes. The use of the chamber pot is no longer
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common, and may have been discontinued for the convenience of other technologies for
handling human excreta.
Direct disposal of human excreta to rivers and onto land can create public health
problems, because of the likelihood of transmission of human pathogens in the excreta
through the faecal-oral cycle (Figure 1). This likelihood is increased with an increase in
population density. Epidemics of diseases were common at the end of last century in
cities in Europe, where a high population density accompanied by inadequate human
excreta management contaminate sources of drinking water. A response to this was the
construction of sewers to convey wastewater and stormwater away from people and
houses. An extensive network of sewerage is required. The net work of interceptor
sewers in London is illustrated in Figure 2. The network consists of large pipes buried
deep beneath the ground to allow for gravity flow the water. Manholes are required at
intervals along the sewer to allow for inspection and cleaning if necessary. Pump
stations are generally required to pump water when gradient is not sufficient for gravity
flow alone.
The combined wastewater and stormwater was not generally treated. A consequence of
this was pollution of rivers with organic materials contained in the wastes. Consumption
of these organic materials by bacteria is accompanied by depletion of oxygen and the
production of odorous gases. Fish, which rely on oxygen, are driven away. This was the
condition of the Thames river passing through London until the 1960s. Efforts were
made to treat the wastewater to reduce its oxygen demand.

Figure 1. The Classical Waterborne Disease Infection Cycle
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Figure 2. Network of Interceptor Sewers in London
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The treatment process that has been developed is what is now commonly termed the
activated sludge process. It is based on the concept of separating solids from the
wastewater and aerating the wastewater to satisfy its oxygen demand. Although the
concept is simple many mechanical devices are required (Figure 3). These include bar
screens to remove large objects, grit chambers to sediment out sand and similar
particles, settling tanks, aeration tanks and associated air compressors. Furthermore
sludge separated from the wastewater needs further treatment prior to disposal.
Proper operation and control of the activated sludge process is essential to handle the
variation of flow on a daily basis with peak flows in the morning and evening. In
addition during wet weather the large volume of stormwater may need storage and
treatment during dry weather, or the by-passing of the peak stormwater flow to prevent
the wash-out of bacteria used for the treatment of the wastewater.
Because of the extensive network of sewerage and the complex mechanical equipment
required to operate an activated sludge process, the investment cost for such a system is
high. Specialised equipment is needed to lay the sewer and trained and skilled personnel
are required to operate and maintain the system of sewer and treatment systems.
Considerable experience and expertise have been accumulated in the developed
countries to build and operate this system that it has been regarded as the norm or
conventional system for the management of wastewater.

12

Figure 3.
CONVENTIONAL ACTIVATED SLUDGE PROCESS
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RAS - return activated sludge
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Questions have been raised about whether a large centralised system as the conventional
sewerage and activated sludge treatment is sustainable. A large amount of energy is
used for pumping water and for aerating the waste. The treated wastewater has a
reduced content of materials demanding oxygen and of suspended solids, but nutrients
(nitrogen and phosphorus) are not removed. The nutrients can cause blooms of aquatic
plants such as algae causing depletion of oxygen when the algae die and decompose.
Standards for discharge for nutrients are becoming stricter, thus additional treatment is
necessary beyond the conventional activated sludge process. If nutrients are to be reused
on agricultural land a network of pipelines to carry the treated wastewater is necessary,
because agriculture may not be near the treatment plant. Implicit in the conventional
system of sewerage and treatment is that water is used as a conveying medium for
human excreta and treatment involves separating the waste from the water. The wisdom
of this is questioned from the point of view of water conservation and reuse of the
nutrients.
The high cost of investment and of operating a conventional sewerage and activated
sludge treatment process, the specialised equipment necessary for laying sewers, the
complex mechanical equipment for the activated sludge process, the level of expertise
needed to operate the mechanical equipment largely explain why these systems fail in
developing countries. They are not sustainable because they are not financially
affordable. They rely to a large extent on expertise, spare parts and equipment from
sources outside the country.
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The SanPlat (Sanitation Platform) is a low cost sanitation technology that is gaining
popularity in sub-Saharan Africa. This consists of a reinforced concrete platform with
an opening and footprints (Figure 4). This platform is placed on a hole dug into the
ground. The hole acts as a pit to accumulate human excreta. A simple housing is built
on the platform to provide privacy (Figure 5). A vent from the pit is essential to control
odour and reduce insect infestation. The vent acts to draw air from the housing through
the opening in the platform via the pit into the atmosphere. A variation of this
technology is termed VIP toilet (Ventilated Improved Pit toilet).
Separation of people and human excreta is achieved using this technology, and
transmission of pathogens through contact with waste is greatly reduced. The platform
can be constructed using materials available locally with local expertise associated with
the building industry. The excavation of the pit can be carried out by the local people.
When the pit is nearly full another pit can be dug and the platform relocated. The old pit
is then covered by soil. Decomposition of the organic waste takes place, and after a
period of time plants can be grown on the pit, thus recycling the nutrients contained in
the waste.

