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Abstract

A Multiple Criteria Decision Analysis (MCDA) was deloped for the selection of sanitation
systems. This decision support system was aimessasting municipal engineers to design and
implement sustainable solutions to meet the mualitips obligation to provide Free Basic
Sanitation (FBS).

The literature review investigated the factors whiletermine the success of sanitation projects and
the sustainability framework in which the MCDA wdube structured. Different multiple criteria
methods were investigated with particular refereiocénose which have been applied to sanitation.
Multi-Attribute Value Theory (MAVT) was selected dlse method most suited to the problem
under consideration. This requires the selectianditators for which alternatives can be evaluated
as well as the development of a multi-attributeuediunction which aggregates the partial values
assigned to the indicators to arrive at an ovegllie for each alternative.

The implementation of FBS by the eThekwini Munitifyaand the research projects carried out by
the University of KwaZulu-Natal on the sanitatigrstems used by the municipality were analysed.
Data from this research informed the allocationimaficator values to the sanitation alternatives
under consideration: initially Ventilated Improveeit latrines (VIPs) and Urine Diversion
Dehydrating Toilets (UDDTSs). Later a third optidhe pour-flush latrine, was added.

Criteria which determine the sustainability of $atibn were selected and a spreadsheet-based
MCDA with stakeholder and expert user interfaces developed. Stakeholders will determine the
weighting of each indicator and expert users wétedmine the values to be entered for the
alternatives against each indicator. The partiblesare aggregated using a weighted sum function.

The MCDA was populated with values derived from #Thekwini research. Sensitivity analysis
was carried out for the weighting of the three nuiteria: environmental, financial/technological,
and socio-cultural. An innovative scenario analysisthod was used to determine the effect of

different weightings and/or values.

The MCDA was found to provide a guiding framewodt municipal engineers in their efforts to
implement sustainable sanitation. The process ¥idg values for the MCDA is likely to prove
even more useful than the overall value scorekebptions under consideration.
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Chapter 1. Introduction

In terms of the Constitution of the Republic of Bofrica (Act 108 of 1996), access to basic
sanitation is the right of all South Africans. Tiee basic sanitation policy is intended to ensure
that the country’s poorest citizens have accesydeenic excreta disposal facilities (Department of
Water Affairs and Forestry, 2003). Legislation &ed since 1994 devolves responsibility for the
provision of this service to municipalities, withfiiastructure to be funded through the annual
Municipal Infrastructure Grant and operation andintemance through the Local Government
Equitable Share (Water Services Act (Act 108 of 7)9ivision of Revenue Act (annual)).

In the past, South African municipalities providds infrastructure for waterborne sewerage to
residents who could afford to pay for this serviaad possibly a vacuum tanker service to empty
septic tanks. This generally constituted the extériheir responsibilities, and hence the expertis
of municipal engineers was focused on large-scakdrhent plants and the maintenance of sewers
and associated technologies (Still et al., 2009).

In response to the needs of less developed cosirftrigCs), a number of alternative systems have
been developed for household sanitation and fodig@osal of waste from these facilities (Wagner
and Lanoix, 1958; Franceys et, dl992; Tilley et al., 2008). There has been & sbitlecentralised
technologies deemed more appropriate for areasewhater supply is less certain (van Lier et al.

1999). Economic and environmental considerationg afeo favour these options.

The water and sanitation engineers in many murlitigm find themselves technically and
institutionally ill-equipped to design and operatecentralised sanitation systems. Engineering
managers are required to make decisions about witions to offer, and how to plan the
implementation of sanitation strategies, often viitbufficient technical and financial information,
given the traditional emphasis on waterborne sevaagecentralised treatment (Tilley et,a2010).
Although much has been written about decentralsseitation systems as appropriate technology
for developing countries, it has mostly been frooualitative and activist point of view, and little
can be found in municipal engineers’ handbooksidm of the crucial role that these systems play
in government policy, the Water Research Commis§WRC) has initiated a series of research
projects to provide a systematic scientific andimegying basis for the provision and management

of low cost sanitation on a large scale (Stilllgt2009).



Numerous projects have been launched to increastatian coverage in LDCs. The successful
initiatives have been those where the scope has beended beyond the purely technical to
encompass entrenched cultural practices, politiogleratives and social structures (Brikké and
Bredero, 2003, Starkl et al., 2013). The abilityd willingness of communities to maintain
systems, and the continuing financial investmerdgaration and maintenance are also crucial. To
be deemed successful by society at large, a sanitsdlution must consider not only the needs of
the community obtaining services, but also the remnental impact of waste disposal (Department
of Water Affairs and Forestry, 2003, p. 45).

The aim of this research was to analyse the caamdeoutcomes of the large-scale decentralised
sanitation projects carried out by the eThekwininidipality (EM) in the framework of a decision
support system (DSS) and to assess whether thisna88 allow municipal engineers to compare
a range of sanitation options, to find those maged to their particular situation and to estimate
their infrastructural, manpower, operational, mair@nce and financial requirements. The objective
was to lay the foundation for a systematic framdworwhich to capture the experiences of current
and past municipal engineering projects that pmvige basic sanitation. The intention was to
provide a DSS to assist municipalities to carry fature projects of this kind in a more sustainable

and cost effective manner.

The WhichSan decision support tool, developedHterWater Research Commission by Partners in
Development (Still et al., 2009) provides a soumdi® for technical feasibility assessment and
financial projections. This research sought to addrther dimension to that process which would
assist municipal managers in choosing and implemgstystems which are not only feasible, but

sustainable.

The framework which structured the research approeas the sustainable development concept
embodied in the World Commission on Environment Bedelopment report of 1987, also known

as the Brundtland Report (WCED, 1987), which redsgph that humans and the environment are
inextricably linked. The report states thddumanity has the ability to make development

sustainable to ensure that it meets the needseopthsent without compromising the ability of

future generations to meet their own needarid this has become a widely used definition of
sustainability (WCED, |. 27.3). Elkington (1998)obight this idea into the world of business with

the concept of the Triple Bottom Lirfeconomic prosperity, environmental quality andocial

justice.”



Chapter 2. Literature review

The literature review which follows examines sonfettee technologies available for low cost
sanitation and the sustainability criteria or irmdars which may be used to predict or judge the
success of these systems in different circumstanihstiple criteria decision analysis is explored
as a management support system which may be imptethéo assist municipal engineers in

developing sustainable sanitation solutions.

2.1. Low cost sanitation options

Conventional waterborne sewerage was first intredumn a large scale in Britain in the middle of
the 19" Century (Fisher et al., 2005). While very suchess its intended function of removing
excreta from the vicinity of those producing theinhas some limitations, particularly in the
context of Less Developed Countries (LDCs) (PanasdrWerner, 2006). Sewers require a reliable
and plentiful water supply, a high level of mairdane by skilled personnel, and an effective
system of treatment for the waste products (Fleteal., 2008). A system which dilutes human
excreta with large amounts of potable water and #teempts to reclaim this water downstream is
hard to justify in water-scarce countries (PanasarWerner, 2006).

In South Africa, the waste water treatment worlsaready under severe strain (Wall et al., 2006),
and sanitation has yet to be extended to 11.5amillieople, approximately 23% of the population
(World Health Organisation / United Nations Chédis Fund Joint Monitoring Programme (WHO

/ UNICEF JMP, 2010 p. 49). This study shows thatehis a daunting backlog in the provision of
sanitation, particularly in sub-Saharan Africa.veR more ominously, there is a failure of many
systems introduced in the last 20 years (Austif32@mith, 2006, Montgomery et al., 2009, Starkl
et al.,, 2013). While 12.89 million people gainextess to improved sanitation in South Africa
between 1990 and 2008, the population increasel®92 million (WHO / UNICEF JMP, 2010, p.

49). Those as yet without coverage have decremseadraction of the population, but increased in

number.

