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SWITCH Deliverable Briefing Note

D4.1.1. Assessing the adoption and operational perinance of urban ecosan systems

Consisting of two sub-deliverables

» D4.1.1.a. Cross-country assessment of the adoptpmrational functioning and
performance of urban ecosan systems inside andleute EU

* D4.1.1.b. Drivers and barriers for scaling up egaal sanitation

Audience

A varied audience who are interested to know mboeiurban ecosan systems and
aspects related to implementation of this appraagnactice. This can range from persa
and organizations responsible for selecting andampnting sanitation technologies
(project development firms, local governments, watel sanitation utilities, NGO) as
well as scientists and technologist working on watmg these technologies.

Purpose

The purpose of this deliverable is to focus oniglsees related to implementing and
operating urban ecosan systems. The practical mgiéation of source-separating
sanitation systems in urban and rural settingshawn to be rather complex due to the
involvement of many actors, such as project devepr housing corporations, future
inhabitants, the local municipality, water authestand water utility companies. Anothe
important barrier in implementing new sanitatiostsyns is that in most cities, sewer
systems already exist and investments in assetsdieeady been made. Development @
new sanitation options in most western countriesetore requires a long-term vision.
Despite the complexity, a number of demonstratiajegts based on source-separation
have been realized inside and outside the Eurogeam in the past 15 years.

Background
Over last 10-15 years various new systems for nipadievastewater management basec
on separation at source have been developed ondex development. At present these
source-separating systems can be divided into asa@lapproaches. In the first approac

ns

—

)

h

grey water (shower-, washing-, and bath water)ldadk water (toilet water) are separated

at household level and treated separately anddeasstertilizer (urine, composted feces
or as second quality water (for toilet flush anthation). The treatment is done on
decentralised (i.e. neighbourhood) scale or o#-dit the second approach urine is
separately collected and treated or used as fertilUrine separation can be implementg
in combination with conventional sewerage dischang@ combination with grey and
black water separation.

In order to assess the potential of source-sepgratinitation systems for wide-scale
application in the long run, it is important todedrom these practical experiences. One
the outputs of Theme 4 is an investigation intafical experiences with source-
separation in urban settings.

The first part reports on practical experienceswitplementing and operating various
source-separation in urban settings in China, Geynidorway, Sweden and The
Netherlands, including urine separation and resderalizer, vacuum systems for black
water removal and grey water reclamation systenadsd reports on the complexity of
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ecosan implementation due to the involvement ofyngators, such as project develope
or housing corporations, future inhabitants, tl@lenunicipality, water authorities and

[S

water utility companies. Different stakeholders @vapproached in the different cases and

performance assessment were conducted.

The second part provides a summary based on twaiigneaire surveys undertaken
between August 2007 and March 2008 with experteerNorth and South who have be
strongly involved in ecological sanitation. Respemis ranged from field workers testing
pilot ecological sanitation schemes to researalerging full-time on understanding
specific aspects of ecological sanitation. In reseato the first questionnaire, champion|
of ecological sanitation mentioned various reasamg ecological sanitation did or did n
work. Responses to the second questionnaire, gatref information on the important
factors for scaling up ecological sanitation from:

- The user perspective: driving forces and basrier implementing and using ecologica
sanitation

- The Government perspective - creating an englgnvironment

- The product user perspective - the end usees@kta and/or urine in agriculture

1%
5
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Potential Impact

The study shows that ecosan, in its various fooas,generally successfully be
implemented. In some cases operational problems igdentified, however by using
innovative solutions found in other projects theseld be overcome. It shows that ecos
technologies are becoming mature.

an

Issues

Grey water reclamation technologies, urine sepamativacuum technology

The study shows that above mentioned ecosan temgiaslstill have higher investment
initial costs, compared to conventional technolegikhis is a barrier for upscaling. The
potential of reuse water and other resources j@igents) may provide a pay-back
mechanism which might even be very attractive ifavé scarce and expensive as was
shown in the case of Beijing.

Dry ecosan toilets

From a user perspective, there remains a reluctaraecept dry ecosan toilets as a
possible option, mainly because of reluctance talgathe by-products (urine and faece
In order to find acceptable solutions, it is otical importance that stakeholders ranging
from government personnel to households are mosaeeawf the potential benefits for
ecosanln particular, it needs to be made clearttieagénd product is no longer faeces, b
nutrient rich derivative that is no longer unsafenopure.

There is a general lack of support and co-ordinaditoall governmental levels, national,

intermediate and municipal. Several countries ok general policies and/or regulatior]
focusing on sanitation, let alone consider ecolalgganitation as one of a range of optio|
Consequently, ecosan is often not taken serioudgkes place only in small scale pilot

schemes which are not converted into large scat@isable projects.

Ut a
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1 Introduction

In last 10-15 years various new systems for mualcipastewater management based on
separation at source have been developed or asx dadelopment. At present these source-
separating systems can be divided into two bagcoaghes. In the first approach grey water
(shower-, washing-, and bath water) and black w@bdet water) are separated at household
level and treated separately. The treatment caiohe on decentralised (i.e. neighbourhood)
scale or off-site. In the second approach uringearately collected and treated or used as
fertilizer. Urine separation can be implementec¢ambination with conventional sewerage
discharge or in combination with grey and blackexateparation. The potential advantages
of source-separating systems over the traditioredtewater system are a.o. i) reduced use
and/or recovery of resources (water, nutrientsamig material, energy), ii) reduction of
emissions to the environment and iii) more effitieandling of flows due to less dilution.

The practical implementation of source-separatiagitation systems in urban and rural
settings has shown to be rather complex due tanmé@vement of many actors, such as
project developers or housing corporations, futnhabitants, the local municipality, water
authorities and water utility companies. Anothempartant barrier in implementing new
sanitation systems is that in most cities, sewstesys already exist and investments in assets
have already been made. Development of new samtafptions in most western countries
therefore requires a long-term vision. Despite ¢henplexity, a number of demonstration
projects based on source-separation have beerzegainside and outside the European
Union in the past 15 years.

In order to assess the potential of source-sepagraganitation systems for wide-scale

application in the long run, it is important to fedrom these practical experiences. This

deliverable reports on an ongoing investigatioro ipractical experiences with source-

separation in urban settings. The deliverable tspmr:

= Grey water separation in The Netherlands and wéparation in Sweden (chapter 2)

= Source separated grey wastewater treatment armitigral reuse in Palestine (chapter 3)

= Decentralised wastewater reclamation systems ifinggchapter 4)

= Constructed wetlands for decentralized treatmegrey water in the Netherlands,
Germany and Norway

= User acceptance of vacuum toilets and grey wattesys in The Netherlands, Norway
and Germany

More specifically the research that is describethéthree chapters has focussed on:

1. Technology selection - the drivers and barriers lgdhto establishment of a non-
conventional system in a neighbourhood. For thippse interviews were made with the
important stakeholders in these projects in ordgatn insight into their main drivers and
barriers.

2. Performance - the comparative performance of thecgoseparation systems after they
have been established.

3. Operations management - the support systems thad tha technologies function,
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separating wastewater management systems in Swedand
The Netherlands
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Abstract

The research described in this paper has evalfiseedemonstration projects with source-
separating sanitation at neighbourhood scale, &0syer more after their establishment. It
presents results of two systems with local greyew#teatment in the Netherlands and
three sites with urine separation in Sweden. Thdyshas focussed on i) the drivers and
barriers of the stakeholders that were responsdlgroject implementation and ii) the

comparative performance of the source separatistes)s after their establishment. In the
Netherlands the main drivers were water use realuctombating sewer overflows and
reduction of emissions. For the Swedish cases tig drivers of the involved actors were
nutrient recycling, emission reduction and an &cpwlicy of the local government. The

main barriers in all cases were higher investmerstscand low experience with new
sanitation approaches systems compared to the ctiowal system. Three of the sites
showed a lower performance with respect to pubdalth because effluent monitoring

protocols for the grey water treatment systems wertein place or people could have
direct contact with feces. Lack of operation andintemance is a cause of occasional
failure for the grey water treatment systems, wihile dominant failure reason for the
urine separation systems was pipe clogging. Thentory showed that source-separating
sanitation systems have a high potential to saveamver resources (water and nutrients).

Keywords
source-separating sanitation, drivers and barrggformance assessment, demonstration
projects

INTRODUCTION

In last 10-15 years various new systems for mualcipastewater management based on
separation at source have been developed or asx dadelopment. At present these source-
separating systems can be divided into two bagcoaghes. In the first approach grey water
(shower-, washing-, and bath water) and black w@bdet water) are separated at household
level and treated separately. The treatment caiohe on decentralised (i.e. neighbourhood)
scale or off-site. In the second approach uringearately collected and treated or used as
fertilizer. Urine separation can be implementec¢ambination with conventional sewerage
discharge or in combination with grey and blackexateparation. The potential advantages
of source-separating systems over the traditioresdtewater system are a.o. i) reduced use
and/or recovery of resources (water, nutrientsamoig material, energy), ii) reduction of



emissions to the environment and iii) more effitieandling of flows due to less dilution
(Otterpohl et al, 1997; Otterpohl et al, 1999; Lehsal, 2001; Johansson et al, 2001).

The practical implementation of source-separatiagitation systems in urban settings has
shown to be rather complex due to the involvementmany actors, such as project
developers or housing corporations, future inhaksta the local municipality, water
authorities and water utility companies. Anothempartant barrier in implementing new
sanitation systems is that in most European citsEsyer systems already exist and
investments in assets have already been made. dpeweht of new sanitation options in
most western countries therefore requires a long-tasion. Despite the complexity, some
tens of demonstration projects based on sourceaépahave been realized throughout the
European Union in the past 15 years. In The Nethdd e.g., about 5 projects with local
grey water treatment are in operation (Mels andnzse 2003), while in Sweden
approximately 10 projects in urban neighborhoodshwirine separation have been
implemented (Aarsrud, 2003). In order to assespdiiential of source-separating sanitation
systems for wide-scale application in the long itiis, important to learn from these practical
experiences. The study that is described in thgepaas investigated a number of sites in
The Netherlands and Sweden in order to gain masighh into the technology selection
process and to collect data on the practical pexdoce of these systems. More specifically
the research has focussed on:

e Technology selection - the drivers and barriers fed to establishment of a non-
conventional system in a neighbourhood. For thipgse interviews were made with
the important stakeholders in these projects irelotd gain insight into their main
drivers and barriers.

» Performance - the comparative performance of tlkecsoseparation systems after they
have been established. A field performance assedsmas made based on five criteria:
compliance with primary functions and sub functionsser-perspective and
environment. Each criterion had several verifiabt#cators.

MATERIALS AND METHODS

Study sites

Within the framework of this investigation 5 siteere studied that were established in the

1990s:

* In the Netherlands: ‘Het Groene Dak’ situated imedht (1993) and ‘Polderdrift’ in
Arnhem (1997), both with local grey water treatmant reuse. The black water is
discharged to the municipal sewerage;

e In Sweden: ‘Ekoporten’ situated in Norrkdping (1995Understenshdjden’ in
Stockholm (1995) and ‘Gebers’ in Stockholm (1998) three with urine separation. In
Ekoporten and Understenshéjden grey and brown vigtgischarged to the municipal
sewerage. In ‘Gebers’ the feces are collecteddrydoilet and composted locally, while
the grey water is discharged to the municipal sager



Technology selection process

To gain insight in the technology selection procésterviews were made with the
stakeholders that were involved during the desigph ienplementation phase of the various
projects. The various interviewees were approadlyddtter or phone call.

Performance assessment

In order to evaluate the performance of the systdines performance indicators (PIs) were
formulated. These Pls and their means of verificatire presented in Table 1. Some of the
Pls make a comparison with the conventional saoitatystem, i.e. transport of wastewater
and rain water by sewers to off-site treatmentifaas. The information necessary for the Pls
was gathered by interviews with system operatoid @nrent inhabitants, by review of
literature and internet sources, and by site-ingmpes. Per case 5 randomly selected
households were interviewed to find answers foruber perspective questions.

Table 1 Indicatorsto evaluate the performance of the investigatedcssseparating systems

Performance indicator Means of verification
1.Public health protectione Is there a chance for the house owners / tenaigsttio contact with
excreta or untreated wastewater?
» Is the effluent quality of wastewater flows that &eated in the
neighborhood monitored?
» If so, does the effluent quality comply with lostandards?
2.Sub functions » Is there a system for rainwater/stormwater managéne
3.User perspective » Are the yearly costs for water supply and wastemadisposal for the
house owners/tentants equal/higher/lower comparéuet
conventional system?
» Does the system cause nuisance (vermin, noiseyg)@ou
» What are the operation & maintenance inputs of @ous
owners/tentants?
4. Robustness * What is the nature and frequence of system failure?

5.Environmental aspects Are the emissions to surface water of nutrients BO®
equal/higher/lower compared to the conventionaiesy®
» Does the system save or recover resources (waltgemts, energy,
etc.) compared to the conventional system?
! The yearly costs were assessed based on therrargsand operational costs, including the
water and wastewater fees. Investment costs weyeessed in yearly costs, by using the
annuity method.

RESULTS

Het Groene Dak (1993, Netherlands)

In 1989 the tenants’ association ‘Het Groene Dalfidted the design of an ecological
neighborhood with a low environmental impact. Theyoperated with a public housing
corporation and a private developer. The neighbmtheas established in 1993 and consists
of 66 houses. The area has two clusters of fivesé®with a special sanitation system based



on separation of grey, black, and rainwater. These clusters (rental apartments) were
subject of this study. Grey water is treated im@pss train consisting of sedimentation and
a trickling filter. A part of the treated grey wates led into a surface-flow constructed
wetland from where it is led into a retention poadpther part is used as irrigation water in a
small greenhouse. The black water was at first astgal in Clivus Multrum composting
toilet systems. However after many problems witkel§nilies and a disturbed composting
process, these systems were removed and replacgovijyflush toilets. The black water is
currently discharged into the municipal sewer. Raster of the entire neighborhood is
infiltrated. Rain water from the roofs is collectadd used in a number of collective laundry
machines.

The actors involved in the design and decision-mgn the two clusters were the tenants’
association and the housing company. Interviewh triese actors showed that the drivers
for implementing grey and rain water measures weter consumption reduction, reduction
of storm water overflows, prevention of drying-oot soils and reduction of pollutant
emissions by the conventional wastewater systene Ttain barrier was the higher
investment cost.

The tenants are responsible for the in-house e@npfoilet, pipes, etc.) and take part in the
maintenance of the pond system (yearly removai@fplants) and the small greenhouse. The
housing company is responsible for the treatmedtraaintenance of the grey and rainwater
system. The effluent quality of the grey water sgsis not monitored on a regular basis. The
interviewed tenants appreciated the system and théigated that it made them feel
environmentally concerned. They managed to reduoeir twater consumption by
approximately 40% compared to the average Dutcherwabnsumption. They reported
incidental smell coming from the constructed wedlamd the greenhouse. The greenhouse
was reported to have occasional flooding probleoestd loss of infiltration capacity and the
tenants were considering removing it at the tim#hefinterviews (autumn 2005). There were
no noise complaints and no vermin problems.

Polderdrift (1997, Netherlands)

Polderdrift, a neighbourhood with 40 houses, wagiated by a housing corporation
(‘Woningbouwvereniging Gelderland’, nowadays ‘Paftain 1991 and constructed in 1997.
Through a series of workshops new tenants coulticgzte in the urban and architectural
design and other aspects of their future neighbmithdeduction of water consumption
received a high priority in the final design. Nowgd, Polderdrift has its own local grey
water treatment by means of fat removal, sedimemaand a surface-flow constructed
wetland. The treated water is discharged into al@ystem for storage and from there it is
used for toilet flushing. The black water is disgel into the municipal sewer. Rain water
of the entire neighborhood is infiltrated. Rain gratrom the roofs is collected, stored and
used in the laundry machines. The resulting watensemption in Polderdrift is
approximately 43 % lower compared to the averagelwater consumption.

The main actors involved in the decision makingene tenants, the housing company and
a green architect. The main drivers were to redmater consumption, to reduce sewage
overflows, and to create a nice neighborhood. Th&rbarriers were the high investment
cost and low experience with grey water systems.



The tenants are responsible for the in-house eanpr(toilet, pipes, etc.) and for the
operation and maintenance of the constructed wettldlaintenance activities include cutting
of the reed, regular inspection of the manholesflusthing of the drainage pipes once a year.
Operation problems should be reported to the hguswmmpany. Two times a year a
specialized company removes the settled sludge frenmsedimentation tank. The effluent
quality of the grey water system is not monitor@daoregular basis. Site-inspections and an
interview with one of the operating tenants showed the status of the system at the time of
the visit (autumn 2005) was not good. The sedintemadank was not emptied that year and
the frequency of water discharge to the reedbedtembigh.

The interviewed tenants appreciated the systemadsal the required maintenance work.
Two people said it made them more environmentadlgra. Three out of the 5 interviewed
tenants sometimes experienced smell. There werenaige complaints and no vermin
problems.

Understenhojden (1995, Sweden)

The site ‘Understenshojden’ in Stockholm includes réntal houses. A local tenants’
association was the main actor in the design andside-making. The association
cooperated with two project developers with expergein ‘tailor-made’ housing projects.
The tenants implemented several ecological buildnegsures of which one was a source-
separating sanitation system. Urine is separatddransported once a year to a location near
Lake Bornsjon. This location is owned by Stockholaiten and leased to a local farmer.
After storage for six months (to remove pathogéhe)urine is used to fertilize cereal crops.
Grey and brown water was locally treated, but bseathe effluent standards could not
comply with local effluent standards these flows anrrently discharged into the municipal
sewer system. Rain water from roofs and roaddilsrated.

According to interviews with representatives of theants’ association, the interviewed 5
tenants and one of the project developers, the drarers for a source-separating sanitation
system were nutrient reuse and the developmem ofreovative environmental technology.

The role of the tenants in operation and maintemasdimited to the in-house equipment
(toilet and pipes). The main operational difficetiencountered so far were problems with
clogging of the urine pipes (approximately 2 tinpes year). Maintenance activities to solve
this include flushing the toilet with hot water asdda, and cleaning the pipes with a
mechanical snake.

The interviewed tenants appreciated the systenmabsodhad no problems with the cloggings
and the required maintenance work. Two personsateld that the system could produce
some smell during clogging. There were no noisepgtamts and no vermin problems. Urine
separation recovers nutrients for agricultural asel also potentially reduces nutrient
emissions to surface water. According to Jonssenethissions of N and P to water may
decrease by 55 % and 33 %, respectively (JOns€82)2The water saving capacity of the
urine separation toilet is, depending on ones bahjiproximately 5 — 40 L/p.d (Johansson et
al, 2001). Urine transport from Understenshéjdear@8 km to Lake Bornsjon requires 44
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MJ/p.y (Jonsson, 2002). However the energy saviegsthe conventional system and
fertilizer production amount respectively 32 MJ/and 75 MJ/p.y (Jonsson, 2002).

Ekoporten (1995, Sweden)

The site ‘Ekoporten’, consisting of 18 apartmemss an initiative of a local housing
company to implement the latest technologies ortaswable building. Among other
measures also a source-separating sanitation sysgsmimplemented. Urine is separated
and, since 2002, transported to two local farmadsused on their land. The transport is paid
by the housing company. The brown water undergasntifugal liquid/solid separation in
a so-called Aquatron system. The separated feeesnated and composted with organic
waste and wood chips. The flush water fraction #nedgrey water were treated in a three-
chamber-sedimentation tank, an ultraviolet (UVefilfor disinfection and a horizontal-flow
constructed wetland. In 1999 the UV filter and bogizontal-flow constructed wetland were
replaced by a vertical-flow constructed wetlande Téason was a poor functioning UV-filter
due to the high suspended solids concentratiomliigato high amounts of e-coli in the
effluent of the wetland. Also exposure to greywatethe horizontal-flow wetland was an
argument to do replace this system. Although th&tesy is now performing well, it is
considered to connect the flush water and the gager to the sewer. The reason is that the
constructed wetland discharges on a sensitive.river

The main actors involved in the design and decisiaking were the housing company and
local government. The main drivers were nutrientses the development of an innovative
environmental technology and the application otanable building measures. The housing
company also considered having a green label atverdThe main barriers were the high
investment costs.

The role of the tenants in operation and maintemasdimited to the in-house equipment
(toilet and pipes). There is a system manager foeration and maintenance of the
constructed wetland. An important operational diffiy encountered in Ekoporten is
clogging of the urine pipes. The applied pipe ditareeare low and some pipes have angles
of 9C°. This occasionally leads to complete stoppages.t&hants flush the toilet relatively
often in order to remove the sediments and alsshflihe toilet with soda. Based on the
experiences in Ekoporten recommendations were moadse bigger pipes for urine transport
(preferably 110 mm instead of 40-50 mm) and toauskpe of 1% for new applications.

Despite the cloggings the inhabitants were genesatisfied with the system. Occasional
smell was reported during cloggings. There werenoegse complaints and no vermin
problems. Due to the installation of urine divegtioilets the water use in the area was lower
than average. The urine needs a flush of 0.2 lare$ the feces of 4 litres. With the same
amount of flushes the toilet saves 25 % water coetpéo a conventional Swedish toilet
(Vinneras, 2001).

Gebers (1998, Sweden)

In January 1995 the tenant’s organization EKBO [&gical Collective Housing in Orhem)
was founded. The EKBO members initiated the ideavéoin the empty building of Gebers.
In cooperation with a housing company the buildivags renovated in 1998. It currently has
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32 apartments in which between 60 and 80 people hagn living over the years (Boverket,
1998). The appartments have dry toilets with ugaparation. The feces are collected by a
drop-hole and a 200 mm wide pipe into a plastic inag 140 litre (or smaller) bin (Krantz,
2005). The amount of separated feces and toiletrga@pproximately 0.22 L/p.d (Palmquist
and Jonsson, 2003). When the bin is filled thertenearry it out of the basement to empty it
at the compost site. The urine is collected andsfrarted to the farmer at Lake Bornsjon.
Grey water is discharged into the municipal sewstesn.

The main drivers of the tentants of EKBO were muiri reuse, reduction in water
consumption and an environmental-friendly neighboth The tenants are responsible for all
operation and maintenance activities with respethé feces and urine. In the processing of
the feces they can get in contact with the fecagyTuse protective measures (gloves) while
empyting the bin. An important operational problésnthe occurrence of flies that are
attracted to the feces collection bin. Accordingki@antz (2005) all 26 respondents had
experienced problems with flies at least once. A&lsegging of urine pipes was encountered.
The air from the feces bins in the basement isilkaéed in order to avoid odors. The amount
of nutrients recycled is for N, P, and K respedtive, 1, and 2.2 kg/hh.y (Palmquist and
Jonsson, 2003).

TECHNOLOGY SELECTION PROCESS

Table 2 summarizes the drivers and barriers forlempntation of source-separating
sanitation systems that were mentioned by the I|stakeholders in Sweden and The
Netherlands. The study showed that a number ofntiprtant drivers and barriers of the
stakeholders to select certain technologies weiferelint in the Netherlands compared to
Sweden. In The Netherlands the interest in reusedaimed wastewater as a measure to
reduce the tap water consumption was a relativelyortant driver. This driver was — on
average — rated lower in Sweden. Another noticediffierence was the higher interest in the
recycling of nutrients in Sweden due to an activiendation policy of the Swedish
government to recover phosphorous. This formedrgortant driver for all Swedish actors
in contrast with The Netherlands where nutrientycing was generally not considered
important at all. In Sweden also local governmeanish as Stockholm Vatten stimulated and
facilitated the implementation of the studied urgeparation systems. The water authorities
in The Netherlands only played a passive role.viled@®n the protection of sensitive surface
waters also rated higher than for The NetherlaAtlsactors address both in Sweden and in
The Netherlands, rated higher investment costsnamportant barrier. The last barriers is
that in most urban areas already a conventionafasem is present, and several actors value
the system on its reliability and cost effectivenes
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Table 2 The drivers and barriers that were mendoby the local stakeholders for
implementation of non-conventional sanitation systend their average score

Drivers Sweden The Netherlands
Reduction in water consumption No Yes
Reduction of pollutants’ emissions to the Yes Yes
environment

Recycling of nutrients Yes No
Development of innovative technology Yes Yes
Active governmental involvement Yes No
Discount on (waste)water fees Yes No
Barriers

High costs Yes Yes
New technology Yes Yes
Presence of a conventional sanitation Yes Yes
system

PERFORMANCE ASSESSMENT

Table 3 presents the performance evaluation ofvén®us casebased on the@ssessment
protocol that was developed for this project. Tleefgrmance was assessed in comparison
with conventional off-site wastewater transport &egtment.

* PI1: An important conclusion with respect to Rlpliblic health) is that the two Dutch
cases with local grey water treatment had no efflueonitoring systems in place. For
the Swedish case Gebers the direct responsibililgh@bitants for emptying feces bins
can be considered as a health risk according taassessment protocol, although the
involved people are well instructed and aware hoawmoid risks.

* Pl 2: All the investigated cases used local raitewanfiltration system and sometimes
had a rain water use system. This can be considgerathprovement compared to the
conventional system, because it reduces emissipoliftants through sewer overflows.

 PI 3: The total yearly costs for water supply avastewater disposal compared to the
conventional system were more or less similar fooeBe Dak and Understenhojden.
The yearly costs for the inhabitants in Gebers vegmeroximately 30% lower. Due to
relatively high investments in equipment, the yeadsts for Polderdrift and Ekoporten
were significantly higher. Gebers has a high lefaluisance due to frequent problems
with flies. Moreover, this site also has a high O&dfjuirement by the tenants.

* Pl 4: The two Dutch cases with local grey wateatimeent experienced (partial) system
failures due to lack of operation and maintenaf¢e dominant failure reason for the
urine separation systems in Sweden was pipe clggéiipe clogging can be controlled
by extra maintenance activities of the tenants dskoowners. For future cases
recommendations for improvement have been madevegiSh experts.