Figure 4. SanPiat (Sanitation Platform)
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Figure 5 Low Cost Sanitation Using SanPiat
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The SanPiat cannot be used when the ground is rocky, because it is difficult to excavate
the pit. It is undesirable when the groundwater is close to the surface, because insects
proliferate in the pit and groundwater is heavily polluted. Pollution of groundwater
occurs because of the unlined pit. The SanPiat is suited to localities where the
unconfined groundwater is relatively deep and the climate is and. The balance between
the benefits of improved public health from separation of people from waste and the
pollution of groundwater is difficult to assess. If local groundwater is not utilised and
drinking water is available from an unpolluted source then the low cost technology
achieves the objective of improved sanitation with minimal impact on the environment.

CRITERIA FOR SELECTION OF WASTEWATER MANAGEMENT
TECHNOLOGY
The above examples illustrate the need to consider historical and local factors in the
selection of technology. Technologies have advanced considerably in recent years and
we have a wider range of choice other than conventional sewerage and the activated
sludge process or a simple pit latrine (The range of available technologies is elaborated
further in the paper 'Alternative technologies for wastewater management'). Our
understanding of the scientific basis for the technologies has similarly progressed such
that we have the technology for producing drinking quality water from wastewater. We
are, however, only beginning to rediscover the need to achieve long term sustainability
by reusing the water and nutrients contained in wastewater. Economic affordability is
now recognised as very important to sustain a project and is touched upon in two of the
examples above. More importantly local social and institutional conditions are now
recognised as being extremely important if we are to achieve sustainability and should
be taken into account in selecting the correct technology.
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The criteria for selection can be broadly classified into those that will ensure that the
technology:
Protects of public health and the environment
Is economically affordable
Socially appropriate

Protects public health and the environment
Technology for wastewater management achieves improvement in public health by
providing the means for breaking the transmission of diseases through the oral-faecal
cycle (Figure 1). The technology should facilitate the separation of human excreta from
people as soon as it is produced. This in itself is not sufficient to prevent transmission of
disease, because transmission occurs through other means, such as not washing hands
which have been in contact with excreta. Thus hygiene education is also an essential
factor to improve hygiene practice. This practice should include proper maintenance of
the technology hardware.
Technology for wastewater management protects the environment by not contaminating
it with pollutants. The pollutants in wastewater are pathogens, organic materials which
demand oxygen, solids, nutrients (nitrogen and phosphorus) and other harmful
substances which may be disposed with human wastes. The latter may include
household cleaning agents, solvents, medicines and other chemicals. Technology
prevents pollution by treatment to remove these pollutants prior to discharge to the
environment. Generally it is difficult to remove all pollutants from wastewater, but
sufficient should be removed so that the assimilative capacity of the environment to
absorb the pollutants are not exceeded.
It is recognised now that rather than treating wastewater for disposal it is better to reuse
the wastewater. In this way the environment is not polluted and valuable resources in
the waste is recycled back to nature. Ways of achieving this are discussed in the paper
'Technology choice and sustainable development in wastewater management'.