In their landmark paper, published by the World lre®rganisation in 1958, Wagner and Lanoix
described a range of technologies suitable for etacdisposal in developing countries. They
discussed pit latrines, pour flush latrines and pasting latrines, among others. Tilley et(2D08)

produced the Compendium of Sanitation Technologiablished by EAWAG. Innovations since



the 1950s consisted of the addition of a vent pgpéehe pit latrine in Zimbabwe in the 1970s
(Morgan and Mara, 1985) and the development ohfliype urine diversion toilets in Sweden in
the 1990s (Kvarnstrom et al., 2006).

2.1.1.Ventilated Improved Pit Latrines

The Ventilated Improved Pit latrine (VIP) consiefsa pedestal or squatting pan fixed over a pit in
which excreta is collected (Morgan and Mara, 198B)vent pipe creates air currents to remove
odours and to trap insects which may breed in theThe pit may be lined to prevent it collapsing
(Department of Water Affairs and Forestry, 2002¢cBmposition of excreta takes place in the pit
and liquid is able to leach through the lined basealed walls so that the pit fills up at a rate of
approximately 40 litres/user/year (Still and Foxa@12).

Over a million VIPs have been built in South Afritathe last 10 years, but a survey of Water
Services authorities in 2009 indicated that manyheke are nearly full (Still and Foxon, 2012).
When a VIP is full, it must be emptied, or the sgpeicture located over a new pit, if it is to

continue to provide sanitation (Gounden et al.,6200

2.1.2.Urine Diversion Dehydrating toilets

Urine diversion, or source separation of faecesuaim#, allows the collection and use of relatively
pathogen-free urine for agriculture. With the remosf the liquid excreta, faeces can be dehydrated
and composted for use as a soil conditioner. Thegse of this technology is to “close the loop” in
sanitation systems to allow the recycling of nuitsein excreta to produce food in a sustainable
manner (Benoit, 2012). A specially designed pedest squatting pan is required to achieve this
separation (Tilley et al., 2008). Urine enters@edrom the front of the pedestal and is directed t
collection container. Faeces drop into a vault afecting container. Covering material is used,
usually ash, to prevent faeces from smelling arak&ist with composting. In double vault systems,
the pedestal is moved once one vault is full amdqd over the other vault. The vault contents can

then stabilise and need only be removed once ttendevault is full.

The Vietnamese composting toilet mentioned in Waginel Lanoix (1958, p.115) was described in
more detail by Rybczynski et al. (1982, p. 62).isTéarly form of double vault urine diversion
dehydrating toilet (UDDT) was introduced by theeWiamese government in the 1950s, and a
booklet published by the Department of Hygiene &midemiology in the Ministry of Health



reported a drop in disease and improved crop ptamu@s a result of the use of this system.
(Rybczynski et al., 1982 p.62). A living standastdsvey in 1992-1993 reported that 7.6% of urban
and 8.4% of rural Viethamese households used dowdaléé composting latrines while in 2006
these figures were 5.1% and 24.8% respectively (WHDIICEF JMP, 2008). This suggests that
these latrines may be increasing in popularityuiralrareas, where only 20% of residents use flush
toilets as opposed to urban areas, where 70-80% fhash toilets and the popularity of composting
toilets is diminishing (WHO / UNICEF JMP, 2008).

UDDTs are the primary form of sanitation advocated the Ecological Sanitation (Ecosan)
movement (Zurbrigg, and Tilley, 2009). Internaticorganisations which promote Ecosan include:
the European Commission sponsored Network for theldpment of Sustainable Approaches for
large-scale implementation of Sanitation in AfrifdETSSAF), the Swiss Federal Institute of
Aquatic Science and Technology (EAWAG), the Susthi@ Sanitation Alliance (SuSanA), the
German Gesellschaft flir Technische ZusammenarlgftZ and the Ecological Sanitation

Research project (EcoSanRes) funded by the Swddishnational Development Cooperation
Agency (SIDA).

In Durban, eThekwini Water and Sanitation (EWS) timit of the eThekwini Municipality
responsible for sanitation service delivery, haplé@mented a project providing UDDTs to peri-

urban residents (Gounden et al., 2006).

2.1.3.Pour flush latrines

Pour-flush (PF) latrines have been the technoldgghoice for the Indian Integrated Low Cost
Sanitation scheme, which has been in place sirc&3B80s (MHUPA, unknown date, Mara, 1985).
Pour flush latrines may be used as an on-siteraystith the pedestal located over the pit or off-se
(Franceys et al., 1992, p.54). The excreta maylasdirected into a sewerage system and disposed
of off-site (Mara and Alabaster, 2008). This tedbgy offers some of the benefits of waterborne
sewerage, such as reduced smell due to a watnt Siitrap between the toilet and the storage pit,

without the requirement for a piped water supplthitoilet.

A pour-flush latrine designed for periodic emptyings been proposed by an expert group of UN
Habitat (Coffey, 2008). A research project conddcte KwaZulu-Natal has shown promising
results (Still and Louton, 2012).



2.2. Sustainability criteria for sanitation systems

Sustainability is defined by the Oxford Dictionaag to “keep from...failing”. In the context of
sanitation, sustainable solutions are those whiokiige users with a safe, hygienic facility for the
disposal of human excreta in a way which is econaltyi viable in the long term, does not threaten
the environment and meets the social and cultwwatis of people in a stable manner (Balketa
al., 2002). Where technologies have a limited lifesgauning should include their replacement or

improvement so that sanitation is sustained indefin(Brikké and Bredero, 2003, p.1).

Sustainability depends on a range of factors, dElwkechnology is only one. Social factors may
affect users’ acceptance of a particular optiosirtmaintenance of sanitation facilities and hence
the lifespan of the system (Assefa and FrosteD;720 Financial or economic sustainability requires
that money is available when maintenance or replac¢ are required, whether this finance is
supplied by the user or by government (Bracken.e2805). An adverse environmental impact
may render an otherwise attractive technology nmtasnable (Aalbers and Sietzema, 1999).
Bracken et al. (2005) set the boundaries of theétataon system to include users, collection,
transport, treatment and management of the endipt®adf the process. They defined a sanitation
system that is sustainable as one thagirbtects and promotes human health, does not darig&ito
environmental degradation or depletion of the reseubase, is technically and institutionally

appropriate, economically viable and socially acezdye.”

Balkema et al. (2002) suggested that environmésgaks are the “reverse salient” or weakest link
in wastewater systems. They examined decentralidtetinatives to conventional wastewater
systems and developed a multiple criteria apprdaclthe assessment of technologies. They
identified three sustainability dimensions: ecorgn@nvironmental and socio-cultural. While a
broader economic approach could include social endironmental resources, these authors
restricted this dimension to financial costs anddfiéss. The environmental dimension incorporated
indicators of long term support of human life ahd socio-cultural aspects took into account equity
and stability in human relations. There are cotdlbetween different objectives, and hence a need

for tradeoffs in achieving an optimal solution.

Drangert (2005) proposed a sanitation selectioarélgn which takes into account environmental,
technical, social and economic management critéftze screening of alternatives took the form of

a set of questions which investigate what the caimds are for each sustainability parameter.



The environmental sustainability principles whidiosgld guide the development of a sanitation
solution were defined by Florest al. (2008) as “.adaptability to local conditions, resource
conservation, resource recovery, and waste minitioizad. These principles were translated into
operational features which contribute to environtakrsustainability. Water and energy are
resources to be conserved and recovered. Nutremntorganic matter in human wastes may be
recovered and reused in agriculture, thereby maiigiwaste. Waste flow separation contributes
to all these features. Decentralisation, and e af locally available and affordable resources
(land, energy, materials and labour) provide adalittato local conditions. These authors then
assessed a range of alternative sanitation comfsarad assessed their inclusion of the operational
features described above.

