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SWITCH Deliverable Briefing Note

SWITCH Document

Del. 4.1.9 A report evaluating various ecosan systealternatives
for urban areas by multi criteria analysis — usingAccra, Ghana as
a case study

Audience
This document is targeted at stakeholders in d#mtgrovision for peri-urbar
areas in developing countries, in particular polcgkers, local government st
planners, civil/sanitary engineers, etc. More pat#rly it might be of use to t
Learning Alliances in the various SWITCH demonstratities.

-

Purpose
The purposes of the report are:

1. To provide stakeholders in sanitation projects \&itheasy-to-follow
methodology which helps to find “the best” (mosstsinable) sanitation
system solution for a given urban area.

2. To demonstrate how exactly this selection methagloi@orks, using Accra
(Ghana) as an example.

3. To highlight that the range of sustainability ariéeand their weightings are

important and different for the different partstio¢ sanitation system.

4. To provide a tool to the Learning Alliance in Actoaassess different
sanitation options to improve the sanitation sitratn Accra (with a focus
on excreta management in the peri-urban areas).

Background (one to two paragraphs describing the researchvamd it was
needed )

There are nowadays a large number of differentta@om technologies for urbag
areas available, be they conventional or “non-cotigeal”’, such as ecologici
sanitation (ecosan). Ecosan is a new paradigmrniitasi@n which aims to enab
safe reuse of sanitised excreta and greywater aisdsiainable in all aspects.

Many researchers are currently developing methaiedo to select the be

sanitation option in order to simplify the choicg@sdecision makers. The decision-

making process quickly gets complex, and the ainbefision Support Systen
(DSSs) is to support people in taking decisionsm@on elements of such DS
are typically:
* A design of each option is needed for evaluatiod decision making (th
more detailed the design, the more accurate thaineler of the procedure)
* To make a final choice, multiple-criteria decis@malysistMCDA or MCA)
is used.

There is a lack of worked examples on how the M©Ald be used to decide ¢
the best sanitation system for the low-income aneateveloping countries. Th
report gives an overview of the proposed methodotogcarry out the MCA, an
then provides a worked example by using the exaretaagement system in t
peri-urban areas of Accra in Ghana as a case study.
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Potential Impact
The impact of this report, if put into practice thye Learning Alliance of Accra (@
others) would include:

* Avoiding unwise choices of sanitation systems;

* Avoiding wasting of money (donor funds or local éish by investing into
sanitation systems which are less sustainabledtiers would have been;
and

» Creating greater awareness of sustainability asgeat how to work with
them in practice

» Creating awareness for the many different availapt&ns for sanitation
(conventional or ecological sanitation).

=

Issues

» It was difficult to access data, maps reports @akieholders just by e-mail
without traveling to Accra (the bulk of this workaw carried out by the MSc
student Kalyani de Silva, who did her work as &dep study).

* The MCA results (scores of the two-short-listedad) presented in this
report are only indicative because we only had st five experts which
were not very familiar with the sanitation in Accfi@ get more reliable
results (scores), the MCA should be repeated mgusigreater number of
Accra-based experts and stakeholders.

Recommendations

* Publish this deliverable on the SWITCH website amke it known to the

Learning Alliance.

* Include a presentation of this deliverable in tlextnLA meeting, checl
usefulness for stakeholders.

* Use this deliverable as input for other deliverabie this work packag
(4.1.10,4.1.11 and 4.1.17).

» Test the methodology proposed also on other SWITd&onstratior
cities.
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1. Foreword

This report is mainly based on the work conductgd/ls. Kalyani de Silva in her MSc

thesis (September 2006 to April 2007) at UNESCO-IH&itute for Water Education,

which was funded by the SWITCH project (de SilvG0?2). The mentors of Ms. de
Silva were Dr. Elisabeth von Minch (UNESCO-IHE; prencipal author of this report)

and Dr. Adriaan Mels (Wageningen University), whe &#oth team members of the
SWITCH project, sub-project 4.1.

2. Introduction

There are nowadays a large number of differenttai@om technologies for urban areas
available, be they conventional or “non-conventlignauch as ecological sanitation

(ecosan). Ecosan is a new paradigm in sanitatiochnv&ims to enable safe reuse of
sanitised excreta and greywater (Winblad and Simyb&&bert, 2004) and be

sustainable in all aspects.

The nitrogen, phosphorus and organic matter irtisadiurine and faeces can be used in
agriculture as a fertiliser and soil conditionespectively. This aspect is particularly
important for poor people living in areas of nuttielepleted soils (e.g. in sub-Saharan
Africa) who cannot afford to purchase artificiabmganic fertiliser. In general, ecosan
options do not rely on the soil for storage of exarand infiltration of urine, and
therefore significantly reduce the danger of leaghof nitrate and pathogens into
groundwater (as may occur from the pits of pitites). A further advantage is that
ecosan technologies can typically be implementedmaich lower costs than
conventional water borne sewers.

Ecosan interventions also have the potential totribaie to a whole range of
Millennium Development Goals (Millennium-ProjectO5), Rosemarin (2003), von
Minch et al. (2006)), e.g. those related to basic sanitatiavipion, improvement of
lives of slum dwellers, reduction of hunger, exteepoverty and child mortality. Higher
agricultural yields of fields fertilised with ecas@roducts can lead to a lower incidence
of malnutrition and hence lower levels of morbidity

Many researchers are currently developing methgikdoto select the best sanitation
option in order to simplify the choices of decisimakers (e.g. with so called Decision
Support Systems), for example Niwigadaal. (2006). Once it has been decided to
follow an ecosan approach, there are many diffeéesfitnology options available within
the ecosan approach. For example, if we only cendige toilet type, the following
non-exhaustive range of options exists:

» Conventional water flush toilets (no urine separati

* Vacuum toilets (with or without urine separation)

» Urine-diversion water flush (urine collected purenith washwater)

» Urine-diversion dehydrating (UDD) toilets

» Composting toilets (with or without urine diversjon

» Conventional pit latrines or ventilated improvedlptrines

The choice of toilet will affect other related techogies for transport, treatment and
reuse of excreta and greywater. From a technologintpof view, sanitation
encompasses:



» Excreta management

* Greywater management
e Drainage

* Solid waste management

So the decision-making process quickly gets commex the aim of Decision Support
Systems (DSSs) is to support people in taking dews There are many existing and
emerging DSSs in the field of wastewater treatnaet sanitation (e.g. the EU funded
Zer0-M project (http://www.zer0-m.org/) or Casteka(2007))

Common elements of such DSSs are typically:
* A design of each option is needed for evaluatioth decision making (the more
detailed the design, the more accurate the remiagidbe procedure)
* To make a final choice, multiple-criteria analysisised.

In the literature, the term multiple-criteria decisanalysis (MCDA) is commonly used.
Within the MCDA methodology, there are a numbesob-methods that can be used;
this has been reviewed for example in Pieterse@gqR0

We have selected the most basic, intuitive sub-atetif the MCDA, which is simply

based on using weighted scores. This report givesoverview of the proposed
methodology and then provides a worked example sigguthe peri-urban areas of
Accra in Ghana as a case study.

3. Description of methodology to conduct basic MCA

We propose the following methodology for evaluativgrious ecosan system
alternatives for urban areas by multi criteria gsial (Steps 1 to 5 have also been
described in detail in von Minch and Kennedy (2007)
» Step 1: Analyse existing sanitation situation
* Step 2: Define possible sanitation options andcsiele criteria (based on the
findings of Step 1)
» Step 3: Short-list a small number of options basethe selection criteria
» Step 4: Prepare concept designs for the shortligpéions
» Step 5: Prepare cost estimates based on the caltesighs (e.g. using basic cost
equations proposed in von Minch and Kennedy (2007))
e Step 6: Carry out the MCA, which consists of:

- Defining general and specific sustainability aspeitr each part of the
sanitation system (Part A to E, see Fig8¢&), including indicators of the
sustainability aspects

- Enrolling experts in the field or relevant staketerk

- Letting the experts fill in the MCA matrix, incluay weightings for the
general aspects and scores for the options orptwfis aspects

- Analysing the results by calculating weighted ageraalues across all the
experts

 The end result is a ranking of options (the optth the highest score should
be the recommended option).