Economically affordable
For any service provision in a community to be sustained in the long term, there should
be the ability in the community to pay for continuing operation and maintenance of the
service. This should include the repayment for the initial investment cost, if it is not
provided from outside the community.
Fortunately we have a range of available technologies for wastewater collection,
treatment, reuse and disposal that can fit with local conditions to achieve economic
affordability. The choices enable trade-off between capital cost and provision of land or
in-kind contribution of community members in the form of labour for construction or
for maintenance.
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3. Socially appropriate
Within each community there is an established process of decision making and the
associated institutions for making and implementing decisions. The process may
straight forward and the institutions that are involved may be few if the decision is
wholly within the ambit of the community. This may be the case when a community
wishes to install a wastewater management system affecting only the community and
not impacting on other communities or the surrounding environment. There is generally
a more complex process because a number of government departments are involved in
regulating public health, assessing environmental impact of projects, monitoring
environmental quality, allocating funds for infrastructure, and for planning over a wider
region which includes where the community is located.
It has been recognised that community participation in arriving at the right technology
choice is essential to achieve sustainable service provision, because in the end the
community has to pay for the service. Inability or unwillingness by the community will
not result in continuance of the service. For a community to be able to make the right
choice it is essential that it has all the information that is necessary to make a decision.
Hence information on technology and on hygiene should be made available.
The economic and social factors that need to be considered in selecting a technology is
termed 'cross-cutting' factors or issues (Figure 6).
Figure 6.

Cross Cuffing Issues
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Settlement planning or lack of it is a major cause of difficulty in providing wastewater
management services. Settlement planning involves:
• planning ahead of site occupation
• area is set aside for waste management
area is set aside for on-site system or sewer and treatment plant
area is set aside for wastewater reuse
area is set aside for stormwater infiltration
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Community participation and hygiene promotion are discussed above, and in particular
the following points should be considered.
Community participation to ensure
The wishes of the community are taken into account
The willingness and ability to pay ascertained
Participation of women (usually responsible for sanitation)
Hygiene promotion to ensure
Awareness of the relation between illnesses and lack of sanitation
Knowledge of sound hygiene practices
Knowledge of alternative sanitation technologies and correct choice
Many government departments are generally involved in decision making in wastewater
and stormwater management. These are usually as follows:
Planning Department
Coordination of planning for major infrastructure projects
Public Health Department
Jurisdiction over maintenance of public health
Responsibilities in monitoring, inspection, and enforcement of public health
Promotion of hygiene
Public Works Department
Jurisdiction over large infrastructure projects
Responsibility for operation and maintenance of centrally operated systems
Overview of systems operations by contractors
Environmental Protection Department
Policy input in waste management
Assess impacts of major infrastructure projects
Criteria for evaluation of technology need to be considered by all the stakeholders of the
users (community), policy makers (government), managers (public or private sector)
and investors (government or private sector). More importantly these should be
coordinated with a clear line of responsibility. A framework is required to achieve this
coordination (Figure 7).

CONCLUSIONS
A range of technologies is available for wastewater and stormwater management.
Assessment and selection of technology should be based on criteria that consider
protection of public health and the environment, ensure that the technology is
financially affordable to the community it is provided and that it is socially appropriate.
The latter two factors need to be integrated to the decision making processes within the
community in the context of its wider setting. The importance of considering local
physical, environmental, economic, and institutional factors cannot be over-emphasised.

IV

Figure 7.
Framework for Wastewater and Stormwater
Management

DISCUSSIONS

David Duncan Mara- "About groundwater pollution : I don't think we should knock
on-site sanitation systems for polluting the ground water. In most cities in the United
Kingdom, urban ground water after 100 years or more of sewerage is grossly polluted.
And that is something we accept and that we are particularly worried about. So I think
we have to be careful when we say that this advantage of a good on site sanitation
technology is ground water pollution. It may or may not happen and it may or may not
be important, so I think we should recognize that."