Upon examining sustainability assessment technjdoelsiding exergy analysis, economic analysis
and life cycle assessment, Balkema et al. (2008gladed that these are more limited than a
general system analysis which can incorporate sspéeach. Flores et.dR008) also described
the tools used to assess the sustainability ofneegéd wastewater systems and found that
sustainability indicators provide coverage of hliee dimensions while other techniques including
Life Cycle Assessment (LCA), Material Flow Analysiad Economic Analysis take only one or
two dimensions into account. As a result, theynemended the use of sustainability indicators to
assess the relative sustainability of differentigcal options, once these have been screened for
their ability to meet local technical requirementBhey suggested that other tools be incorporated
into the development of indicators. LCA, for exdeyrould be used in developing environmental
indicators, and economic analysis for evaluatiothefeconomic dimension.

Sustainability assessment using indicators was bgdibth Balkema et al. (2002) and Flores et al.
(2008). Several possible indicators were listedenngiach sustainability dimension, as well as
functional or technical indicators such as adafptalzEind robustness. While Balkema et al. (2002)
used an optimisation approach for the selectiom @fistainable option, by minimising the weighted
sum of the normalised indicators, Flores et al080did not attempt to quantify the differences
between sanitation systems. They compared the VitP WDDT options for the provision of
sanitation in the eThekwini Municipality. A totaf 34 indicators were chosen based on a literature
review and local issues of concern. They usedetheselucidate the differences between the

options but not to arrive at a numerical index andveighting system was used.



Table 2-1.Criteria used to assess the sustainabflganitation systems

Criteria for assessment

Measurement scale

Health

» Pathogen exposure

risk of infectior

qualitative 2, 4)

0 drinking wate

proximity to water sourc

m

o skin contac

requirements of system for cont:
with faeces

qualitative:high to low 3)

0 ingestior

risk of contamination of food sourt

qualitative: high to low3)

+ Contaminant exposure

use of heavy mete

qualitative 2, 4)

* Health benefits

reduced morbidit

qualitative 4)

Environment

Emission

« Soll

o Pathoger

extent of and duration oil
contamination

% removalb)

o Contaminani

soil contaminatio

qualitative 4)

«  Water

o Pathoger

risk of contaminatiol

% removal5)

o Contaminani

risk of contamination of ground ai
surface esp. with heavy metals

mg/pely 2)or kg (1,4-DCB
eq) /pe . y (3)

o TSS efficiency of reduction in TS %removals)
o N efficiency of removal of | g/pely 1) % removalb)
o P efficiency of removal o g/pely 1) % removal5) kg
P/eutrophication risk PO eq./ pe. Y (3)
o BOD/COLC efficiency of reduction in BOD/CO | g/pe/y (1) %removal5)
o Air
o Odou amount and spre qualitative 2, 4)
o CG, productior kaly (2)

Use of resourc

*  Water water required for operation m° (1) m3 /pe.y 3)
system
* Energy energy required for operation kWh (1) MJ/pe 2)

system

kWh/pe.y (net) (3)
KWh/m®(5)

e Land required

area of land required for operation
system

m*(1,3) m/pe(2)
qualitative (4)

e Quality of land req'd

arable area required for operatior
system

qualitative 1)

* Construction materials

nature and volume materials
required (3)




Criteria for assessment

Measurement scale

Chemicals

use of chemicals for construction ¢
operation

kg /pely(3)

Resource recove

* Biogas energy value of biogas collec m3(1)
» Organic material value as a soil conditior % of in(2)
* Nutrients usable nutrients fcagriculture % of in(2) kg /pely (3)

Water (domestic reuse

water recovered from syst

% of in (2) m(1)

* Energy energy recovered from syst % cons 2)
Technology
e Construction ease of construction, simplicity qualitative 1,2)
design
e O&M requirement for outside intervent | qualitative 1,2,4)
e Monitoring ease of monitoring to enst gualitative 2,4)
appropriate disposal
* Robustness ability to withstand abu: qualitative 2,4)
o Failure recor h /pely (3)
0 Shock loac h /pely (3)
resistance
0 Operation & h /pely (3)

Maintenance

Flexibility, adaptability

adaptability for different groups
users, circumstances

qualitative 2)

e Durability life expectancy of syste qualitative 2,4)
* Reliability ability to deliver sanitation service | qualitative 1)
all times
+ Waste amount to landfi m° (1)
o Complexity requirement for expert interventi qualitative (1,2,4

Local involvement

job creatiol

qualitative (1,2.¢

Compatibility ¢
existing systems

cost saving through conversit

qualitative(2,4)

System invisibility

0 space intrusion of facility into limited spac | m¥pe 3)

0 are: intrusion of facility into limited spac | m7pe )

0 nuisanc qualitative 3)
Financial

Cost construction

costpely (2) Euro/hhy (3
$/1000ply (4) $/vol/d (5)

CostO &M

$/1000ply (4) $/vol/d (¢

Employment creation
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Criteria for assessment

Measurement scale

e Local development

« Value of improved
health

» Affordability

% of income (2,4

* Financial benefits of
reuse

ZAR/pely (4)

Socio-cultural

« Acceptability

user perceptions of fitnefor
purpose

qualitative (4

« Adaptability (age,
gender, etc)

qualitative (2,4

* Convenience

provision of sanitation where use¢
require it, distance from dwelling

qualitative (1,2,£

* Equity

fulfilment of requirements of a
gender groups. equivalence of
sanitation provision for different
income groups

qualitative (4

» Expertise

availability of necessary expe
support

qualitative (1

» Legal/institutional

fit with legal requirements
institutional support for construction
O&M

qualitative (2,4

« Participation

facility for user involvement i
planning and execution of project

qualitative (1

e Stimulation of
sustainable
behaviour/awareness

facility for social marketin

qualitative (1

* Food security

contribution of system to sustainal
household based food production

qualitative (4

« Anal cleansing material compatibility of anal cleansin

material with proposed system

e Effects of system
failure

environmental, health, social effe
of failure

e Willingness to pay

ability of users to contribute to tl
cost of sanitation

% of income (2,4

Key to sources of

measurement scales:

1. van der Vleuten-
Balkema 2003

2. Bracken et al, 2005

3. Agudelo et al, 2007
4. Flores et al, 2008

5. Muga and Mihelcic, 2008

Other sources:

Cotton and Saywell, 1998
Loetscher, 1999

von Minch, 2007
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The criteria which different authors have recomneehfibr the assessment of sanitation systems are
summarised in 0. The broader categories of Heatikiironment, Technology, Financial and Socio-
Cultural are broken down into sub-criteria and siimes these are broken down still further. The
criteria are then described in broad terms. Whetleaas have recommended indicators or measures
for these criteria, they are included in the ladtimn of the table. Many criteria appear in several
different studies

2.3. Measurement of sustainability criteria

If the criteria which determine the sustainabiliya sanitation system are to be used in decision
making, they need to be assessed in some way. \@hilgmber of studies describing sanitation
selection through the use of sustainability critdvase their choice of alternatives on qualitative
assessments, quantitative data on some aspectse gperformance of sanitation systems are
available. In order to develop value functions floese indicators for use in a Multiple Criteria

Decision Analysis, it is necessary to decide whialts of measurement to use for the raw scores.
Reasonable minimum and maximum values must alssbertained for use in the standardisation

process.
2.3.1.Measurement of environmental sustainability

The literature provides numerous ways of measutiegenvironmental impact of sanitation. Life
cycle analysis (LCA) requires the quantificationtloése indicators (Hellstrom et al, 2000, Palme et
al., 2005, Jones and Silva, 2009).

Ideally, the effluent returned to stream shouldtamna minimum of nutrients that might lead to
eutrophication or other negative impacts on therenment. Chemical Oxygen Demand (COD)
“measures the amount of oxygen required to comypletétiise a sample of organic material to
CO,, H,O and NH” (Buckley et al., 2008a, p.17). An important rofetlee sanitation system is to
reduce the load of organic compounds and otherezi&srin the excreta before these are transferred
to the wider environment.