We advocate applying a ‘systems approach’ to samitaand as such, five major parts
of the sanitation system ought to be distinguisffegure3-1):
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Part A: Household toilets
Part B: Collection and transport of excreta fronugeholds to treatment site
Part C: Treatment and storage of excreta at (semiyalised location

Part D: Transport of sanitised excreta from treatnsée to agricultural fields
Part E: Reuse of excreta in agriculture (sale «ilifger)

~~_

e Crop grown with ecosan products as fertiliser (clogsg the Ioop) s
i Part A PartB Part C Part D Part E P
S \| House- Treatment Re-usein [ 4

“>~-, /| hold & storage Agriculture | -~~~
Y toilet | Collection & Transport
transport
Household Urine, faeces, | Treatment Transport of Sale of fertiliser
toilets, but can | greywater of faeces sanitised urine and| (sanitised human
also include transport and faeces by truck; excreta); irrigation
showers, bath | (road-based greywater, treated greywater | with treated
tubs, sinks vehicles in storage of transport by pipes | greywater
combination urine
with pipes)

Figure3-1. Sanitation system components which shoulchbleded in the MCA.

It is clear that this methodology cannot be appfadselecting the best option for any
(hypothetical) location, because:

 The selection criteria and short-listed options|wie dependent on local
circumstances: e.g. if an area has a water shopgeg@dem then one selection
criterion could be “should not use water for flugjii which would rule out
certain options; whereas another area may havedabtiwater, so they would not
have the same selection criterion. Other examplelside wealth of population,
driver for sanitation (public health or environmanprotection), availability of
trained staff, etc.

* The specific aspects on which the options will bered on, have to be set up
after a concept design has been carried out, becaugenitiedbe specific to the
type of system selected (e.g. a transport systang yspes will have different
specific aspects than a transport system usindggyué concept design cannot
sensibly be carried out for a hypothetical locatlmmt needs real data to be
realistic.

For these reasons, the remainder of the papethseapecific example of the peri-urban
areas in Accra (Ghana) to illustrate the proposethod for MCA. It should be stressed
that here we limited our analysis and concept aeighe excreta management system
for simplicity reasons. We did not include greywateanagement — for reasons of
simplicity and because in the peri-urban areasaufréd, excreta management is thought
to have more urgency compared to greywater managenit respect to public health
protection.



4. lllustration of proposed MCA methodology for peri-urban areas in
Accra (Ghana)

4.1.Step 1: General description of the Accra peri-urban areas

The total estimated population and population dgrsi Ghana in 2006 according to
CIA (2007) are 22.4 million and 0.94 people/ha esspely. The estimated population
growth rate in 2006 is 2.07% per annum. The totehaf Ghana is 239,460 km
Arable land area in Ghana is 18% of the total area.

Accra is the capital city of Ghana, which is a Wa#gican (English speaking) country
(see Figured-1) and is the most urbanised city in Ghana. # agpopulation of 1.6

million and a population density of 83 people/haJ&E, 2006). The urbanization has
been mainly due to the rapid increase in populatéi®ra result of the concentration of
industry, manufacturing, commerce, business, educaand administrative functions.
Accra lies within the coastal zone with low annuainfall averaging 810 mm

distributed over less than 80 dqiRUAF, 2006).
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Figure4-1: Ghana map (Source: http://www.cia.gov/cia/mattions)

The Greater Accra region occupies a total aregf3knf or 1.4% of the total area of
Ghana (GSS, 2002). The Accra Metropolitan Asser(®MA) has a population density
of 82.9 people/ha and includes the CBD (Centralifigass District). The total area of
AMA is 200 knf. All the towns outside of AMA can be called perban towns of
Accra. The population of greater Accra is 2.9 raillin 2000 and it comprises of five
areas/districts: They are Accra Metropolitan arAMA), Tema municipal area, Ga
district, Dangme West district, and Dangme EadtidigGSS, 2002).

The concept design and MCA was carried out for AMAvarticular because:

* Urban agricultural activities are mostly takingg®an this district

* The area is highly urbanized with a population dgred 83 people/ha.

» High inequalities exist in the distribution of imoe in AMA due to migrants in
different income levels. Therefore, the residemis earn additional income, e.g.
for their daily food requirements, by using low-taatural fertilisers (sanitised
faeces and urine) in urban agriculture.



Maxwell et al. (2000) reported that the average household si2diA is 4.5. In Accra
between 13 -16% of the urban and peri-urban dwellers engage ineséonm of
agricultural activity including livestock and poawltproduction. These figures (marked
in bold above) will be used in the concept desage(Sectiod.4).

Households in AMA use mainly public toilét§32.7%), VIP, pit and bucket latrines or
water closets in-house (Figude2 and GSS (2002)). Even though there are by-faws
all new dwellings to convert to either water closeVIP toilets, AMA has a very high
proportion of households still using bucket latsrn{@2.7%). In addition, still there are
people who use open defecation even in the urbammese(along the beaches or water

courses, bushes, and gutters).

It should be pointed out that public toilet doss count as improved sanitation for
counting in the Millennium Development Goals (WHMIICEF, 2006)

35% -32:7%
30%
25% 23.2%
g 20% +—
% 15% +— 12-7¢
a o 1279 11.7%
10% 1| —1  9.3%
6.1%
5o 4.4%
-
B
) T
MR 5 8 o . § ¢ 2 .
© 0o 20 £ S 3 = = <
5 S 8 £ 8 28 B 2 8
5 g 8 & 3§ § 3
c 2 i L5
Type of sanitation

Figure4-2: Types of sanitation systems for excreta mamage use in AMA (GSS, 2002)

There are no adequate facilities for collecting &nedting greywater in the urban and
peri-urban areas in AMA. Over half of the housebadld AMA use gutters (53.2%) to
dispose the liquid waste/ greywater produced frawhken and bathrooms (Figu4e3).

LvIP, pit, bucket and pour flush toilets
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Figure4-3: Means of greywater disposal in AMA (GSS, 2002)

The poor health situation of Accra’s residents,eegly those in the low-income

bracket, which is the result of the inadequatetatian system and unsafe wastewater
reuse practices, has been well documented andsaclly others (e.g. Suleiman (2007)
and Lunani (2007), see also Box 1).

Box 1: Main conclusions from the assessment opthwic health risk of the Accra Urban

Water System (Lunani, 2007)

1.

Some of the potential transmission routes origmgatirom the Accra Urban Wate

System were identified. From the sanitation systeh® routes identified were:

recreational swimming in contaminated beachesgilug of the Odaw drain; the UAS
treatment plant; faecal septage disposal placeoped drainage channels. From t
water supply system, the routes identified werewheer treatment plants due to err
in the treatment processes and the contaminatgthdison system.

The established waterborne disease incidence wgaggtiin Ashiedu Keteke sub-met
and lowest in Ablekuma sub-metro.

The urban water system contributed greatly to tielemic waterborne disea
incidence in AMA. It contributed 75% of the rotavér cases; 37% dTampylobacter
cases; 21% of\scaris cases and 3% @ryptosporidium cases. Rotaviruses contribut
78% of the total cases from risk assessment.

The disease burden from the Accra urban water rystesubstantial. There was a tg
of 28, 531 DALYs, with sanitation contributing 91%his is an equivalent of 3.0*10-
DALYs pppy which is 30,000 times higher than thierence value of 1.0*10-6 DALY
pppy, set by WHO. In addition, rotaviruses domiddtee DB.

The risk from AUWS would have a significant impactthe community as shown
table 7.1. The largest impact to the Accra comnyuniould arise if children ingeg
contaminated sand/water while playing near opemaga channels and if people sw
in contaminated beaches. Overall, the sanitatichwsy was judged to be of mo

2r

1}

he
DI'S

importance than the water supply pathway.

The main source of drinking water in AMA for 90.396useholds is water supplied in

pipes either inside or outside the house (commuatégd post). There are about 4.7% of
households in this area who utilise groundwatercesisuch as wells and bore holes for
their drinking water (see Figurd-4). The quality of the groundwater may be
compromised by the many onsite sanitation facditie

11
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Figure4-4: Types of sources of drinking water in AMA (G2802)

The key characteristics for Ghana and AMA with exfdo general country data, water
and sanitation aspects and urban agriculture anensuised in Tabld-1, Table4-2 and
Table 4-3. The analysis of urban agriculture practicesrakevant because urban
agriculture opens up reuse opportunities for tokagscreta, an aspect which is
particularly important for ecosan approaches ($&®PRart E in Figur8-1).