Arthur Archer - "In the Caribbean and other parts of the world we usually have latrine
pits, but the compost pit that we saw is something new, so maybe you can explain that
to us."
Goen Ho - "You are right: composting requires oxygen and so, here we have material
that are buried and so oxygen is not available. So this is not the true aerated composting.

Definitely bacterial degradation takes place, which stabilizes the materials. I will show
an example from the Pacific where a noble composting product is used".

Glen Laville (Bahamas) - "Just following up on the ground water contamination topic.
In Bahamas most of the areas get their water supply from the ground, so therefore,
ground water contamination becomes an important issue. Also a lot of households have
individual wells that they get the water supply from, so again ground water
contamination is a very important issue. So I think that the issue is really whether you
have potable or municipal water supply available to the people as opposed to, whether
they get their individual supplies from the ground."
Goen Ho - "I agree: I think it is very true if you depend on your water supply from the
ground water beneath you, well, obviously you should not contaminate your ground
water."
Josefina Gomez (Dominican Republic) - "I just want to say that it is the same
situation in the Dominican Republic. The major potable water source is well water and
it is in the city itself."
Goen Ho - "I just would like to use these examples as illustration to show there is a
choice. We are going to discuss the process of each technology later."
Richard Middleton - "About ground water contamination, you are going to have to
have some form of sanitation to protect public health. The typical system is that a donor
agency puts a well in a middle of a village and somebody else builds latrines all
around it and then you are amazed when the wells become contaminated. It is usually a
lot easier to move the well (and people will carry water) than it is to move the
sanitation, for example, providing a sewerage system. If you do basic economics, it
makes sense to have sanitation systems in the house. Then think how you protect the
water supply. So I support Duncan's point: you cannot just reject on-site sanitation
because there is a well in a middle that is going to get into trouble. You've got to have a
sanitation system and how to protect people's health."
Arthur Archer - "It is a common method particularly in areas where you have an
aquifer from which you are going to pump water for potable purposes. You must filter
the effluents from the septic tank or the latrine before it goes into the ground. You
should also apply chlorination to it, to filter coliforms and so on."

Richard Middleton - "I am sorry but I have to speak in defense of on-site
technologies. You said that they may not provide adequate treatment. Duncan is better
qualified than I to say this, but in fact, conventional sewage treatment also does not in
fact result in sufficient pathogen reduction, unless you chlorinate it, to produce a safe
effluent. It may reduce nutrients but what you discharge into waters is still pathogen
latent and may have other problems of all sorts . I think we can say that on site
technologies really do the job.
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Manoherlal Kerof (Trinidad & Tobago) - "About Caribbean specifically, where to
draw the line ? What are the criteria to draw the line to select on-site system ? Is it the
cost alone or is it some other factor? Of course cost and population density are the first
factors that come to the mind, but what are the other ones ?"
Goen Ho - "The criteria are protecting public health and the environment
(environmental practices), the economic factors (affordability) and the social
institutional factors. Because who decides the technology to be used is usually the updown system, the government (what kind of sewage treatment, or physical location), or
the bottom-up approach, community . So I would like to introduce all these concepts
and then we will at the end apply these criteria to specific situations.

Manoherlal Kerof (Trinidad & Tobago) - "I would like to add one more important
factor. It is policy. The policy requires effluent standards. But probably most of this
criteria may not be fit to achieve the standards on economic ground and on the
technology. In the case of Trinidad, we have these three main standards, but at the same
time we know only 30% of the country has conventional sewerage systems. And those
systems are not functioning properly. But you still have the law and the requirements.
The technical people like us that have to take decisions, have to abide by that. The same
government policies want development in the country, building schools, projects, and
on-site systems, but there are no policies to draw the line."
Carmen Olano (El Salvador) - "In my country we need a policy that regulates all
about sewerage systems. The environmental law was created only in 1996. That is a
very serious problem."
Goen Ho: "This is an important observation. In many places there are good laws and
good policies, but the implementation is the main problem".