While Veenstra et al. (1997) reported the COD keweldomestic wastewater in Europe to be 0.28
to 2.5¢/L, Heinss et al. (1998) reported initiatdis as high as 50 g/L for COD in faecal sludge
from public toilets. Nwaneri et al. (2008) charaisted the levels of these indicators in pit latrine

sludge as being between 0.95 and 1.28 mgCOD/mgainple. With moisture at approximately
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80%, this is roughly the equivalent of 220g/L. Thltustrates the huge range of COD
concentrations in the output from sanitation systeRit sludge is immensely more concentrated

than the influent of a wastewater treatment works.

Different sanitation systems are reported to haweying success in reducing the potential
environmental impact of waste. Koné and Straus84P@eported removal rates of 60 — 80% for
Total Suspended Solids (TSS) in settling tanks @nythg beds. COD removal was between 30%
for settling tanks and 90% for drying beds. A UA&Rctor combined with pond systems was
found to achieve a 47% reduction in COD (EI-Goh&@01). Subsequent trials by this and other
authors achieved a reduction of 93% of COD, 919 886, 98% of ammonia and 78% of total

phosphorus in a similar system (El-Shafai et &107). Drying beds provided removal of 40-60%
for NH,-N (Koné and Strauss 2004). van der Vleuten-Batké®003, p.46) cited the European
standards for wastewater treatment as requiring?a réeduction in COD, 90% reduction in soluble
solids, 80% reduction in total phosphorus and 7#-8@duction in total nitrogen. Cicek et al.

(1999) compared the performance of membrane bitmea@nd conventional activated sludge
treatment of wastewater and found that the lattbieaed removal rates of 61% for TSS, 66% for
VS, 95% for COD, 99% for ammonium 89% for total pplborus removal. These studies provide
some idea of the range of removal rates possibte wiastewater treatment systems. The

performance of on-site systems is discussed funthesction 3.3.1.

Energy requirements for decentralised sanitaticstesys differ greatly from those for centralised
wastewater treatment. In her Doctoral thesis, \@rieuten-Balkema (2003, p.45) cited a range of
29 — 45 kWh/ply for conventional wastewater treattnghich may be considered one of the most
energy intensive sanitation options. Buckley et(2011) analysed energy requirements for the
Southern Wastewater Treatment Works in the eThakMimicipality and established that the
energy requirement for collection and treatment W&8 kWh/kL. Assuming that wastewater
production is 100 L/p/day (see below) this wouldiatg to 20kWh/ply. In contrast, the energy
required for VIP latrines and UDDT is zero, unlegsemptying and off-site disposal is considered
(Flores et al., 2008).

Water use is high for conventional sewerage (1086-L/p/day, Veenstra et al., 1997). This is the
equivalent of 36.5 — 55 #p/y. With dry on-site sanitation this figure mag &s low as zero if water
required for hand washing is not taken into accoilie Free Basic Water policy provides a
minimum of 25 litres of water per person per dayullet, 2008). This is equivalent to 9ply.
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However, little of this could be attributed to dation although use of some for hand washing
should be part of a complete sanitation solutioresiwithout this few of the health benefits of

improved sanitation are realised (Curtis and Cairss, 2003).

In contrast to the conventional notion of human teas nuisance to be minimised, the idea of
ecological sanitation is that human excreta costaaluable nutrients that should be recovered for
use in agriculture (Schuen and Parkinson, 2009)sstin et al. (2004) produced guidelines for the
use of human excreta in agriculture and comparedlteefrom a range of different countries.
Snyman and Herselman (2006) produced guidelinesStauth Africa, but these were mainly
concerned with sludge from wastewater treatmenksvofhe highest values for the nutrients in
faeces and urine produced per person per yearragogted from China and were 4 kg of Nitrogen,
0.6 kg of Phosphorus and 1.8 kg of Potassium (&faj of nutrients). The total nutrients produced
per person per year in South Africa were 5.5 kg¢36n et al., 2004).

2.3.2.Financial aspects of sanitation provision

The costing of sanitation systems may be approafioad the financial or the economic aspect.
Earlier studies tended to focus on a narrow aretheffinancial costs, namely the provision of
sanitation hardware (Cotton et al., 1995 p.37).heDtstudies have taken a broader, economic
approach which values the social and environmebehefits associated with appropriate
management of human waste (McKibbin et al., 200&Ham et al., 2004). For example, Haller et
al. (2007) used a cost effectiveness ratio to agbescost per disability-adjusted life-year (DALY)
for different interventions to improve health. Huttand Haller (2004) refer to cost benefit analysis
as a tool for the allocation of government resasitoethe activities which return the best economic
value per unit spent. Economic costs might incllad¢ working days due to ill-health, the loss of
valued recreational facilities through pollutiordathe damage to the environment transformed into
a monetary value. Many of these costs are diffitujuantify and impacts may be assessed through

non-financial measures.

A financial costing takes into account the costgasured directly in currency, incurred in the
provision of a service (Franceys et al., 1992).e Tihancial costs of a sanitation system extend
beyond the purchase of hardware for excreta callecstorage, transport, treatment and disposal.

Costs which may be incurred range from social ntargeo ensure correct use of facilities, to costs
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for the management of downstream processing by cipalities (Strauss and Montangero, 2002,
p.17).

Expenditure may be expressed per capita or pereseptative household size (Schuen and
Parkinson, 2009). Net Present Value is often useckport these and it allows comparison of
different options on a chronologically standardisedle. Since these authors were studying the
impact of ecological sanitation (urine diversioatteologies), they included the value of fertiliser
produced from the sanitation system as having en@nealue for the household. They divided
their model between financial analysis at the hbakklevel and economic analysis at the level of
the implementing agency. In South Africa, the ficial responsibility for providing Free Basic
Sanitation to poor households lies with municijeditand economic considerations could be seen as

the concern of national and provincial government.

Table 2-2. Summary of capital and operations aathtenance costs for different sanitation
systems(after Haller et al. (2007)

System Capital cost (R per | Operations and
household of 6 Maintenance
people) * (R Iply)*
(1USD or€:R10)

Sewer connectic 50E50-19000(1) 125 (1)
15940 (4) 80-210(2)

1910 (4)

VIP 500-328((1) 35 (6)
3190 (4) 80 (1)
2870 (5) 65-100(2)
3260 (6) 320 (4)

uDDT 44C-505( (1) 0 (4
7030 (3) 35 (6)

2390 (4)
3000 (6)

1. Rosemarin et al. (2008) 2.Hutton and Haller @ Schuen and Parkinson (2009)
4. Holden et al. (2004) 5. Loetscher and Kellel06. Mayumbelo, 2006
*Costs are adjusted to 2012, using a discouatab6% p.a.

Rather than discounting revenue and operating ekipea to a single point in time and hence
calculating net present value (NPV), many authdrsose to report costs divided into capital
expenditure and cost of operation and maintena@cé& (M) (Holden et al., 2004, Hutton and
Haller, 2004, Rosemarin et al., 2008). This analg$ioice might be more useful to municipalities
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in South Africa where separate funding mechanismsvige for infrastructure (Municipal

Infrastructure Grant) and operations and maintemg@lbacal Government Equitable Share).

Rosemarin et al. (2008) summarised costs frormgeraf sources, including Holden (2004) and
Mayumbelo (2006). Hutton and Haller (2004) usest @stimates from the Global Water Supply
and Sanitation Assessment 2000 Report (WHO and BRJQ000), to arrive at the costs for
different types of sanitation. Mayumbelo (2006)iraated construction and operations and
maintenance costs to provide VIPs or UDDTs in Lasa@ambia. He calculated costs for emptying
pit latrines including truck transport and the @tiem of a faecal sludge treatment plant. For
UDDTs he assumed that urine would be transportedi stared in tanks before re-use. The
calculated construction costs for a city of 1.2lionl people were 38.6 euros/p for VIPs and 35.2
euros/p for UDDTSs. operations and maintenance \gtimated at 2.5 and 2.3 euros/ply for VIPs

and UDDTs respectively.