Table4-1. Summary of general country data for Ghana (Q¥07)

Parameter Value for Ghana
Population density (2006 estimate) 0.94 people/ha
Annual growth rate (2006 estimate) 2.07% p.a.
GDP/capita (2006 estimate) $ 2,600
Fertility rate (2006 estimate) 3.99/woman

Infant mortality rate — deaths per 1,000 livB5
births (2006 estimate)

Literacy rate (2004 estimate) 74.8%
Life expectancy at birth (2006 estimate) 58.8 years

Table4-2: Summary of key characteristics for AMA witlspect to sanitation and water supply

Description Value for Accra Metropolitan Assembly AMA)

Annual rainfall 810 mm (tropical wet and dry clireat

Average temperature 27.1°C

Population 1,658,937

Area covered 200 km

Population density 83 people/ha

Average household size 4.5

Major religious group Christian — 83 %

Existing greywater disposal options About 53 % dfapto gutter, only 13 % dispose tq
sewer

Constraints against sanitation Lack of finance, lack of appropriate technology,

improvement perception of communities, culture, attitudes of
landlords, users and policy makers

Existing strength towards Public awareness about sanitation problem,

improvement of sanitation systems | willingness of user participation, payment and
contribution, local government support

Water supply methods 47 % houses connected tonaper, others: stand
pipe, tanker, river, stream, lake, groundwater

12



Table4-3: Summary of urban agriculture characteristicAccra

Description Value for Accra (or AMA)
Rainfall (mm/yr) 810
Soil quality Unfertile sall

Type of farming

Irrigated, livestock, aquacultuepen space, backyard a
seasonal crops

Type of crop

Maize, lettuce, spring onions, bedogato, rice, cassav
cabbage, spinach, cauliflower, cucumber

Type of water supply

River, drain (wastewater)eain, shallow well

Fertiliser use

Artificial inorganic (15-15-15, uredS, MOP), anima
manure (poultry)

Main constraints

Access for water, high cost fatilfeer, lack of capital, lachk
of technology, market for production, lack of spapest &
disease threat

Current cost of urea (€/ton)

218

Country-wide fertiliser use

19.2 kg/halyear

% of residents engaged
urban agriculture

rFor AMA 10-16 %

Table4-4: Summary and possible role of ecosan to addasstraints in urban agriculture in

Accra

Constraints for urban

Impact of ecosan to reduce | Further approaches and

agriculture constraint solutions to lift constraints
Access for water Greywater treatment and | Save water by not using it to
reuse flush water

Consider rainwater harvestin

Introduce UDD toilets in low-
income urban areas

g Soil conditioner @ases
water holding capacity (less
water needed for same yield

)

Implement projects to safely
reuse greywater even at
household level

Use of human urine as a
fertiliser

High cost for fertiliser

Use of sanitised human faec
as soil conditioner

eBasy to find these natural
fertilisers locally at low cost

Launch awareness campaig
to educate farmers in
practices to ensure sustaine
soil fertility

NS

Market for production

Lack of capital

Ecosan-derived fertilisers
much cheaper than artificial
fertilisers

Lack of space

Higher yield on smaller are
hydroponics reduces space
requirement

as;

Lack of technology

Government-supported
education campaigns; schoag
gardens

Pest & disease threat

Urine has been used to kill

some insects

Lack of secure tenure

Need to form farming groy
and negotiate with land
owners

ps
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4.2.Step 2: Define available low-cost sanitation options for Part A of
the sanitation system and selection criteria

Only options that classify as “improved sanitatiof(NWHO/UNICEF, 2006) are
considered in the list of available sanitation ops for excreta management. We have
considered the following four options as low-cosfproved sanitation (excreta
management) options for AMA (for Part A of the gyt see also Figu@1):

Option 1:Ventilated improved pit latrines (KVIP/\M)f This type of toilet is commonly
used in this area.

Option 2: Urine-diversion dehydration toilet (UDDjor this study, we selected the
double vault UDD type and not the single vault tiyeeause it gives a higher
degree of sanitisation (when one vault is full tteer vault is used for
collection of excreta). After one year storage tirttee excreta is mostly
sanitised and can be removed from the vault eagilthough in our
conceptual design, we assumed that all excretamsported to the storage
site, in an actual situation the households caliseitthem easily as soil
conditioner after one year of storage time in tlo&n vaults.

Option 3: Simple pit latrine (with or without ling): This type of toilet is used by a
considerable percentage of households in AMA -eeith a public toilet or
as a household toilet (see Figdr2).

Option 4: Pour-flush or water closet (WC) toilehi3 type of toilet can be connected to
either a waterborne sewer system or a septic tadksaak away. In the
waterborne system, wastewater is collected throaghkentralised sewer
system and treated and/or disposed. When the isit&tnnected to the septic
tank, the faecal sludge from the septic tank haketaemoved periodically
and given appropriate treatment. Normally this tigo@ised by high income
families only unless the pour-flush toilet is coateel to a pit.

Notes related to the available excreta managenpans:
* All options could be implemented as either indiatunousehold toilets or
shared public toilets.
» All options, except Option 2, require faecal sludganagement because they
produce wet faecal sludge.

We used the following criteria for short-listing thfe sanitation options (for Part A) of
the Accra Metropolitan Assembly (AMA):
* Groundwater and surface water sources should degbead from pollution by
human excreta (pathogens and nitrate).
* Investment and operation and maintenance cost emeimportant criteria for
sanitation technology selection for poor househwoids urban area.
» Since water supply is unreliable in AMA (see Sat#ol), water should not be
wasted for toilet flushing and transport of waste.
* Odour and flies should not be present.
» The possibility to use sanitised human excretaufben agriculture would be an
advantage.

2 Although Accra people say KVIP (Kumasi ventilatetproved pit latrine), we use the established akibtien VIP
since there is no significance difference betwoent
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4.3.Step 3: Short listing of sanitation options

According to the selection criteria listed above following two sanitation options for
Part A are disqualified.

Option 3: Simple pit latrine (with or without limx This type of toilet infiltrates
the urine and pit leachate to the soil which cad o pollution of groundwater.
Some residents in AMA use groundwater as drinkiragewin AMA (see Figure
4-4). When considering the whole downstream prooés$le pit latrine option, it
can cause pollution of the surface water by diggihgreffluent from the faecal
sludge treatment plant (if faecal sludge is treatedll). Odour and flies are also a
common problems related with this type of toilet.

Option 4: Pour-flush or water closet toil&our-flush latrines have a higher water
use compared to the other options which resulgréater wastewater production
and wasting of good quality wafelf connected to a septic tank, the septic tank
needs to be desludged periodically, otherwise fastadge might overflow. High
operation costs are associated with the emptyingestment costs are also
relatively higher for this option than others.Hetpour-flush toilet is connected to
a pit only, then groundwater pollution can occurisToption is therefore ruled out.

The only two remaining sanitation options out oé tfour options listed above are
Option 1 (ventilated improved pit -VIP) and Opti@n (double-vault urine-diversion
dehydration (UDD) toilet).

Note: Option 1 and 2 consist of more than justttiket (see Tablel-5), so when we
refer to option 1 as the “VIP toilet option” we nme&VIP toilet plus downstream
processing” (the same applies for Option 2).

4.4.Step 4: Concept design

The components of our concept design are summainseable4-5, and they are based
on the following assumptions:

» Each household would get their own toilet rathenthaving to share a toilet
with other households. This implementation leveswaed because it is more
comfortable and hygienically safe to use one toflat one household.
However, it costs more.

* The average household size (who will have onetjoiseconsidered as 4.5
(see Sectiod.1.

« Sufficient space outside of the house or inside¢hef house is available for
construction of a toilet for each household.

» Sufficient access roads or paths are available daséhold toilets for
collection and transport of faecal sludge, drieztés and urine, respectively.

* 16 % of the total urban population in AMA is used fhe design, because this
is the approximate population who is engaged immifiarming in AMA (total
population of AMA is 1.6 million and 16% of this sround 265,000; see
Section4.1). This population of urban farmers is selecbetause urban
farmers can use their own sanitised faeces an@ @minfarming activities at
low cost or they can buy these fertilisers easilyheir own areas. However,

3 Most of the time drinking water is used for flusfithe toilet.
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one problem with this assumption is that it is umkn where exactly these
265,000 people in AMA live: they are scattered aherentire area of AMA.

* Typical transport distance (for Part B) will be apamately 10 km.

« Farmers are willing to buy treated sludge/ sardti$geces/urine and are
willing to transport it at their own cost (distanfoe Part D approximately 10
km).

* We used the work of Mayumbelo (2006) as a stapimigt. In the following,
we will highlight where we made changes to his giesHe had also short-
listed two options for peri-urban areas in Lusakanbia, namely VIP latrines
and UDD toilets (single vault).