* PI5: The grey water treatment systems have thengiat to significantly reduce water
consumption (40%). The urine separation systeme fahigh potential in reducing
emissions and in recovering resources (nutrients).
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Table 3 Performance evaluation of the various cases baséueopre-defined performance
indicators +, 0, - indicate better, neutral or worse in congmar with the conventional
sanitation system

Performance indicatof Groene | Polderdrift | Understens- Ekoporten Gebers
Dak hojden
1. Public health - - 0 0 -
protection
2. Sub functions + + + + +
3. User perspective | Costs 0 - 0 - +
Nuisances 0 0 0 0 -
O&M 0- - 0 0 -
4. Robustness - - - - -
5. Environmental Emission + + + + +
aspects reduction
Resource use + + + + +
/ recovery

CONCLUSIONS

* This investigation showed that there were differdnvers for the establishment of
source-separating sanitation systems in three Sweald two Dutch cases. For the
Swedish cases the main drivers of the involved ractwere nutrient recycling,
reductions of emissions and an active policy ofltleal government. In the Netherlands
the main drivers were the reduction of water useluction of sewer overflows and
reduction of emissions. The main barriers in aflesawere high investment costs and the
small experience with new sanitation approachetesyscompared to the conventional
system (sewers and off-site treatment).

* The investigation shows that all five demonstrateases were operational and well-
functioning after 8 — 12 years of operation and thast people using the systems are
satisfied about the performance and use of thessst

* The two Dutch cases with local grey water treatnbiundtrate that decentralised grey
water treatment systems have a large potenti@doae water consumption (upto 40%).
Both systems lack an effluent monitoring system olwhin the used performance
assessment is considered as a risk to public headiime (partial) system failures have
been encountered due to lack of operation and eraance by inhabitants.

e The three Swedish cases show that urine separsystems have a high potential in
reducing emissions and in recovering resourcesiémis). The dominant failure reason
for the urine separation systems in Sweden was gipgging. Pipe clogging can be
controlled by extra maintenance activities of #eaints / house owners. For future cases
recommendations for improvement have been madewsdiSh experts. One of these
sites had frequent problems with flies and a higMJequirement by the tenants.

« All five cases were characterised by relativelyhleiginvestment costs compared to the
conventional sanitation system. The yearly cosipifal and operation expenditures) of
two cases in Sweden were lower than the conventayséem.
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3 Assessment of non-conventional source separatgdigrstewater
treatment and agricultural reuse in Palestiniaalraireas

Nidal Mahmoud and Ziad Mimi

House of Water and Environment (HWE), 41 Khaled BwWalid Street, Al Sharafeh, Al-
Bireh, Ramallah, Palestine

Abstract

Source separated of grey and black wastewatemsread house onsite treatment of grey
wastewater and reuse of treated effluent for itmgg crops are increasingly perceived
acceptance and application in the Palestinian meaklopments. The application of those
non conventional sanitation systems are steeretl®@s which have constructed so far
more than 600 units all over the West Bank rurahar The main goal of this research was to
assess the impact of those systems on the enviranhresalth and socio-economic factors at
household level according to the beneficiariestpption as so far very little is known about
those issues. The drivers and barriers of constigithose systems were also assessed. This
research was performed mainly by the means of ipmess filled in Qebia village where 47
house onsite sanitation systems have been redemglgmented. The results of this research
showed that the source separated house onsitewedstecollection, treatment and reuse
systems have very promising future in Palestinewéi@r, further improvements are still
needed to solve the problems of odour emission,paoper system is required to handle the
black wastewater in order to reduce the desluddieguency and its potential risk of
groundwater pollution. The operational and mainteearequirements of the system are
rather limited to routine work like cleaning andstiglging, and thus the system is robust, but
still the effluent quality compliance with localfleent disposal requirements should be
assessed. The biggest incentive for applying thystesn is the reuse of treated grey
wastewater for irrigation purpose which is sociallgcepted. The application of those
systems is limited to the availability of extermahds. The main worries people might have
over the constructing of those house onsite syst@mshealth risks, flood concerns, and
odour emission. Those issues should be given dpaitention when implementing other
projects. Accordingly, the house on site sourceus#pd wastewater management systems is
very efficient in wastewater treatment and fooddpiction.

Keywords grey wastewater; black wastewater; source seggfirabuse onsite; reuse;
perception; Palestine

2 Introduction

The status of wastewater management in Palestinextiemely critical. Of the total
Palestinian West Bank population, only about 30%eived by centralized sewerage systems
and only about 6% is served with adequate cent@liratment facilities (Mahmoud, 2002;
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Mahmoudet al, 2003). Wastewater from non-sewered localitiesnastly disposed of in
cesspits. About 73 percent of the households hassptt sanitation and almost 3 percent
lack any sanitation facilities. The situation eveecomes more critical in the rural
communities where less than 2 percent of the haldehare connected to sewerage
networks. This is mainly due to lack of financiational funds and inequitable political
power (Al-Sa’ed and Mubarak, 2006).

Cesspit is certainly an improper disposal systekingainto consideration its negative
environmental impact. Liquid in cesspits often péates into the ground. It is also quite
common that cesspits become clogged after a cqaind of operation. In such a case the
content has to be emptied more frequently by ragieensive tankers. The cost of cesspits
desludging may reach fifty US$ per month for a tetwdd, representing for some families
more than 20% of their monthly income. Currenthg tankers dispose the evacuated septage
within the surroundings of the communities, maiinithe nearby open areas, and to a lesser
extent in the existing treatment plants which aresthy outdated and overloaded. The
infiltration of wastewater into the cesspits sumding soil and the present practice of
septage disposal has seriously impacted the quaityater resources and soil. Over land
wastewater seepage from cesspits when becomesfalldommon phenomenon leading to
foul odour emission in addition to the impositianve#onmental pollution and health hazards.
The emitted odour is frequent at the time of cessmiptying, and thus causing occasional
disturbances. In order to minimize the regular uldging of cesspits and due to water need
and shortage, some families use untreated greyewatdr for irrigating trees in backyards.
This in turn causes nuisance due to mosquito mgedidour emission, aesthetic problems,
soil pollution, etc.

Due to the financial and environmental problems eelgmced with cesspits and the
increasing demand for irrigation water, non-conierdl house onsite wastewater collection,
treatment and disposal systems had been introdsined the late 1990s. So far around 600
house onsite wastewater management systems hawvenelemented in several Palestinian
rural areas by local non-governmental organizatiphGO) as the Palestinian Hydrology
Group (PHG) and Palestinian Agricultural Relief Goittees (PARC) (e.g. PARC, PHG).
Those sanitation projects have been financiallypsted mainly by international aid
agencies (e.g. ACDIVOCA, IDRC, etc). Most of thepiemented systems comprised of
separate collection and treatment of black and gvagtewater and utilizing treated grey
wastewater in irrigated agriculture. The black wastter is disposed and stored in cesspits,
and the grey wastewater is treated in grey waswwetatment system (GWTS). Most of
those rural GWTS consist of anaerobic pre treatnséep by the means of septic tank
followed by anaerobic upflow gravel filter, named®gptic Tank-Upflow Gravel Filter, and
further polished by a post treatment “aerobic” mldyer filter. The effluents are mostly
disposed by the means of drip irrigation systemsrfggating the homes’ gardens (Burnat
and Mahmoud, 2004; 2007).

Al-Sa’ed and Mubarak (2006) reported that the dewci®f installing a particular onsite
treatment system in the Palestinian rural aregsimarily made within the NGOs by non-
experienced developers based on principles of lost-dcreatment systems and NGOs
profitability. Once the onsite systems are insthlleey are usually rarely checked again or
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maintained. The authors claimed that in all Patésti small communities, existing onsite
sanitation facilities are inadequately designedyriycsited, and rarely maintained over their
service life cycle.

The main goal of this research is to assess thedtapof hose onsite source separated
wastewater management systems on environment,hhaall socio-economic factors at
household level according to beneficiaries’ percept The drivers and barriers of
implementing those non conventional sanitationesystwere assessed. Qebia village in the
West Bank was chosen to carry out this study wkiezanost recent house onsite sanitation
project was implemented consisting of 47 houseterggiey wastewater treatment and reuse
units. The project was implemented during the megeptember/2005 and June /2006. The
investigations were conducted by the means of Baldey by distributing questionnaires for
all beneficiaries and personal interview with si@imdecision makers and sanitation experts.
Since any sustainable water resource should beoementally friendly, socially acceptable,
and financially viable, those main themes were udised. It is widely agreed that progress
towards sustainable services requires the integrati these three elements into the decision
making process so the project might have future.

3 Study area

Qebia is one of the middle income localities livimgder water stressed environments located
in the western parts of Ramallah district (mapltLhas a population of 5,300 inhabitants.
This village is one of the Palestinian rural depetents that is not expected to be sewered
for many years to come. That is due to the natipoéties which are in favour of providing
sanitary services to the main urban centres, aedapolitical unrest, lack of national funds
and the crawling course of the overall development.

The Qebia Women Cooperative (QWC) had initiated snplemented with financial aid
from ACDIVOCA 47 house onsite- source separatedey gvastewater treatment and reuse
project serving 48 houses in the village. Eacthefderved families was provided with a one
treatment unit except two houses were provided witine common unit. Each of the grey
wastewater treatment units is intended to treatib®d® cubic meters per day per family. The
treated grey wastewater is being reused for ingahome gardens plants, fruit trees and
vegetables eaten cooked.

The ACDIVOCA and QWC, the main actors of this pobjeaimed at improving the

wastewater management system in Qebia householdistareating new sources of water to
irrigate houses gardens for food production.
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Map 1: Location of study area
4 Description of the house onsite wastewater managent system used in Qebia

The house plumbing fixtures installations were gehso as to separate the grey and black
wastewater streams. The black wastewater (froratjag discharged into the existing cesspit
and in other cases into modified cesspits whicheveenstructed within the framework of the
project. The modified cesspit is built from brickgh a honeycomb structure and surrounded
with around 60 cm thick gravel layer in order tohance water seepage into soil by
suspended solids removal (Fig. 1). The grey wasawahower, kitchen, sinks and washing
machine) is conveyed to a house onsite grey wastewaatment plant (GWTP).

The GWTP consists of an anaerobic pre-treatmeptfstiowed by an ‘aerobic’ multi-layer
filter (sand, coal, gravel). The anaerobic stegoimprised of a septic tank followed by a two
stage upflow gravel filter. The septic tank recseitbe grey wastewater from the house
through a 2-inch or 4-inches diameter PVC pipe. fidve grey wastewater flows through a
screen to the first compartment which is the sejatik by means of a T shaped PVC inlet,
with a one end directed upward subjected to theogimeric pressure and the other goes
down to the bottom of the septic tank at a levelbbut 30 cm from the bottom of the
reactor. Accumulation of grease occurs by instglinT-shaped pipe at the outlet at same
level of the inlet T. The second and third comparita are upflow graduated gravel filters,
and the fourth is a balancing tank for holding pre-treated effluent where a submersible
pump is installed. The pump lifts the water to altrayer aerobic filter, and after then
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effluent is collected in a storage tank from whieris discharged into the irrigation network
of the house garden.

The intended design hydraulic retention time of gbptic tank is 1.5 to 2 days. The upflow
gravel filter is designed as a gravity loaded systeorks at maximum flow at day hours and
zero flow at night hours. The gravel filter medra@ anainly hard crushed stones or washed
wadi gravel of hard limestone of 3 cm diametertfia first gravel filter) and 0.7 cm in the
second stage gravel filter. The top of the filteasweft without concrete cover, and instead
was covered with a thin layer of soil and plantathvilowers. This is mainly to make the
upper part of the filter to function as a biofiltés oxidise the emitted mal odorous
compounds. In this line, the headspaces of theicségutk and the balancing tank were
connected by a tube to underneath the upper patteofilter to enhance odour removal.
Meshes were provided to the tubes going upward expbsed to atmosphere in order to
prohibit mosquito entrance to the system and thesemuent growth propagation. The
treatment plants have been constructed with comangand bricks. A schematic diagram of
the GWTP is presented in Fig 2.
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Fig. 1. The modified cesspit for black wastewaispdsal
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Fig. 2. The Septic tank- Up-flow gravel filter hal®ld grey wastewater treatment plant
applied for 47 houses in Qebia village/ Palestine

5 Methodology
5-1 Field investigations

Several field technical site visits were conductedQebia village where grey wastewater
treatment systems had been applied. The wastewatgment units were visited, observed
and checked visually, including all collection amdatment units as well as the irrigation
system, the planted crops and the irrigated s@hdficiaries were met and various subjects
were discussed over the system performance, peoeptd project history.

5-2 Questionnaire

The applied ecological sanitation systems in Qefillage were assessed by two unified
questionnaires formats which were developed anttilwised in March 2007. The first
questionnaire, which is the core of this study, wiesigned to the systems owners
(beneficiaries) and the other was designed to #uesibn makers and sanitary experts. The
specialized questionnaires were designed accotdistatistical principles and written in the
Arabic language, the mother language of the respaisdand a person from each household
was interviewed. The beneficiary’s questionnairesendistributed and filled in by all of the
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47 served houses. The questionnaires of the dacmakers and sanitary expert interview
were limited to around six persons as those keggoer are very few, and so data collection
from them was based on personal interview and gd&8on. The questionnaires covered the
following issues:

I. System owner interview:

Vast of subjects were discussed with the benefegao understand their perception, attitude
and drivers and barriers for applying the housatengastewater management system. The
questionnaire focused on the following main issues:

Is the sanitation system socially and culturallgegated?

Is the system affordable with respect to capital aperational and maintenance
costs?

What benefits have you gained from the sources éhausite separated grey and
black wastewaters management systems?

Are there any problems experienced with the saoitaystem?

Is it safe to have a house onsite wastewater mamagesystem?

Is it convenient to have an onsite sanitation sy8te

What are the drivers and barriers for choosing libase onsite source separated
sanitation system

deed & S

The questionnaire consisted of the following maadings:

— Family structure

— Household water uses and infrastructure

— Invisibility and user comfort and acceptance ofehelogical sanitation system

— Robustness of the sanitation system: system failumperation; maintenance;
compliance with effluent standards

— Health impact of the sanitation system

— Drivers and barriers: environmental aspects; enwirental and public health aspects;
separation (social/technical); financial aspeatsjad and managerial aspects

[I. Decision makers and sanitary expert interview
This questionnaire focused mainly on system deseniand the drivers and barriers of the
applied sanitation system.

3-3 Statistical analysis

The data collected from the beneficiaries were yareal using the SPSS (Statistical Package
for Social Science) program for windows- Releas8.01SPS8Inc. (2001). The data collected
from the decision makers and sanitary expertsrasepted qualitatively.
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6 Results and Discussion
6.1 System owner interview

General information on the families and houses

The survey results revealed that the average fasmly is 9.4 which entail a large family
size, a typical characteristic of the developingrddes. The families in Qebia are rather
poor with average monthly income of around 400 U&Rich represents almost 40
US$/person/ month. All houses have rather big geratdth an average area of 1338 and

in the range 200-700 MOf the total 47 surveyed houses, only 13 house® ainwater
harvesting systems constructed from concrete. @lmvater harvesting systems are located
at a distance in the range of 8-100 m with an aeexalue of 36.8 m. This indicates that the
wastewater management systems might cause pollatiothe harvested water as the
Palestine Standards Institution (PSI, 2003) impaseinimum distance of 15 m with the
cistern located upstream.

Of the all surveyed household gardens, 100%, 91.5%69% and 100% are planted
respectively with fruit trees, vegetables, forestrgss and flowers. The percentage of
families that use treated grey wastewater in itmgathe planted crops of fruit trees,
vegetables, forestry tress and flowers are resm#gtio7.9, 91.5, 4.3 and 95.7%. The
produced crops are mainly used for household copgam(93.6%) and the other 6.4% sell
them. This shows that the application of the seweparated house onsite wastewater
management system have encouraged the use ofitgratewastewater in agriculture which
have consequently resulted in improving the foaniggy.

Invisibility and user comfort

The people satisfaction with the applied sanitagsiem is very promising as 74.5% of the
beneficiaries are very satisfied and 21.3% aresfgadi, and only 4.3% are not satisfied. The
people satisfaction with the black and the greytewaater collection/treatment systems
expressed as very satisfied, satisfied and unieatiafe respectively 66, 12.8 and 21.3%, for
the black system and 80.9, 10.6 and 8.5% for tleg¢ gystem. This shows that people are
more satisfied with the grey wastewater systenoagpared with the black one, which points
that further improvement of the black system idl sieeded. The aesthetic impact of the
system is very positive as 97.9% of the interviewedple stated that it has a good impact,
and 2.1 % find it acceptable but no one perceitedepatively. With respect to odour

emission, 42.6% of the interviewed people stated tlo odour is emitted from the system,
and 12.8% of them sated that there is strong odmitted and 44.7% stated that there is
rather acceptable odour emission. Figure 3 denmtestithat the odour emission from the
wastewater management system is mainly noticealdmgl July, August and September
which are rather the hottest period in the yeahe Taised complains over smell during
summer time are expected to be people living martelanrs as compared with the cold
period of the year.
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Fig. 3. Degree of smell emission over the year ftbengrey wastewater treatment plant
applied in Qebia village/ Palestine

The produced noise from the system is rather nibigigs stated by 97.7 % of the people and
2.1 % sated that it is acceptable. 10.6% of therugwed people stated that the system is not
enhancing mosquito breeding, but 78.7% think that gystem slightly enhance mosquito
breeding, and 10.6% of the people sated that imcds remarkably mosquito spreading. The
vast majority of the beneficiaries (95.7%) recomthéme system to be applied for other non
served houses and only 4.3% do not recommend &llatut no one recommend any
modifications in the system as a pre conditionaocepting the system. The majority of the
people are so satisfied with the onsite sanitagimiem as 89.4% of them stated that in case
the village is served with a centralized seweragtem; they are not going to give up the
onsite system because of their need to reusedheett effluent. The other 10.6% prefer the
centralised system because of odour emission flemonsite system which is the most
important reason reported by people, and to a lessent people complained about the
unpleasant seen of the pipes over ground, rejeoficausing treated effluent for all types of
crops, frequent desludging of black wastewatersa®page, the up ground positioning of the
grey wastewater treatment plant and the close ritistaf some of those plants from the
served houses. Of the total 47 beneficiaries, 1thef reported 21 complains about there
house onsite sanitation system. The complainsarpited in Table 1.

Table 1. Complains reported by 16 beneficiariesaiud7 about experienced troubles with
their house onsite grey and back wastewater mamagiesystems

Complain Black wastewater system Grey wastewater stem
Seepage/ flooding 4 2

Aesthetically unpleasant/ closelouse 2

Odour emission 6 5

Desludging cost 2

Insects infestation/ close to house 2

Sub-total 16 7
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System robustness

The robustness of the system is described in tefragstem failure, operation, maintenance
and effluent quality compliance with the effluetdredards. The sanitation system as stated
by 95.7% of the people had been monitored. The tong activities included routine work
only such as checking the treatment basins (Fatsval, seepage, etc.), irrigation network,
pump, influent manhole, and the maintenance asviincluded repair and cleaning. No
satisfactory data is available on system perforrmand¢erms of effluent quality and removal
efficiencies. The both grey and black wastewatenagament systems have hardly any
operational problems with an average value of atoonce per year. The problems
encountered with the wastewater management systedn tlke adopted solutions for
maintaining the system are presented in Table 2.r€Bults clearly reveal that the system
requires minor effort and mostly the activities aether routine maintenance work of
cleaning and desludging the black wastewater dodie@it.

Table 2. Problems and solutions that have beenriexped with the black and grey
wastewater management system and the solutionsoysbe beneficiaries

Solution
Problem| Not exist  dseludging  Fixation  Water pressure  Pgbleaning Subtotal
Flooding 4 2
Black Seepage 3 1 4
wastewater Odour emission
management Pipes blockage 3 3
part Pipes disconnection
Sub-total 3 4 1 3 11
Flooding
Grey Seepage 4 4
wastewater Odour emission 1 1
management Pipes blockage 1 3 4
part Pipes disconnection 1 1
Sub-total 2 4 1 3 10
Flooding 4 4
Seepage 3 5 8
Al parts O'dour emission 1 1
Pipes blockage 1 6 7
Pipes disconnection 1 1
Total 5 4 5 1 6 21

The applied wastewater management system requargdiitle operational and maintenance
efforts. The beneficiaries exert 0-200 hours/yearnhaintenance and operation works with
an average value of 41 hours/ year. The sludgeuptmsh from the system is rather low
since the average yearly desludging rate is 1.6iratite range of 0-12. The desludging cost
of the existing wastewater management and the qushlj used cesspit system is in average
10 US$/time but reached maximum values of aroundS®/round.

Public health

In terms of people exposure to touching wastew#tersystem is rather safe as 38.3% of the
beneficiaries stated that family member are nexposed to touching wastewater and 53.2%
stated that the incidence of touching wastewateeiyg rare. Nonetheless, the other 8.5% of
the beneficiaries stated that they do touch thedemager. The majority of the people believe
that the introduced wastewater management systdutes diseases, and 10.6% sated that
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they have no clue, but no one worries that the grastewater system might cause diseases.
Most of the beneficiaries reported that the systemot causing any physical harm, and
14.9% stated that it is not very likely.

Miscellaneous

The main benefits people gained from the applicatibwastewater management systems are
reusing of treated effluent for irrigation (97.9%hpising the hygienic status (97.9%),
reducing the cesspits desludging frequency (63.8%¢ major problem experienced with
the onsite wastewater management system is the edugsion (stated by 11 beneficiaries),
seepage from the back wastewater pits (stated bgn@ficiaries), and to a lesser extent
increased insects infestation (stated by 2 bemefes) and the small size of the black
wastewater pit (stated by 1 beneficiary). The wsdale implementation of the system is
apparently limited to the availability of exterrfahding as 66% of the interviewed people
stated that they if external funding was not a\ddathen they would not have constructed
the system from there own expenses, but 34% of #tatad that they would have done. The
people who stated that they would not have constduthe sanitation system on their own
expenses attributed that mainly to incapabilityatiord the system considering the difficult
economical situation (stated by 30 beneficiariéisg, lack of knowledge about the system
(stated by one beneficiary), and the no need fersdmitation system (no need for irrigation
water and cesspit is never full). On the other haimel people who stated that they are willing
to construct the system on their own cost attridbdit@at mainly to the need for extra water for
irrigation (stated by 9 beneficiaries) and solvithg problem of wastewater disposal and
treatment (stated by 2 beneficiaries). The deshglfiequency has been reduced from 2.2
oncel/year (the range 0-20) for the previously agaptiesspit to 1.6 once /year (the range O-
12) for the new wastewater management system.

Drivers and barriers

Environmental drivers

The environmental aspects of the waste water mamagfesystem that have been important
for the beneficiaries and other actors when welecsag the system are presented in Table
3. All beneficiaries (100%) stated that all of #revironmental aspects which are presented in
Table 3 were important when they decided to semed thouses with the household onsite
sanitation systems, with the exceptions of nutrieactycling, and groundwater and surface
water protection. With respect to nutrient recygli®5% of the people answered it was
important aspect and 97% considered groundwatersarfdce water protection important.
All of the envisaged environmental aspects, exasglycling of nutrients, have been
completely achieved as stated by more than 90%eofrterviewed people and 80% of the
people stated that the recycling of nutrients heehbachieved.
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Table 3. Environmental aspects of the wastewatenagmment systems which were
important for the beneficiaries and other actorenvkelecting the source separated house
onsite wastewater management system in Qebia ellIRglestine

— Positive feeling about environmental behaviour

- Water saving

— Prevention of drying out of soil

— Reduction of water emissions

— Recycling of water

— Protection surface water

— Protection of ground water

— Recycling of nutrients

— Reduction of energy use

— Quality of neighbourhood landscaping

Environmental and public health barriers

The barriers that stood in the way of incorporatiog-conventional elements in the design
and planning stage, and the percentage of peopte a@hsidered those as barriers are
presented in Table 4. The results reveal that thm mbstacles in implementing the onsite
sanitation system are the health concerns, flagid niesulting from effluent disposal and the
potential of odour emission. Those issues should gbeen special attention when
implementing other projects.

Table 4. The barriers that stood in the way of ipocating the non-conventional source
separated house onsite wastewater management syisié€pebia village/ Palestine, and the
percentage of people who considered those as tsarrie

Health risks (biological) 51.1
Health risks (chemical hazards) 44.7
Flood risks 48.9
Physical injury from householder access to equign&h?2
Odour emission 46.8
Insects infestation 38.3

Separation (social/technical)

The separation of black and grey wastewater intiegisiouses might be a problem because
of the possible need to destruct the tiles whialsea extra cost and annoyance. However,
the results are not showing that as 68.1% of thervrewed people are not considering the
separation as an obstacle neither incentive, waill®% considered the separation as an
incentive for accepting the house onsite sanitaBgstem. This is due to the existing
household plumbing system which was already segdiiaside the houses and so additional
need for outside separation was possible withautach damage. The intention of reusing
treated effluent is the reason for consideringg@pearation as an incentive which is merely
due to socio-cultural roots. No body stated that Heparation was an obstacle, 18
beneficiaries stated that the separation was a&idbecause they intend to reuse the grey
wastewater (raw or treated) for irrigation but tha black and also the separation will reduce
the desludging frequency of the black wastewatssmie (stated by 3 beneficiaries), and the
other beneficiaries stated that the separation hasinfluence on the decision of
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implementing the onsite sanitation system becdusg had already separated the black and
grey wastewater pipes in their houses from thééginning of constructing the houses.

Financial drivers and barriers

The financial considerations that were drivers arriers of decision to incorporate non-
conventional elements in the design are presemtefiables 5 and 6. The results clearly
reveal that the availability of external funds ikey issue in implementing the sanitation
system. The financial revenues coming out of imgetimg the sanitation system like
reducing water consumption, garden irrigation, aodrients recirculation were also very
important elements for accepting and thus implemgnthe system. Surprisingly, the
separation of black and grey wastewaters was aerdrelement in the process of
implementing the sanitation system, and was newtcgived as barrier by any of the
beneficiaries. This indicates that the people scaitural heritage might be much stronger
than the financial aspects of the sanitation system

Table 5. Financial considerations that were drivars barrier of decision to incorporate
non-conventional elements in the design

Financial consideration Driver | Neutral | Barrier
Capital cost as compared with the previously applle.8 12.8 74.5

conventional cesspit system
Operating cost as compared with the previolukk 14.9 68.1
applied conventional cesspit system

Availability of external funds 97.9 2.1 0
Beneficiaries financial contribution to the capitakt | 0 76.6 23.4
Reduced drinking water consumption and thus IQ@@ér 2.1 0
bills

Separation of house internal grey and black wasteswz0.2 29.8 0
piping systems
Financial aspects of garden irrigation 97.9 2.1 0
Nutrients availability in monetary terms 74.5 2550
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Table 6. Extent of the financial considerationd fhlayed a role in the implementation of the
non-conventional house onsite wastewater managesystam

Financial consideration Important in Big role in|No
accepting the |hesitation role
system

Capital cost as compared with the previouSiy.9 0 2.1

applied conventional cesspit system

Operating cost as compared with the previol8ly5 0 8.5

applied conventional cesspit system

Availability of external funds 97.9 2.1 0

Beneficiaries financial contribution to thé4.7 8.5 46.8

capital cost

Reduced drinking water consumption and t9&7 2.1 2.1

lower bills

Separation of house internal grey and blatk2 0 29.8

wastewater piping systems

Financial aspects of garden irrigation 95.7 2.1 21

Nutrients availability in monetary terms 70.2 19.1 10.6

Social and managerial drivers and barriers

The social aspects of the sanitation system thase wnportant for the beneficiaries and

other actors to realise the non-conventional harstte sanitation system are presented in
Table 7. The results clearly show that the peojtiggations to manage there household
wastewater is the most important factor for optiing the emerging sanitation system,

followed by the interest to improve the overallidig conditions and reducing the nuisance
caused to the neighbours by the previously appgieudtation systems and practices.