Holden (2004) provided costs for the South Afrisitnation. His cost for the UDDT was for an in-
house addition to an existing dwelling and not thén-vault UDDT system offered in the
eThekwini Municipality. The studies of Loetschedafeller (2002) took place in South East Asia.
A summary of these estimates is shown in Table [2<€an be seen that estimates in the literature
vary widely except for the capital costs for VIR%is may be because the construction is fairly
simple and design may not vary as widely as otlptions. It is likely that construction standards
and designs differ for the other systems from agutd country. Furthermore, costs to provide
waterborne sewerage are highly dependent on thialbiity of existing networks and the type of
centralised wastewater treatment system. SchuerParidnson (2009) included the construction

costs for UDDTs in the eThekwini Municipality ingin analysis.

White et al. (2006) combined an analysis of quelti€ costs to the utility and household with
MCDA in a model for integrated resource planningvi@ter supply in Australia. They considered
a range of management options, and calculated flie cost of each option relative to the
cumulative contribution to reducing the water sypi¢mand deficit (in $/ML). They included

greenhouse gas emissions in the cost analysispthet intangible societal and environmental
effects (public health, river health) were asses&seth MCDA which would eliminate unacceptable
options.
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The WhichSan program provides a detailed costinp@fdifferent sanitation options, allowing for
different site characteristics (Still et al., 200®urthermore, it takes into account variableshsas
the cost to connect to the existing sewerage n&twben providing estimates for a particular site.
It also provides for an escalation in costs from year 2006 on the built-in costs. Users may elect
to provide their own budgets for any particulahteaogy option. This program was developed for
South African conditions and takes into account rifest important cost drivers for the systems
considered. As an example, for a site serving 2 p®@ple and at a distance of 1km from the
existing sewerage network, WhichSan estimated tafd?17 400 per household (adjusted to 2012
prices) for the construction of fully waterborneveeage, and R6 700 to provide a double vault
UDDT. In addition to WhichSan, Partners in Develgmnhave developed a spreadsheet-based
costing for pit emptying which constitutes the medrst driver in the operations and maintenance of
VIP projects.

2.3.3.Indicators of social sustainability

Quantifying social sustainability is a difficultsla particularly since there is no consensus on the

definition of this dimension (Assefa and Frostr2007).

Murphy (2012) noted that social indicators arerofieked for political reasons and may reflect the
interests of more powerful and hence influentiadugs. He identifies four concepts common to
much of the literature on social sustainabilitgquity, awareness for sustainability, participatio
and social cohesion”In some cases social and cultural indicators fpart of a broad economic,
environmental and socio-cultural assessment frameg@htinen et al., 2014).In developing a set
of sustainability criteria to assess bioenergyesyst Buchholz et al. (2009) identifipdrticipation,
monitoring of all criteria, compliance with laws @rood securityas the social criteria considered
most important in a survey of experts. Other samidgéria, such asultural acceptabilityandsocial
cohesionwere ranked as having low importance. This malecefthe gap between community
concerns and those of technical experts and higfislithe challenges to be faced when selecting
social sustainability criteriaSocial justice, participation, safety, social coloes employmenand
health were among the factors identified by Dempsey e{2009) in their review of the urban

social sustainability literature.

Social sustainability itself is a subjective counsty peculiar to the community in which a project i

proposed (Valentin and Spangenberg, 2000). Suraegsocus groups which assess the response to
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the different aspects of acceptability in the targepulation provide some measure of this
dimension. When a system is rated on these ind&atioe scale is almost invariably a qualitative
one (van der Vleuten-Balkema 2003, Bracken eR@D5, Flores et al., 2008).

Social Life Cycle Assessment (S-LCA) is a methoéddus industry to assess the social impact of
products during their life cycle (Macombe et al12). It has its origins in environmental Life
Cycle Assessment (LCA) but extends this conceptht® preservation of human dignity and
wellbeing (Dreyer et al., 2006). These authors alste that the social impact of a product may be
positive (e.g. job creation) or negative (poor wiegkconditions). They suggest identifyingreas

of protectiori which define what needs to be safeguarded and teweloping an assessment of
social impact which is specific to the businessanrcbnsideration. They point out that one of the

challenges in S-LCA is the qualitative nature ofhmaf the assessments.

Assefa and Frostrell (2007) discussed the concepbaal sustainability, and suggested that this
aspect could be addressed in terms of social awept They also included political sustainability
in this dimension, which requires that systemsuidela framework for continued governance. The
social criteria which they suggested for inclusionthe ORWARE (ORganic WAste Research)
model for technology assessment are knowledgeepton and fear or concern. These elements
were included in a Social Impact Assessment (StApe included in the planning stage of new
technology introduction. When it came to measurdntbey used a survey where respondents rated
themselves on the three criteria with respect ® ptoposed technology, and the results were
therefore an analysis of these subjective respofi$és approach attempts to measure social impact
on the individual but ignores the measures of $atistainability which address impacts on society

in a broader sense.

2.4. Multiple Criteria Decision Analysis

Multiple Criteria Decision Analysis (MCDA) is a magement support tool which has been applied
to sanitation by some researchers. In this sedfienprinciples of MCDA are explained, and some

of the computer programs which apply it to watet aanitation are described.

2.4.1.General theory of Multiple Criteria Decision Analysis

MCDA is “... an umbrella term to describe a collection of fornapproaches which seek to take

explicit account of multiple criteria in helpingdividuals or groups explore decisions that matter
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(Belton and Stewart, 2002, p.2). These authomdcthe Chambers Dictionary definition of

criterion as “...a means or a standard of judging”Hence, the objective of MCDA is to assist
decision makers in choosing the best course ofrmch alternative where the alternatives available
may be compared on the basis of a number of diffexspects. These criteria are often conflicting,
with alternatives performing well against some eziit and poorly against others (Belton and
Stewart, 2002, p.14).

Belton and Stewart (2002, p.80) described the pooé preference modelling within the MCDA

system as a constructive, rather than a descriptoveess. MCDA takes the preferences of decision
makers (DM) into account. These are often develdpethe course of the analysis since the
decision support system is required precisely beeahe DM lacks an understanding of the

available options.

The performance of an alternative must be assdesezhch criterion, either against a standard or
by a comparison between options. The relative inaoae of the different criteria must be decided,
and thereafter the results from the different asseats must be combined to provide an overall

preference (Belton and Stewart, p.79).

Hajkowicz and Higgins (2008) describe a generic thdld Criteria Analysis (MCA) model as
consisting of a matriX of n decision options or alternatives andcriteria or indicators. The
elements of this Evaluation Matrix are raw perfong@ scores, whether ordinal or cardinal, of the
different alternatives against the selected cetefiihe Evaluation MatrixX for n alternatives

with m indicators or criteria can be represented asvaio

Xl'l ™ xn'l ]

Xim = Xnm

where the score for alternativevith respect to indicatoiis denoted by; ;. In addition, weights

may be assigned to each criterion and these ceuttbbcribed by a vector
W=w;..w,

wherew; is the weight of thégth criterion.
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2.4.2.Different methods used in MCDA

Some of the methods of preference modelling desdrtiy Belton and Stewart (2002) are Multi-
Attribute Value Theory (MAVT) (pp. 85-103), the Algtical Hierarchy Process (AHP) (pp. 119-
161) and Outranking (pp. 106-110).

2.4.2.1.Multi-Attribute Value Theory (MAVT)

According to Belton and Stewart, MAVT requires tlia¢ scales or value functions for all criteria
are constructed in such a way that trade-offs betwdifferent criteria are possible. Decision
makers are required to assess what gain in ongrioritwill compensate for a measured loss in
another. Weightings are applied to the marginalegfor the different criteria in order to achieve
this full compensatior(Stewart and Losa, 2003). Belton and Stewart (2p086) recommended
that these marginal values are aggregated to aatieevaluev(a) for each alternativa using an
additive function of the form

V@)=Y w, v, @

wherem criteria are used to evaluate the alternativesgpresents the weighting of theh criterion
andvi(a) the marginal value of alternatiefor theith criterion. The values may be aggregated at
each hierarchical level of the value tree and thlees thus arrived at are further aggregated using
weightings developed by comparison of the relatiweortance of the criteria at each level.