The urine-diversion dehydrating (UDD) toilet is ooéthe numerous possible toilet
types that can be used within an ecosan approasiparates the urine and faeces in the
toilet, and the two substances are stored andettesgparately from each other (GTZ,
2007). The faeces are air dried in a ventilatedlsimault or double vault configuration
(the second vault is used once the first vauluig,fwith the aim to achieve pathogen
kill and volume reduction. As mentioned above, tloeible vault system was chosen
here because of its safer mode of operation cordgara single vault system (but it is
also more expensive).

UDD toilets do not use water for flushing, whichingportant for areas with unreliable
water supply, such as the peri-urban areas of AtHod toilets are also quite simple to
operate (compared to some composting toilet typesjlient to floods, and the toilets
can be located on any level inside the house. Tied thecal matter from a UDD toilet
is less offensive and odorous than faecal sludg®a fit latrines because faeces are not
combined with urine or water. — For these reastimes UDD toilet is used to represent
Part A of the ecosan option (Option 2) in this casnparison.

For Option 1 Part C, we assume only one anaerabester (with sludge drying beds)
to treat the faecal sludge, because it is costhotwstruct and maintain more plants. For
Option 2 Part C, we assumed that there are thregatised storage points at equal
distance for easy transport for urine and faecém map in Figured-5 shows the
location of the anaerobic digester treatment pfantOption 1 (VIP) and proposed
locations for storage of faeces and urine for OpEqUDD) in AMA.
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LASHIB

Storage locationg
(Part C of Option 2)
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Type - Area (ha) [l OTHERS -312
B FOREST -382[__| PALM -70

[ Imaize-680 [ VEGETABLE - 47
[ ]mixeD - 251 [l LAKE/RIVERS
Anaerobic digester treatment —— ROADS

plant (Part C of Option 1)

Figure4-5: Locations of anaerobic digester treatmenttdlamfaecal sludge (Part C of Option
1) and storage points for urine and faeces (Paft@ption 2) in AMA.
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Table4-5: Summary of concept design of two short-listptions for AMA (population of 265,000 and average houselsive 4.5). Further details are
provided in de Silva (2007).

Items which have an impact on capital cost

Items wbh have an impact on O&M cost

Option 1 (VIP +
downstream
processing)

Option 2 (UDD + downstream
processing)

Option 1 (VIP +
downstream processing)

Option 2 (UDD + downstream
processing)

Part A: Household
toilets

VIP toilets £9,000
toilets)- outdoor toilets

Double vault UDD toilets £9,000 toilets) —
indoor toilets

None

Additives to faeces chamber after
defecation is assumed to be
available for free

Part B: Collection
and transport of
excreta

Four vacuum tankers to
transport the faecal
sludge to the treatment
plant

One open truck to transport dried faeg
matter

Seven open trucks to transport urine
barrels

Plastic barrels 0100 L (assumed urine
is collected once in every 14 days) fo
the urine storage at UDD toilet (2
barrels per toilet)

Assume there arbree centralised
storage points at equal distance for e
transport for urine and faeces (see
Figure4-5)

the pit once it is full
(includes fuel, maintenance
on trucks, salary and
overheads)

nSy

aRemoving faecal sludge fromTransport cost for faecal matter an

urine barrels; includes fuel,
maintenance on trucks, salary,
overheads.

Emptying of vaults (should be
similar to garbage collection
services).

Part C:
Treatment and
storage of excreta

One (because it is costl
to construct and
maintain more plants)
centralised faecal sludg
treatment plantljo gas
digester treatment plant
with sludge drying beds)
(see Figuret-5 for
location)

No treatment required, only storage:
Dried faecal matter storage: Dried
faecal matter is stored for 6 months o
2 m high piles on concrete slabs and

Staff labour for operating the
faecal sludge treatment plar]
n(use figures for cost of
treatment fronAccra).

covered with tarpaulin sheets during the

rainy season to avoid leaching the
nutrients

Urine storage tanks: assume urine wi
be stored in plastic tanks for 2 weeks
allow collection for re-use

I
to

2 No treatment is needed; only furthg
tstorage (increases pathogen die-o0
Assumed five workers managing tf
incoming and outgoing flows of
material.

BI
).
ne

Part D: Transport of
sanitised excreta

Open trucks could be used but are not included$h estimate because we assume that in Accrautderof transport would be shifted to
the farmers who buy the fertiliser

Part E: Reuse in
agriculture

No capital cost items (buying of land is not incddl

Sale of treated sludge
(compost)

Sale of ecosan products (sanitised
faeces and urine)

* This conceptual design is principally the saméhasone proposed in von Miinch and Mayumbelo (2087Y.differences are highlighted in italics.
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4.5. Step 5: Costing of short-listed options
In Step 5, a cost analysis has to be performeedoas the concept design of Step 4. By
calculating the capital and annual operating cdsis,overall project net present value
(NVP) can be determined. This is important becanisgtep 6, the experts have to give a
score to the economic aspects of the two optionsrder to do so, they need to know the
NPV, or at least they need to know which of the typtions has the lower overall cost.

The work of de Silva (2007) provides details foe ttpst estimates, including a basic
sensitivity analysis for different cost componefsse also summary tables in Appendix
2: Costing data (used for calculating NPV valueBhe final outcome of the cost analysis
is shown in Tablé-6 below.

Observations made from costs figures are:
* Option 1 has lower NPV and is therefore more fimahcattractive than Option
2.
» Operation and maintenance cost for Option 2 is tdhen for Option 1.

Table4-6: Summary of cost and NPV for Option 1 (VIP sys} and Option 2 (UDD system)

Option
Parameter
Option 1 (VIP Option 2 (Double vault
system) UDD system)

Total capital costs (million €) 7.1 10.4

Capital costs per capita (€/cap) 27 39

Total O&M cost (million €/yr) 0.6 0.5

O&M cost per capita (€/cap) 2.2 21

Total NPV (million €), based on 12 % 105 135

discount rate and 10 year project lifetime ' '

4.6.Step 6: Conducting multiple-criteria analysis (MCA) for short-
listed options

The MCA is conducted by weighting and scoring apdi@gainst a set of (sustainability)
criteria, which allows the determination of a firslore for each option. Other authors
have already developed relevant lists of criteaabe used when analysis sanitation
systems. We took the work of Kvarnstrom and af Betes (2004) as a starting point.
They had proposed a list of sustainability indicstalivided into six broad categories

» Criterion 1: Social aspects

» Criterion 2: Technological aspects

5 Kvarnstrém and af Petersens (2004) used onlydategories, because social and institutional aspevere grouped
into the same category.
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» Criterion 3: Economic aspects

» Criterion 4: Physical environment aspects
« Criterion 5: Health aspeéts

» Criterion 6: Institutional aspects

Each of these aspects has a number of sub-craedandicators, and an example list of
these is provided in Kvarnstrom and af Peterse@84) together with the explanations
shown here in Box 2.

We have nowextended and applied this work of Kvarnstrom and af Petersens (2004) in
the sense that:

* We have defined different sub-criteria at the lexfethe five different sanitation
parts (Part A to E), e.g. cost per person, risksssent etc.

» We have developed sub-criteria specific for the twyptions being compared in
Accra, i.e. we made the criteria context-specifis, was recommended by
Kvarnstrom and af Petersens (2004).

* We have given different weightings to different sulieria of the sanitation
component: for example, social aspects would beenmaportant than technical
aspects for Part A of both options (but less imgodrtor Part C).

Our own list of sub-criteria for the different cooments of the sanitation system is
shown in Tablel-7 (further details regarding the indicators isyided in Appendix 1).

Box 2: Explanations related to the criteria listposed by Kvarnstrém and af Petersens (2004)

It is impossible to identify a complete list of factors that will affect the sustainability of a sanitation
system without knowing the specific context. Moreover, a list of criteria will not provide easy
answers in the decision-making process but it will help narrow down the discussion. The attempt
here is therefore to try and present an extensive range of different criteria that might be of
importance in different contexts.

The list would need to be reduced/expanded for each specific case. There will also be a need to
identify locally relevant criteria that do not appear on this suggested list, irrespective of level of
intervention, in close cooperation with all relevant stakeholders, the current legal framework and
current cultural practices. The content of the list may depend on the level at which the criteria are
used (household, neighbourhood, community, municipality, government, international donors
etc.). Moreover, the list proposed here does not take into account the fact that certain criteria
might need to be considered at different stages in the planning process and that there might be a
need to weigh criteria against each other. For the specific planning case there is also a need to
connect this criteria list to a sanitation planning tool adapted for the level of intervention. A list of
criteria could also serve as a checklist to identify knowledge gaps for different sanitation systems,
with respect to their sustainability in a given setting.