Table 7. Social aspects of the sanitation systemsettwere important for the beneficiaries
and other actors to realise a non-conventional gdesixpressed as percentage of the
respondents out of the total beneficiaries

Aspects Important (%)

Intensive contact with neighbours | 76.6
Collaboration with neighbours
Involvement in sanitation / Takind00
responsibility for your household water
management system, e.g. water saving,
reducing emissions
Improves quality of living 97.9
Religion 0

The social and managerial considerations those agdpncorporation of non-conventional
elements in the design are presented in Table 8.r@$ults indicate that lack of experience
and vision in the system performance and operdti@uirements were among the most
important factors which hampered the implementatibthe house onsite sanitation system.
This leads to the conclusions that the existencsuctessful pilot projects is essential for
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wide acceptance of the house on site sanitatiaesygs When the beneficiaries were asked if
they could do the project again, if they would hal@e it the same way, they mostly
answered yes (37 beneficiary) and the rest comglaabout the smell and the plant close
distance to the houses.

Table 8. The social and managerial consideratibnset hampered incorporation of non-
conventional elements in the design expressed emage of the respondents out of the
total beneficiaries

Aspects Caused hesitation (%)
Difficult technology as compared with thé2.6

previously applied system
Worries about the performance of (H&.9
newly introduced sanitation system
Maintenance responsibilities unclear 38.3
Maintenance burden on householders 36.2

Decision makers and sanitary expert interview

The discussion with the decision makers and sanéaperts revealed that the main drivers
from implementing the sanitary system depend omtam function of the NGO. The clearly
distinguished functions are (1) development of watesources, and (2) agriculture
development and food security, and (3) rural andgmal areas development. Based on that,
the main drivers for implementing those house ens#nitary projects including Qebia
project varied according to the implemented orgation function, as well as the
organization financial benefits. Most of them stlatlkeat they opt for the house onsite rather
than the community onsite because people do netthle community based systems since
they worry from the unclear responsibilities fgoegation and maintenance works and
potential conflict over those.

7 Conclusions and recommendations

The results of this research showed that the soseparated house onsite wastewater
collection, treatment and reuse systems have vemiping future in Palestine. However,
further improvements are still needed to solve pheblems of odour emission, and proper
system is required to handle the black wastewateorder to reduce the desludging
frequency and its potential risk of groundwaterlyt@n. The operational and maintenance
requirements of the system are rather limited tdine work like cleaning and desludging,
and thus the system is robust, but still effluarldy compliance with local effluent disposal
requirements should be assessed. The biggest ivedot applying this system is the reuse
of treated grey wastewater for irrigation purpogech is socially accepted. The application
of those systems is limited to the availabilityedternal funds. The main worries people
might have over the constructing of those houseat®rsystems are health risks, flood
concerns, and odour emission. Those issues shoaldyiven special attention when
implementing other projects
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Abstract

To alleviate water-scarcity, Beijing has an intégdestrategy on water-recycling involving a mixture
of off-site and on-site wastewater reclamationesyst It is estimated that approximately 300
decentralised wastewater reclamation systems amgdration, producing 50,000 — 60,000 m3 / day
of second quality water that is used for toilesHing, landscape irrigation, street cleaning, car
washing, etc. The objective of the research desdriib this paper was to analyze the adoption and
technical performance of these systems based amber of case studies.

Keywords: decentralized wastewater reclamation, water-sgaiéijing, China

1. Introduction

Beijing, the capital of China, is located on thethern edge of the North China Plain. The
city covers 16,800 square kilometer and includes €oban districts, 10 suburban districts
and ten counties. Beijing, like other Chinese sijtleas a rapidly increasing population. In
1970 the population counted 8.1 million people,chtincreased to 14.6 million by the end
of 2003 (Bureau of Statistic of Beijing Municipglif004). It is expected that the city will
count 17.4 million citizens by 2020.

Beijing is one of the driest cities in the worlcheélper capita fresh water resources are
currently about 300 cubic meters per year, i.e-30tl of the world's average. It is foreseen
that the available water resources will not meetiticreasing water demand in the near
future, due to increasing population and decreagingndwater resources. Sources at
Tsinghua University and the Beijing Municipal UrbB@lanning Institute predict that the gap
between water requirement and natural water supifiiype 1.2- 3.0 billion m per year in
2010 (Jia et al, 2005).

In order to alleviate water scarcity, the murétigovernment of Beijing is encouraging
water users in the city to make use of decentrdlzastewater re-use systems (DWRSS). In
a regulation that was issued in 1987, hotels amdi@hbuildings that exceed a certain size are
required to construct their own (local) wastewagetamation systems. The treated
wastewater is locally used for toilet flushing,danape irrigation and urban river revival and
road cleaning. The high number of DWRSs is uniaquéahé world and provides valuable
insights into the potential and constraints of ae@dized wastewater reclamation which
could be of use for other water-stressed cities.
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Although the regulation requiring the establishmefridecentralized wastewater reclamation

systems is in force now for almost 20 years, dedaihformation on the adoption and

technical performance of these systems is lackivigt¢r Saving Office of the Beijing Water

Authority, 2006). The objective of the researchadiégd in this paper was therefore to

analyze the adoption and technical performanchexd systems based on a number of case

studies. The results described in this paper ateopa larger research that is in progress.

The cases were analyzed by:

» Investigating the technologies that were used het performance (technical, financial,
operation & maintenance, effluent quality).

* Assessing the drivers and barriers of the stakehsldhat were responsible for
implementation of the decentralized wastewateraaystems.

The paper starts by describing the regulatory fraonke and than describes the methods that
we used for the investigation. Subsequently it pres the results and conclusions.

2. Wastewater reclamation in Beijing

Measures for alleviating water scarcity

In order to alleviate the water scarcity, the BeyjMunicipal government has taken various
measures (Wei, 2005). Reducing consumption threwaglkr saving has a high priority. A
savings of 410 million cubic meters is plannedZ040. The Beijing Water Authority makes
use of communication campaigns to make the gepeatdic aware of the water scarcity and
to encourage the implementation of water-savingo#gsv An increase in the price of water
functions as an economic lever to encourage watgng and to encourage the use of
recycled water. Also water-saving and water reogrin the industry and in agriculture is
receiving much notice.

A measure that gets much international atterisdhe south-to-north water diversion
project that will transport water from the Yang&wer Valleys to the North China Plain.
The south-to-north water diversion project will Bahiree water diversion routes, namely the
east route, middle route and west route. The midulee transport channel will bridge 1267
km from Danjiangkou to Beijing and will transpor2billion cubic meters annually to the
city transport water totals. This channel is plahtebe ready in 2007.

A third important point of focus is the exploitatiof non-traditional water resources (rain
water, wastewater recycling). Various measuresaken to take advantage of flooding and
to harvest rainfall, such as the construction @bd detention reservoirs to reduce flood
peaks and replenish groundwater supplies and teblestiment of small ponds to retain
water for local use. Rain water harvesting shoutt/ide an additional 150 million cubic
meters by 2010.

The recycling (reclamation) of wastewater recei@éot of attention, both at municipal
level (Beijing Municipal government) as well ashational level (Ministry of Construction).
The areas of recycling are industrial reuse, afjtical irrigation, scenic water reuse and
municipal reuse (Jia et al, 2005; Wei, 2005). Mipatreuse includes toilet flushing,
landscape irrigation, road cleaning, car washiimg,fighting and the use of water for
construction (Ministry of Construction, 2002). Acdimg to the environment protection
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planning of Beijing approved by the state environtrgrotection agency (EPA), 14
wastewater treatment plants with a total capaditly.® billion cubic metres per year are
planned for the urban area of the city (Wei, 2008ng et al., 2005). Over 20 treatment
plant will be built in rural counties and satellitavns. By 2008 90% of the sewage of
Beijing is treated before discharge or reuse. Thgltdoe 640 million cubic meters of water
recycled in 2010.

Wastewater reuse planning

In order to facilitate wastewater reuse, the Bgijiunicipal government is locating the
treatment works according to their suitability dadsibility for recycling, as is illustrated in
Figure 1. The city has set up special pipelinegriorsporting second quality water from
these wastewater treatment plants to the variduenuocations. Residential areas that are
located in these areas should make use of theameaavater transported by the pipe
networks.

The construction of pipelines to transport is algasatter and is especially difficult in
existing locations (Water Saving Office 2005, 2006is therefore that in large parts of the
city, construction companies are required to rangdacilities at residential level. Also
large-scale industries and enterprises, hotelleged and universities and office buildings
are encouraged to set up small reclamation faslifThe Beijing Water Authority (BWA)
also makes use of trucks to supply water to emgweahing companies that are not
connected with the second quality water supplyslifgo far, according to interviews with
officials of the water saving office of BWA, theage more than 200 car washing companies
using second quality water as their main wateruesn

— Wastewater Reuse Pipe

» Wastewater Reuse Plant

Figure 1. Wastewater reuse planning for the Beijientral region (source: Jia et al., 2005)

Decentralized wastewater reclamation facilities

In 1987, the Beijing Municipal Government issued tilanagement regulation on the
construction of wastewater reclamation facilitieBeijing (trial)’. According to this
regulation, hotels with construction areas exceg@®000 rhand all other public buildings
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with construction areas exceeding 30,000should construct their own wastewater
reclamation facilities. Also new residential aregse encouraged to implement wastewater
reuse. This last category was detailed in 2001uthina regulation that residential
communities required exceeding 50,00tarbuild a reclamation facility.

Since 1987, various additional regulations havenle®cted at both municipal and national
level, encouraging and requiring wastewater recteoman urban areas. In 2002, the General
Administration of Quality Supervision, InspectiomdaQuarantine published water quality
standards for Urban Reuse of recycling water. Botammed water quality should comply
with the standards given in the following table:

Table 1.Reclaimed water quality standards (source: Genedhinistration of Quality
Supervision, Inspection and Quarantine, 2002)

No. Parameter Toilet Road Urban Car Construction
flushing cleaning  afforestation/ washing
Fire- landscape
fighting irrigation

1 Color < 30
2 pH 6-9
3 Odor No unpleasant smell
3 Turbidity(NTU) < 5 10 10 5 20
4 Dissolved Solids (mg/& 1500 1500 1000 1000
5 BODs (mg/l) < 10 15 20 10 15
6 Ammonia nitrogen (mg/l) 10 10 20 10 20

<
7 Anion surfactants 1.0 1.0 1.0 0.5 1.0

(mgll) <
8 Fe (mg/l) < 0.3 0.3
9 Mn (mg/l) < 0.1 0.1
10 Dissolved Oxygen (mg/l)> 1
11 Free residual chloride > 1.0 after 30 minutes contact

(mg/l) > 0.2 at the end of pipes
12 Coliform Number/L< 3

According to Jia et al. (2005) up to 2002, morenth&4 DWRSs had been built in the
Beijing central region of which approximately 12@n in operation (Jia et al., 2005). The
Water Saving Office of the BWA estimates that asent (2006) approximately 300 DWRSs
are in operation and that another 100 are undesteartion, spread over the city on various
scales and with different technologies. Accordimghteir estimatons these systems are
producing 50,000 - 60,000 cubic meters of secoradityuvater per day or 18 — 22 million
cubic meters per year. In 2005 the gross amourgayicled water used by agriculture,
industry, community and administration was estimate200 million cubic meters per year
(WSO, 2005), which indicates that the share ofrhused wastewater from the on-site
facilities is approximately 10% of the total.

Involved institutional stakeholders

The main institution responsible for the impleméota and control of the DWRSs is the
Water Saving Office (WSO) which falls under the BWBeijing Water Authority). The
WSO is responsible for communicating the policiesl aegulations regarding wastewater
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reclamation to the relevant stakeholders and tinergé public. During the development and
design phases of construction projects the WSQOahaadvisory role on the reuse concept
and the reclamation technologies and has to apwbiree system. After implementation the
WSO will test the correct installation of the systéDuring this phase WSO will usually send
an effluent sample to the Environmental ProtecAgency to test whether the quality of the
water complies with standards.

Since 2005, there is also involvement of the Sp&f@nning Committee of Beijing (SPCB)

and the Construction Committee of Beijing (CCB).cAaling to new regulations that were
established in 2005, wastewater reclamation pre®jentist be approved of by the SPCB
before they are built. The CCB is responsibledonstruction projects in general of which
the establishment of a DWRS is a (minor) part.

It is worthwhile mentioning that there is formal nitoring of the water quality of after the
systems have been established. The EPA of Beifilegsoservices to measure the water
quality on a voluntary basis. However, no recomdskapt of these measurements.

Methods

So far, information on 8 DWRSs was collected. Thestigated cases were more or less
randomly selected, based on our current knowleddenatwork of contacts. The total
installed capacity of these 8 cases was 12,080ay while the actual treatment was
approximately 5,500 iday (it is noteworthy that these figures indictizt the WSO-
estimations on the daily water production by DWR#ght be too low). Data were collected
by interviewing the stakeholders related to theotexr DWRSs. Standardized interviews
were made with the system owners, the system aperand the users of the reclaimed
water.

Results

The investigated cases

This paper will use information of the five casbswn in Table as illustrative examples. The
Table includes two universities and one hotel (Bgipiaotong University, Beijing Normal
University and Xin Bei Wei hotel). All the univetiss in Beijing (12 in total) and most of

the larger hotels have their own wastewater redi@méacilities, following the regulations

of 1987. Bobo Garden House and Beiluchun are bameles of residential areas with
reclamation facilities.

The approach and techniques implemented at the D3/@RSquite diverse. Two of the
shown examples only treat grey water, while theothree treat the total flow of domestic
water (grey and black water). Various treatmerntinéques are used, such as activated
sludge, contact oxidation (a type of moving bedt@d and an aerated ceramic filter (a fixed
biofilm process). Jia et al. (2005) found a highiety in approaches. In 2002 they analysed
21 systems for grey water treatment and 12 systentombined treatment of black and
grey wastewater. They found that almost all gretewtieatment systems used a contact
oxidation system combined with physical and chehireatment. For treatment of mixed
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wastewater several kinds of techniques were adppteldding contact oxidation plus
physical and chemical treatment and SBR plus phiaied chemical treatment.

The final use of the treated water is varying, @ligi toilet flushing and landscape irrigation
are dominating. It is remarkable that none of tysteans is used at full capacity, which is
probably due to the (legal) limitations in the reysirposes.

Table 2 The five DWRSs that will be discussed in #rticle

Item Beijing Beiluchun Beijing Xin Bei Wei BOBO
Jiaotong Normal Hotel Garden
University University House
Location type University Residential University ldbt Residential
Established in 1993 1999 2001 2002 2003
Influent source Grey Mixed Mixed Grey Mixed
wastewater | wastewater| wastewater| wastewater| wastewater
Main treatment technology Aerated Contact Contact
Activated Ceramic Activated oxidation + | oxidation +
sludge Filter sludge disinfection | Activated
sludge
Magxmal reclamation capacity 200 640 720 120 1,200
(m>/day)
Average reclamation (ffday) 150 600 400 80 360
Use purposes for the reclaimed water (% of total)
- toilet flushing 0% yes 80% 100% 80%
- landscape irrigation 100% yes 20% 0% 15%
-street cleaning 0% no 0% 0% 5%
- car washing 0% yes 0% 0% 0%
- fire water storage 0% yes 0% 0% 0%

* Another 700 mper day are treated and than discharged to therssstem
2 Exact distributions not asked for

Technical performance

Table 3 shows some indicators of the technicalgoerdnce of the five systems. As
mentioned earlier, there is no formal monitoringhed effluent quality of the systems after
they have been established. However, the EPA gingedffers services to measure the
quality on a voluntary basis, although no recorgskapt of these measurements. All the
investigated cases made use of the possibility avitionitoring frequency of approximately
once per year. According to data that were provigedystem owners all systems complied
with the quality standards of Table 1. The tabsahows the electricity consumption (0.7
tot 1.5 kWh per ) and the time input for operation and maintenance.

To investigate the robustness (defined here ascehamd frequency of system failure) the
reasons for potential system failure were investidaAll the operators except for the one at
Xin Bei Wei hotel indicated that power cuts cowddd to failure, some also reported pump
malfunction as a potential reason. At the hotedregator is installed that produces
electricity. In the last three cases we also smadiy asked for the number of system
failures. None of the operators reported failures.
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Here, it is worth to mention that the performantéhe DWRSs is sometimes questioned by
the Beijing Municipal government. E.g., Jia et(@D05) refer to reports that state that small
facilities show insufficient operation because eéwoading due to peak flows and lack of
skilled operating technicians. However, no reportghis were found so far by the authors of
this paper.

Table 3 Technical performance and system robustofdbe five DWRSs

Question Beijing | Beiluchun Beijing Xin Bei BOBO
Jiaotong Normal Wei Hotel Garden
University University House
Is the system being monitored? yes yes yes yes yes
Compliance with effluent quality
standards? yes yes yes yes yes
Electricity consumption (KWh/rj? 0.75 0.72 1.00 1.50 1.20
Time input (labour) for operation and naf* naf* Approx. Approx. Approx.
maintenance (h / year) T T 8760 1825 1095
What could be the reason causing a Power cut pump mal-
i 2
failure of the DWRS? Power cut| Power cut /rr?r]l;rlrjp function Power cut
*%
function
Any reported failures of the system? n.a.f.x n.a.f.* 0 0 0

* n.a.f. — not asked for, in the first interviewg wid not include this question
** Back-up generator for electricity supply availab

Financial performance

Table 4 shows the financial performance of the D#®WRSs. Based on the investment costs,
the costs for operation and maintenance and thrertusap water price, the pay back time of
the systems were calculated. The financial infoiromatvas provided by the system owners
and / or the companies that installed the systérnsworth mentioning that BWA charges a
different in tap water prices for public partie®(i3.7 RMB/m for residents and public
offices) and parties from the private sector 6.4. RMB/n? e.g. hotels). The investment
costs only refer to the costs of the DWRS and atthié additional pipelines in the areas and /
or buildings that are needed to transport thedrbatater to the locations of use.

The data that were found in our investigationexempared to the financial information on
DWRSs of Jia et al. (2005). It showed that the stwent and O&M costs of the cases that
were constructed between 2001 and 2003 showedrgsethblance financial results of their
research. The other two cases (Beijing Jiatongnd.Beiluchun residential area) had
relatively low investment costs which probably irate that the prices of reclamation
systems have increased significantly in the pal years. If we consider the information on
the cases that were constructed after 2001 rejipbleback times of 8 to 14 years were
found for the public stakeholders and 4 to 6.3 yéar the parties from the private sector.
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Table 4 Financial performance of the five cases

Drivers and barriers

This section discusses the drivers and barrieimmptement DWRSs. For this purpose we

Item Beijing Beiluchun Beijing Xin Bei BOBO
Jiaotong Normal Wei Hotel Garden
University University House

Established in 1993 1999 2001 2002 2003

Investment costs for the treatment | 354 499 | 1 400,000 3,400,000 600,000 3,000,000

system (RMB)

Operation and maintenance costs

(including labor costs) (RMB/f) 0.75 1.08 1.50 113 1.72

Current price of the tap water

(RMB/m3) 3.7 3.7 3.7 6.1 3.7

Pay back time (years) 1.9 2.4 10.6* 4.1** 13.8*

* pay back times of 5.1 and 6.3 years at a tap watee of 6.1 RMB / m
** pay back time of 8.0 years at a tap water pat8.7 RMB /ni

Item Beijing Beiluchun Beijing Xin Bei BOBO
Jiaotong Normal Wei Hotel Garden
University University House

1 0, 0

Awareness on the use of reclaimed 0% B 80% 40% 50%

water

Wastewater reuse is considered positive _ es es es

(only asked if people were aware( y y y

Number of Respondents 10 - 14 10 10

interviewed the system owners of the DWRSs whiclewiee responsible departments at the
2 universities and the manager of the hotel. Theesship (and operation) of the systems at
the residential areas (Beiluchun, BOBO Garden Hplisewith the real estate companies.

In all cases the drivers to implement the DWRSsewsainly financial. The incentive of the
increased tap water prices is high. As alreadycetéd in paragraph 4.3 an investment in
wastewater reclamation systems is attractive becaithe relatively short pay-back times.
Most stakeholders also indicated that they consitiite initial investment as rather high.
This formed an initial barrier to them. Three of fbrojects received partial subsidies for the
initial investment (Jiatong University, BeiluchundaXin Bei Wei Hotel). Secondary
arguments were (compliance with) the regulatorgngevork and awareness on the water-
scarcity. The regulatory argument was a drivemnfiost cases, however because of the
absence of real penalties from the side of the BWbA as the deciding one. Also raising
water-awareness and sustainable living were argtafienall the cases. The universities
also consider the DWRSs as a tool to educate stsidenvater issues and had faculties and
students design and monitor the facilities. Thé @state companies of Beiluchun and BOBO
used the facilities in their commercials to sedl thouses.

A barrier that was put forward by the real estammganies of Beiluchun and BOBO was the
uncertainty about the fees they could raise forsteond quality water and the current lack
of a policy from the BWA on this. Other barrierathwvere mentioned were the difficulty of
constructing extra pipelines in existing areagifansportation of second quality water.
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Conclusions

e Various techniques are in use for decentralized tevaster reclamation (contact
oxidation, activated sludge systems, SBR systedsyording to our assessment the
investigated systems function well without any gssing, safety and health problem.
However, effluent monitoring is done on volunta@slts and real quality control by an
independent party is lacking.

* There is a strong financial driver to implement DB because of the relatively short
pay back times, especially for the private sec®Other drivers are related to the
regulations and to awareness on water scarcitgsssu

* The implementation of the regulation on DWRSs l&/WSO is frustrated by the absence
of real penalties. In addition the monitoring o€ tystems is virtually absent.
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Abstract

In the last decades, attention of both scientists @actitioners for decentralised treatment of
gray water in constructed wetlands has increasduhd been shown, that decentralised grey
water treatment can have several benefits. It eap sosts for centralised sewer systems and
may provide a non-conventional source of watetdodscape irrigation, toilet flushing, etc. In
addition, constructed wetlands in neighbourhoodsireay form an attractive element in urban
landscaping, especially in water-scarce areas.objective of the research described in this
paper was to analyze the adoption, technical pedoce and managerial aspects of these
systems based on a number of case studies. Thig lstis investigated four of these systems in
the Netherlands, two in Norway, and one in Germhoit between 1993 and 2000. The
investigated constructed wetlands include varioesighs. These cases showed that the
implementation of on-site grey water treatment eyt combined with reuse of reclaimed
water may lead up to 57% less drinking water conion. The treatment performance of the
wetlands was generally satisfactory, although abermof the studied systems did not monitor
properly the systems due to high costs this impig dome operational difficulties with
clogging because of inadequate maintenance. Pemapleeption of constructed wetlands is
positive, health risk is inexistent and differenhemes of management and operation can be
implemented. Nowadays, there is a big potential ther implementation of these type of
systems due to the increasing need to diminishhdrges of pollutants into environment,
source separation trends and sustainability goals.

Keywords: Grey water, decentralized treatment, toiesed wetlands

1. Introduction

Lately, sustainability of conventional sewer systamEurope have been discussed, parallel to
this, disciplines such as urban ecology and resgsuncanagement have emerged looking for
customised integrated solutions for urban settlésagk paradigm shift in water management,
from centralised solutions to decentralised systehas triggered the implementation of
decentralised system in urban areas. Among the ewastr treatment technologies,
constructed wetlands are a promising low-cost meétreating domestic wastewater.

Constructed wetlands (CWs) are man-made copiesitofal wetlands that optimally exploit
the biogeochemical cycles that normally occur iest#s systems for the purpose of wastewater

41



treatment (Rousseau et al., 2008). Adaptabilitdifferent environments and local conditions

Is a significant advantage, all over the worldfediént types of constructed wetlands are used
to treat a wide variety of wastewaters. The climaibnditions, the size and design of the
wetlands, the loading rates and regime, the plaetiss composition, and the type and
composition of the wastewater vary considerablyvben sites” (Brix, 1994). Besides, CWs

not only function as stand-alone treatment plantisdiso they can be combined with other

CWs or with other low-tech or high-tech wastewatgstem. (Rousseau et al., 2008).

In the last decades, there is increasing attentibrboth scientists and practitioners for
decentralised treatment of grey water in constdigtetlands. Grey water is estimated to be
around 70% of the average domestic black wateradgressing decentralised grey water
treatment several benefits can be achieved. ltseae costs for centralised sewer systems
because the amount of water to treat is lower dsul lzecause the pollutants are not diluted
and in addition may provide a non-conventional seuof water of second quality for
landscape irrigation, toilet flushing, etc.

Implementation of constructed wetlands in ruralaareoes not have many barriers, but in
urban areas conventional systems are still prefelsecause of their high degree of
convenience for the final users and because thaigahimplementation of source-separating
sanitation systems in urban settings has been showhe rather complex due to the
involvement of many actors, such as project dewspor housing corporations, future
inhabitants, the local municipality, water authest and water utility companies.” (Mels,
2007). “Another important barrier in implementingw sanitation concepts is that in most
European cities, sewer systems already exist argsiments in assets have already been made
(Mels, 2003). Despite these barriers, some pilaijgots have implemented constructed
wetlands for domestic grey water treatment in Earop

Several single cases of constructed wetlands hage btudied but comparisons among them
are scarce. This study aims to gain insight in pleeformance of CW in urban areas by
comparing seven existing systems in pilot projettts,research was performed between 2005
and 2008. And the relevant aspects for this studsewhe performance, technical choice and
managerial issues.