Hajkowicz and Higgins (2008) describe an MCA asatgorithm that defines a functiom; =
f2(X,W) to provide a utility value for the alternative. Whalso indicate that the scores in the
Evaluation Matrix must be transformed into unitlesdue scores before they are combined to
produce the utility values for the different altatines. This description is analogous to Belton and
Stewart’s MAVT.

These authors warn that the use of a weighted sunttibn requires the different criteria to be
compensatory so that poor performance on one ispengsated for by good performance on
another. This is the trade-off described by Belod Stewart (2002). Furthermore, they warn that
simple linear transformations of raw scores inttu@ascores may not accurately capture decision
makers’ preferences. Belton and Stewart (2002)oetdb at length on different methods used to
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derive partial value functions or scales for défietr criteria so that they reflect decision makers’

values.

2.4.2.2.Analytical Hierarchy Process (AHP)

AHP requires paired comparisons of alternativeselioit partial preference scores, with the
preference of one alternative over another in tesfresach criterion expressed egually preferred
weak preference strong preference demonstrated preferenand absolute preference giving
scores of 1,3,5,7 and 9 respectively (Belton ameavait, 2002, p.153). A comparison matrix for all
the alternatives is created for each criterion, thiglis reduced to a set of relative preferenceesc

for all the alternatives, normalised to sum to ORleese values are then aggregated by a process
which similarly elicits scores for each criteriondaaggregates across all criteria to arrive at an
overall score for each alternative (Guitouni andtela1998).

2.4.2.3.0utranking

This is a decision support method developed bydfreasearchers (Roy and Bouyssou, 1993, cited
by Belton and Stewart, 2002, p.106). It requiresrqul comparisons of alternatives using their
partial preference functions, with the preferent®me alternative over another in terms of each
criterion expressed asdifferenceweak preferencer strongpreferencgBelton and Stewart, 2002,
p.107). These preferences are then aggregatedsaalocriteria to arrive at an overall preferred
alternative. Weights are used to give effect ® tblative importance of different criteria, and
hence their influence on the overall assessmedtgiBand Stewart, 2002, p.110). The strength of
evidence leading to the preference of one alteraatver another can be termed tiomcordancef

the analysis, whileiscordanceefers to the amount by which one alternativeaamnank another in
terms of one criterion before the second critelienomes totally unacceptable (Belton and Stewart,
2001, p.110). Stewart and Losa (2003) referra¢tieganeed to set minimal levels of acceptability for
criteria, with alternatives performing below thés€l considered unacceptable.

In summary, MCDA methods all require that a setiuiferia be selected on the basis of which
alternatives can be compared by whichever methotdsen. In order to arrive at a comprehensive
set of criteria, the general areas of concern (@ngironmental, financial, sociological) may be
broken down into more specific aspects in a hidiaat fashion until criteria are identified which
may be defined to allow an unambiguous assessnfettieooptions (value measurement) or

comparison between options (outranking models)t(Beind Stewart, p.80-84).
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2.4.3.Approaches to the weighting of criteria in MCDA

Once value scores have been assigned to the déiNesander consideration, the different criteria
must be weighted to allow aggregation of the scdresrrive at an overall score for each

alternative. Various authors have described passipproaches to this problem.

2.4.3.1.Ranking methods

Rank sum weighting requires decision makers toepthe criteria in order of importance. The most
important criterion is assigned the largest ranknper and the least important receives a rank
number of 1 (Edwards and Newman, 1982, p. 54). @hesnbers are added and each is divided by
the sum to obtain a normalised weight. Rank recgdraveighting allocates a value of 1 to the most
important criterion and n to the least importaritecion where n is the number of criteria. The
reciprocals of these values are normalised to geowieights (Edwards and Newman, p.54). These
authors indicate that these simple methods of vigigimay provide a useful approximation of the
feeling of decision makers regarding the importamicdifferent criteria and suggest that they may
produce similar results to more complicated methi{&dsvards and Newman, p.53).

2.4.3.2.5wing weights

Belton and Stewart (2002, p.135) point out thatglves act as scaling factors in that they imply
tradeoffs between the value scales for differeieria. A weighting for one criterion of twice that
for another criterion implies that the decision mraéttaches the same value to a one point increase
for the more heavily weighted criterion as he oe sloes to a two point increase in the other
criterion. They term thiswing weightingand explain that this means that the weightindesys

used cannot be said to be independent of the mezasut scales used for the criteria.

When weights are elicited from decision makersy tbleould be asked to select the criterion for
which the swing from the lowest to the highest gatin the measurement scale would have the
biggest impact on the overall value of an altemmatiSubsequently the criterion for which this
swing would have the second highest impact wouldiéetified and so on until all the criteria were
ranked in order of intrinsic importance. The mosportant criterion could then be assigned a value
of 100 and decision makers could then be askedtthe relative impact on overall value of a
swing from the best to the worst value on the migthest ranked criterion. If these best and worst
values do not represent a wide range of performthreethe swing weighting process will assign a
low ranking even if the criterion seems to havegh hintrinsic importance. This will result from
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decision makers attaching little value to the intpat the swing in values for this criterion.
Gaudreault et al. (2009) cited by Rowley et al.120suggest removing indicators from the MCDA

if they do not make a significant discriminatiortween alternatives possible.

The swing which decision makers are asked to etaloauld also be between two selected
reference values on the measurement scale ratherttie highest and the lowest. During this
process the raw scores behind each normalised vaduéd be made explicit so that the swing
could be evaluated by the decision maker. Beltah Stewart (2002, p.138) describe a method of
eliciting swing weights in which decision makersuMbbe asked to assign a percentage to the value
of a certain increase in standardised score foetaanked criteria when compared with the same

value increase for the highest ranked criterion.

Once this weighting process has been carried batwteights must be normalised to sum to 1
within a particular level of the value tree (Beltand Stewart, p. 139). To assign weights to the
criteria in the next level, one sub-criterion (pblsthe highest ranked sub-criterion in each gjoup
could be used to allow swing weighting between naagiteria.

Belton and Stewart (2002, p.142-143) acknowledge tite process described may be onerous for
the decision maker and that this individual mayl fine questions difficult to answer. They suggest
that once the rank order of criteria could be usegenerate weights. They allude to 8 dARTER

method of generating weights from ordinal inforraatand express reservations about this method
for larger sets of criteria since the impact of énwanked criteria becomes progressively more
negligible. They suggest that a geometric decraaseights as they decrease in importance would

result in a less dramatic decrease in the weigthieofower ranked criteria.

Stewart and Joubert (2003) attempted to overcoraebthrden on decision makers of assigning
weights by convening expert workshops and divigiagicipants into groups. Each group was only
required to evaluate 3 or 4 criteria. They followtbd process described above of first ranking the
criteria in order of importance and then assigniggtive importance to swings in value of lower

ranked criteria compared with the same swing in Highest ranked criterion. A collection of

similarly qualified experts with similar goals waube required for this process to be reproducible
if, for example, the groups were assigned to aedifit set of criteria. It is debatable whether this

level of expertise would be available within a $snmunicipality and the swing weighting process
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would be extremely time-consuming for an individt@lperform, given the number of pairwise

comparisons required if the number of criteriaaigé.

Another problematic area with regard to weightiagthie definition of the “decision maker”. In
many situations, there may be a range of staketwldBuencing the outcome of a project. These
stakeholders may be influence decision making bay rhave widely differing views on the
importance of different criteria. Rowley et al. {Z) point out that the nature of the decision msker
will affect the possible methods used for weightigtion. Furthermore, the existence of a
“committee” of decision makers presents the anaklysi difficulties associated with aggregating
the preferences of different stakeholders. It maynbcessary to incorporate a further weighting

process to take the different decision makers’ ingmze into account.