Below we present what we think might be important criteria, with which one could assess different
sanitation systems before deciding what approach/system/technique would be the most suitable
in a given setting. This list of criteria is based on the work of several different authors who have
worked in this area (e.g. Balkema, 2003; Hellstrom et al., 2000; Urban Water, 2004; Larsen &
Gujer, 1997; Larsen & Lienert, 2003; Lennartsson, 2004) as well as on the discussions held

& Under the criterion “health aspect” for Part E2 have included “risk assessment” as a sub-critefi@o sub-
criteria). Such risk assessments are further destiin WHO (2006).
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during the meeting. They have been divided into five broad categories of criteria which we believe
cover the main areas to be addressed by a sanitation system. The list will hopefully encourage
discussion and we would welcome all feedback related to it.
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Table4-7. Listing of detailed aspects (sub-criteria)ffee different parts of the sanitation system @zhen the work of Kvarnstrom and af

Petersens (2004) — see Appendix 1 of that documéppendix 1 of this documents provides indicatrd further comments on each aspect.

Part A - Toilet device

Part B - Collection and trarsport

Part C - Treatment and storage

Part D - Transport of treated
material

Part E - Reuse of treated
material in agriculture

5e

S | Social aspects
. Willingness of people to work in | Potential devaluation of area & | Reliability of collection & Potential for cultural barriers to u
1 | Acceptability (comfort) ' . . . : . .
collection/transport business inconvenience to neighbourhood| transport (private or Municipality)| products
Personal security (indoor versus S . Willingness of workers to work at| Willingness of workers to work at| Farmers willingness to utilise the
2 Reliability of collection S L -
outdoor) this site this site fertiliser
3 | System complexity
T | Technological aspects
System robustness (danger of pi . System robustness (risk of proces . Potential for impurities in final
1 collapsing, structural stability) Use of water for pumping failure) éomplexny of transport products grown with that fertiliser
2 Robustness of use of system (effeRequirement for energy (operate| Use of |0(_:al material for Access road width required Ease of storage of fertiliser (for
of abuse of system) pumps) construction farmers)
3 Robu_sftness aga[nst extreme Complexity of collection Ease of system monitoring Impgct on roads and increase Quall_ty of fertiliser or soil
conditions (flooding) traffic conditioner
4 Use of I0(_:al material for Access road width required Pqtentlal for energy generation Requirement for specialised Ease of application Qf fertiliser
construction (biogas) equipments (need for new machinery)
5 | Durability/lifetime Impact on roads and increase | iy, o ilin rlifetime
traffic
6 Flexibility/adaptability (existing Flexibility/adaptability (existing
ground water level, geology) ground water level, geology)
7 Potential for resource recovery Potential for resource recovery
(nutrients) (nutrients)
8 Complexity for construction and Complexity for construction & O
O&M &M
9 Reliability during rainy season
10 Space requirement
E | Economic aspects
1 | Capital cost Capital cost Capital cost Cauitet capital cost
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Part A - Toilet device

Part B - Collection and trarsport

Part C - Treatment and storage

Part D - Transport of treated
material

Part E - Reuse of treated
material in agriculture

O & M cost

O & M cost

O & M cost

O & M cost

Lower expenses for not having td
buy chemical fertiliser

Capacity to pay for user

Capacity to pay of user for
collection

Potential for income from biogas

Capacity to pay for farmer for
transport

Income from higher yield by
fertiliser use

Physical environment aspects

Odour

Odour during collection

Potential impacts on receiving
water bodies

Odour during transport

Odour during storage of urine at
farm

Potential of groundwater
contamination

Noise during collection

Potential of groundwater
contamination

Noise during transport

Odour during application of urine
at farm

Use of natural materials for
construction and O&M

Odour during transport

Odour

Pollution from trucks (dust, CO
emission)

Odour during storage of solids at|
farm

Potential to devaluation of area &
inconvenience to neighbourhood

Noise during transport

Noise

Odour during application of solid
at farm

Pollution from trucks (dust, CO
emission)

Risk of over-fertilisation and
resulting run-off

Health impacts

Potential of contact with fresh
excreta

Potential health risk during
collection & transport

Potential for flies to transmit
pathogens

Potential health risk during
transport

Potential health risks for
consumers of fertilised foods

Potential of transmit pathogens
through flies

Potential health risks for workers

Potential health risk during
handling of fertilisers for farmers

Institutional aspects

Skill necessity (locally) for
construction and O & M

Potential to private sector
involvement

Resources necessity (labour,
material)

Capacity building required for
transport

Capacity building requirements fg
farmers

Training requirements for users

Awareness amongest transport
stakeholders

Capacity building needs (training
labourers for treatment process)

Monitoring requirements for
Municipality

Monitoring requirements for
Municipality

Training requirements for builder|

Capacity building or training for
collection & transport

Y

Potential for private business

Necessity of community awareng

SS

Responsibility, ownership of
process
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For the MCA, one has to obtain the views from manperts, and their weighting and
scoring against each criterion gives a detaileduatian of options. Either a ranking or a
rating technique could be used. We used the ragicignique for simplicity reasons.

The two short-listed options namely Option 1 (V#®ihe with downstream processing) and
Option 2 (double vault UDD toilet with downstreamopessing) were compared by using
MCA. All categories from Part A (toilet device) ®art E (use of the products in urban
agriculture) are considered separately for eacloopiver the entire project cycle — from
construction to operation and maintenance.

The quality and reliability of the MCA depends dretknowledge and experience of the
experts or stakeholders carrying out the MCA. Ibést to use a high number of qualified
experts or many stakeholders. Due to time conssiame were not able to do this for this
report. To illustrate the approach, we used fivpegts who were available to us, but clearly,
the results from this MCA are only indicative arftbsld be repeated with a more suitable
group of experts.

We used the MCA data from 5 experts in the fieldtifids analysis namely:

* Expert 1: Kalyani de Silva, MSc student at UNESCG{EI(see de Silva, 2006)

* Expert 2: A senior lecturer in wastewater at UNESIEE

» Expert 3: A lecturer in water supply and wastewatdd NESCO-IHE

* Expert 4. Manager Sewerage Services in Lusaka Watgply and Sewerage
Company, Zambia

* Expert 5: Manager Peri-urban in Lusaka Water Sumply Sewerage Company,
Zambia

The following procedure was used to administeMi@A with the experts:

* First, we allocated a “default” weighting of thex shain criteria mentioned above by
keeping the total weight equal to 100 for eachaptiFor the weightings, we used
multiples of 5 according to the perceived importantthe criterion for the respective
sanitation component (Part A to Part E). For exanph the most important criteria,
we put the highest weight (clearly, this is a hygblibjective assessment).

o0 The experts were allowed to change the weightingefich main criterion
according to their own judgment.

o Then, each sub-criterion was given an equal fraatifothe weight of the main
criterion for reasons of simplicity.

* Scoring was done on each sub-criterion for Optioantl Option 2 and for each
sanitation component (Part A to E). The scoresedaitiom score 1 to 5 for each sub-
criterion (see Tablé-8).

» The experts did not have to judge (for scoring) ¢éksenomic aspects (costs) since
these were fixed based on the cost calculatiores4(5¢.

* The weighted score for option was then calculatgdniltiplication of weight and
score for each sub-criterion. The maximum totalghtsd score for each option
would be500 (100*5).

» The weighted score for sub-criterion by group walseh as the average weighted
score of 5 experts (e.g. group weight for sub-gateacceptability in social aspect of
Part A of Option 1 = (40+33+17+33+30)/5=31).
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Table4-8: Details for scoring

Score description Scoreg
Excellent 5
Good 4
Acceptable 3
Poor 2
Very poor 1

4.7.Indicative results of MCA

It is obvious that the results of the MCA are hygtiependent on the weightings allocated by
the experts to the different aspects. This is ardyural, since different stakeholders may
attach different amount of importance or “weight the various criteria. Tabld-9
summarises the weightings that the experts assigmebe different aspect groups of the
different parts of the sanitation system. From thisle, the following observations can be
drawn:
» The experts weighted economic aspects highesicondenhighest for all the parts
e Social aspects were weighted highly for Part A Bndbut very low for the other
parts (presumably because the user has less conthd?art B, C and D.
» Institutional aspects were rated highly for Pagril D, but low for Part A and E.
* It is noticed from individual expert analysis thae allocated weighting on the
main criterion varies from 5 to 35, for exampleoramic aspect has weight 35 and
health aspect has weight 5 for Part B from Expert 3

Table4-9. Weightings for different aspects for differgatrts (in bold the two highest weighting for
each part, and cells shaded grey showing the lomeighting for each part) — weightings are the
average weightings of five experts.