2. Methods

This study has investigated seven pilot projeasr bf these systems in the Netherlands, two
in Norway, and one in Germany built between 1998 2000. More specifically the research
has focussed on:

» Performance - In order to evaluate the performariche systems, five performance
indicators (PIs) were formulated, they are descriinethe table 1. Data were collected
on the field performance at the various sites. ldbokls, promoters and operators were
interviewed to investigate their experiences antisfsation about the systems.
Additional information was gathered by review oé tliterature and Internet sources,
and by site inspections.

e Technology choice - the drivers and barriers tleat 10 selection of the systems.
Generally, several actors are involved in the desénd realization of a new
neighbourhood (e.g. governmental organizationsjeptodevelopers, and the future
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inhabitants). In this investigation interviews wenade with the important stakeholders
in order to gain insight into their main drivergddmarriers to implement these systems.

* Institutional aspects & management: Special atbentvas given to managerial issues,
to gain insight in crucial aspects such as involenduring decision making process,
ownership and responsibilities. The information walso gathered by means of
interviews with the different stakeholders involiadhe project.

Table 1 Performance indicators
Performance indicator] Means of verification
1.Public health » Is there a chance for the house owners / tenaiggstton contact with
protection untreated wastewater?
* Does the system cause nuisance (vermin, noiseyg)@ou
2. Technical aspects | « Is the configuration flexible and easily adaptableombine it with
other technologies?
* What are the operation & maintenance inputs of aaweners/tenants?
* What is the nature and frequency of system failure?
4.Environmental * Are the emissions to surface water of nutrients BO®
aspects equal/higher/lower compared to the conventionatesy8
» Does the system save or recover resources (waiteiems, energy,
etc.) compared to the conventional system?

5. Cost » Are the yearly costs for water supply and wastemdigposal for the
house owners/tenants equal/higher/lower compardtetoonventional
system?

Study sites

Within the framework of this investigation sevetesiwere studied:

* In The Netherlands: Het Groene Dak , Polderdrifielanden, De Waterspin
* In Sweden: Kaja and Tovertua
* In Germany: Flinterbreite

The general characteristics of the neighborhoaattiest are described in the table 2. The cases
studied presented different system configuratiofiergnt types of toilets, pretreatments and
combination with other sources separation systent®ventional sewer. In some cases also
rain water collection is harvested, mixed with wetland effluent and reused.

The constructed wetlands under study were locatesitlements that ranged from 24 to 110
houses. In the case study Het Groene Dak, twordiffesystems were implemented for 2
clusters of 5 houses each. Characteristics of ¢itesients can be observed in the table 1.
CWs'’ designs vary depending on local charactesstind needs, including horizontal and
vertical flow. The size of the studied wetlandsiedbetween 22m2 and 3000m2. The depth of
the systems varied between 0.30 m and 1.0 m, whéehydraulic retention also showed
important variations between 6-18 dhyBetailed description of the wetlands is includethe
table 3.

! only information of 3 wetlands
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Table 2. Systems description

Pilot Project Het groene dak Polderdrift Drielanden De Waterspin Kaja Tovertua Flinterbreite
Country The Netherlands The Netherlands The Nethednds The Netherlands Norway Norway Germany
City Utrecht Arnhem Groningen The Hague As Bergen Lubeck
Year 1993 1997 1995 1997 1997 1999 2000
type _ 26 houses+ 4

Houses Houses Houses Houses + business  Studemerpa Houses apartments
number total 115 houses
66 40 166 48 24 40 planned
Number of
housing units
studied 5 5 40 110 48 24 40 30
people served 6 12 60 48 130 110
Toilet type Gustavberg toilet Gustavberg toilgt N/A Gustaviteitgt N/A Vacuum toilet Vacuum toilet Vacuum leti
Type of grey Large particle filter + Septic tank +
water aerobic filter with bio- Fat removal + Wetland + second Septic tank + aerobic bio- Sedimentation
pretreatment film N/A sedimentation tank filter Septic tank aerobic bio-filter filter tank
Heavy particle,
Pretreatment Decrease oils and fat the
objectives BOD,COD,SS,N total, P4 Nutrients Reduces BOD suspend to
total removal Nutrients removal N/A N/A and bacteria N/A wetland
Vertical
wetland type Vertical infiltrating reed infiltrating Vertical infiltrating Horizontal flow reed | Vertical reed bed Horizontal
bed greenhouse reed bed bed system subsurface CW N/A N/A
Combination of treated After infiltration After reed bed goes|
Grey water- grey water+ rainwater fo water is filtered and | to a second filter of
reuse toilet and washing reuse for toilet the same size. For 2|
machines N/A flushing days N/A N/A N/A N/A
final discharge To municipal
of wetland Remove each 6 months Grey + rain 12.5 wastewater
sludge and composted N/A kg/hh N/A Reed bed system| treatment N/A N/A
final discharge Stored in a After rain water
of treated grey After to retention After to retention reservoir and sewerage pipe anc
water After to retention pond pond pond N/A reuse discharge in a lake N/A N/A
Retention pond Is collected from
Rain water _ 50 m2 with roofs and used to _
management Retentlon pond 50 m2 overflow to _ ' flus_h the toilets Rain waper _
with overflow to sewer | sewer system ang 2 sedimentation tankl Pond and separate| saving 750m3 a | sewerage pipe of Rainwater
system and reuse reuse (2 x35m3) rain water year the municipality N/A infiltration

N/A: Not available information
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Table 3. Wetlands description

Het groene dak
Pilot Project (1) Het groene dak (2) Polderdrift Drielanden De Waterpin Kaja Tovertua Flinterbreite
Number of house
units 5 5 40 110 48 24 40 30
People served 6 12 N/A N/A N/A 48 130 110
vertical infiltrating vertical infiltrating vertical infiltrating horizontal flow reed vertical reed bed horizontal subsurface horizontal Vertical subsurface
Wetland type reed bed greenhouse reed bed bed system cw subsurface CW flow
Total area (m?) 75 22 230 3000 N/A 100 N/A 276
Deep N/A N/A N/A 30cm 1m im N/A N/A
Area / person (m?/p) 12.5 1.8 2.88 6000m2 (total) N/A N/A 2 20r25
Vol. treated grey
water 10 m3 N/A 721t/ pd 25 m3/day N/A 112 1t/ @y N/A N/A
Water consumption
(Yearly) 32 m3/hh N/A 50 m3/hh N/A N/A 83m3/p 14BMmh 24.8m3/p
Reuse yes yes yes N/A N/A N/A N/A N/A
Energy consumption
(Kwh.pely) 0.5 N/A N/A N/A N/A 5.67 16.84 2 kwhlye. Pe
Maintenance 32hly - External
required (h/year) person N/A 8hlyear (tenants ) N/A N/A N/A N/A N/A
N/A: Not available information
Table 4. Public health and technical parameters
Het groene dak Polderdrfit Drielanden De Waterspin Kaja Tovertua Flinterbrite
Health risk* 0 0 0 0 0 0 0
Monitoring N/A N/A N/A N/A N/A N/A N/A
Maintenance Inadequate Inadequate N/A N/A N/A N/A N/A
Occaglonal sm(_ell in summer Y Y Y Y N/A N/A N/A
or during clogging
Vermin N N N/A N/A N/A N/A N/A
Clogged (times / year) 0.10 0.12 N/A N/A 0 N/A 0.12
. Collapse of the
delays in the Different executors caused CW were not approved| infrastructure for error no reuse of grey water
Other problems N/A N/A construction work the delay and no realistic cost in 1998 in sweden during the construction (expected at the beginnin
in the planning phase 9 phase cause higher costs

N/A: Not available information
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3. RESULTS
3.1. Performance assessment

Public health protection

Regarding public health, there is consensus ameergsw@and promoters of all the cases that the
health risk is really low or inexistent. Househa&ldo not perceive any health risk and there is
not evidence of illness due to the operation ofdbestructed wetlands or reuse of reclaimed
water.

Technical aspects

Different systems configuration can be adapted wvatmstructed wetlands systems like
different types of toilets, fecal or urine separator conventional sewer; at the same time, the
effluent can be reused, combined with rain watdlection, discharged directly into a pond,
use as infiltration recharge or connected to the veater drainage. In all the cases pre-
treatment is used in order to remove mainly largtigdes and fat and to avoid clogging events
in the system.

As stated by Rousseau et al (2008), constructetands are known to have a high buffering
capacity. Effluent quality is therefore normallyitgustable. On the other hand removal
percentages are mainly dependent on temperatuleaddic residence time (HRT) and loading
rate, and are highly variable between systems.

Natural treatment systems are too often considerelde a “build and forget” solution not
needing attention at all (Rousseau et al., 2008)s Tas also evidence in these cases,
maintenance routines are not performed as planmethappropriate procedures are followed.

Regular maintenance is not complicated and timecation is low, besides, some of the
inhabitants enjoy doing it, in other cases, a eseperson is hired. However there is a still a
lack of knowledge in the general maintenance, sproblems as inadequate soil replacement
or no replacement at all can causes a loss of rahtaypacities, and can cause also blockages
affecting system performance.

Vymazal (1998), distinguish two types of operatiopeoblems: those resulting from poor
maintenance and those associated with parts o$ybeem that were not properly design or
built. Within the cases studied the average ofifag for the CWs studied is 1 each 10 years,
mainly clogging in the wetland due to inappropriataintenance. This shows high system
reliability, due to these failures can be easilgided by doing proper maintenance.

Vymazal (1998) also mentioned in his researchhiatter operation of constructed wetlands is
often questioned, in some of the cases some measwere taken in advance in order to
guarantee system reliability during winter montimsthe two cases in Sweden an additional
deep was built forecasting a frozen layer, meareyhih Drielanden, the wetland is

disconnected during winter.

Environmental aspects

Removal properties depend on the typology of théamd retention time, size, type of soil and
vegetation, due to all the cases present a diffefesign a direct comparison can not be done.
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Removal rates are also not comparable because daiffierent qualities of the influents of the
wetlands, however, the removal function is satisfidly combined with the pre-treatment
stage and the effluents can be reused for toileishihg or landscaping functions. The
treatment performance of the wetlands was genesalisfactory, although no permanent
monitoring is performed. Removal rates can vargtdrom one case to another, because grey
water composition also change, for instance in Ngrwdetergents are phosphate free what
modify significantly the influent compaosition.

These cases showed that the implementation oftergiey water treatment systems combined
with water reclamation and rain water collectionyntead up to 57% less water consumption.
This type of implementation, minimize sewerage flamd dilution of pollutants, and
consequently costs for transport and treatment déswease. Also energy consumption is
relatively low and it is mainly due to recirculatieystem for water reuse, not properly for the
waste water treatment.

An indirect result of wetlands implementation refjag resource use, it is that users have to be
aware to the discharge into the grey water systeatding to use of environmental friendly
products and controlling pollutant discharges.

Cost

Comparative, the cases studied are more expersaredonventional sewerage for different
causes: need of back up systems, errors duringeimmgaitation, early failures, and unforeseen
aspects due to lack of experience. Also the initiaestment is higher due to double piping and
pumps required to transport the water to the wdtkamd if needed to re-circulate the effluent.
But in the long run, water savings are feasible esdliction of water bills as well, then
economic benefits can be obtained. Also in someéhef cases, sewer fee reduction was
implemented.

3.2. Technology selection process

Different drivers and barriers are experienceddymunities when implementing wetlands as
wastewater treatment of grey water. Table 5 sunseatihe main drivers and barriers, also
shows in ranking the most and less important fadimrthe seven cases studied.

Drivers

The perception and opinion of neighborhood dwellab®ut the systems was generally
positive. Most people enjoy the esthetical landsapment of the systems and the presence of
water in their surroundings. Most interviewed uséeel that these systems contribute
positively to environmental awareness. Some ofdiineers for the implementation were water
saving, reduction of water emissions and proteatiosurface water.

The fact that the systems generally have low maariee requirements and low operational
costs are also important for the high degree aof ssgsfaction.

Barriers

The main barriers identified during the decisionking process in the pilot cases are
decentralize maintenance because of the respatisgiit implies for users, restriction in
cleaning products and higher investment cost. B d¢hses located in Kaja, Tovertua and
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Flinterbreite there were no significant barriersinly the decision making process. Some

barriers have been evidenced during operationalestauch as lack of support by the
governmental authorities to reduce the fees.

Table 5. Drivers and barriers during the technologyselection process
8 = 8 %_ I *q—'_) a
S.1818| gk|g| £| &
5S|8|S| s5|¢| 5| 3
T &8 o F|l = | L
o) LL
Drivers
Positive feeling about environmental friendly
behaviour 1 1 1 1 1 7
Water saving 1 1] 1 1|11 6
Quiality of neighbourhood landscaping 11,1} 1 1 1| 6
Reduction of water emissions 1 1 1 1 1 5
Protection of surface water 1 1] 1 1 4
Taking responsibility for your household water 1 1 1 1
management system 4
Improved quality of living 1 1 4
Reduction of energy use 1 3
Recycling of water 1 1 2
Intensive contact with neighbours, collaboration| 1 1
with neighbours 2
Less dilution of black water 1 1
Low maintenance 1 1
Prevention of drying out of soil 0
Total drivers percase| 7 | 4| 9| 6 | 5 8 7
Barriers 0
Maintenance 1 (1)1 3
Restrictions on products 1 1 2
Economic barriers 1 1
Smell 0
Energy costs (compared to conventional system) 0
Total barriers percase| 2 | 1] 2| 1 |0 0] O

3.3. Managerial aspects

The characteristics such as ownership, manageeat,esponsibilities clearly differ between
centralized and decentralized wastewater systems. @ the most important reason is the
broad range of stakeholders involve in the managewfedecentralized systems, often with a
diffuse distribution of responsibilities. (Willeft2007)

The study showed that there are different managerframeworks for ownership and
operation & maintenance (O&M). In some cases trstesys are owned by a collective of
house owners while in others the systems are olwpérbusing companies. Regarding housing
units, houses are owned by the inhabitants, remted leasing. O&M is generally performed
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by specialized companies, but there are also exaamwptre this is a collective responsibility of
the neighborhood dwellers. The main problems erpegd in the pilot cases are unclear

responsibilities for O&M, leading to inadequate manance, higher cost than expected and no
economical benefits such as reduction of seweragle f

Table 6. Stakeholders involvement and responsibilis for each case study.

Het groene De

Stakeholders dak Polderdrfit | Drielanden| Waterspin Kaja Tovertua Flinterbreite
involved
Lubeck

R ¢ b R ©

Utrecht Groningen| The Hagu
DIR|O|[D|R| O D RO D R DO IR & D
Municipality X X| X|X X X

Consultancy
company X X X X

Users X | X

Universities X | X X | X
Construction
companies
Association of
users
Housing
company
Project
developer

D

Water board
D: Decision making
R: Responsibilities
O: Ownership

4. DISCUSSION

Grey water should be regarded as a valuable res@una not as waste. Reuse of on-site treated
grey water leads up to saving of almost 60%, thidesnce should promote this type of system
configuration to tackle water scarcity and for imygg sources management in urban areas.
Grey water reclamation is an effective measuresémng water and minimization of emissions
into the environment.

Some of the most remarkable qualities of the caot#d wetlands are the choice to have
different system configuration, multiple optionsr fdesign (vertical or horizontal flow),
different plants, soil typologies, size and const@anintermittent flow. Also they are able to
treat raw wastewater or grey water. It is a flexildchnology able to clean different volume
and quality of water, maintenance and costs ar&ively low and other benefits can be
achieved.

When people compare new sanitation systems witlvezdional systems reliability is an
important barrier. Improvement on reliability hastte done and it is important to monitor and
identify the cause of the failure in order to makg@rovements in future implementations. By
overcoming the problems of lack of knowledge durganstruction and maintenance, the
systems will be reliable. This research also fonmraihtenance as a key issue for a good system
performance.
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Barrier for the implementation of constructed wedla are limitations of cleaning products to
preserve reeds and initial investment, they areeneapensive than conventional for different
causes like: back up systems, mistakes during mmghéation, early failures, and unforeseen
aspects due to lack of experience. The higher amstgpared with the conventional are made
due to more pipes, pumps to transport the waten fpyetreatment to red bed, reed bed

construction, and consultants and experts on thgstems. No health risk is present neither in
pond nor in the reuse activities.

No one system is the unique solution for the treatnof domestic grey water. Integrated
systems are optimal for specific local conditiorkwever improvements are needed and
knowledge exchange is required. By having a gosdyimt of system performance, potential
problems can be addressed in different ways, whileDrieladen, during winter, they
disconnect the wetland, because of the efficierdyction due to the low temperature, in Kaja
and Tovertua, within the design phase are contam@@cm extra of deep, foreseen the
freezing of the upper layer of the wetland duringter time.

Although, at the beginning decentralized mainterawes rated as a barrier for some of the
inhabitants, the fact that the systems generallye lealow maintenance requirement and low
operational costs are also important for the higgrele of satisfaction. The main problems
experienced in the pilot cases are unclear respititiss for O&M, leading to inadequate
maintenance, higher cost than expected, a bit eflsmsome seasons.

It is necessary synergy among the different stadkielns, in order to achieve a successful
operation system. It is needed to define clearamsipilities for ownership, operation and
maintenance, and also involvement of municipalitas authorities to achieve benefits
regarding fees exception, or subsidies. It wilbdls facilitate to establish a legal framework to
regulate them.

5. CONCLUSSIONS

If properly designed, constructed and maintainetstracted wetlands represent a potential for
decentralized grey water treatment. They promotarcgo separation and improve urban

landscape. They are also “drivers” to change, armdease user awareness; people feel
attachment to the system and they are more chrefith the discharges into grey water,

because there are some limitations, otherwise ittezsf or the plants can be significantly

affected. Better maintenance and monitoring aetiwishould be implemented to guarantee a
successful performance of the systems.

People perception is positive, and the additionahehits are strong drivers for their
implementation. No evidence of health risk has begmence. In conclusion there are
ecological and aesthetic drivers but economicalriéd@ The same health risk than
conventional system this is due to no handlingezies. There is still lack of legislation and
economical benefits in terms of fees reductiorstimulate further implementations.

Managerial aspects can vary significantly in eaabe¢ the distribution of responsibilities can

be arranged in different schemes, however is inapbrto clearly define those responsibilities
since the decision making process.
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Abstract

User acceptance is a key issue in implementing foems of sanitation, because users are
confronted with new types of toilets and equipmi@entheir homes and neighbourhood. This
paper reports research on the user acceptancecotivatoilets and grey water systems in 5
neighbourhoods in The Netherlands, Norway and Geymiaterviews with households in the
various cases showed a high appreciation of gragrireatment systems (marks between 7.1
and 8.0) and an average lower satisfaction lewelVéouum toilets compared to conventional
water flush toilets. Despite of the lower satisi@ct the appreciation of vacuum toilets was
generally high, due to the water saving aspectotium toilets (marks between 7.1 and 8.0 for
the cases without operational problems compared.lofor the conventional toilets). The
flushing sound of vacuum toilets was consideredb& unpleasant by 40-65% of the
respondents compared to 25% of a control group wiahventional water flush toilets.
Subsequent sound level measurements showed thamakienal sound level of an average
vacuum toilet is 12 dB higher than an average cotimeal toilet. The measurements indicated
that there are various options for sound reducsoich as optimisation of the pipe diameters,
sound reducing backplates and silencers.

Keywords
Grey water treatment, new sanitation systems, stavad, user acceptance, vacuum toilets, ,

Introduction

Throughout Europe there is increasing interesnimovative sanitation systems that separate
household flows at source and provide for sepdraéément and, if appropriate, reuse. The use
of new forms of wastewater collection and treatmalisb involves changes in households.
Users are confronted with toilets based on a diffeworking principle and with equipment for
grey water treatment in their neighbourhood. Usareptance is therefore a key issue in
implementing new forms of sanitation.

One innovative approach is based on separatiotaok land grey water. Within this approach
black water is often collected by using vacuumetsiiin order to prevent dilution and facilitate
for simpler treatment. This article presents redeaesults into the user acceptance of vacuum
toilets and decentralized grey water treatmentesystin 5 projects in The Netherlands,
Norway and Germany. The investigated projects laosve in Table 1. In a subsequent part of
the research sound level measurements were pedonitie different types of vacuum toilets
for possible improvements as the sound of a vadwilet. The noise level during flushing was
one of the main disadvantages that was mentionedgiine user acceptance investigations.
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Table 1. Overview of the projects that were pathefresearch

Project (year of realization) Short description

Kaja — As, Norway (1996) 24 student apartmentspgopd with a vacuum toilet
system and a local grey water treatment system
(biofilter + constructed wetland).

Torvetua — Bergen, Norway 40 single houses equipped with a vacuum toileesyst
(1997) and two local grey water treatment systems (befit
constructed wetland).

Wohnen & Arbeiten - Freiburg, | 14 apartments and 4 offices equipped with a vacuum
Germany (1999) toilet system and a membrane filter system for grey
water treatment

Flintenbreite — Lubeck, Germany 30 houses equipped with a vacuum toilet system and

(2000) two local grey water treatment systems (constructed
wetlands).

Casa Vita — Deventer, The 32 new apartments equipped with a vacuum toilet

Netherlands (2007) system

Methods

Interviews

To investigate the user acceptance standardizedvietvs were made with households in the
five cases in the period October 2005- Decembei7 260r each case 20 households were
interviewed, except for Wohnen & Arbeiten (only iblerviews). The interviews were divided
into several aspects, i.e. household descriptamsisibility, user comfort and system
robustness. For the latter three aspects diffegepstions were asked referring to the grey
water treatment system and the vacuum toilet systdém interview for the project Casa Vita
was limited to the vacuum toilet system. In orderhave a zero measurement (benchmark)
twenty households with conventional water flusHetsi connected to a gravity-based sewer
system in the city of Wageningen were interviewed.

Sound level measurements
The sound level measurements were performed irpiihject Casa Vita in Deventer and at
project Lemmerweg-Oost in Sneek, The Netherlantls. groject Lemmerweg-Oost is the first
project in The Netherlands were vacuum technolsggpplied at neighbourhood scale, but it
was not part of the earlier research. The instaleclum toilets in Deventer are supplied by
the manufacturer Jets en the vacuum toilets in ISra@ge supplied by the manufacturer
Roediger. Besides the Roediger toilet also thrBerotacuum toilets are installed in Sneek for
testing, namely:

- aJets vacuum toilet (same type as in Deventer)

- an Evac vacuum toilet

- a Roediger vacuum toilet with a silencer
The sound level of the vacuum toilet was measuréu te toilet lid closed and also with the
toilet lid open. The Jets vacuum toilet was measuvéce (once in Deventer and once in
Sneek). This was done on purpose to establisheietis a sound difference due to another
piping system and other pipe dimensions. For cormpartwo conventional toilets were also
measured (one standard toilet and one shelf tailsd, known as a Dutch toilet).
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The vacuum toilets are measured for their maximwond production (hmay) in decibels
(dB). The sound is measured at a distance of 6€r@m the front part of the toilet at an angle
of 45 degrees. The uncorrected by is calculated based on an half sphere geometrical
distribution of the sound, where a sound decliner dhe distance r 10log(4*pir applies.
The corrected hmax iS calculated by correcting the sound productamnthie reflections in the
area with the help of a power noise generatori@glf source. The corrected decibel
production (lwmay iS obtained after the correction for the reflens with the law from Sabine
via Lamaxp = Lamaxw + 10*log{4*(1-a)/A}, where A is the total adsorption surface definvia
the sound level measurements angady is the measuredakay in the reflection zone. Table 2
presents the used measuring equipment.

Table 2 Measuring equipment

Manufacturer Type
Real time analyzer (investigator)  Briel & Kjeer 2260
Microphone for Briel & Kjeer . .
type 2260 Briel & Kjeer 4189
Sound Level Meter RION NA-27
Microphone for RION NA-27 RION NH-20
Calibrator Bruel & Kjeer 4231
Power noise generator/art|f|0|albecabeI 50ETM
source

For a realistic sound production 300 ml of watersveamided to the vacuum toilets which
represents an average toilet visit.

Results and discussion

Interviews

Figure 1 shows the level of satisfaction of theimtewed households with vacuum toilets. The
control group with a conventional toilet system#ageningen shows a high satisfaction level,
85% of the inhabitants are (very) satisfied wittithoilet. The satisfaction level (very satisfied
and satisfied) in the projects with vacuum toiiet81% for Wohnen & Arbeiten , 75% in Kaja,
68% in Casa Vita , 55% in Flintenbreite and 50% anvetua.

The outcomes showed a good relation between ther@nod problems with the vacuum toilet
system and the level of user satisfaction. In thgjepts where the inhabitants have been
confronted with a lot of operational problems wmalfunctioning (Flintenbreite and Torvetua
especially) there was a much lower level of sattgba compared to projects where less
problems occurred (Wohnen & Arbeiten , Kaja andaCéisa).
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Casa Vita | |

Flintenbreite | |

i ‘ ‘ O very satisfied
Wohnen & Arbeiten | O satisfied
R ‘ ‘ @ neutral
Torvetua | m dissatisfied

- ‘ ‘ B very dissatisfied
Kaja | |

Wageningen (conventional toilet) | |

0% 20% 40% 60% 80% 100%

Figure 1. Level of satisfaction of households wikieir vacuum toilet systems compared to a controug with conventional toilets
(Wageningen)

The inhabitants were also asked to give a markthe implemented systems in their
households and neighbourhoods, rated on a 1-16 gehkre 1 is the lowest and 10 the highest
mark). These marks included the toilets and / er dhey water systems, depending on the
situation.

As for the toilets, the control group in Wageninggave an average mark of 7.1. The
households with vacuum toilets showed a large tranain marks, i.e. 7.8 in Wohnen
&Arbeiten , 7.2 in Casa Vita, 7.1 in Kaja, 6.6 ilnEenbreite and 4.4 in Torvetua. This rating
also showed a similar relation between operatipnablems in two cases (Flintenbreite and
Torvetua) and a low mark. It is remarkable thatther other projects the marks were similar or
higher than for the conventional toilet, despitdoaer level of satisfaction. In follow-up
questioning we found that many of the inhabitaetd /ery positive about the principle of the
toilet system because of the low water consumption.