2.4.3.3.Ratio weighting methods

Edwards and Newman (1982, p. 62) recommend theofiseratio weighting methods to assign
weights to different criteria. Decision makers asked to rank the criteria in order of importance.
The least important attribute is assigned a vafut0cand the decision maker then considers each
other attribute in comparison with this least imtpot one, and indicates how many times more
important it is. This coefficient is multiplied b}0 to assign a value to each criterion. Once all
values are assigned, they are added together anddimalised weights for the criteria are
calculated from the ratio between their assignddevand the total of all the values. This method

clearly applies the idea of weights as importaraedficients rather than scaling factors.

The ratio weighting method requires a large nundfecomparisons to be made by the decision
maker (Edwards and Newman, 1982, p.58). This nunsbiercreased if the recommended process
of triangulation takes place, in which decision er@kcompare other pairs of criteria and check

whether the resulting weights are consistent withinitial judgement.

2.4.3.4.lmportance coefficients

In contrast to the emphasis on trade-offs descridgave, Munda (2004) describes the use of
weights as importance coefficients. He contends wien there is a range of ethical positions
among stakeholders there is also a range of ideasiterion importance and trade-offs are not
feasible. The use of this type of weight allows thierests of minorities to be represented and

influence the outcome of the MCDA. This author doet favour participatory processes for
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deriving weights, but refers to alurality of ethical principles”as the only consistent way of
deriving weights. Garmendia and Gamboa, (2012)oetdb further to explain that this requires the
inclusion of considerations such asctnomic prosperity, ecological stability, or sdcemuity'.
They also propose that conflicts must be recogréselimanaged and that it may not be possible to
reach consensus on weights but that the MCDA shbeldun repeatedly to take account of
differing priorities. These authors used an outimagkmethod to compare alternatives and their
results elucidated the various alternatives pretehy different stakeholders. They described this a

a “social sensitivity analysis

2.4.4.Multiple Criteria Decision Analysis applied to santation

SANEX® is a MAVT DSS developed at the Advanced Wastewhtanagement Centre at the
University of Queensland in Australia by Loetsc(E999). Palaniappan et al. (2008) described the
Water and Wastewater Treatment Technologies Apjaiepfor Reuse (WAWTTAR) program
developed by Finney and Gearheart of the UnivefitiAumboldt as a decision support tool for
water and sanitation. This program also focusessanitation and wastewater treatment
technologies, with particular emphasis on the etmtents. This tool has particular application to

centralised wastewater systems and pays littlatadteto on-site and decentralised technologies.

WhichSan is a spreadsheet based sanitation seleqtiogram developed by Partners in

Development for the Water Research Commissionl €tdl., 2009). It is designed to compare on-
site sanitation options with one another and witlyfwaterborne sewerage and was developed
specifically for the South African context.

A group of researchers from Umgeni Water developedecision aid to assist communities in
selecting a sanitation technology (Howard et @0013. Four options were considered: VIP, low
flush with soakaway, and full flush with soakawayntains sewerage. The computer based system
calculated indices aggregated from scores whiclewenerated from the technical data entered by
the analyst. The scores were weighted for impodganA GIS linked module generated maps
showing the suitability of different areas for peutar technologies. The authors used the acronym
SSPRA (Site Sanitation Planning and Reporting Amml)describe their program. The authors
emphasised that this was not a decision making iablrather a foundation for discussion. The
results of the program were presented as a tabiepadng the performance of sanitation

alternatives on six technology indices (water alality, operations and maintenance, financial
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planning, soil suitability, site suitability andagmd and surface water pollution) for any givee.sit
The program also provided checklists to indicater pseferences, user awareness and institutional

readiness.

2.4.4.1.Approaches to MCDA for sanitation

Most MCDA for sanitation apply a MAVT-type approachith alternatives rated on a range of
criteria and these scores aggregated to providedex for comparison between options (Wiwe,
2010, Al Sa’ed and Mubarak, 2005, voriivh, 2007, de Silva, 2007, Muwuluke and Ngirane-
Katashaya, 2006, di Mario et al., 2010, Katukizalgt2010). Van Moeffart (2002) describes using
outranking methods for wastewater and sanitatitecien in Sweden. He argues that the NAIADE
(Novel Approach to Imprecise Assessment and Datinovironments) is appropriate for water
systems as it takes into account the perspectifea mange of stakeholders and allows for

uncertainty in some scores.

SANEX® evaluates sanitation systems organised as trainfadifties for excreta collection,
transport, treatment and reuse (Loetscher, 1988h train represents an alternative in termsef th
MCDA. The program screens the alternatives for ibdity in a process of Conjunctive

Elimination.

In his Doctoral thesis, Loetscher describes thieesting as a procedure with a single adequacy or
utility function. If the performance of a sanitatioption falls below a certain level for any of the
criteria in this section of the program, then ithess an adequacy or utility of 0 and is eliminated.
This process is based mainly on technical critdnd,also includes socio-cultural criteria such as
anal cleansing method and privacy requirementsestans are asked of the decision maker and the

answers determine whether a particular sanitatioi is viable or not.

WhichSan guides the decision maker through questitmout the important technical and financial
criteria (Still et al., 2009). Scores are generdtgdthe program, and aggregated. In a similar
fashion to the Conjunctive Elimination process ubgdLoetscher (1999), infeasible options are
eliminated when certain requirements are not fatfili The program indicates options which are
technically feasible and displays the scores feahedn addition, the order of user preferencehef t
feasible options is shown. The costs for constvocind operation and maintenance are calculated

and displayed.
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The feasibility screening in SANEX is similar to the process followed by WhichSan eTh
criteria/questions used by the two programs arepawed in Table 2-3.

Table 2-3. Questions addressed in the feasilsiéition of SANEX© and in WhichSan

SANEX® WhichSan

Project design lif

Project type (interim, lor-term’

Settlement stability (permanency of settlem

Accessibility ofbuilding

Proneness to floodil Is the site prone to floodin

Groundwater tab

Presence of bedro soil deptl
Soil type characteristics of the soil: permeabi
slope

Population siz

Population densi Plot sizt

Population growt

Type ofwater suppl On-site water supply or no

Reliability of water suppl Volume of water available for sanitat

Are users prepared to pay for additio

water?

Facilities inside or outside dwellin

Acceptability of public facilitie

Method of AnalCleansin Type of anal cleansing mate|

Demand for Resource Recov

Biochemical Oxygen Demand of final efflu Is there additional capacity at t

Maximum allowed concentration of Fae treatment works?

Coliforms (FC) in the final effluent

maximum allowed concentration of Suspended St
(SS) in the final effluent

Requirement for greywater dispc




27

The feasibility screening in SANEX is similar to the process followed by WhichSan eTh
criteria/questions used by the two programs arepawed in Table 2-3.

It can be seen that the principal difference betwthe two programs is th&ANEX® includes
guestions on the quality of the effluent requireahf the system. Loetscher (1999) notes that these
guestions apply only to off-site disposal of wastéhichSan assumes that if the treatment works
have the capacity to deal with the additional efffitj then off-site disposal can be consideredgsinc
the only option which is not on-site in this pragras fully waterborne sewerage. SANEX
considers communal septic tanks and Imhoff tanksnaall off-site options, as well as activated
sludge treatment, waste stabilisation ponds amdayyi treatment as larger scale off-site options.

2.4.4.2 Criteria and aggregation methods

The SANEX® program then subjects feasible alternatives #dyais using the MCDA (Loetscher,
1999). Two indices form the output for each alive: one for implementability and the other for
sustainability. Each has subordinate factors: €@tojfacilitation and Construction for the
Implementability index and Project facilitation, @munity needs and Operations and Maintenance
for the Sustainability index. These are further kero down into sub-factors, for example
Community motivation and Community involvement, aath is rated through a set of questions.

Various other authors have used spreadsheet-bagddlAMmodels to assess sanitation options.
Many authors create MCDA models using simple sctdegte alternatives for each indicator.
These are often 5 point scales from 1 (poor) tégbdd) (e.g.Wiwe, 2005) or 1 to 5 (undesirable to
desirable) (e.g.Al Sa’ed and Mubarak, 2005, voankh, 2007, de Silva, 2007, di Mario, 2010,
Katukiza et al, 2010). Provided all the ratinglesaare commensurate, these can be aggregated
using weighting factors from 0 to 1 and which suni tso that the final score for an alternative will

be on an equivalent scale.