Weighting (average of 5 experts)

Aspect group PartA | PartB | PartC | PartD | PartE
Social aspects 25 8 5 8 20
Technological aspects 11 17 27 12 15
Economic aspects 27 29 23 29 23
zgg::;esll environment 16 16 21 21 13
Health impacts 16 10 6 8 17
Institutional aspects 5 20 18 22 12
Total 100 100 100 100 100

The indicative summary results of MCA analysis sinewn in Table4-10 and Tablet-11.
The following observations are made from the anslys
« According to the results of individual and groumlgsis of data, Option 2 (double
vault UDD toilet system) would appear to be moré&atle than Option 1 for
excreta management in AMA: The overall score foti@p2 is higher than the
score for Option 1 with a significance difference.
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All experts selected Option 2 (UDD system) as thst loption for Part B and Part C
with significant difference with the weighted sctetween both options.

For the Part A component, also it is clear thatstigrable difference for weighted
scores can be observed from the experts, except Erpert 4 who found the
Option 1 as the best option.

There is a significant variation for the total ssofor Part A to Part C and Part E
from one expert to the other. However, in the aaskart D, Option 1 and 2 have
marginal difference for the total score.

o When considering the scoring for Part D, it is ced that there is only a
marginal variation of weighted scores from the etgeThis is probably
because the transportation of treated or sanitisedal matter and urine
from the treatment plant or storage places to #mm$ would not be very
different for the two options.

In the case of Part E, the views of experts argéequaried. We can observe
marginal and significant differences from expertsighted scores for options for
Part E.

Table4-10: Summary of weighted scores for MCA (maximuestovalue for each sanitation part is

500 — in bold the better option)

Part Expert 1 Expert 2 Expert 3 Expert 4 Expert 5 Group
Opl Op2| Opl Op? Opl Opj2 Opl Op2 Opl gOpl|Op2
Part A 339 372 343 402 277 372 | 328 | 308 | 279 | 353 | 313 | 361
Part B 293 381 284 341 243 262 | 267 | 293 | 220 | 301 | 261 | 316
Part C 249 403 287 374 231 311 | 240 | 321 | 187 | 324 | 239 | 342
Part D 223 217 320 238 138 | 148 | 194 | 193 | 130 | 223 | 201 | 204
Part E 326 362 285 358 318 | 274 | 255 | 257 | 144 | 244 | 266 | 299

Table4-11: Summary of MCA analysis to assess two shisted options for AMA (Option 1 is VIP

system, Option 2 is UDD system)

Part A Part B Part C Part D Part E Best option
Expert 1 | Option 2 Option 2 Option 2| Option1 Option Option 2
Expert 2 | Option 2 Option 2 Option 2| Option1 Option Option 2
Expert 3 | Option 2 Option 2 Option 2| Option2  Option Option 2
Expert4 | Option 1 Option 2 Option 2| Option1  Option Option 2
Expert5 | Option 2 Option 2 Option 2| Option2  Option Option 2
Group Option 2 | Option 2 | Option 2 | Option 2 | Option 2 _

We observed the following difficulties while doitigis particular MCA analysis:

We filled the weight column as a default for eacainmcriterion before distributing
the analysis sheets to experts. Most of the expleets just adopted these weightings
as if they were fixed.

Time requirement for experts was high, and theeetbe willingness to participate in
this exercise was relatively low.

0 We could not get all experts we wanted (e.g. sted IRC was not
available).
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» Experts had to have good knowledge of VIP and URfesns and of the situation on
the ground in Accra.

5. Conclusions and recommendations for further work in SWITCH work
package

5.1.Conclusions

This report has demonstrated that a good conceggrdés needed as the basis for carrying
out a multiple-criterion analysis (MCA), which inigd that an MCA cannot be carried out for
generic, hypothetical situations, but only for urbareas for which at least some basic
information is available. The report used the aafs&ccra Metropolitan Assembly (AMA) in
Accra (Ghana) to demonstrate the methodology pexpésr carrying out a simple MCA to
determine the most appropriate sanitation systean tfie case study here, only excreta
management was included, whereas greywater managenas excluded for simplicity
reasons).

The available low-cost sanitation options for et@mmanagement in AMA were short-listed

by using following selection criteria: protect gnalwater and surface water sources from
human excreta, low investment and operation anater@nce cost, minimise water wastage
for flushing and transport of waste, odour andsfleoblem, and allow possibility of usage of
sanitised human excreta for urban agriculture. Adiog to these criteria, two options were

short-listed: Option 1 (VIP system) and Option D@ double vault system). Option 1 does
not fulfil the criterion of no potential for groun@ter pollution but was included anyway

because it fulfils the other criteria. Both opsdnclude downstream processing.

In the conceptual design and cost estimation pspcd® main components of sanitation
systems were considered. They are: Part A — tdgeice, Part B — collection and transport of
excreta to treatment plant or storage place, Pattti@atment or storage of excreta, Part D -
transport of sanitised faeces, faecal matter areuto farm, and Part E — reuse of faecal
matter and urine in urban agriculture.

The design and cost estimation were based on aaimpuof 265,000 who are engaged in
urban agriculture (approximately 16% of total p@pian in AMA), and average household
size of 4.5 considering one toilet for each houkkhd®he methodology used for cost
estimating was based on similar work carried outMayumbelo (2006) (published in von
Minch and Mayumbelo (2007)).

For Option 1 (VIP system), it was assumed that wactankers are used for empting the VIP
toilets once in every 5 years period and one améeidigester treatment plant with sludge
drying beds is used to treat the faecal sludgehéncase of Option 2 (UDD system), the
faecal matter is collected every 2 years and theeus collected every 2 weeks (stored in 100
L plastic barrels). No treatment facility for fasce&as considered for this option except just
storage for 6 months in 3 locations spread oveatba of AMA. Urine is stored for 2 weeks

in a centralised storage facility and is then atéld by urban agriculture farmers. Transport
distances (for Part B and Part D) are approximételim.

The net present value (NPV) was calculated for lmgtions by considering 12% discount
rate and 10 year project life time (MDG target B13). Option 1 had the lower NPV of €
10.5 million compared to Option 2 € 13.5 million. the case of Option 2, a major cost item
is the cost for the urine storage tanks.
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An indicative Multi-criteria analysis (MCA) was c¢&d out to find out the most suitable
excreta management option for AMA by collecting thews from five available experts
(these experts only served to illustrate the MC#t, Wwere not specifically qualified for the
Accra case). The main 6 important sustainabilityeda used for the MCA were social
aspects, technical aspects, economic aspects,cphysivironment aspects, health aspects
and institutional aspects. Specific indicators evésted separately for each part of the
sanitation system. The weighting of the aspects ditisrent for each part, as decided by
experts.

In accordance with the group result of the MCA, i@pt2 was chosen as the best option for
Part A, B, C, and E. Part D component has almosalesparks for both options. It implies
that there is no significant difference in the teptions with respect to transportation to
farms.

Although the costs for Option 2 (UDD system - ecgsare higher than for Option 1 (VIP -
conventional), it scores higher in the MCA, wheoemmic aspects are included as one of
six aspects. Therefore, in this example, OptioroRld/be more desirable for AMA.

5.2.Recommendations for further work in SWITCH work package

Recommendations for future research work basedhenrésults of this research are as
follows:
* Refine the proposed concept design further.

0 The areas where the 265,000 urban farmers argylivithin AMA should be
further specified (identifying any clusters of unbf@rmers, which should first
be targeted by an ecosan pilot project).

» Cost estimation should be done with accurate quiestand cost, especially for the
toilet itself and the urine storage tanks since tre a major cost items.

* The MCA should be repeated with more suitable esp@r.g. relevant stakeholders
such as users, farmers, municipal council staf) etc

* A greywater management systems should be desigmédnaluded in the analysis
(solid waste management could also be includedsiden linkage between solid
waste collection and urine barrel collection; prévaector involvement).