The marks for the grey water treatment systems generally high and varied between 7.1 for
Torvetua to 8.0 for Kaja. The mark for the systetFintenbreite (7.5) was given for the
combined sanitation system instead of the grey mgtstem alone. The research showed that
people generally feel very positive about theseesys. About 65% of the respondents would
also recommend their grey water system to otherghé cases of constructed wetlands a
number of people made remarks regarding some $haglarose from the systems.
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) . 17.5
Flintenbreite 6.6 @ combined grey w ater system and vacuum
' toilet
Wohnen & Arbeiten 74 0O conventional toilet
— 7.8
@ grey w ater treatment
Torvetua 71
1 . W vacuum toilet
e _7"1_' 80
Wageningen ]7.1
0 1 7 8

Figure 2. Average marks given by the householdgi®vacuum toilets and / or grey water systentkérvarious projects

For the vacuum toilets we also did research indogpinion of the users about the sound level
of the system during flushing. We asked whether ukers found the sound ‘unpleasant’
(defined as ‘annoying’ and ‘loud’). The results simoin Figure 3, were compared to the
control group with conventional toilets. The datew that 40-65% of the respondents with
vacuum toilets consider the sound during flushingleasant, compared to 25% of the control
group. Noise nuisance is also one of the most camhymmentioned disadvantages of the
vacuum toilet system during the interviews, althougwas also frequently mentioned that

respondents got used to it.

Casa Vita |

Flintenbreite |

Wohnen & Arbeiten |

Torvetua |

Kaja

Wageningen (conventional toilet)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 3. Percentage of interviewed householdscitragiders the flushing sound of their toilet uagknt

Sound level measurements
Table 3 presents the results of the sound leveturements.
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Table 3  Results sound level measurements

Results in dB(A) Lid Maximal decibel
production  after
correction for the
reflections

Deventer (Casa Vita), Jets closed 91

open 95

Sneek, Roediger closed 102

open 104
Sneek, Evac closed 93
open 97
Sneek, Jets closed 95
open 99
Sneek, Roediger + silencer closed 89
open 93
Conventional Dutch toilet closed 80
open 87
Conventional toilet closed 83
open 85

Average results Average decibel production aftef

correction for the reflections

Vacuum ftoilet: average withg. .,

standard deviation

Conventional toilet: average wil 84 +/- 3

standard deviation

The average maximal sound production of the vactailets is 12 dB louder than the average
sound production of the conventional toilets. I$ ha be mentioned here that the results show
the maximum decibel production during the flushimigthe various toilets. If an average
decibel production in time is measured the diffeeemould be smaller, because the sound
production of a vacuum toilet is only 2-3 secondslevthe sound production of a conventional
toilet lasts for about 30 to 40 seconds.

The average sound level of the vacuum toilet iiBaantly increased by the standard
Roediger vacuum toilet with a sound production owerl00 dB. If the sound level
measurement of the Roediger vacuum toilet is exxdludom the average decibel production,
the average sound level lowers from 96 to 94 dRe dlbsing of the lid of the vacuum toilets
reduces the sound production with 4 dB. An inténgsfinding was that a 4 dB less sound
production was measured for the same Jets vacutehwien it is installed in Deventer (Casa
Vita) in comparison with installation in Sneek. $Hifference is probably caused by different
isolation around the backplate of the vacuum totlet length of the piping system and/or the
use of different pipe dimensions. The measuremals#s showed that the silencer of the
manufacturer Roediger is functioning well and resuthe sound level with 11 tot 13 dB
lower, depending on whether the lid is opened osedl.

57



A

re~ Y :
@amnm éag—metﬁ::i
SWITCH S 7 ooan

One striking observation is that the ‘standardsJJeicuum toilet in Deventer is only 2 dB

louder than the Roediger vacuum toilet with a siégn This shows good perspectives for
development of vacuum toilets. The installationaosilencer on the ‘standard’ Jets vacuum
toilet will most likely decrease the amount of digther, which will result in a comparable

sound level for this vacuum toilet in comparisorihwa conventional water flush toilet. Some
other possible improvements are the optimisatiothefpipe dimensions and/or piping of the
system. The pipe dimensions probably influence dtvend production because of different
amounts of air that are replaced during the flughifhe amount of air flowing through the

vacuum toilets’ valves are an important factor ahduld be optimised (searching for the
boundary between a well functioning system anddivest sound level possible).

Conclusions

* The user acceptance interviews showed a high apgicet of grey water treatment
systems (marks between 7.1 and 8.0).

« The interviews showed an average lower satisfadtioal for vacuum toilets compared
to conventional toilets. These results can paytiaél explained by operational problems
in two of the studied locations. Despite of the dowgatisfaction, the appreciation was
generally high, due to the water saving aspectotium toilets (marks between 7.1 and
8.0 for the cases without operational problems amexgb to 7.1 for the conventional
toilets).

* A large part of the respondents with vacuum tojlets 40-65% of the respondents
considers the sound of the flushing unpleasant penetd to 25% of the control group.
Noise nuisance is also one of the most commonlytiored disadvantages of the
vacuum toilet system during the interviews.

» The maximal sound level of an average vacuum t@ld2 dB louder than an average
conventional toilet (the quietest vacuum toilet reaglifference of 10 dB) and is
experienced as disturbing by the larger part ohilgseholds.

* To make the vacuum toilet more acceptable to ubersnaximal sound production has
to be reduced. Based on this investigation varmpisons for reduction appear to be
available, such as optimisation of the pipe diamsetand sound reducing backplates.
The combination of a silencer with a Jets vacuuifettoould result in a vacuum toilet
with a maximal sound level that equals the souna @inventional toilet.

Outlook

The results have been communicated with the varimasuum toilet suppliers that are
mentioned in this article. The maximal sound lemgbears to be getting more attention of the
manufacturers. The manufacturer Evac will e.gohtice a new type in 2008 which claims to
have a maximal sound level of 86 dB. This is morkess equal with a conventional toilet.

The results in user acceptance and operationatiumag of vacuum toilets and grey water
systems will be continued by Wageningen Univeraitg the company Tauw. To obtain more
insight in the energy use and system robustnegbeofvacuum system Tauw has installed
energy meters at the project in Deventer and lbgamount of blockages/failures.
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Part 2 DRIVERS AND BARRIERS FOR SCALING UP ECOLOGIC AL
SANITATION

Executive summary

The World Summit on Sustainable Development (WS&fbmates that 2.4 billion people lack
adequate sanitation, most of them living in devigigountries.Progress towards meeting the
Millennium Development Goal (MDQanitation targetis the slowest of all MDGs, with an
enormous gap between intended coverage and todsfis/. New approaches are needed to
meet the demands of sanitation for all, to preeenironmental degradation and to make long-
term sound investments. To achieve the sanitatibGMdemands more attention and better
allocation of resources. The amount of resourcederdis inevitably strongly dependent on
the choice of technology. Ecological sanitationviiles a promising approach to contributing
towards achieving the MDG target of halving by 2@i& proportion of people without
sustainable access to improved sanitation.

Ecological sanitation(ecosan) is an approach @sgiects ecological integrity, conserves and
protects freshwater, promotes dignified and hedlthiyg and recycles nutrients from human
excreta for use in agriculture. There are varigpgs$ of ecological sanitation, but this study
focuses on on-site toilets that combine urine diler and dehydration or composting of
organic matter. The key research question thabbas analyzed in the study is what prevents
ecological sanitation from going to scale?

The paper reports on two questionnaire surveysrtaldsn between August 2007 and March

2008 with experts in the North and South who hasenlstrongly involved in ecological

sanitation. Respondents ranged from field workessrig pilot ecological sanitation schemes

to researchers working full-time on understandipecsic aspects of ecological sanitation. In

response to the first questionnaire, championgalogical sanitation mentioned various

reasons why ecological sanitation did or did notkw&esponses to the second questionnaire,

gave further information on the important factas g$caling up ecological sanitation from:

« The user perspective: Driving forces and barriersifplementing and using ecological
sanitation

* The Government perspective - creating an enablng@ment

* The product user perspective - the end users eégxand/or urine in agriculture

From a user perspective, there remains a reluctarnaecept ecological sanitation asa
possible option, mainly because of reluctance talleathe by-products (urine and faeces).
Although a number of the champions in ecosan watgde that these social barriers are being
overcome (or will be shortly), the overall resditsm the two questionnaires are more
pessimistic. In order to find acceptable solutionis, of critical importance that stakeholders
ranging from government personnel to householdsnare aware of the potential benefits for
ecosan. Promoting ecosan requires advocacy fdyehefits and also requires people’s
concerns to be directly addressed. In particulareeds to be made clear that the end product is
no longer faeces, but a nutrient rich derivativa i no longer unsafe or impure.

There is a general lack of support and co-ordinaditoall governmental levels, national,

intermediate and municipal. Several countries Tk general policies and/or regulation
focusing on sanitation, let alone consider ecollgganitation as one of a range of options.
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Consequently, ecosan is often not taken serioudigkes place only in small scale pilot
schemes which are not converted into large-scaisiable projects.

One of the other constraints is that the initi@eistment costs tend to be slightly higher for
ecological sanitation than for other on-site sdimtaoptions such as VIPs. Some ecosan
governmental programmes place strong reliance gargment subsidies or external donors to
make access affordable. Such programmes howevee podto be sustainable in the long run.
Governments will need a long term vision to inMastcosan to stimulate a range of services
which include funds for capacity development arelabtually implementation of ecosan
facilities.

Ecological sanitation clearly has a niche becaugmvides the final users with nutrient rich
products from urine and faeces for agriculture &®logical sanitation can also be useful
in certain difficult geographical circumstancesgthground water table, rocky ground). These
niches should be developed further and can pratviel&ey to making ecological sanitation
successful.
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1 Introduction

The central philosophy of ecological sanitatiobased on protecting the environment by using
ecologically friendly toilet systems that not ordgve water and reduce pollution, but also are
designed or equipped to processed excreta in suety ahat makes it safe enough and suitable
to use in agriculture. By these means, food pradnatan be increased using an inexhaustible
resource.

Ecological sanitation, at its best, is able to lih& two disciplines of sanitation and agriculture,
thus achieving what Steven Esrey (1998) calledsialg the loop”, and this aim should ideally
lie at the core of such developments. The redithat many ecological sanitation projects fail
due to concentrating only on promoting the toilself, with too little emphasis on how to

recycle processed excreta to enhance food productio

This report

This study examines a number of issues related cmlogical sanitation focusing on
institutional, financial and social issues. A numbaf best-case ecological sanitation
schemes are reviewed from Africa (Burkina Faso, #erMalawi), Asia (Philippines, Nepal,
India) and Latin America (Mexico, Peru). Issuesoived in scaling up ecological sanitation
are reviewed with a focus on governance and padisyes, institutional issues, financial and
social issues. Finally, the paper reflects on wWizet made some ecological sanitation schemes
successful, while others are unsuccessful, anceligesearching for evidence on how the
approach can be taken to scale beyond pilot phases.

The key research question analyzed in this studyhsat prevents ecological sanitation from
going to scale?’ There are a variety of differgmtes of ecological sanitation, but this study
focuses on dealing with on-site toilets which comeburine diversion and dehydration or
composting of organic matter. This is because tlaeeghe most commonly used ecological
sanitation facility in developing countries.

Methodology

A literature review was conducted to examine theaathges and disadvantages of ecological
sanitation, and three case studies each from AfAise& and Latin America were identified and
reviewed.

Two questionnaires were given to a list of peoplethie North and South who have been
strongly involved in the area of ecological samat They range from field workers testing
pilot ecosan schemes to researchers whose solerexayk/es around understanding aspects of
ecosan. The list of these ecosan “champions” cdouwel in Annex 1.

The first questionnaire, undertaken between Auguast November 2007, simply asked these
champions about the issues they considered wemellating or creating barriers towards the
scaling up of ecological sanitation. A total of Gestionnaires were sent out, of which 19
were returned. The case studies and this initiakjonnaire together gave an initial idea of the
most relevant issues that help or hinder scalingagdogical sanitation. For a comparison of
issues in selected ecological sanitation schenoes tine first questionnaire, refer to Annex 2.
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A second questionnaire was then developed to gsepet insights into the barriers in scaling
up ecosan. Between December 2007 and March 20@8wts answered by 22 of the 25
experts to whom it was sent. This second questionacused on the user perspective, the
role of national government, the role of local goweent at intermediate, municipal and
community level, the role of international, natibaad community organizations; and the role
of the final users of ecosan products. The questive can be found at Annex 3. It
summarised the issues that had been revealed firghgquestionnaire and asked the experts to
rate them in order of significance

To achieve this range, the second questionnairedwated into three sections:

* Level 1: User perspective— Driving forces and leasifor implementing and using
ecological sanitation.

* Level 2: Government perspective— the importancerefting an enabling environment.
Local (and/or national) government can play anvaatole in sanitation planning, although
they often do not do so for various reasons. Natigovernment sets the rules (through
laws and a policy framework) under which sanitatiservices are provided. Local
government can create an enabling environment éorsumers to choose ecological
sanitation systems. The key discussion point ig¢he of government at various levels in
ecological sanitation and what instruments thewe to stimulate ecological
sanitationand thereby create the enabling enviromme

e Level 3: Final users’ perspective— the end usersxafreta and/or urine products in
agriculture. The use of excreta is some culturenre prevalent than in others for
agriculture use. However, the management of excaatebe a strong barrier for ecological
sanitation. There are also logistical issues, saghinding safe and low cost ways to
transport excreta and/or urine products to wheeg #re needed.

Questionnaires were administered by e-mail, withinelers and encouragement by telephone.
Some open discussions with ecosan champions atdopiace at the Sustainable Sanitation
Alliance meeting in August 2007 in Stockholm, Swede

In retrospect, it may have been more useful ifstaeond questionnaire had asked the experts to
rate the issues in a scale manner ranging from d¢godzhd, rather than numbering them by
priority. However many of the champions added tlo®n comments in the open space box
provided with each question. This gave additionséful information and thereby a better
insight into the real issues.

2 Background

What is ecological sanitation?

Ecological sanitation is based on three fundamemntatiples: preventing pollution rather than
attempting to control it after we pollute; santigithe urine and the faeces; and using the safe
products for agricultural purposes. This approaeim te characterised as “sanitize-and-
recycle”.

This approach is a cycle- a sustainable, closepg-®gstem. It treats human excreta as a
resource. Urine and faeces are stored and processatte and then, if necessary, further
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processed off site until they are free of diseaggmisms. The nutrients contained in the

excreta are then recycled by using them in agacel{Winblad and Simpson-Hebert, 2004).

The concept of ecological sanitation is based enidka that urine, faeces and grey (sullage)
water contain resources that form part of the egold cycle. The nutrients in human excreta
and grey water are valuable and should be regasgiatich. Hygienic use, instead of hygienic
washing away is one of the key principles. Useudfiants in human excreta and grey water is
only possible when the complete sanitation systemaken into account, from source to final

disposal. This contrasts with end-of-pipe solutidbsological sanitation does not just promote
hygienic use of human excreta and grey water #ftey have been produced; one of its main
objectives is to recover and reuse them as precesgsirces.

In some respects, daily practice is ahead of s@ieptogress and interest. While scientists and
engineers still debate the wisdom of reusing mpaicand industrial wastewater and sludge
for agricultural purposes, farmers in the peri-urtsreas of Africa and Asia have widely
adopted this practice out of sheer necessity. Adrternational Water Management Institute
(IWMI) says on its web page on wastewater reuse:rtiral and peri-urban areas of most
developing countries, the use of sewage and wastevia irrigation is a common practice.
Wastewater is often the only source of water fogation in these areas. Even in areas where
other water sources exist, small farmers ofteneprefastewater because its high nutrient
content reduces or even eliminates the need fogrestpe chemical fertilizers.” IWMI goes on
to point out that research is needed on the impadiuman health, wealth and nutrition (as
well as soil-fertility) of using wastewater and esta for agricultural production to generate
practical advice for farmers and information fornsomers, to limit risks and maximise
benefits.

An average human being produces annually 500 ldafegine and 50 litres of faeces, which
contain enough nitrogen, phosphorous and potas$NifrK) to produce the equivalent of
230kg of cereallyear. This human fertiliser cantlpareplace the demand for artificial
fertiliser. The need to conserve phosphorous, aerainresource used to produce artificial
fertilisers, is urgent. The most important causeghmsphorous depletion are inefficiencies in
agricultural practices and the dispersal in sevaagesolid waste of phosphorous contained in
food and phosphate-based detergents. Recycling famitation and solid waste can be a
partial solution.

Keeping urine separate opens ways for more efedteatment in both dry and existing wet
systems. Urine contains the largest amount of entlsiin wastewater. Compared with faeces,
urine contains about 70% of all nutrients availahlexcreta (urine and faeces). So, if urine is
kept separate, wastewater treatment plants wogldresless energy.
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Figure 1: Nutrient content of grey water, urine and faecé® &ajurel and Otterpoh2003)
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An additional advantage of dry urine diversion &aion options is the optimisation of
pathogen destruction. Research and practice haverdgrated that pathogens die quicker in
circumstances with:

* High pH rate (adding sawdust, ash, etc.)

» Increased oxygen supply (ventilation)

* Low moisture (urine diversion, dehydration)

» Higher temperature (solar / artificial heating)

* Increased retention time (storage)

These conditions prevail in dry climates. Addingevdo excreta creates precisely the opposite
situation. Another advantage of diversion of ur{egher in dry or wet sanitation systems) is
the reduction of bad odour in comparison with systesuch as pit latrines or composting
toilets. Mixing faeces with urine creates a segitigation with the familiar unpleasant smell.

Urine diversion toilets depend on regular manuadaeal of urine and less frequent removal of
dried faeces. In many ways this requires a shiftaftitude towards sanitation for many
stakeholders and a danger that the system willraepe the poor for excreta collection. This
is a general problem facing the waste sector: Ipaage and unhealthy jobs for the poor
(Bruijne, G, Geurts, M., Appleton, B., Snel, M. 200

Figure 2: Composting urine diversion (UD) toilet
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What are the arguments for and against ecologicahgation?

The ecological sanitation concept can be summaraet divided into three main steps:
separation/collection, treatment and utilisatioactstep can be implemented through different
technologies, processes and components as shoaw:bel

Table 1: Types of Ecological sanitation facilities

Step Solution/Modules

1. Separated ‘“in-house/on-site” collectipfiHigh-tech” (waterborne)

(faeces/urine/grey water/organic solid waste) | « Double or triple sewer system in households

e Vacuum toilets/urine-separation toilets

“Low-tech” (dry)

e Appropriate on site latrine systems (with
faeces chamber and urine diversion)

2. Treatment » Anaerobic digestion (faeces/organic waste

» Drying (faeces/urine)

» Storage (liquid urine)

e Composting (faeces/organic waste)

* Constructed wetlands/sand and gravel
filtration; membrane filtration  (grey
water)/maturation pons

* UV treatment

3. Utilisation » Fertiliser in agriculture (faeces/orgariic
waste)

e Irrigation (grey water)

* Groundwater recharge (purified grey watgr,
rainwater)

Source: GTZ and IUCN, 2003.

Ecological sanitation is most strongly linked t@ tbromotion of urine diverting toilets which
separate urine from faeces at the source. Usisgntbithod the urine can be tapped separately,
and since it contains most of the nutrients, paldity nitrogen, it has the potential to be used
either diluted or undiluted with water to enhancewgh of vegetables, maize and trees, etc.
The solid faecal matter collects in vaults, whichynbe single or double (alternating).

Ecological sanitation therefore implies the sepamabf waste streams, saving water and
energy, nutrient recycling, cost efficiency and ihiegration of technology to environmental,
organisational and social conditions. Ecologicalitséion systems are often locally managed
with, hopefully, low transport costs, minor requents for water and reuse of nutrients. In
other words, ecological sanitation to a larger ®ixteilises local resources.

So what are the strongest points on the advantagfeslso the disadvantages for Ecological
sanitation? For the sake of clarity, the followtagle summaries these issues.
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Table 2: Advantages and disadvantages to ecological simtat

Advantages

Disadvantages

Affordable options for all

This entails that this is an option that can
used by both the poor and the wealth w
sustainable sanitary systems at afforda
Ccosts.

Existing legislation in many developin
lm®untries remain in favour of convention
identralised sanitation systems would nee(
ile re-visited in terms of encompassi
ecological sanitation

(2002-2006)

g
al,
1 to

ng

Flexible systems. Water closet and centralised sewers |are
This refer to the fact that ecologigaperceived as the ultimate solution. Howeyer
sanitation can be either centralised| the fact is that poor people cannot achieve

decentralised (e.g. high-tech with low-te
small or at a large scale.

ciheir aspirations. This inevitably increases
gap between rich and poor in develop
countries.

the
ng

Increasing health and dignity
On the health front this type of system ¢
eliminate large quantities of excreta whi
carry diseases

People’s cultural, religious and social vie
aran affect their willingness to use excre
chased fertilisers. Discussions should add
psycho-social, religious and gender issues

WS
ta-
ess

Quality of life and enhances digni
especially among the poor

Enables use in an environmental frien
manner-compost and urine.

This means a reduction in expenditure
chemical fertilizers and pollution caused
them. In addition soil fertility is higher an
uses an environmental friendly manner.

y

on
by

Technology points

Does not use water as a carrier to dispos
human waste and hence conserves preq
water

e of
ious

No need for de-slugging or pumping d
black water as in the case of septic tanks

ut

Ecological sanitation systems can
managed on household or community le
and hence is less expensive and do
require investment in large-scd
infrastructure as is the case with centrali
underground drainage.

be
vel
not
le
zed

No flies or foul smell; no mosquito breedi

9

as there is no water stagnation

Sources: Jenssen, et al, 2004; Winblad and H&@0Y; Jackson and Knapp, 2005; Morgen, 1999 &
2002.

Based on the literature, one might argue that thezemore advantages than disadvantages in
respect to the potential resources produced. Hayese will become clear from the case
studies and the questionnaires, political/instidil frameworks must also be in place to
adequately support sustainable ecological sanitaiohe long term.
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Potential barriers for scaling up ecological santtan: intermediate level perspectives

In order to focus on the potential barriers forliscaup, one first needs to understand the rol®cdl
governance in general. As cited by De la Harpe §20@cal governance is the set of policy
frameworks, structures, relationships and decigiaking that takes place at the local level to ésla
service or achieve an objective. Within the cohtefxdecentralised service provision we understand
the term ‘local’ to apply both to the local govenoa level (the district or municipality for exampénd

the community level. How local governance works practice varies from country to country
depending on how government is structured and enptilicy and legislative framework. This also
applies to the implementation of ecological saititat within the context of local governance.

National Framework:
constitutional, policy, legislative
and fiscal environment

———
- =~ -~

i Enabling

-

L policy N
L _ frameworks  participatory "~
,” Collaborative decision R
¢+ stakeholder making \\

/ relationships processes \
| Good local \
| _ governance 1
I Inclusive Efficient, effective i
| implementation and responsive 1/

processes services 4
/

. - ’
h Mechanisms for participation, ’

s ~ responsiveness, equity, o
S~ inclusiveness, transparency, .~
-y and accountability _ -~

~ -
Bl

Figure 3: Requirements for good local governance

Within the diagram above, we can see that it ipgimot only a question of the implementation of
ecological sanitation scheme at, for example, comiywor district level but about the linkages to a
number of factors within the local government cahtehich make ecological sanitation sustainable in
the long term.

Similarly, we need understand what is meant byirsgalp. In order for a project to “go to
scale”, it needs a number of factors, namely:

* aconsistent vision and consistent values

e acore group for learning and action in which tdkeholders are represented,;

e amotor- public, private or semi-private- to pulk process of change;

* highest level political support and commitment

» different strategies for different local contexts;

« different promotion mechanisms for different seegcwater, sanitation and hygiene.
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Government/policy issues

All countries have national policy and legislatienguide the provision of water and sanitation
services. However not all local governments haweldped local policies and by-laws for the
local provision of services within the national frework. Policies and by-laws create an
enabling environment for the provision of WASH seeg. These are the ‘rules of the game’
that provide the framework within which services aegulated. By-laws cover the standard of
services, technical conditions of supply, how far#re determined and structured, the payment
and collection of funds for services, conditionslemwhich services will be discontinued (for
example if a customer does not pay), how the seswall be installed, operated, protected and
inspected (De la Harpe, 2008),

In terms of ecological sanitation, policies, legigln and/or by-laws remain nearly non-
existent. Only a few exceptional countries suchSagden and Finland, have come further
down the road towards promoting ecological samtatind have some form of mandatory
legislation in place.

If existing legislation for sanitation is in plateneeds to be modified and new regulations will
be required with a specific focus on ecologicalitséion. Without political backing, no project,
let alone ecological sanitation has any long tewstanability.

Institutional issues

Water and sanitation services, which may include pmovision of ecological sanitation
facilities, need to be planned for as part of aegmated development. The planning process
must assist stakeholders and their representatvesake informed decisions about, for
example, the various types of ecological sanitation facilities available. Planning should
include data collection and analysis, stakeholdatigpation, strategic decision making,
project identification and prioritisation, and a&dion of resources to implement any such
plans (De la Harpe, 2008).

If ecosan systems are implemented, some new itistial arrangements may be required. For
example, ecosan system in cities (or peri-urbam#wnay wish to create a new department
separate from the water and sewerage authorityait even wish to create an institution that
links the ecosan products with urban and ruralweseds.

Financial issues

Ecosan systems does initially require some moresitment for its infrastructure which may be
a bit higher than other on-site sanitation optiossch as VIPs (ventilated improved pit
latrines). In addition, ecosan systems do involadial costs for information, training,
monitoring and follow-up that are greater than esponding costs for conventional sanitation
systems. However, from a long-term financial pecsipe, it should be cited that ecosan — like
other on-site options - does not require waterfliashing, no pipelines for the transport of
sewage and no treatment plants and arrangemerttgefdisposal of toxic sludge.

Psychology issues
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Whether we like it or not, culture plays a veryosty role in the acceptance (or not) of
ecological sanitation. In Africa, as well as in maountries in Asia, there are taboos against
the handling of faeces and its possible reuse.n Hvéhe toilet may be heavily subsidized,
these cultural issues will remain. As well as mstinctive repulsion towards excreta, culture
inevitably does influence our attitudes towardsdhiag (William, 2005; Manandhar, et al,
2004).

Box 1: Psychological issues

“The psychological aspects of treating human excrement are not well known. Although there is a
universal consensus that body waste are sordid, our elimination behaviour and our feeling about
it are all learned from our experiences, and evolve and change over time (Kira, 1995). As a
result, there is no absolute right or wrong behaviour or attitude, except within a cultural context.
In Western cultures, for example, the scale of excrement treatment stimulates different public
reactions. Mention a pit privy or ecological sanitation toilet, and the giggle-factor often creeps
into the expression. Mention a central sewage system or the health-related statistics and the
general response is far from humorous!