Luiz Gamez (Costa Rica)- "It is important as well that the criteria is not isolated but
requires an appropriate institutional framework. Another issue is the sustainability. It
should be a long temi policy goal; not only should we look at economic but also at the
financial issues, which must be well distinguished. I think we should also talk about
cost recovering and appropriate cost pricing, that must not be separated from the
technological aspects."
Goen Ho: "Yes, it is important because governments deal with economics, but the local
people have to pay for the projects't.
Carmen Arevalo - "I have a comment related to cost coordination. In Latin American
countries previous settling planning is very difficult. Another problem has to do with
the community participation and the information for the community. To take part in the
alternative technology selection choosing, the community needs information, but there
is a cost on that information process. When we look at the privatization processes going
on, we see that the private companies can not afford the cost of informing the
population. This conflict needs to be solved."
Goen Ho - "That is true. To ensure community participation, it is important that it is
well informed, and that is the aim of the Water Source Book ."
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Josefina Gomez (Dominican Republic) - "Talking about participation, in my country
we have another type of participation which is people having enough money and
making their houses and apartments with a good income. The point is that they do not
take into consideration all the things. Most of these people make urbanization through
bank financing and banks do finance houses but they do not finance wastewater or
water treatment. So public participation should be considered not only in terms of very
low income on communities but also the knowledge that they do not put attention to
those issues. In my country there is a huge amount of apartments in construction with
the same sewerage system and this is really a problem."
Goen Ho - "That is a very important point. While preparing the Source Book, I have
found out that even in Europe the cost of sanitation is between 5% or 10% of the cost of
the house. So if you set aside in your building project 5 to 10% of the cost of the house
and the land, you can have a technology that is appropriate for that."

Cristobal Morejón (Cuba) - "For Latin American and Caribbean countries it is very
important to know deeply this low cost technology. In many of these countries the
resources are insufficient and there is not enough money to construct adequate plants,
specially in rural and per-urban areas. Another important point is the direct participation
of the population on low cost sewerage systems construction.
Besides that, we must also educate people about environmental and sanitary aspects.
The population must be conscious about the environmental impacts they are going
through and also about the solutions given by the project.

Terrol Inniss (Barbados) - "What provision do we need for the development and the
cost of providing the relevant wastewater disposal ? Is it necessarily what the people
can pay for, so you settle them in an the area but you do not have the financial
capabilities of paying for the sewerage system for that particular settlement. What
provisions have been put in place for that?"
Goen Ho - "The answer involves so many facts that I think we should discuss that
during the workshop."

Carlos Landin (Ecuador) - "Better than community information, what we have to do
is community development, which means to apply a development process that includes
sanitary information and paying taxes to maintain the basic services."
Goen Ho - "Yes, the ability to raise taxes is one factor".

Lilia Casanova - "I would just like to make a comment on some of the comments of
our colleagues here. Starting with one from the Dominican Republic, where she
mentioned middle income class, and the awareness of the need to provide for the cost
of wastewater treatment facility and the comment from Trinidad & Tobago when he
said about the need for policy and this relates very well to the Barbados' question on the
issue of what about those people who have been there before the idea of the
development came in.
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How do we provide for their needs, for the problem of wastewater treatment facility ?
One of the important factors is considering provision of wastewater treatment facility or
sanitation at the settlement planning. Settlement planning is a very important aspect in
policy decisions. Before you do anything it is ideal to have a policy on settlement
planning. Unfortunately, many countries do not have this policy, or even have policies,
but these are not updated.
I guess this is going to be a very important aspect in our discussion. Maybe we have to
be remembered of all that. Because when we talk about technologies we are always
thinking of hardware, or hard technologies and those are not the only solutions."
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