* With regard to reuse of ecosan products:

o Fertiliser requirements in urban agriculture of AMsould be investigated
further.

o The water holding capacity improvements for sorsated with sanitised
faeces should be quantified, since it would bewaltmore crops per drop”
which is important given the water scarcity.

o0 It is necessary to research on attitudes of Mugl@ople who are engaged in
urban agriculture to reuse of faeces.

Proposed action items for the way forward include:
* Publish this deliverable on the SWITCH website amake it known to the Learning
Alliances in the various demonstration cities.
* Include a presentation of this deliverable in tlextnLA meeting in Accra, check
usefulness for stakeholders.
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* Test the methodology proposed also in LearningaAties of other SWITCH
demonstration cities.

* Use this deliverable as input for other deliverable Theme 4 (4.1.10, 4.1.11, and
4.1.17).
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7. Appendices

7.1.Appendix 1: Raw data for scores of two options in MCA (5 experts)

Table7-1. Scores for Part for Option 1 and 2 (weighted average of 5 experts)

Detailed aspects Options Indicator Explanations for
score lowest score
1 |2
Social aspects 77 |82
Acceptability (comfort) 31| 25| Qualitative Very umatortable=1
Personal security (indoor versus outdoor) 15 |34 liQiae Very insecure=1
System complexity 31 23 Qualitative Very complex=1
Technological aspects 32 |41
System robust_n_ess (danger of pit collapsing, 5 |6 |Qualitative Low robustness=1
structural stability)
Robustness of use of system (effect of abuse ¢ f5 Qualitative Low robustness=1
system)
Robustness against extreme conditions (flooding) |8 | Qualitative Low robustness=1
Use of local material for construction 6 4 Quadi@a Less material use=1
Durability/lifetime 4 |5 | years Less durable =1
Flexibility/adaptability (existing ground water 2 |6 | Qualitative Less flexible=1
level, geology)
Potential for resource recovery (nutrients) 3 B Ifative Less potential=1
Complexity for construction & O & M 5| 3| Qualitative Very complex=1
Economic aspects 101| 96
Capital cost 49| 37| Cost/person More capital cost =1
O & M cost 22 | 29| Cost/personlyear More O & M cost=1
0
Capacity to pay for user 29 29./0 of annual More fee=1
income

Physical environment aspects 41 |66
Odour 9 |18 | Qualitative More odour=1
Potential of groundwater contamination g 25 Quiiea More potential=1

. : Type and ; _
Use of natural materials for construction & O&M 141 volume/person /yearl‘ess material use=1
Poter_mal to devaluation of area & inconvenienge | Qualitative More potential=1
to neighbourhood
Health impacts 44 |62
Potential of contact with fresh excreta 27 B2 Riskessment More potential=1
Potential of transmit pathogens through flies 16 |Risk assessment More potential=1
Institutional aspects 20 |12
slklll necessity (locally) for construction and O & 4 |3 | Quantitative High necessity=1

. . o High need for
e
Training requirements for users 5 3 Qualitative training=1
Training requirements for builders 5/ 3 Qualitative ngh. neiad for
training=1

Necessity of community awareness 6 B Qualitative ordvawareness needs
Total 314|359
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Table7-2. Scores for Part ®r Option 1 and 2 (weighted average of 5 experts)

. Options . Explanations for lowest
Detailed aspects score Indicator score
1| 2
Social aspects 19| 25
\é\g::g:;%gi?t? ;JS%%?fLeuts?nvgggk N 8 | 9 | Qualitative Very low willingness=1
Reliability of collection 11| 164 Qualitative Very gliable=1
Technological aspects 37 | 69
More water use=1 (pits
Use of water for pumping 71 20 Qualitative need to have water addeg
for Option 1)
Requirement for energy (operate pumps) 7 gges:g@mt of More energy need=1
Complexity of collection 6| 13 Qualitative Very colap=1
Access road width required 8 10 Quantitative Leiskhwneed=1
Impact on roads and increase traffic 8 |7 Quantgati More impact=1
Economic aspects 89 | 89
Capital cost 34 45 Cost/person More capital cast =
O & M cost 39| 29| Cost/person/year More O & M cost=1
Cost/person (%
Capacity to pay of user for collection 16 [1&6f annual More fee=1
income)
Physical environment aspects 28 | 51
Odour during collection 4 16 Qualitative More odelr
Noise during collection 4 15 Qualitative More neide
Odour during transport 4 10 Qualitative More oddur=
More noise=1, Option 2
Noise during transport 9 5 Qualitative has more truck movemen
because of the urine barre
Pollution from trucks (dust, C{emission) 8| 4| Qualitative More pollution=1
Health aspects 16 | 39
Potential health risk during collection & 16 | 39| Risk assessment  More risk=1
transport
Institutional aspects 74 | 47
Potential to private sector involvement P2 25 Qitatine Low potential=1
Awareness amongest transport stakeholders | 25| 9 tiCa&e very low e>ﬂstlng
awareness=1
Capacity building or training for collection o Very high need for
& tfansgort ) ) 26 | 13| Quantitative cap):;cit?/ building=1
Total 263|320

[
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Table7-3. Scores for Part for Option 1 and 2 (weighted average of 5 experts)

for

ge

Detailed aspects Ospctzjorr;s Indicator Explanations for lowest score
1 2
Social aspects 13| 20
.P otential _devaluatlor_w of area & 6 11 | Qualitative More potential=1
inconvenience to neighbourhood
Willingness of workers to work at this site 7 3 Quadive Less willingness=1
Technological aspects 62 | 95
System robustness (risk of process failure 9 17 aliative Less robustness=1
Use of local material for construction i) 6 Qualia Less material use=1=1
Ease of system monitoring 4 7 Qualitative Difficalbnitoring=1
Potential for energy generation (biogas) 11 gr?es%(;/ne unit of Less potential=1
S Less durable=1, tarpaulin sheets
Durability/lifetime 5 5 | years Option 2 may not last that long
Flexibility/adaptability (existing ground 6 14 | Qualitative Less flexible=1
water level, geology)
Potential for resource recovery (nutrients) 6 17 alipative Less potential=1
Complexity for construction & O & M 3 100 Qualitagv More complex=1
Less reliable=1, there could be
Reliability during rainy season 6 5 Qualitative leachate from faecal matter stora
if not covered properly
Space requirement 9 11 Quantitative More space=1
Economic aspects 81| 73
Capital cost 34/ 17| Cost/person More capital cast =
O & M cost 19| 47| Cost/person/year More O & M cost=1
Potential for income from biogas 28 9 Cost/one unit of Less income=1
energy
Physical environment aspects 39 | 83
Potential impacts on receiving water bodies 8 26 alifative More potential=1, liquids from
P 9 sludge drying bed for Option 1
Potential of groundwater contamination 13 26 Qatlie More potential=1
Odour 7 16 | Qualitative More odour=1
Noise 11 | 15 | Qualitative More Noise=1
Health aspects 10 | 23
Potential for flies to transmit pathogens 5 11 Riskessment| More risk=1
Potential health risks for workers 5 12 Risk assesgt | More risk=1
Institutional aspects 35 | 57
Resources necessity (labour, material) 9 19  Quadinveit High necessity=1
Capacity building needs (training labourers 9 14 | Qualitative Ve_ry_hlg_h need for capacity
for treatment process) building=1
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Potential for private business 11 11 Quantitative owlpotential=1
Responsibility, ownership of process 12 Qualrti High responsibility=1
Total 239 350
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Table7-4. Scores for Part Bbr Option 1 and 2 (weighted average of 5 experts)

Detailed aspects Osp(;thrr;S Indicator Explanations for lowest score
1] 2
Social aspects 23| 25
Reliability of collection & S . .
transport (private or 14| 15| Qualitative Low I‘e|I§.bI|Ity—1, Option 2 having t9
L move urine barrels
Municipality)
Willingness of workers to o - _
work at this site 10| 9 | Qualitative Less willingness=1
Technological aspects 33| 36
Complexity of transport 9 10 Qualitative More comptl
Access road width required 10 Quantitative Mordthe1

Impact on roads and increa

)

m

traffic 8 | 5 | Qualitative More impact=1

Requirement for specialised o . _

equipments 9 | 11| Quantitative More requirement=1

Economic aspects 13| 3

Capital cost 0/ 0| Costiperson More ca_pltal cost =1 (not included if
cost estimate)

O & M cost ol o Cost/person/ye More O_& M cost=1 (not included in

ar cost estimate)

Capacity to pay for farmer (_:ost/person More payment need=1 (not includeq

f 13| 3 |(income/person. :

or transport ) in cost estimate)

Physical environment 63 | 54

aspects

Odour during transport 28 28 CQualitative More odour=1, dried faeces should
not be odourous
More noise=1, Option 2 has more

Noise during transport 17 13 Qualitative |truck movements because of urine
barrels

Pollution from trucks (dust, o .