In concept, the bridge between attitude and behaviour appears obvious. In reality, the
relationship is complex and somewhat unpredictable. For example, McCarthy and Shrum (1994)
found that personal values about recycling solid waste did not have a direct relationship with
recycling behaviour. Values did, however, influence attitudes; and attitudes about the
inconveniences of recycling influenced recycling behaviour. These findings by McCarthy and
Shrum (1994) did not however include excrement in their attitude-behaviour study.

Even if the relationship between attitude and behaviour were known, one could not draw
universal conclusion about man’s reaction to a new toilet or waste treatment system.
Psychological investigations follow scientific principles of fair sampling, which implies the results
from a study pertain only to the sample population. One cannot deduce, therefore, that a
Western attitude would be valid in an Eastern culture. Likewise, one cannot expect Western
behaviour in the East.

Therefore if one applies these psychological considerations to the subject of alternative waste
treatment, one can understand the general scepticism toward ecological sanitation toilets. To
begin with, potential users are often unfamiliar with alternative disposal systems. Probably the
most unfamiliar aspect of these sanitation options is that treatment requires some handling at
the household level, of the products. But these attitudes are not fixed. Experts in ecological
sanitation note that when people see for themselves how a well-managed system works, most
of their reservations about handling human waste disappear (Winblad, 1998).

Source: Direct citation from William, 2005

Religious issues

Religions vary considerably in addressing excréiae Koran, for example has strict

procedures to limit contact with faecal materia¢cluding its use in agriculture, because
excrement is considered impure. As those of Isldmtb use water after defecation, this is an
issue as ecological sanitation  requires onty \itle water to be used. The principle Hindu

text gives a detailed code of conduct for ritutlie, Artha Veda, which clearly specifies the use
of water for personal hygiene. In the bible, theacelimination is mentioned only once, and
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there is no reference to the use of excreta foicalgural purposes. Similarly in Buddhism,

there is no mention of excrement although thera isference to the harmonious concept of

recycling life’s treasures (Jenssen, et al, 2004 )discussing such issues it is important to

make a distinction between excrement (which inwa state is indeed impure) and faecal
products which have been transformed through thgosting process.

Box 2: The role of religion

“Aside from some of the above cited religions, there are countless others that influence
waste treatment behaviour. In some cultures, religion is not a separate element of society,
rather an integral focal point. It is, therefore, difficult to determine if a particular behaviour
is the result of religious doctrine or merely a learned behaviour! For example, the burying
of faeces is widely practiced to ward off evil spirits; separate facilities are sometimes
provided for particular social groups; and contact with faecal matter is often unacceptable
to certain individuals in society (Franceys, et al, 1992).

Source: Direct citation from William, 2005.

Gender and age issues

Gender and age also play a critical role; womerd ezacy and space and ways of dealing
with waste items especially related to menstruatidrich could have a big impact on potential
re-use. In addition, for the very old special psiwmns are needed for using such a facility
(Jackson and Knapp, 2005).

Ecological sanitation however can also provide w m®sitive understanding in terms of
gender roles. It is significant that ecological it#ion toilets can improve health, generate
fertiliser, and consequently increase family incoihé often the women in a family who take
care of health and cleanliness and it is likelyt thanany situations women will be responsible
for the effective functioning of an ecosan toilEtological sanitation could in this respect
actually potentially increase women’s power to contheir own lives in the sense that instead
of a producer of water, she becomes a producersofurces, which can benefit herself and her
family (Jenssen, et al, 2004).

In the following section, a number of pilot schemgkich some of the champions are
responsible for are described. This is to giverdaaler an idea of scale of the ecosan schemes,
the type of facilities and organization(s) involved

3 Selected case studies on ecological sanitation

The following section provides an overview of egosase studies from the various continents.
These case studies give an idea of some of the tyfpecosan facilities that exist and the types
of issues they are facing. The sources for these studies came from specific individuals
working within these organizations. The reader radlyer read all of the case studies or dip
into specific case studies. The table below (T&8blgives an umbrella view regarding the type
of facilities, the year the scheme was started (possible finished) and the number of
ecological sanitation facilities built (or to beilbu The last column provides the level of

external financing (in the form of subsidies).
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Country Organization | Type of facilities Years of| Number of ecosan| Level of subsidy

involved the work | facilities

ASIA

Philippines | Center for -Household toilets 2004- 265 household 50%

Advanced -School toilets onward toilets 50%

Philippines -Local Gov't 3 school toilets 0%

Studies buildings/projects 463 local

(CAPS) government toilets

Nepal Environment | - Double-vault, uring 2003- 200 toilets in 6 areas 70% and 80% subsidy|for

and Public| diverting dehydrating onward ultra poor. For othef

Health toilets households, they bear

Organization between 20-30% of thg

(ENPHO)- total cost which includeg
provision of unskilled
labour and construction of
superstructure, the rest
being borne by UN;
HABITAT and WaterAid.

India SCOPE - Double-vault, uring 2003- 700 70% from either UNICER,

diversion toilets onward GTZ (Germany), FIN
(France), SEI (Sweden)
plus under the Total
Sanitation Programme and
30%  households  pay
themselves

AFRICA

Burkina CREPA- 2006- 1000 targeted by

Faso 2009 2009
Dry UD toilets (construction  will| About 100€ per unit

start in the coming
months)

Kenya ECOTACT Urine harvesting2007- on| 40 public facilities| Ashoka Award ($30,000
facilities at public| ward in bus stops| with a  request fo
toilets markets and CBD US$600,000 from

areas ACUMEN Fund

Malawi CCODE- Urine diverting| 2005- on| Urine diverting 570 | Zero
system ward Alter Farsena 200

LATIN

AMERICA

Mexico CEDICAR Urine diversion| 2003- on| 130 ecosan systemg  Zero
toilets ward

Peru CENCA Urine diversion 1998- on| 12 ecological toiletg Zero
toilets ward (where treated grey

water is used tg
irrigate trees)

43 ecological toilets
(where the grey
water can’t be used
for irrigation due to
geography of the
area)

Costa Rico | ACEPESA Low flush toilets and3 years | 37 80%
urinals
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Philippines: Demonstrating the viability of ecologal sanitation  principles (CAPS)

The Center for Advanced Philippines Studies (CA&S)eloped a partnership with the City of
San Fernando, La Union for the implementation obl&gical sanitation pilot projects
in1993. A focus was placed on two areas, namely iai@ngays of the City: Barangay San
Agustin, a peri-urban settlement located alongctieest; and Barangays Nagyubuyuban, a rural
upland agricultural community. Ecological sanitatio pilot projects were also implemented
in various institutions such as Don Mariano Marbtemorial State University (DMMMSU) -
North La Union Campus, selected public schools am $ernando City, plus the Botanical
Garden and Science Centrum.

The objective of the ecosan project was to dematesthe viability of Ecological sanitation
principles and systems in the Philippines throuigit projects in the City of San Fernando, La
Union. Beginning in 2004, there have been a nunbexctivities undertaken which included
the building of demonstration Ecological sanitation toilet facilities in at least two pilot
communities, assisting city authorities with thenfalation of an Integrated Sustainable Waste
Management system on Ecological sanitation t thles into consideration excreta
generation, urine-faeces separation, treatmengatimn, reuse and recycling; and creating an
enabling environment within and around the Cityhwan end view of institutionalizing
Ecological sanitation principles and systemghie City health, sanitation and environment
policies, plans and programmes.

In 2004, a Consortium was formed to manage thedgomdl sanitation projects. This
included the City Government San Fernando, CAPS taedte other NGOs. In 2005, the
construction of at least 200 Ecological sanitation toilets began, i.e., in Barangays San
Agustin and Nagyubuyuban; Don Mariano Marcos Mealo8tate University (DMMMSU).
The Botanical Garden of San Fernando City, therf8ei€Centrum and selected public schools
were also selected as ecosan sites. As part dttbegthening of ecosan, CAPS worked with
national government agencies and the donor comgntoiestablish a national network to
promote Ecological sanitation concepts in ptdenfluence national policies on sanitation.
In 2005, the Philippines Ecological sanitation Netikwwas formed.

CAPS is promoting the urine-diverting dehydratimgdkof Ecological sanitation  toilet. The
main challenge however is that people are not tséadndling human excreta. The “flush and
forget” method remains ingrained in people’s mind.

Although important efforts have been made via tbel@gical Sanitation Network, ecological
sanitation however is not mentioned in the Philigsi sanitation code. A new law, the Clean
Water Act of 2004 is heavily oriented towards seager management. In addition, national
authorities and a majority of local decision makas still wary of Ecological sanitation and
have concerns about its viability. As such, itiia@llt to institutionalize ecological sanitation
in most cities and municipalities.

In addition, there is still no culture of sanitatiplanning in most local governments. This is
not to say that CAPS have failed to introduce Egiclal sanitation in the Philippines but the
task to scale up is daunting. There are a handfldcal governments who have now adopted
and implemented ecological sanitation and the nunsbi@creasing. There are currently about
500 ecological sanitation toilets in San Fernandty @nd another 500 in other cities. In
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addition, the Philippine Ecological sanitation Netk (PENY has been able to lobby and

insert in the Implementing Rules and Regulatiorthef Clean Water Act a small provision
allowing Ecological sanitation as an accepted atinit option.

In terms of specific challenges on the issue ofcgplocal authorities, specially the local chief
executives, are still unclear regarding the prileggpehind Ecological sanitation. As described
by one of the key workers at CAPS “Ecological sation needs champions for it to be
popularized, understood and institutionalized irmte of clear policies, develop sanitation
plans with budget and committed implementation.”

On the institutional front, sanitation in generabaEcological sanitation in particular, do not
have any dedicated staff or unit with a mandatehiwitthe local government structure.
Currently, sanitation is a loosely coordinated taskong various departments, e.g., health,
environment, engineering, solid waste managemepartieents. Primary responsibility for
sanitation is often unclear among the departmeetause sanitation issues cut across health,
environment and infrastructure. In other wordsreéhis a need for better inter-sectoral co-
operation between the various departments in govent

On the financial side, there is still no culturesaiitation planning, it follows that sanitation
issues, much less Ecological sanitation, receiveonovery minimal budget from the
government. For this specific scheme however 50%thef cost is subsidies by local
government.

From a cultural perspective, people are not corabibet physically managing their waste,
preferring the “flush and forget” system. The wa&Ps promotes Ecological sanitation is in
the context of poverty alleviation under the UN MG&APs targets the very poor families
without toilets. They are easier to convince thHasse with existing pour flush toilets.

In summary, based on the experiences of CAPS, #w&ren number of factors which have
influenced the gap in getting ecological sanitati@yond a pilot stage. According to CAPS
these are: a) lack of social acceptability at tleeisehold, community and city levels; b)
Ecological sanitation projects that are heavilyssdized tend to be not sustainable. Loca |
demand must be created; c) lack of political willthe part of local authorities; d) the change
in local leadership (through elections, for exaqplberein Ecological sanitation projects
and policies are not sustained, replicated or dcalge. An enabling environment in the
Philippines must be created for Ecological samtati so that it can move forward.

Nepal: Peri-urban ecological sanitation (ENPHO)

The peri-urban areas in the Kathmandu Valley ahabited by poor farming communities.
Water supply and sanitation coverage in most cddleeas is in adequate. Even though some
areas have access to piped drinking water, semdiwery is poor and water is usually
microbially contaminated. The water quality of ftemhal water sources like ponds, dug wells
and wells is highly degraded. A majority of thepptation still practise open defecation and

2 PEN has defined Ecological sanitation as amcgmh that applies the principles of 1) resouragseovation,
2) pollution prevention, 3) reuse, 4) minimizatioinenergy and water use and 5) proper/safe humeretax
management.
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the small percentage of people having access tibagan facilities use either pits or septic

tanks. Due to improper design and the high groutelwable, pits and septic tanks fill up fast

creating unhygienic conditions and leading to eitlmghygienic emptying or abandonment in
addition to groundwater pollution.

In the past, people have used raw human excrethemnagricultural fields. Over time, use of
this resource dwindled with the introduction of ctieal fertilizers that replaced the need for
this local nutrient resource. For example, farmefsthe Kathmandu Valley have been
practising the use of night soil in the agricultufi?lds for decades. However, with the
introduction of the sewer system in the city araad of chemical fertilisers, this practise is
now limited to small numbers of farmers who rely tve resources produced in their
households. Farmers however do still realise th@nance of human excreta in agriculture.

In this regard, the ecological sanitation projeet sp by ENPHO was nothing new. The
concept of ecological sanitation was introducedNepal when a water and sanitation
professional from ENPHO attended the training ceymovided by the Swedish International
Development Agency (SIDA) in Sweden in 2001. ENPét@anized the first talk programme

in January 2002 to sensitize stakeholders workingvater and sanitation sector about the
concept of ecological sanitation. After the prognaen many organizations were motivated to
initiate the ecosan programme in the peri-urbanmanities of the Kathmandu Valley.

A pilot demonstration project with constructionldf double-vault, urine diverting dehydrating
toilets was initiated in 2003 in a peri-urban af&hokana) with financial assistance of
WaterAid Nepal (WAN). The project was implementadssociation with partner organisation
in the community. WAN has since then been fundiocglagical sanitation construction in
other peri-urban areas as well. In the second pl3&swilets were constructed in Khokana and
18 in two other communities. WAN and UN-HABITAT arow implementing ecological
sanitation in Siddhipur which is another peri-urlmea. There, 80 toilets are already under
operation and about 44 are under construction.

Table 4: Number of ecological sanitation latrines in diffet areas (source: ENPHO)

vear Locations
Khokana | Lubhu | Siddhipur |Tigani |Imadol |Siddhikali |[Duwakot
2003 10
2003/04 30 6 12
2004/05 24 6 1 4
2005/06 25 56 (+44) 10
Total 65 6 124 6 13 4 10

The most favourable aspect for up-scaling of th@alnprogrammes has been tisecial
acceptanceof this system in the farming communities. The othspect is the very poor
sanitation situation in the peri-urban areas. sitaation where the pits and septic tanks fail
and where there are no sewer systems, ecologicahsan for this specific area is viewed as
the best alternative sanitation option.

In terms of finances, unit cost during the piloapb was US$ 270. It has however not been

possible to bring down the cost substantially asptesent unit cost is still US$ 230. Due to the
high cost, people in poor communities cannot corstihese toilets without outside funding.
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Currently, each household bears 30% of the total wiich includes provision of unskilled

labour and construction of superstructure, the teshg borne by UN-HABITAT and
WaterAid.

So far operation and maintenance costs have natdeysed in detail. The products are used
by the households themselves and the treatmefgasiane in-house therefore there is no cost
incurred in treatment and reuse.

Households themselves are responsible for the tperand maintenance of the toilets.

Experience shows that if the users are motivateldadso trained well, then the operation of the
toilets is simple. However, there are still somastmints in the proper operation mainly due to
the reason that the toilet users were either usegén defecation or pour flush toilets, making
it difficult to get used to the procedure of thelegical sanitation toilet.

Maintenance requirements are negligible whereftitvetsire itself is strongly built. Some small
flaws in the initial structures are maintained eithy the user alone or jointly by the project
and the user depending upon the type of maintenateered. Apart from the design aspect,
other regular maintenance like cleaning the tatethe timely emptying of the vaults is done
by the users.

It is found that the community and the potentiadrasmust be well trained and provided with
adequate knowledge on the concepts of ecologicaltasi@an for the proper use and
maintenance of the toilets. The users have beendfao be very enthusiastic on reuse of
products and are happy with the yields. They tig trop yields are better compared with the
chemical fertilisers.

India- SCOPE- Starting an ecosan movement

SCOPE is an NGO based in Tiruchi, Tamil Nadu (Ihaistablished in 1986 to support the
empowerment of marginalized women in rural and-pdsan areas. One of the basic problems
in the area was a lack of adequate latrines. SCO®Ethe help of the State Government
under the Total Sanitation Campaign built over @B,pit latrines during the period 1995.

However over the years it was found that in sevefdhe villages along the banks of the river
Cauvery and irrigation canals, where the wateretal@s high, pit latrines collapsed and people
were forced to again resort to open defecatiorerAdiscussing this issue with various experts,
SCOPE designed an ecological sanitation compodettaat its training center at
Thanneerpandal, Tamil Nadu that would not be agfiétty high water tables. For the first time
in the region, 18 ecosan latrines were construatadaliyapalayam village, Tamil Nadu with
the assistance of the District Rural Developmeneay (DRDA) and SCOPE in 2004. After
these first tests of ecosan toilets showed thetttnl function well, residents of Kaliyapalayam
and later Sevanthilingapuram, started to buildehgpes of toilets for 10 households. SCOPE
has given training to masons in construction ofsaog starting from the selection of site,
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materials needed, until the superstructure is coctstd. In general the training programme
lasts around three days.

With support form UNICEF, an additional 63 indivaduhousehold compost latrines where
developed in the first phase (2004-2005) and amatben the second phase (2006-2007). By
November 2006, Sevanthilingapuram village becaneefitlst ecosan peri-urban area in the
country with ecosan latrines in all 204 housedMirsiri, an area close to Sevanthilingapuram,
another 300 household ecosan latrines have beestrgoted with the assistance of WASTE
(The Netherlands).

Due to the tsunami in December 2005 which hit Kdmesam village- a coastal town in
Tamil Nadu, a total of 100 ecosan latrines wherdt lny SCOPE and this time with the
support of UNICEF, DRDA and FIN-France as partha teconstruction and improving living
standards of the people in the area. In the TsurfamiNagapattinam, Villupuram and
Cuddalore coast, around 100 ecosan latrines weoebaiilt. SCOPE has built over 150 ecosan
latrines in Kameshwaram, Akkaraipatti and nearblages of Nagapattinam district. Around
20 masons in the area have undergone trainingeiodhstruction of ecosan latrines.

The ecosan movement in this region of India istisiguto spread into other areas with the
strong advocacy support of UNICEF especially inbpgmn areas like rocky, area as well as
Tsunami hit coastal belt. The staff and masons ¥RMDA, another NGO in the region, for
example have visited Kaliyapalayam and Musiri opasure visits and have had a number of
their masons trained at the training centre of SEO&s a result, MYRADA has built 100
ecosan latrines in Talavadi, Erode district. Thstfiecosan community latrines were opened in
April of 2006. They received financial support foMWASTE (the Netherlands) and the Musiri
Town Panchayat. This community latrine has two kdpone for men and the other for women
with seven cubicles in each block. The urine frdra tatrines is collected in a tank. Each
community latrine consists of two chambers. Whaem fihbst chamber is filled up it is sealed
and the second one is used. So far over 400 lafegine has been collected and used for
irrigating 40 banana plants and other plants in dbemunity latrine campus after proper
dilution.

Overall similar to the case study in Nepal, theeeanumber of constrains mainly in terms of
the acceptance of using ecosan facilities. Theqealgs now is to take the urine for cultivation
of paddy, sugarcane and bananas in nearby farmsewés this will require some time as

community members need to be more educated on ddwitd these types of latrines and

safely use urine for cultivation.

Burkina Faso:Working towards scaling up ecosan (CRBE)

In recent decades sanitation has remained a loela@went priority for the landlocked West
African nation of Burkina Faso. Countrywide, of {pepulation of more than 13,900,000, 89%
have no access to basic sanitation services. &h aveas this applies to 90% of the population,
and in urban areas to 85%.

In the capital, Ouagadougou, around 1,130,000 @ptipulation of 1,390,000, have no access
to basic sanitation - a coverage estimated at ard@90. Several innovative initiatives were
launched to address this problem, however with guladion growth rate of around 5% per
year these initiatives have had great difficulty simply maintaining pace with growth —
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particularly in peripheral areas of the city. Inder to achieve a coverage of 59%, the
Millennium Development Goal for sanitation in Oudgagou, a further 1,050,000 people need
to gain access to basic sanitation. This wouldirequer 300 households a week investing in
sanitation, every week for the next seven yeard,vaould still leave 900,000 people without
access to sanitation facilities. In addition tcsththe city would be producing around 2,200 m3
of faecal sludge a day (an assumed accumulatierofédtl/cap/day for faecal sludge), currently
with no clear concept as to how this should be madaEven at today’s prices the nutrients in
the city’s excreta, if collected and reused, wolée an annual value of over 16.5 million
euro.

It was in response to these significant sanitatbvallenges that the German Technical
Cooperation (GTZ), the west African centre for logst water supply and sanitation (CREPA),
and the national office for water supply and sdinta (ONEA) developed the project
“ecological sanitation in peripheral neighbourhood®uagadougou”. The aim of the project
is to facilitate the access of households in perighneighbourhoods to sustainable, safe and
affordable sanitation systems that protect humaaltte contribute to food security, and
enhance the protection of natural resource andptbenotion of small and medium sized
businesses. The project is co-financed within tlEnéwork of the European Union ACP
Water Facility, and unites the experience of theZGand CREPA in the design and
development of ecological sanitation systemased on demand oriented sanitation
provision in Ouagadougou.

The sanitation systems envisaged for these areastaiclose the nutrient loop and thus
contribute to resolving the serious problems of agamg faecal sludge in the urban
environment and the need for agricultural inputsiiipan agriculture and market gardening. In
order to ensure that sanitation system complieb thi¢ needs and expectations of all actors,
the project has adopted a participatory and maltiglinary approach, based on the Household
Centred Environmental Sanitation (HCES) approant,the premise that the users themselves
are the key stakeholders in system design and tigperand that they must be supported in this
process by an appropriate legislative and reguldtamework.

To achieve the project objective, the partners htwee major fields of activity. Firstly,
ecological sanitation systems are being develop#d the users of these systems, responding
to their needs and the local context. Secondlypyokork is being carried out at municipal and
governmental level in order to createerabling environmerifor ecological sanitation and to
ensure its inclusion in legislation and future t&gec plans for sanitation, with particular
attention being paid to the multi-disciplinary apach required for Ecological sanitation. This
second phase is also serving to create the conglitay the third phase, which is to support and
promote the involvement of the local private sedtorfurnishing the infrastructure and if
necessary the logistic services required by theesys

The project began in July 2006 and will run foreaipd until 2009. Through a broad range of
activities over this three year period the projagchs to reach up to 300,000 people in
Ouagadougou, informing them of the existence aedptbssibilities Ecological sanitation has
to offer, and providing them with safe, approprjaiordable closed-loop sanitation.

One major lessons learnt so far from the projegeernce is the importance ameating a

network of enabled actot® work towards real collaboration at nationagiomal and district
level. In the project however, time is a precioosmmodity. With financing secured for only
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three years via the EU Water Facility, there isstderable pressure to produce concrete results

with little regard for the particularities of impteentation. There is therefore a tension between

taking the time needed to bring all actors with fiveject and the demands of the main
financers.

A second major lesson that can be drawn is thaaagpdevelopment has proven key to all
project activities and that these have proven reffsctive when built orexisting capacities
and knowledgdsuch as including the community based organisatio awareness raising
activities).

The project is now entering its second year of enmntation in which Ecological sanitation
systems will be installed and enter operation. Géacities of the stakeholders will be built
upon in the coming months to ensure they are abtgérate and maintain the chosen system.
At the same time, one of the critical factors cuotlye being focused on is improving the
legislative environment for ecological sanitatian Burkina Faso, which entails lobbying
across all administrative levels. With the full popt of the municipalities, ecological
sanitation will then be included as part of stratesgnitation plans across the country.

Kenya- ECOTACT- Ecosan Public facilities

In Kenya, sanitation services, especially in thieanr centres, fall below 30% coverage. This
poses a great danger in terms of public healthedlsas urban decay. For the last 20 years, the
population in Kenya’'s urban centres have continlyougrown at over 7%, with no
corresponding growth of the infrastructure, witke tflast round of investments in the public
sanitation sector occurred in early 1980s. Thisledgo unprecedented urban decay from the
central business district, the public parks, publgrkets, and residential areas. In Nakuru for
instance, there are four public convenience faeslithat were put up in 1970s when the city
had approximately 50,000 people. Today the city drasvn tenfold but still retains the four
facilities which are in a pathetic hygienic statel goorly maintained. In Nairobi all the 28
public conveniences had deteriorated to a pointravbieey were being used by street families
for shelter plus drug dealers, to conduct theagiiltrade. In 2000, the Nairobi Central Business
District Association (NCBDA) sought permission novate and manage these facilities. So
far they have rehabilitated 18 facilities, whichv@anarkedly improved sanitation conditions,
despite their inadequacy to serve the numbers ogplpen the city. This initiative has been
extended to the slum areas of Nairobi through grantl subsidies by NGOs and UN agencies,
where communities pay KShs 3 per use of toiletlifeas or a monthly fee of KShs 200 per
family.

In many developing nations, there are no (or a mmahj a regulatory framework to support
development of sanitation. In Kenya, the sanitapohicy was launched three days ago (e-mail
dated 30-10-2007)! Despite the massive cry, amal cleed to address issues like Kibera slums,
it has taken more than 40 years since independergst to this stage. The next step is follow-
up and implementation of these policy frameworkisiclv in most cases are left on the shelves,
this is coupled with a lack of capacity within tledevant agencies to understand and appreciate
the emerging ecological sanitation concepts, amng tielying on the traditional engineering
practice. Although there has been a lot of extepmaksure and financial support to access
water in developing nations, this has not been seesanitation and thus the sanitation agenda
has not been a priority.
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Interventions especially in the informal settlenseot slums have been complicated by lack of
planning regulations to support basic service @gjivand thus impacting on the budgetary
allocations. Yet these are the places that most thexehelp.

Regarding ecological sanitation, the main challenge Kenya lies on perceptions and
approaches especially between thdvocates of ecological sanitation and the intended
recipients. This is coupled with lack of appropriate and asttde infrastructure to the
consumers and the deliberate lack of appropriateypframeworks focusing on sanitation
developments.

Ecotact is a small private company founded in Kemy&2006 with the sole objective of
developing innovative social investments in envin@mtal sanitation in Kenya. The company
is developing different flagship social initiativésat include the innovative IKO toilet concépt
“thinking beyond a toilet” an idea that has beenamied the Ashoka Award on Public
Innovation for 2007. The IKO village for social remg models that optimizes ecological
sanitation to its full potential, and the municipshste management initiative that explore
investing in women waste pickers into viable araramt economic ventures.

Ecotact aims to develop at least 200 facilitieallrmajor urban centres in Kenya, developed in
to three phases. Phase 1, which is currently takilage (2007-2008) is targeting 10
municipalitie$ with a total of 40 facilities distributed in bumps, markets and CBD areas at a
cost of US$ 1M. Ecotact has contacted and engageel Ehterprise Partners for a co financing
loan and is expecting an approval of US$200,000w#ihtake care of the construction costs of
10 units. The concept has scoped 2007 Ashoka Awerith will support on further
development of the innovation approx. US$ 30,000 #& requesting US$600,000 from
ACUMEN FUND for the completion of the first phaséhvconstruction of 30 facilities.

So far, IKO toilet has developed a urine harvestiagility for public use in Nakuru
Municipality- which has been operational now foe tast 7 months with an average usage rate
of 600 persons per day. It has caused a lot oftaxent both at municipal and central
government level. The urine is being utilised foumeipal organic composting by a
community cooperative. In addition, Ecotact is feiag on scaling up with request from the
government and respective municipalities and withding from Acumen Fund and Care
Enterprise Partners-Canada, and planning to canst@ufacilities —urine harvesting systems in
10 municipalities in Kenya.

Malawi- CCODE- Ecological sanitation in urban slurareas

CCODE, a registered Non Governmental Organizatiaseth in Lilongwe, Malawi, and
working in alliance with the Malawi Homeless Ped&pléederation, focuses on the inclusion of
the poor in development programs, that is, to entid#m to develop their own initiatives at the

% IKO toilet concept is an idea that transcends sanitation into a sustainable development unit that supports private sector
involvement in delivery of basic municipal sanitation services, strengthening urban hygiene, generating employment opportunities
and increasing access to the services. The idea supports an integration of social linkages, environmental sustainability and local

entrepreneurship to promote a public good.

4 Nakuru, Naivasha, Mavoko,,Nyeri, Karatina, Meruukh, Embu, Thika and Kiambu
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level of concrete interventions. Such an approasigb out the civic involvement of the poor.

Women are central in this process, and they arengan opportunity to articulate their

problems and design options that they then negotidth state officials and other resource
holding agencies to develop solutions to their [@ols.

Due to the fact that most slum areas are in martands where water tables are high, and due
to limited space in cities, CCODE decided to adamtiogical sanitation  technology in urban
slums. After trials with several Ecological sangat technologies in 2005, the community
members settled for the skyldosThis is because the skyloo was found to be “@gan
requires little or no digging, and has the addddevaf producing manure. So far, 250 skyloos
have been constructed in Lilongwe City and 200 lenBre City; 87 have been constructed in
Mzuzu City. CCODE plans to connect the skyloos to biogas stiége that will provide
households with energy for cooking and lighting,oan other uses. The manure from the
skyloos is to be collected by the Solid Waste Managnt Teams established by the
Federation.

CCODE has been involved in ecological sanitationtli@ past two year through the delivery
of low cost housing programmes. So far, 770 hohsee been constructed in three cities. All
these houses use ecological type of sanitation. @EEMas also been involved in the
construction of ‘alter fossena’ toilets, but peoptem to like the skyloos better because they
are considered better than the pit latrines. Thadmwaste in skyloos also dry and compost
faster since they have a urine diversion systene dlbjective of CCODE is to eventually
develop ecological sanitation facilities for 506€ron in 4 urban cities in the next 5 years.

This type of ecological sanitation is part of a lgast housing initiatives CCODE which is
implemented for the urban poor of Malawi. The hagsiprojects began in 2005 when
communities had been exposed to Ecological samtatirough Water Aid and given plot sizes
to try out Ecological sanitation rather than thaaitional pit latrines. After the first batch ofeth
Ecological sanitation alter farsena, people fedt $ky loos were more user friendly and nicer
and an improvement to the very traditional latrindhe ecosan facilities have been
implemented in the three cities of Blantyre, Lilaregand Mzuzu. As they are part of the
housing projects that have a loan (all the coste Ha be repaid at an interest of 12% per
annum the current prevailing rate is 20% per annum)

Ecological sanitation has been successful in tlogramme because it has come as a total
package together with housing and the people Hawe lhteen able to learn and come up with
designs that suit (their needs) and this has lddige levels of acceptability. The role of local
government was found to be critical as they gavenrnanities the space to learn and
experiment on technologies that work for them aadehthus made it possible to adapt to new
ecosan technologies.

Mexico- TepozEco- Retrofitting a small town

Skyloos are urine diversion toilets. However there are a few steps to climb up in order to get to the toilet, which is above ground

level, hence the name “skyloo”.
® The figure is expected to reach 600 skyloos in My end-2007 and 460 in Blantyre by the end 6720
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TepozEco is one of three urban ecological sanitagitot projects supported by Ecological
sanitation Res(along with China and South Africa) and sharesaesh experiences with other
ventures in Africa, Asia, Scandinavia and Eastanrope. These local actions are designed to
implement and demonstrate alternatives (or compiang approaches) to conventional
sanitation practices. As such, there is a stronghasis on research and development to adapt
technologies to local conditions.

TepozEco is unique in that, unlike other Ecologisahitation pilot projects, which are
primarily developing new systems, this project weoik an established settlement. It must,
therefore, compete against conventional systemdaedthe obstacles of dwellings that were
not conceived with Ecological sanitation in mindepbzEco has thus been described as a
“retrofitting a small town”. The challenge is partechnical: to design and refine Ecological
sanitation systems for management and treatmesgpzrate domestic and community “waste”
flows — human excreta from UD ecotoilets, greywaéed organic solid waste. However, the
Project is also confronted with tingore difficult task of establishing an appropriftamework
for Ecological sanitation to be considered in pgliplanning and budget allotmentahile
most government decisions and programs are geavemtds often unsustainable waterborne
solutions.

Since its outset, the TepozEco project has piodettre links between sanitation and urban
agriculture. Decreasing soil fertility, escalatingrices of chemical fertilizers, and
contamination of water bodies— due to leaching ambff of agrochemicals— highlight the
need to develop alternatives that recover the Wéduautrients found in human excreta for
agricultural purposes. Adequately stored urinetésile and most nutrients in human excreta
are found therein— in forms ideal for plant uptakside from its direct use in agriculture, urine
can improve composting processes, both as an awtiad accelerator. Compost may then be
used as a soil conditioner.

Public collection of urine is feasible and couldyde a significant source of nutrients for
urban agriculture. Nevertheless, given presentcalgural practices, the total potential amount
of urine in the municipality would be insufficietd substitute for all commercial fertilizers.

Rather, to fertilize large-scale crop productioh, will be advisable to combine urine

application with other sustainable, organic agtioal practices. Urban urine harvesting (UH)
can also have significant impact on water consamatesulting in environmental, health and
economic benefits. Finally, the project has dematetl that local population — at least in
Tepoztlan— can quickly overcome initial culturaljeaions through demonstration and
education.

Urban and periurban collection services for surfaslogical sanitation domestic by-products
are subsidized in the initial phase, just as waatewtreatment plants have been. The
advantage, however, is that a neighborhood or camtgnaco-station and composting facility
would ensure proper treatment while encouraging dbeption of sustainable sanitation
practices. Lobbying for the inclusion &fH within existing state and municipal legislation
remains crucial to allow and encourage activities €losing the nutrient loop, while

" The Swedish Ecological sanitation Res Projectdioated by the Stockholm Environment Institute (Sils provided core funds for the
TepozEco Project. Since the program is conceivadlynas technical support, most of these funds Heeen applied to salaries and fees, as
well as administrative costs, for a multidisciplipéeam of part-time and full-time Ecological satibn experts and local counterpart staff
(e.g. architect, biologists, agronomists, environtakand water management engineers and sociatistje
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maintaining environmental and health risk standaftie WHO guidelines for the safe use of

urine in agriculture, proposed by Ecological saimtaRes, are a major step in that direction.

Whereas the solutions will be context-specific, bHasic approach can be readily applied to
most of Latin America and other regions. This,aading to TapozEco, is already happening
through enriching south-south — as well as nortitts@nd south-north — partnerships and
exchange of Ecological sanitation technologiespihnmgg, training, and supporting others are
an essential part of the Sarar/TepozEco missionnBihe next phase, activities will intensify

the delivery of technical support and capacity ding services to community groups, NGOs,
private entrepreneurs — such as housing develo@erd-the general public. One of the most
important by-products of the process has been dhedidation of a skilled, experienced and
committed team of Ecological sanitation professiemeho will share their unique knowledge

and capacity.

Perhaps the key achievement of the Project has ssegfied local “customers”, which has, in
turn, generated increased demand for ecotoilegamJuan. The Project has demonstrated that
by providing an aesthetically appealing, functiomaid affordable ecotoilet system, it is
possible to overcome the stigma of the “dry toike$’the inferior, temporary solution. Lessons
from the field reveal the need to put more attentio design elements to stimulate demand,
financial and credit mechanisms to increase accasd, improved service delivery and
maintenance support to assure user satisfactioswstdinability. All of these, together with an
appropriate regulatory and institutional environmemvill be critical for institutionalizing
Ecological sanitation in Tepoztlan —and beyond.

Peru- CENCA- Closing the loop in ecological saniitai

CENCA, the Urban Development Institute, startedvtok with ecological sanitation in
1998 when a pilot project was implemented in treridit of San Juan de Lurigancho, one of
the most populated districts of Lima (more than ,800 inhabitants), which included 36
ecological toilets in the houses and an irrigasgatem for 700 square meters of green area.
Since then, two more additional projects have lmeloped at the east of Lima, one in Casa
Huerta La Campilla of Cajamarquilla implementingeklogical toilets where the treated grey
water is used to irrigate trees, and other one as Topacios of Nieveria including 43
ecological toilets where the grey water can’t bedufor irrigation due to the geography of the
area. CENCA has also been consulted by other gradqms have implemented ecological
toilets at institutions and households outsideiofd, for example in the mountains of Peru

CENCA together with a number of other organitatjdmsve currently constituted the National
Work Group of Ecological sanitation entitled ECOL@AL SANITATION PERU, which is
made up of 30 institutions including: 3 universti@ local governments and non-governmental
institutions and organizations. Their objective tes promote and spread the Ecological
sanitation in Peru by developing experiences teaegate policy proposals in the agriculture
and sanitation sectors (i.e. propose laws that pternthe advantages of using of organic
nutrients of urines and treated sewage for aguoeltre-using treated grey water for the

8 The pilot project was selected by the program APGEP SENREM/USAID from more than 150 projects to be executed. Its
successful execution has demonstrated a viable alternative for development of a worthy, healthy and sustainable environmental
and economic habitat. In 2002 this ecosan project was recognized and awarded the VI edition of the ECO-Efficiency Prize by the
Pontificia Universidad Particular Catélica of Peru and COCA COLA.
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irrigation of green areas, constructing ecologiodéts and implementing alternative sanitation
programs which will make urban areas healthierrance ecologically sustainable).

A number of surveys have taken place in each ofpitugect areas regarding the use of
ecological sanitation in the communities (for ferthnformation on the detailed results of the
survey refer to Smet and Snel, 2006). However ite sg all the good intentions, there is still

the dilemma of government regulations. The funddaleguestion remains how to include

ecological sanitation systems in the national yodad thereby prove that the system works
and is safe for human health and plants.

4 Further insights into the barriers described by t he
champions in ecological sanitation

This section of the paper provides some of theflings based on both questionnaires. For
an overview of the questionnaire refer to Annex@ #or a detailed overview of tables refer to
Annex 4. It is important to note that the scored &ml 100% which entails that respondents
could only select one issue.

User perspective- driving forces and barriers fomplementing and using ecological
sanitation

* One of the greatest barriers towards scaling upogmal sanitation is considered
religious constraints in handling excreta and/aneaurfollowed closely followed by
socio-cultural constraints in handling excreta/erim total around 45% found religious
and socio-cultural issues the key hinderers froeuber perspective. This rose to 59%
when simple reluctance to handle excreta is indumled to 73% if the technology not
being seen as user-friendly is included.

e Users’ perspective also focused on the issue ofadbility of eco-san facilities which
respondents stated play a vital role in terms oéptance of ecological sanitation.

Government perspective- creating an enabling enaimeent

The following are key issues cited by the “champi@spondents, namely:

e Lack of policy supporting sanitation in general aublogical sanitation specifically.
The second issue of priority cited was both thé laicco-ordination between sectors
and actors to support ecological sanitation and ldiok of adequate financing for
supporting ecological.

« At the intermediate level, the lack of support crardination between actual users and
potential final users (e.g. farmers, etc) was aereid the main barrier. This was
followed by lack of sanitation planning at the imbediate level. The least priority issue
(but closely following lack of sanitation planningas the support by local government
through backstopping.

* At the municipal level, the results show that batlhack of support in co-ordination
between actual users and potential final users taedlack of support by local
governments through backstopping are the critisales. However looking at the
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overall score, all three issues are quite evendyriduted which indicates that all of
these issues are considered important.

» At the community level the issues of lack of supporco-ordination between actual
users and potential final users (e.g. farmers, &td)the lack of adequate financing for
supporting ecological sanitation are nearly evestpred. This reflects that the
champions consider both of these issues as negubitlg important.

e The role of international organizations, as citgdhe “champions”, clearly reflect that
the lack of institutional/organizational supportdther partners involved in ecological
sanitation is the critical factor which prevents-&an from scaling up.

* The role of national organizations, according t® tthampions” suggest first, the lack
of adequate financing for supporting eco-san, tfalowed (with only a one point
difference!) by the lack of institutional/organimatal support to other partners involved
in ecological sanitation indicating that both issaee of importance.

Final users’ perspective- end users of excreta amrdirine products

» The lack of support in co-ordination between acusdrs and potential final users is
once again considered the most critical elemeottaating a barrier in the scaling up of
ecological sanitation at the community level. Tisisollowed by the lack of adequate
financing for supporting eco-san.

« Although the issues of religious and socio-cultdeators are cited as the most critical
barriers, other issues such as the lack of infaonatlemand, and creating a favourable
legislative, financial, institutional, organizat@n environment were considered
secondary issues by the champions. This couldl ¢md although religious and socio-
cultural issues are citied at the greatest bataesards the scaling up of eco-san, the
champions clear acknowledge the other underlirsegas facing eco-san from the final
user perspective.

5 Conclusion: Key drivers, barriers and recommendat lons

Some of the key issues emerge as the main driverbarriers towards scaling up ecological
sanitation based on the narrative case studiehagd’! and the questionnaires from Phase |
and Phase Il are cited below.

The users’ perspective

From a social perspective, religious and sociowealtissues are seen as the greatest barrier
towards scaling up ecological sanitation. These isgaes in total summed up to 60%. If the
related issues of handling excreta and urine adldntdogy not being user friendly are also
added in, then these user perception issues wgethr seen as the top priorities by 73% of
the respondents.

However, pockets of ecosan schemes around the wasictited in this paper, are slowly
becoming more acceptable and finding ways to reduttaral/social prejudices. In order to do
this, more scientific but also cultural/social @s# on resistance to change needs to be
undertaken. However, this research undeniably shioats
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* People are not comfortable physically managingrtheste, preferring the “flush and
forget” system.

* There is a lack of social preparation at the hoolkkltommunity and city levels for the
implementation of ecological sanitation.

Religious constraints in handling excreta and/aneuralso play a role in terms of user
unwillingness to handle excreta and/or urine presluc

Although a number of the champions in ecosan waulglie that social barriers are being
overcome (or will be shortly), the overall resuitsm the questionnaire surveys do not reflect
this finding. It is of critical importance that &&holders, from government to households,
become aware of the potential for ecosan. Religan cultural acceptance can be changed
especially if knowledge is shared. Lack of inforroatand know-how currently remain the real
barriers towards the possible development of ecasany scale of development.

The enabling environment

There is a lack of support and co-ordination agallernmental levels ranging from national,
intermediate and municipal level. In many counttilesre is a lack of any general policies
and/or regulation focusing on sanitation, let alamecological sanitation is considered as one
of a range of options. Consequently, ecosan is afte taken seriously, and only takes place in
small-scale pilot schemes and does not break datdge scale sustainable projects.

At the local government level:

* There is no culture of sanitation planning in mosal governments.

* Local municipal and district level authories in mgacountries are still unclear of the
principles behind ecological sanitation and naticnghorities and the majority of local
decision makers are still wary of the viability @fological sanitation. This leads to a lack
of political will on the part of local authoritieso that the sanitation agenda is not
prioritized.

* There is oftenno dedicated staff or unit within local government lwé& mandate for
sanitation, let alone ecological sanitation. Sdioita is dealt with through a loosely
organized assignment of tasks among various depatsénincluding health, environment,
engineering and solid waste management. Primamponssbility for sanitation, is often
unclear because sanitation issues cut across healtinonment and infrastructure.

» There is also a lack of capacity within the reldvagencies to understand and appreciate
emerging ecological sanitation concepts, and thayticue to rely on their traditional
engineering practice.

Legal aspects

Ecological sanitation is not mentioned in most &ditn codes. For example, the new Clean
Water Act in the Philippines deals with seweragenage@ment but does not specifically
mention ecological sanitation.

Financial aspects

One key constraint is that initial investment casts somewhat higher for ecological sanitation
than a number of other on-site sanitation optiofiBis inevitably results in ecological
sanitation  being a less attractive option. Ruthe initial higher cost for this type of faciljt
people from poor communities often cannot constitueit latrines without outside funding. As
a result, some ecosan governmental programme $fro@lges on government subsidies or
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external donors. These however prowa be sustainable in the long run in many cases, as
shown, for example in the Burkina Faso case stkthancing is often secured for a limited
time in projects, and there is considerable pressuproduce concrete results with little regard
for the true costs of implementation, particuladfter the physical implementation is
completed. There is often a lack of adequate fieancsupporting ecosan over a sufficient
period of time.

Government therefore needs to adopt a long termarnvend funding to match, including funds
for capacity development and for the actual impletaigon of ecosan facilities.

End users of sanitation products

In terms of the end users of the ecosan produstsiiain challenge in many countries lies in
squaring differences in perception and approachssvden the advocates of ecological
sanitation and the intended recipienthis is enhanced by a lack of appropriate policy
frameworks in many developing nations that do tiotidate ecosan.

The potential for ecosan

Ecological sanitation clearly does have a nicheergd-users of sanitation products, usually
living in the nearby vicinity, are provided with tnent rich urine and faeces products for
agriculture use. In addition, ecological sanitat@an have a niche in, for example, difficult
geographical circumstances (high ground water tatdek ground). These niche markets
should be developed and can provide the key to mga&cological sanitation successful in
efforts towards scaling up. Unfortunately, thereusrently no research into this specific area,
and it should definitely become a focus for anyifar ecological sanitation studies.

The fact is that many ecological sanitation scheh®ge only delivered on tens or hundreds
(rarely thousands) of toilets in use in a particydace, usually with some form of public or
private subsidies. Scaling up is obviously difficab long as governments do not provide
effective policy support for sanitation, with ecgical sanitation as an option. Dealing with
sanitation-related issues is often the task of mbar of local government departments.
Sanitation, should in this sense, get a “home” witine of the government departments at all
levels.

In reality, research has proven that the use afreskte and unsustainable subsidies does not
produce long term effective or affordable solutioAs reflected in the case studies, it seems

difficult to scale up these facilities. Designisimall pilot schemes with sustainable approaches
focused on social marketing (in other words, cresptiemand) and can potentially encourage

more long term solutions for ecological sanitatidackson and Knapp, 2005). This potential is

reflected in some of the case studies.

At a global level, there is a wealth of data andezience from ecological schemes around the
world, but there is a need to compile and sharg itifiormation and knowledge at a more

consistent pace over a period of time, to credbasas to develop new design guidelines for
ecological sanitation (Jenssen, et al, 2004).

In summary, it is fair to conclude that the basi¢owards scaling up ecological sanitation
comes from:

87



b

oA 0oy T 11 r

@.A“ '.‘ ‘ é_: == Framework
= J Programme

SWITCH S 7 2002200

e Social-cultural constraints towards the handlingiifie and excreta.

» Institutional, financial and political constrairgslocal governance level.

Peter Morgen, the champion of champions in the afeacological sanitation , States:
“Ecological sanitation is not going to solve the lpens of the sanitary world, but it will
surely help to provide solutions to many problenhus it must be seen as an additional
method with specific application rather than a dmn. Existing systems like the flush toilet
have been supremely successful and have made midféepossible. Condemnation of such
systems, which has been the practice within théogmal sanitation elite, leads to increased
doubt for those who are uncertain. Ecological satmin should prove itself on its own merit.”
(Interview with P.Morgen- August 2007)

For ecosan to be able to “prove itself on its owerith will require a much greater focused
effort to overcome the barriers cited above. Somggssted recommendations include the
following:

» There is a need for advocacy lobby work at municgpal governmental level in order to
create anenabling environmentor ecological sanitation and to ensure its iniclnsin
legislation and future strategic plans for sarotatiwith particular attention being paid to
the multi-disciplinary approach required for ecaobtad) sanitation.

« There is a need for bettarter-sectoral co-operatiometween governmental departments
dealing with sanitation and potentially, ecologisahitation.

* Local government should provide thene and spacdor communities to learn and
experiment on technologies that work for them andtmake it possible to adapt to new
ecological sanitation technologies. For examplestngbum areas are in marginal lands
where water tables are high and are a barrier thweoper sanitation facilities. Ecological
sanitation could be one of the better options itorasions with high water tablgs

* Ecological sanitation needshampions for it to be popularized, understood and
institutionalized in terms of clear policies whiahe backed up with developed sanitation
plans, budget and committed implementation.

e There is a need to build onéxisting capacities and knowledder example byincluding
community based organizations in activities suchvaareness raising.

* Users need to understand thenctionality of ecological sanitation facilities including
proper use and storage.

It is hoped that this paper has brought to liglet teality of the developments in ecological
sanitation and the main challenges that need ttatdded to scale it up. Although, various
“converts” in the area of sanitation, believe tkabsan is the solution to existing sanitation
problems, it will not work without the support abdcking of local government. If this is not
the case, the likelihood of scaling up will remaary slim indeed.

% Over the years it was found that in several villagelndia, on the banks of the river Cauvery arigation canals, where the water table
was high, pit latrines collapsed and people wereeldto resort to open defecation. After discustiigyissue with various experts, the NGO-
SCOPE designed an ecological sanitation  contpist in its training center at Thanneerpandalnill Nadu which can withstand high

water table levels
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Name Country
Generalists

1. Christine Werner Germany

2. Hakan Jonsson Sweden

3. Peter Morgen Zimbabwe
4. Anna Richert Stintzing Sweden

5. Elizabeth Kvarnstrom Sweden

6. Oscar Josefssan Sweden

7. Mats Johansoon Sweden

8. Barry Jackson South Africa
9. Dr. Helvi Heinonen-Tanski Finland

10. Franziska Meinzinger Germany
11. Ralf Otterpohol Germany
12. Elisabeth von Munch Germany
13. Gert de Bruijn The Netherlands
In the field

13. Dan Lapid Philippines
14. Dr. Subburaman India

15. Madhab Nayak India

16. Anselm Rosario India

17. Ron Sawyer Mexico

18. Victoria Rudin Costa Rico
19. David Kuria Kenya

20. Anselme Vodounhessi Burkina Faso
21. Modibo Keita Mali

22. Seydou Diakitie Mali

23. Siku Nikhoma Malawi

24. Edmund John Tanzania
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Annex 2: Comparison of issues in selected ecolodisanitation schemes- Phase 1

The table below provides an accumulative overviéwhe issues that came out of the first
survey which took place between August and Nover@Bér7. It is a tabulation of comments

that came about of the questionnaire in the finstse.

ASIA
Philippines ™ India ™
Governance/policy - Local authorities, | - Policy frameworks are towards zero-open
issues specially the local chief | defecation which is supportive in a sense where
executives, need to | particular technology is (put in place). Therefore,
understand the principles | within (the) broad framework of environmental
behind ecological | sanitation, all ecosan points are put in. Pollution
sanitation . Ecological | guidelines and policy (refer) to ground water/river
sanitation needs | pollution which all relate to the control of water
Champions for it to be | pollution.
institutionalized, in terms
of clear policies, develop
sanitation plans  with
budget and committed
implementation.
Institutional - Needs to be assigned to | - Ecosan toilets are highlighted until now more
issues a dedicated staff or unit | than any other issues. Regional institutions must

with mandate within the
local government.

be involved and exchange their knowledge.
Government  organisations/NGOs/CBOs  and
business organisations must be involved so that
holistic approaches can be developed and talked
about. (Ecosan) must have scope of flexibility and
regular exchange of skills, knowledge and
personnel.

Financial issues - There is still no culture of

sanitation  planning, it
follows that sanitation
issues, much less

ecological sanitation ,
receive no or very minimal
budget from the
government.

- No comment

Social issues - People are uncomfortable
physically managing their
waste, preferring the flush
and forget system. The
way we promote ecological
sanitation is in the
context of the MDGs. We
target the very poor
families  without toilets.

They are easier to

- Social acceptability must be explored region
wise.

- Create community leadership at community level
to represent each community

'° Dan Lapid- CAPS - Centre for Advanced Philippine
E-mail:danlapid@caps.ph

™ Marachi Subburaman- SCOPE India Society for Community
E-mail: scopeagency86@sify.com
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convince than those with
existing pour flush toilets.

Hindering scaling |- One is lack of social
up efforts preparation at the
household, community and
city levels. Two is
ecological sanitation

projects which are heavily
subsidized tend to be not
sustainable. Local demand
must be created. Three is
the lack of political will on
the part of local authorities.
Four is the change in local

leadership (through
elections, for example)
wherein ecological
sanitation projects and

policies are not sustained,
replicated or scaled up. To

repeat, an enabling
environment  must be
created for  ecological
sanitation to go beyond

pilot phase.