CO, emission) 18 | 13| Qualitative More pollution=1

Health aspects 16 | 29
More risk=1, dried faecal sludge fro

Potential health risk during Risk Option 1 still have more pathogens

16 | 29 \

transport assessment |than dried faecal matter due to
prolonged storage for Option 2

Institutional aspects 56 | 57

Capacity building required 34 | 36| Qualitative More capacity=1

for transport pactty=

Monitoring requirements for I g .

Municipality 22 | 21| Qualitative Difficult to monitor=1

Total 204|204
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Table7-5. Scores for Part tor Option 1 and 2 (weighted average of 5 experts)

Options

Detailed aspects score Indicator Explanations for lowest score
1 2
Social aspects 58 | 50
Potential for cultural barriers to use 31 | 23 | Qualitative More potential for barrier=1
products
Far_mers willingness to utllise the 27 | 27 | Qualitative Less willingness=1
fertiliser
Technological aspects 38 | 52
Potential for impurities in final o More potential for |mpur|_t|es=1, Option
: e 8 11 | Qualitative faecal sludge may contain more
products grown with that fertiliser ;
contaminants
Ease of storage of fertiliser (for 11 | 10 | Qualitative D|ff!(;ult storage=1, need to store urine
farmers) fertiliser
Quality of fertiliser or soil o o
conditioner 7 21 | Qualitative Low quality=1
Ease of application Qf fertiliser 12 | 11 | Qualitative D_|ff|cult to apply=1, urine application is
(need for new machinery) different
Economic aspects 40 | 65
capital cost 0 0| Costperson l(;lot estu’qated, Option 2 probably highe
ue to urine storage
Lower expenses for not having to Higher expenses=1, amount of fertilise
P - 9 15 | 28 | Cost/person |from Option 2 is much higher than for
buy chemical fertiliser :
Option 1
Incc_)me from higher yield by 24 | 37 | income/person Low income=1
fertiliser use
Physical environment aspects 45 | 38
Odour during storage of urine at 11 6 | Qualitative Morg odour=1, Option 1 no urine is
farm applied
Odour during application of urine at11 7 | Qualitative More odour=1
farm
deour during storage of solids at 9 11 | Qualitative More odour=1
arm
Odour during application of solids 8 10 | Qualitative More odour-1
at farm
Risk qf over-fertilisation and 6 4 | Qualitative High risk=1
resulting run-off
Health aspects 47 | 66
Poten.t|.al health risks for consume Sy | 36 Risk High risk=1
of fertilised foods assessment
Potential health risk during Risk High risk=1, Option 1 remaining
: o 20 | 29
handling of fertilisers for farmers assessment pathogens
Institutional aspects 37 | 30
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Capacity building requirements fo

farmers 26 | 21 | Qualitative More capacity building required=1
Monitoring requirements for 12 | 9 | Qualitative -

Municipality

Total 265 | 302
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7.2.Appendix 2: Costing data (used for calculating NPV values)

Table7-6: Input data for cost calculation (those valimelsold are different than ivon Miinch and Mayumbelo (2007) )

Parameter Symbol Unit Option 1 Option 2 Further explanations
Cost of using a transport vehicle for Ci1 €/event Travel distance about 10 km (current practice igrAf - Vacuum
transport from household to treatment sife 70 50 tanker for Option 1 & open truck for Option 2
(Part B)
Cost of vault emptying, per event wC | €levent 0 5 Assuming 30 minutes, and € 10 per hour salary cost
Cost of treating faecal sludge e €/nt 2.4 Based on current charge of AMA
Sales prices for treated faecal matter Fm C €/ton 2 Current price for biosolids from AMA
Sales price for urine fine €/t Personal communication Linus Dagerskog, CREPA, iBarkaso
0 0.75 (nutrients worth 15 cents per 20 L jerry can; dbleell at one tenth
of this price)
Annual cost of a general worker w €la 0 2,000
Frequency of desludging or emptying qa F 1l/a 0.2 05 Desludging period 5 years for Option 1 and emgtyariod for
' ' Option 2 is 2 years
Factor to account for volume change waF - 2 0.5 Option 1: Increase due to necessary water jetting.
Factor to account for water loss during Fu,2 - Option 1: Own estimate for dried fraction from drgibeds, Option
treatment in Part C 0.2 0.5 2: further drying (1 X Ry 2 = 0.25)
Average number of people per toilet N - 45 4.5 Equals to average household size (one toilet pesdtold)
Number of people covered in the schemp  acelN cap 265,000 265,00 Deglgn value (urban population in AMA who engageiriban
agriculture)
Number of workers at the storage site w N - 0 5 Design value
Specific annual faecal sludge/matter o) m’/cap/yr 0.07 0.05 Heinsset al. (1998) for Option 1; Jonssahal. (2004) for Option 2
production ' '
Specific annual urine production wie | mlcaplyr 0 0.55 Source: Miinch (2007)
Density of compost or dried faecal mattgqr  p ton/nt 1.2 1.2 Estimate
Time between desludging or emptying Tyq years 5 5 Design value (inverse ofjF
events
Total volume of substructure ¥ min m° 2.475 0.45 Equals sludge volume when pit or vault is full (Jedble 5-2)
Volume of transport vehicle (vacuum Vi m’
tanker for Option 1, skip on open truck for 5 15

Option 2)
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Table7-7: Investment cost for Option 1 and Option 2AA (in € unless otherwise indicated)

8

=)

Option 1 Option 2
Part (VIP system) | (UDD system) Comments
Part A | Investment costs of latrine 6,261,328 7,903,916 Cost of one toilet
Transport cost from latrine to treatment 4 vacuum trucks of € 110,000 each for Option 1,
Part B lant P 440,000 400,000 (1 urine transport and 7 for faeces transport) ope
P trucks of € 50,000 each for Option 2
Tre.atment plant (bio gas digester + sludge 205,000 0 See Appendix 9
drying beds)
Land requirement (value) for treatment plan 153,990 0 Land cos_t in AMA approximately € 29 per'm
(Appendix 9)
Faecal matter storage 0 29,117 See Appendix 9
Part C Land cost in AMA approximately € 29 pefm
Land requirement (value) for faeces storagg 0 48,140 i PP y P
(Appendix 9)
Urine storage tanks 0 1,925,882 See Appendix 9
. . Land cost in AMA approximately € 29 pefm
Land requirement (value) for Urine storage 0 81.490 (Appendix 9)
Subtotal 358,990 2,084,629
Part D | Trucks to transport the waste and urine 0 0 Assume farmers have to get it
Part E | Sale of treated sludge or faecal matter 0 0 No capital cost item here
Total investment costs (million €) 7.1 10.4
Total investment costs (€/cap) 57 39 Total investment cost divided by number of peop

covered in scheme (265,000)

e
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Table7-8: Annual Operation and maintenance cost for@pii (VIP system) and Option 2 (UDD system¥iyear unless otherwise indicated

y

Description Option 1 | Option 2 Comments
Operation & Maintenance costs fqr 0 0 Structures are robust enough requiring only,
toilets cleaning
Part A | Material added after defecation
0 0 free
(sand)
Subtotal 0 0
Cost of removmg'sludge or faecal 0 147,222 | First part of Equation 2
matter from the pit or vault
Faecal sludge / faecal matter
Part B transport cost from plot to treatment 519,400 22,083 | Second part of Equation 2
ar plant / storage site
Urine barrel transport costs from 0 485,833 | Third part of Equation 2
plot to storage site
Subtotal 519,400 655,139
Treatment costs (including labour 89,04( 0 Fiest pf Equation 3
Part C | staff labour cost for storage facility 0 10,000 @mtpart of Equation 3
Subtotal 89,040 10,000
Transport cost of treated sludge of Assumed that transport costs are covered b
Part D | faecal matter from treatment plant 0 0 i
: farmers when they come to buy fertiliser
to disposal/user
Income from sale of treated sludge First part of Equation 4 (note negative valu
-17,808 -7,950 | . o :
or faecal matter since it is an income)
PartE Income from sale of urine 0 -109,313 Second paHEagfation 4
Subtotal -17,808 -117,263
Total O&M cost (million €/yr) 0.59 0.55
Total O&M cost per capita (€/cap/yr) 2.2 2.1
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