(i) people participation is very weak

(i) It is supply driven

(iii) Acceptability is poor

(iv) Monitoring of pilot projects is not strong

(v) Institutions are not integrated

(vi) (Ecosan) is known to project people, conceived
elsewhere and implemented somewhere (else).
(vii) Project officials are more interested in good
documentation instead of  giving right-
information/constraints

(viif) We should know more (about) the failures (of
ecosan) than (only the) successes.
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LATIN AMERICA

Peru Mexico Costa Rico =
Governance/policy - To establish a |- To establish a | - There is a lot of work
issues framework for | framework for | to be done on lobbying
ecological ecological at decision making
sanitation to | sanitation to | levels, in order to
be considered in | be considered in | change the way of
policy, planning | policy, planning | thinking of our
and budget | and budget | politicians, because
allotments. allotments. there is a tendency to
- Rural “micro- | - Rural “micro- | think that the best
region” region” solutions are limited to
development development sewerage.
schemes / | schemes /| - Depending on the
housing and | housing and | countries, we have to
settlement settlement introduce changes in
upgrading upgrading certain regulations

To have the
different levels of

- To have the
different levels of

because, for instance
the use of urine for

government government crops is prohibited in
establish establish Costa Rica. In our
incentives (tax | incentives (tax | case, for example

deductibility, tax
reduction,
certifications of
eco-products and
eco-constructions,
ISO quality, such
as high level of
commitment to
environmental

deductibility, tax
reduction,
certifications of
eco-products and
eco-constructions,
ISO quality, such
as high level of
commitment to
environmental

issues) to | issues) to
adoption of | adoption of
ecological ecological
sanitation sanitation

systems systems

To have the
different levels of

- To have the
different levels of

government government
establish establish

penalties penalties
regarding regarding
activities  related | activities related

to unsustainable
and
contaminating
W+S practices
Lack of Mexican

to unsustainable
and
contaminating
W+S practices

- Lack of Mexican

public policies | public policies
that support an | that support an
offer of ecological | offer of ecological
sanitation sanitation

systems at large-
scal

systems at large-
scale

permission is needed to
implement constructed
wetlands in the city.

2 Ron Sawyer- CENCA E-mail: rsawyer@sarar-t.org
Byictoria Rudin-ACEPESA E-mail: vrudin@acepesa.org
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Institutional - Working  closely | - Working closely | - In  many cases
issues with IWRM | with IWRM | ecological sanitation
networks in order | networks in order | is not considered as an
to integrate | to integrate | alternative for
sustainable sustainable sanitation at
sanitation sanitation government level.
strategies, strategies,

Development of a
“package” of W+S

support
mechanisms  for
planning and
developing
sustainable
“integrated
municipal utilities”
To insert
ecological
sanitation on
sustainable
tourism  projects
(Local Agenda
21)

That official
government

offices and public
schools adopt this
approach so as to
promote water
conservation,
raise
environmental
awareness,
decentralized
treatment
facilities, thus
reducing overall
economical and
environmental
costs to provide
such services

fund

- Development of
a ‘“package” of

W+S support
mechanisms  for
planning and
developing
sustainable
“integrated
municipal utilities”
- To insert
ecological
sanitation on
sustainable
tourism  projects
(Local Agenda
21)

- That official
government

offices and public
schools adopt this
approach so as to
promote water
conservation,
raise
environmental
awareness, fund
decentralized
treatment
facilities, thus
reducing overall
economical and
environmental
costs to provide
such services

- Multi-stakeholder | - Multi-
support stakeholder
- Service utilities - | support
"Organismos - Service utilities -
operadores" "Organismos
operadores"
Financial issues - Total ecological | - Total ecological - Because there
sanitation sanitation is not a
investment investment massive

(Integrated
functioning closed
loop systems) is

60% lower than
that of
conventional
sanitation

(Integrated
functioning closed
loop systems) is

60% lower than
that of
conventional
sanitation

development of
the ecological
sanitation
technologies,
they have
higher than
conventional

94



E »~ Programme
==
=3 (2002-2006)

4'.: mnm :?metﬁ::;
S CH

- Operational costs
for decentralized
treatment facilities
is a fraction of
conventional
systems

In rural areas, one
challenge is to put
financial schemes
in place for
construction of

- Operational
costs for
decentralized
treatment facilities
is a fraction of
conventional
systems

- In rural areas,
one challenge is
to put financial
schemes in place

technologies.

ecological for construction of
sanitation ecological
systems sanitation
systems

Social issues Participatory - Participatory | - Social and cultural
community community issues are fundamental
education education to achieve the
(SARAR/PHAST (SARAR/PHAST acceptance  of the
methodology) and | methodology) and | people of these
systematic systematic alternative
monitoring & follow- | monitoring & | technologies.
up are critical to | follow-up are

user  acceptance,
as well as training-
of-trainers
Participatory
planning,
knowledge,
management and
decision-making
Development of
educational tools to
raise awareness on
theme and allow
deeper reflections
before decisions
regarding solutions
are made

critical to user
acceptance, as
well as training-of-
trainers

- Participatory
planning,
knowledge,
management and
decision-making
- Development of
educational tools
to raise
awareness on
theme and allow
deeper reflections
before decisions
regarding
solutions are
made
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Hindering
scaling
efforts

up

- Lack of support
from  government
complementary
service  provision
schemes, specially
having to do with
collection,

treatment, and
reuse of sanitized
ecological
sanitation by-
products

- Lack of
information
dissemination
campaigns
regarding low-cost
ecological
sanitation
alternatives

- Lack of
financial credit
schemes that
would allow

domestic ecological
sanitation users
to fund their water
and sanitation
infrastructure

- Concentration
of large subsidy
schemes directed
towards
conventional
sanitation
infrastructure  and
practices, such as
millionaire
investments for
sewer and typical
wastewater
treatment facilities

- More equitable

distribution of
public finances to
provide such
services

- Human nature
— unwillingness to
recognize that we
are already living in
another age!

- Lack of support from

government
complementary  service
provision schemes,

specially having to do
with collection, treatment,

and reuse of sanitized
ecological sanitation
by-products

- Lack of information
dissemination campaigns
regarding low-cost
ecological sanitation
alternatives

- Lack of financial credit
schemes that would
allow domestic ecological
sanitation users to
fund their water and
sanitation infrastructure

- Concentration of large

subsidy schemes
directed towards
conventional sanitation
infrastructure and
practices, such as
millionaire  investments
for sewer and typical
wastewater treatment
facilities

- More equitable

distribution  of  public
finances to provide such
services

- Human nature -
unwillingness to
recognize that we are
already living in another
age!

Work on more efficient systems

for urban areas that
compete with the

technologies is needed now.

could
traditional
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AFRICA
Kenya ™ Burkina Faso ™ Malawi *°
Governance/policy |- In Kenya for | - More advocacy and | - For a long time now
issues instance, the | political lobbying | organizations have been acting
sanitation policy was | works need to take | without a clear guiding policy
launched three days | place which involve | on issues of ecological

ago. Despite the
massive cry, and
clear need to address
issues like Kibera
slums, it has taken
more than 40 years
since independence.
The next step s
follow-up and
implementation of
these policy
frameworks, which in
most cases are left on
the shelves, this is
coupled with clear
lack of capacity within
the relevant agencies
to understand and
appreciate the
emerging ecological
sanitation

concepts, and thus
relying on the
traditional engineering
practice.

- A lot of external
pressure and financial
support to support
access to water in
developing  nations,
this has not been
seen on sanitation
and thus the
sanitation agenda has
not been a priority.

national, municipality
authorities and
governments in the
system management
of sanitation
(including ecological
sanitation ).

sanitation . The government
has just approved a sanitation
policy a couple of months ago
and it is believed that things to
do with ecological sanitation
will now move better.
Institutions that by law are
mandated to handle issues of
sanitation like Water Boards, do
not handle them as they
should. As a result therefore,
there is no governing structure
starting from the central,
regional and local levels of
government that can act as
watchdogs in the delivery of
sanitation issues in the country.

Institutional
issues

- With corresponding
weak regulatory
frameworks, there is
no or weak
institutional
frameworks especially
at the government
level to coordinate
sanitation issues.

- Design and set up
institutional
arrangements which
allows the
participation of local
communities and
private sectors in
ecosan systems
management,

- Not so many institutions
handle issues of ecological
sanitation . There are only a
few Non governmental
organization in the country that
are working in this area.
However, most of them face
similar problems in delivery of
this service coupled with the

* David Kuria- Practical Action
E-mail: David.kuria@practicalaction.or.ke

15 Anselme vodounhessi- CREPA
E-mail: ansvodhess@yahoo.fr

'8 Siku Nikhoma- CCODE

E-mail:skuenkhoma@ malawi.net
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- Technical support
has also been lacking
to local agencies and
ngos that are working
on sanitation.

- Interventions
especially in the
informal settlements
or slums have been
complicated by lack of
planning regulations
to  support basic
service delivery and
thus impacting on the
budgetary allocations
of the same.

operation and

maintenance.

fact that there was no guiding
policy in this regard.

Financial issues

- Financing sanitation
has been a major
hindrance and
difficulty to successful
implementation of
sanitation  especially
in developing nations.
The bank interest
rates going to 18-
24%, requirement of
collateral to support
financing and clear
lack of understanding
of the bank on the

bankability of
sanitation has
disabled the

organisation willing to
invest in sanitation.

- Make all
stakeholders pay a
“(correct) cost” in the
systems and
authorities to pay the
extra costs in case
there is no cost
recovery.

- Since sanitation issues are
not given an upper hand within
institutions, finance
mechanisms on the same are
very little or almost nonexistent.
Its only now perhaps with the
new sanitation policy when
funds would be available for
poor people to access. In
addition, people are also not
willing to pay for ecological
sanitation facilities and this
goes to complicate things even
further and hurting the poor of
the poorest in society who
genuinely cannot afford the
services.

Social issues

- The secrecy
associated with
sanitation and
especially excreta
management in most
communities ion
Africa has led this to
be viewed Ilike a
taboo, and thus
limiting the growth
and involvement of
most people in this
sector- its mainly
viewed as an
assignment of the
extreme poor who

cannot find anything
else to do.

- In most cases
especially urban
areas, sanitation is

- More awareness
towards the
population to break
cultural barriers
regarding ecosan
approach(es). Involve
population in the
system planning and
implementation.

- Socially, ecological sanitation
is deemed necessary and
welcome. However, people are
unwilling to pay for this service
because here hasn’t been
enough civic education on the
same. Further, there are no
known champions around on
the market on issues of
ecological sanitation and as
long as things are like this,
society will not be willing to
adopt and start using this
facility.
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seeing as a municipal
affair, and thus most
citizens are not willing
to be engaged with it
and meet the costs —
they expect it to be
provided for free

Hindering scaling
up efforts

There has not been
any serious
commitment to
ecological sanitation
systems- lack of past
investor especially
social enterprises has
left it entirely on donor
support line.

- Financing (of
ecosan) and the fear
of (its) success.

- Land tenure issues

- By-laws that can protect the
tenants who are the bulk of the

urban population

- Financial resources as the
cost is very high
- Poverty

- Issues of subsidy
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EUROPE

Sweden ' Finland ™®

Governance/policy | -Need to integrate wastewater | - Ecological sanitation is an effective tool
issues fractions in national/municipal | towards sustainable development and energy
policy and regulations e.g. | saving which the targets of different
urine classified as a waste. governments, EU and UN. The governments
should remember this.

- Pure human urine should be accepted as a
legal fertilizer equally as industrial urea. The
nitrogen molecule is exactly the same.

- Also human faeces containing well-composted
composts should be accepted equally as the
animal manures are accepted.

- At least in Finland we have a list of accepted
fertilizers and if something is not listed it is not
accepted for commercial fertiliser. (In home-
plots people can use what they like).

- Also if the governance policy claims too strict
chemical and microbiological analyses from a
fertiliser, small scale production according to
sustainable production can not be done.

Institutional - Municipalities are the key | - More research is needed about different toilets
issues actors . They should play a | aimed for different cultures and also for different
role in quality control. people. For instance the disabled people.

- More research about the hygienic and
chemical issues.

- More research about use of human urine and
compost containing human faeces in different
climates and different plants (edible and non-
edible,

roots, shoots, fruits, leaves used,

plants needing plenty of fertilisers or less)

- Fertilisation done early or late, split or non-
split.

Urine diluted or not diluted.

Fresh urine or six months old as claimed in
Sweden.

- Effect of ecological sanitation  and its use in
fertilisation on greenhouse gas emissions
(considering carbon dioxide, methane, nitric
oxides) and comparing those from chemical
fertilization with its transportations).

- Ecological sanitation in mega cities. Is it
possible and how?

- Very often the Western research workers say
that ecological sanitation  can not be accepted
in Muslim, Hindu, or some other cultures. Social
scientists having self a strong affinitations to
those cultures including women in those
cultures should really study with open eyes this

¥ Anna Richert Stintzing- VERNA Ecology Inc
E-mail: anna@srichert.se

18 Helvi Heinonen-Tanski — University of Kupio
E-mail: Helvi.HeinonenTanski@uku.fi
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among people including women (and especially
women), generally poor people and different
minorities in side these cultures.

Financial issues

- There is a gap between the
costs required to implement
ecosan facilities and the
financial inputs given for this.

- Developing of toilets and tanks may need
financing.

- At least the NGO-work with human education
needs money - as our work.

- The research work meant in previous list
would need money but it would also allow young
scientists to accept the idea in their academic or
professional education.

Social issues

- Need for more information
on the role that ecosan can

- Do women benefit from ecosanitation?

- Could it improve the status of women?

- Could it give response to UN Millennium
Goals?

Hindering scaling
up efforts

play in daily life.

- Need for more institutional
support

- Low cost of mineral

fertilisers currently on the
market
- THe

- Sometimes the toilets have been too
complicated and they have at cold climate
constructed badly without understanding of
microbiology and physics.

- In Europe the ecological sanitation
hobby of rich people.

- Traditional civil engineers who can plan
traditional wastewater treatment plants may be
afraid that they are loosing their jobs and their
status if their serviced in this thing are no more

is often a

needed, sometimes are against ecological
sanitation They claim that ecological
sanitation would be expensive (as it is often

in Europe). They also might mention that some
diseases are transmitted by urine; | have heard
schistostomiasis but not some Mycobacteria
(which can also be infecting kidneys) but | have
not seen any health-related microbiological
study about the survival of these organisms in
nature.
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Annex 3: Questionnaire for Phase II- List of barrie rs facing the scaling up of ecological
sanitation

Barriers based on case studies regarding what preve  nts ecological sanitation from going to
scale

Objective of the discussion paper: What prevents ecological sanitation from going to scale and what
can “we” do about it?

Ecological sanitation

Ecological sanitation is based on three fundamental principles: preventing pollution rather than
attempting to control it after we pollute; sanitizing the urine and the faeces; and using the safe products
for agricultural purposes. This approach can be characterised as “sanitize-and-recycle”.

This approach is a cycle- a sustainable, closed-loop system. It treats human excreta as a resource.
Urine and faeces are stored and processed on site and then, if necessary, further processed off site
until they are free of disease organisms. The nutrients contained in the excreta are then recycled by
using them in agriculture (Winblad and Simpson-Hebert, 2004).

The concept of ecological sanitation is based on the idea that urine, faeces and grey (sullage) water
contain resources that form part of the ecological cycle. The nutrients in human excreta and grey water
are valuable and should be regarded as such. Hygienic use, instead of hygienic washing away is one of
the key principles. Use of nutrients in human excreta and grey water is only possible when the complete
sanitation system is taken into account, from source to final disposal. This contrasts with end-of-pipe
solutions. Ecological sanitation ~ does not just promote hygienic use of human excreta and grey water
after they have been produced; one of its main objectives is to recover and reuse them as precious
resources.

In the discussion paper which continues to develop, ecological sanitation , based on the case studies,
specifically refers to on-site toilets combining urine diversion and dehydration or composting of organic
matter.

Barriers described by the various “champions” involved in ecological sanitation

The following is an overview of the barriers described by the various “champions” involved in ecological
sanitation. Please note that this is not an exclusive list, as such, but is a summary- based on the case
studies and interviews- up till this point.

Local government barriers:

0 Lack of political will on the part of local authorities. (Philippines)

0 A change in local leadership (through elections, for example) wherein ecological sanitation
projects and policies are not sustained, replicated or scaled up. To repeat, an enabling
environment must be created for ecological sanitation to go beyond pilot phase. (Philippines)

0 Lack of support from government complementary service provision schemes, specially having
to do with collection, treatment, and reuse of sanitized ecological sanitation by-products
(Mexico)

0 There has not been any serious commitment to ecological sanitation systems- lack of past
investor especially social enterprises has left it entirely on donor support line.(Kenya)
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Social barriers:
0 Lack of social preparation at the household, community and city levels (Philippines)
People participation is very weak (India)
Eco- san is supply driven (India)
Acceptability is poor (India)
Human nature — unwillingness to recognize that we are already living in another age! (Mexico)

O O 0o

Institutional barriers:

0 Monitoring of pilot projects is not strong (India)

o0 Institutions are not integrated (India)

o (Ecosan) is known to project people, conceived elsewhere and implemented somewhere
(else).(India)

o Project officials are more interested in good documentation instead of giving right-
information/constraints (India)

0 We should know more (about) the failures (of ecosan) than (only the) successes. (India)

0 Lack of information dissemination campaigns regarding low-cost ecological sanitation
alternatives (Mexico)

Technology barriers:
0 Work on more efficient systems for urban areas that could compete with the traditional
technologies is needed now.

Financial issues

0 Ecological sanitation projects which are heavily subsidized tend to be not sustainable. Local

demand must be created. (Philippines)

0 Lack of financial credit schemes that would allow domestic ecological sanitation users to

fund their water and sanitation infrastructure (Mexico)

o0 Concentration of large subsidy schemes directed towards conventional sanitation infrastructure
and practices, such as millionaire investments for sewer and typical wastewater treatment
facilities (Mexico)

More equitable distribution of public finances to provide such services (Mexico)
Financing (of ecosan) and the fear of (its) success. (Burkina Faso)

Land tenure issues (Malawi)

Issues of subsidy (Malawi)

Financial resources as the cost for ecological sanitation is very high (Malawi)
By-laws that can protect the tenants who are the bulk of the urban population (Malawi)

O O O0OO0OO0Oo

In order to develop the discussion paper further on the barriers facing the scaling up of ecological

sanitation , the paper will focus on three levels, namely:

 Level 1: User perspective- Driving forces and barriers when using ecological sanitation

This looks at the users perceptions in terms of what keeps them away from owning their own

ecological sanitation  facility and how these barriers can be overcome.

« Level 2: The role of government (at national, intermediate, municipal, and community
level) and their importance for creating an enable environment

This focuses on the role of government at national, intermediate and community level, and its role

in sanitation planning. Local government can create an enabling environment for consumers to

choose for ecological sanitation systems. The key discussion point here is what is the role of

government in ecological sanitation and what instruments do they have to stimulate ecological

sanitation and thereby create that enabling environment.

e Level 3: The role of other organizations (at national, intermediate, municipal and

community level) and their important environment
This focuses on any other institutions that may affect the scaling up of ecological sanitation.
Although government can play a critical role in the scaling up of ecological sanitation, other
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organizations may also play a role. The key here is to see what other institutions beside
government may affect the scaling up of ecological sanitation
« Level 4: the final users of excreta and/or urine
This will give a further insight into the use of excreta. Some cultures are more prevalent in the use
of excreta and/or urine than in others for agriculture use. However, there are also other potential
strong barriers for ecological sanitation since many of the final users are not interested to manage
excreta. In addition there may be other issues, such as the transportation of excreta and/or urine to
its final destination.

We would very much appreciate if you fill in the ra  ting scale boxes.
Country reflected on*:

(*Please refer to one country when filling in the questionnaire. Please use another new form for
another country, if necessary, so as to keep the answers given situation/location specific.)

Box 1: User Perspective

Stakeholders Barriers Rating scale* Jomments

User Perspective 0 On-site ecosan is

more expensive
than other on-site
sanitation facilities

0 No regulation and
support exists for
stimulating ecosan

0 Handling of excreta
and/or urine

0 The technology is
not user-friendly

0 Religious
constraints in
handling excreta
and/or urine

0 Socio-cultural
constraints in
handling
excreta/urine

* Rating scale: Please place a “1” if you find this issue extremely important in hindering the scaling up of
ecosan; place a “2” for second most important issue hindering the scaling up of ecosan, place a “3” for
the less important issue hindering the scaling up of ecosan and a “4” for fourth less important issue
hindering scaling up of ecosan and so on. Place a “6” to the least important issue hindering the scaling
up of ecosan. Place any additional barriers in the box provided. AGAIN note that “1” refers to very
important and “6”, in this box, to very unimportant issue in hindering the scaling up of ecosan.
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Stakeholders

Barriers

Rating scale*

omments

The role at the
national government

o

Lack of policy
supporting
ecosan (or
sanitation in
general)

Lack of sanitation
planning at
national level for
ecosan (or
sanitation in
general)

Lack of adequate
financing for
supporting
ecosan

Lack of co-
ordination
between sectors
and actors to
support ecosan

The role at the
intermediate level
(regional and/or
district level)

Lack of support
to local
governments
through
backstopping
Lack of sanitation
planning at
intermediate level
for ecosan

Lack of support in
co-ordination
between actual
users and
potential final
users (e.g.
farmers, etc)

105



Opsely 1 /7,
SWITCH

=

== Framework

&
=

Sixth

»~ Programme
(2002-2006)

The role at the 0 Lack of support to local
municipal level governments through
backstopping
0 Lack of sanitation planning at
intermediate level for ecosan
0 Lack of support in co-ordination
between actual users and
potential final users (e.g.
farmers, etc)
0
The role at the o0 Lack of adequate financing for
community level supporting ecosan
0
o

* Rating scale: Please place a “1” if you find this issue very important in hindering the scaling up of
ecosan; place a “2” for second most important issue hindering the scaling up of ecosan, place a “3” for
the third less important issue hindering the scaling up of ecosan and a “4” for fourth less important issue
hindering scaling up of ecosan and so on. Place a “6” to the least important issue hindering the scaling
up of ecosan. Place any additional barriers in the box provided.
AGAIN note that “1” refers to very important and “4” , in this box, to very unimportant issue in hindering
the scaling up of ecosan.

Box 3: Role of other organizations perspective

Stakeholders

Barriers

Rating
scale*

Comments

The role at the
international

organizations

(0]

Lack of co-ordinated sanitation
planning at national level for
ecosan (or sanitation in
general) with other
stakeholders (such as
government partners, etc)
Lack of adequate financing for
supporting ecosan

Lack of
institutional/organizational
support to other partners
involved in ecosan

The role at the
national
organizations
(regional

district level)

and/or

Lack of support in co-ordination
between actual users and
potential final users (e.g.
farmers, etc)

Lack of adequate financing for
supporting ecosan

Lack of institutional
organizational support to other
partners

106



Oy 71 17

=

Sixth

— = Framework
S w I T c H § ,F Programme
= {2002-2008)
The role community 0 Lack of support in co-ordination
based organizations between actual users and
potential final users (e.g.
farmers, etc)
0 Lack of adequate financing for
supporting ecosan
0
Box 4: Final users perspective
Stakeholders Barriers Rating scale* Jomments
The final users of 0o Lack of demand and use for
excreta and/or urine urine (for agricultural
(agricultural or purposes)
waste management o0 Lack of know-how by users
sector) regarding the potential and

(0]

0

ways of use of ecosan
products

Lack of support in financing
and resources to assist in
the transportation of excreta
and/or urine to final
destination for e.g.
agriculture use

Religious constraints in
handling excreta and/or
urine

Socio-cultural constraints in
handling excreta/urine

* Rating scale: Please place a “1” if you find this issue very important in hindering the scaling up of
ecosan; place a “2” for second most important issue hindering the scaling up of ecosan, place a “3” for
the third less important issue hindering the scaling up of ecosan and a “4” for fourth less important issue
hindering scaling up of ecosan and so on. Place a “5” to the least important issue hindering the scaling
up of ecosan. Place any additional barriers in the box provided.
AGAIN note that “1” refers to very important and “5” , in this box, to very unimportant issue in hindering

the scaling up of ecosan.

Question: Are there any other specific recommendati
overcome

terms of how to

the barriers/hinders

on(s) which you would like to suggest in

g ecological sanitation?

Annex 4: Questionnaire for Phase Il- Some quantitat

ecological sanitation

Table 1: User perspectives on the main issue in scaling up ecological sanitation

ive data on barriers facing the scaling up of

Barriers

Raw score

% responses

On-site eco-san is more expensive than | 72

15%
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other on-site sanitation facilities

No regulation and support exists for | 59 12%
stimulating eco-san

Handling of excreta and/or urine 69 14%
The technology is not user-friendly 69 14%
Religious constraints in handling excreta | 119 25%
and/or urine

Socio-cultural  constraints in  handling | 94 20%

excreta/urine

Table 2: Barriers to upscaling ecological sanitation, the role of government

Barriers Raw score Score in percentage
Lack of policy supporting eco-san 83 30%

Lack of sanitation planning at national level | 58 21%

for eco-san

Lack of adequate financing for supporting | 68 24%

eco-san

Lack of co-ordination between sectors and | 69 25%

actors to support eco-san
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Barriers Raw score Score in percentage
Lack of support by local governments | 35 29%

through backstopping

Lack of sanitation planning at intermediate | 38 32%

level for eco-san

Lack of support in co-ordination between | 47 39%

actual users and potential final users (e.g.

farmers, etc)

Table 4: The role at the municipal level

Barriers Raw score Score in percentage
Lack of support by local governments | 46 35%

through backstopping

Lack of sanitation planning at intermediate | 41 31%

level for eco-san

Lack of support in co-ordination between | 46 35%

actual users and potential final users (e.g.

farmers, etc)

Table 5: The role at the community level

Barriers Raw score Score in percentage
Lack of support in co-ordination between | 31 51%

actual users and potential final users (e.g.

farmers, etc)

Lack of adequate financing for supporting | 30 49%

eco-san
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Barriers Raw score Score in percentage
Lack of adequate financing for supporting | 27 44%

eco-san

Lack of institutional/organizational | 35 56%

support to other partners involved in eco-
san

Table 7: Role at the national organizations

Barriers Raw score Score in percentage
Lack of support in co-ordination between | 31 32%

actual users and potential final users (e.g.

farmers, etc)

Lack of adequate financing for supporting | 34 35%

eco-san

Lack of institutional/organizational | 33 34%

support to other partners involved in eco-
san

Table 8: The role of community based o

rganizations

Barriers Raw score Score in percentage
Lack of support in co-ordination between | 31 56%

actual users and potential final users (e.g.

farmers, etc)

Lack of adequate financing for supporting | 24 44%

eco-san
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Barriers Raw score Score in percentage
Lack of demand and use for urine (for | 48 15%
agricultural purposes)

Lack of know-how by users regarding the | 51 15%
potential and ways of use of eco-san

products

Lack of support in financing and | 45 14%
resources to assist in the transportation

of excreta and/or urine to final destination

for e.g. agriculture use

Religious constraints in handling excreta | 102 31%
and/or urine

Socio-cultural constraints in handling | 84 25%

excreta/urine

111