Where different indicators are measured on diffessales, it is necessary that all these scales be
standardised, if the scores are to be aggregatestale of 0 to 1 or 0 to 100 is most often used.

Belton and Stewart (2002, p.123) suggest thatdtiaisdardisation is of the utmost importance, and

that it is done using partial value functions tansform the raw values into standardised values.
These partial value functions should be carefutiypstructed with a view to incorporating the

trade-offs required.
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Some authors develop value functions without timalfistep of aggregation in an MCDA. The
UNESCO-led SWITCH project produced a multi-critefimmework in which the sanitation
alternatives are presented using radar plots (Aguateal., 2007). Nevertheless, standardised scales
using the range 0 — 100 were developed for thecatdis which were used. In their section on
health risks, they worked with three levels, higtedium and low and assigned these values of 0,
50 and 100 respectively. For the quantitative iatdics, they used a linear value function of the
form:

— Xmin

Xj
v; = 100

Xmax — Xmin

€y

Wherev; is the value score of thieh alternative, x,,;, is the minimum value of the raw data,

Xmasx 1S the maximum value ang, is the raw score of that indicator for thih alternative.

This is the function recommended by Edwards andrivam (1982, p.66) and adopted by Loetscher
(1999) for all continuous data. Agudelo et al. (2Didicluded costs among their indicators and
normalised the raw scores using this linear metfibd function can only be applied where a
larger value is considered to be better.

If smaller is better, then the linear function igu&tion 2.

Xmax — Xj
v; =100 —"—L
Xmax — Xmin

(2)

In addition to that described above, Loetscher 198ed a number of different functions to obtain
standardised values for input into the MCDA. Headtibed these functions as being similar to the
utility functions suggested by Edwards and Newmb®82 p.66). These have the general form
x = f(user input) wherex is the standardised value and the function usedriis on the type of

raw score being standardised. Loetscher standdrdizges to values between 0 and 1.

An example of Loetscher’s function for a Booleamiatale might be to assign a value of 1 to the
answer “Yes” to the question “Were community legdmnsulted?” and a value of 0 to “No”.

Loetscher (1999) is the only author who describesthods other than the weighted average
recommended by Belton and Stewart for the aggregaif partial scores to arrive at an overall
index for a particular alternative (2002, p. 86)itWSANEX ®, the aggregation of partial scores is

done at multiple levels, using a number of difféermthniques - the arithmetic mean, geometric
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mean, multiplication and mutual equivalence. Tgehhigque used depends on the underlying nature

of the data resulting in the rating.

SANEX ®was validated on nine case studies from Asia, SAutbrica and Africa. All but one of
these projects were still in the planning or camgion stage, so that their ultimate success or
failure could not be assessed (Loetscher and Ked@d2). The outcome of the MCDA was
compared with the findings of local planners arldeotstakeholders. While the screening process
for feasible options was favourably received, cistins of the rating section included the lack of
transparency of the process and difficulties iringatqualitative criteria. Other authors have
asserted that transparency of the decision makingeps was sacrificed in favour of a user-friendly
interface for this particular software (Balkemaakt 2002). A fundamental difference between the
approaches used by Loetscher and other authorssaggsustainability is that, in order to make the
selection tool useful to users who have little kiemlge of sanitation, questions asked of decision
makers elicited details of community circumstancather than examining the different sanitation
systems directly (Loetscher, 1999; p92). The abiitalternative systems to meet the needs of the
community were assessed within the program, ans fhis process which was not necessarily
apparent to users. Loetscher (1999, p.22) desctitiesas a What for rather than a ow' and

“what’ approach.

2.5. Discussion

The last 50 years have seen very little progresbédrtechnical development of low cost sanitation
options. With few radical new designs, it seemssgae that the options already developed are
adequate for the sanitation requirements of thddwoNonetheless, projects implementing these
options often fail due to factors other than thed@mental technical functionality and it is these
other factors which this research will seek to aemt

There is a wealth of information on factors affegtihe sustainability of sanitation projects in the
literature. Some studies have organised this mmdbion into decision support systems for
institutional decision makers, but few meet themigis requirements of multi-attribute value theory
(MAVT).

A decision support system for municipal sanitatmgineers needs to present the different options
available and guide decision makers through thwifaavhich will determine sustainability under
different circumstances. This process should tésuhe construction of a fuller understanding of



30

the implications of the different choices. Munidipangineers also need to develop a full
understanding of the cost implications of theirfened system, taking into account construction,

operations and maintenance and social and envinoianensts.

The weighting method chosen will inevitably affdoe scores obtained for the different alternatives
in an MAVT MCDA. The effects of changes in the waigon the outcome of the process should be
investigated using sensitivity analysis. Theretikelevidence in the literature on MCDA applied to
sanitation to suggest that rigorous processes @f, ekample, swing weighting are applied.
Importance weighting based on a judgement of tteive significance of different criteria is a
method commonly used to allow the interests ofedéffit stakeholders to be considered. The
process by which weights are elicited for use anMCDA is considered to be outside the scope of
this project and sensitivity analysis was used g¢seas the impact of different weights without
developing the instrument which would be required dlicitation of weights as described in the

literature.

WhichSan is a locally developed program which pitesia firm technical and financial basis on
which to eliminate infeasible sanitation optiongwéver, there is a need to take further factors int
consideration before a particular option can bectetl as the best for a given situation. Multi-
criteria decision analysis has been used in ammatte¢o reconcile a range of different and

sometimes conflicting requirements.

This project focused on developing a decision stigpol for municipal engineers to guide them to
a fuller understanding of the sanitation optionsclvlare available, and assist them to implement a

management system to ensure the sustainabilityeathosen system.
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Chapter 3. Sanitation projects in the eThekwini Minicipality

In South Africa, Local Government is charged witle responsibility of ensuring that water and
sanitation services are provided (Constitutionh&f Republic of South Africa, RSA, 1996). Under
the Water Services Act (RSA, 1997), Water Servideshorities (WSA) are defined asafly

municipality, including a district or rural council..responsible for ensuring access to water
serviced. The eThekwini Municipality (EM) is the WSA fomaarea covering 2 297 Knand three

and a half million people in urban, peri-urban amal settlements (StatsSA, 2011). The eThekwini
Water and Sanitation unit (EWS) is charged withvjaimg water and sanitation to the residents of

eThekwini.

Ventilated Improved Pit latrines (VIPs) and Urine/&sion Dehydrating Toilets (UDDTS) are the
two low-cost on-site sanitation systems which hia@en supplied by the eThekwini Municipality at
different stages of its sanitation service provisgrogramme. This chapter is an analysis of the
outcomes of these projects in the Ethekwini areh aisummary of the research which has been
carried out on VIPs and UDDTSs with particular refece to the South African experience.

3.1. On-site sanitation systems in the eThekwini Municiglity

Some areas in the EM are designated as being eutsgdvaterborne eddein that they are too far
from the existing network for it to be economicalligble to provide residents with waterborne
sewerage (eThekwini Municipality, 2003). Under HBree Basic Sanitation policy, the municipality
must ensure that these householders have accassitimum standard of sanitation.

The on-site sanitation systems described below wéeussed in more detail in the literature

review in Chapter 2.

3.1.1.Ventilated Improved Pit Latrines

VIPs have been designated as the minimum accepledd of basic sanitation by the South
African government (National Sanitation Policy — KMéhPaper, DWAF, 1996). They provide a
robust sanitation solution in that they can aceenge of wastes into their pits without complete
failure to function, and can be used even afterstiferstructure (roofs, walls, doors, pedestals and
vent pipes) has been vandalised.
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3.1.2.Urine Diversion Dehydrating Toilets

UDDTs which have been built by EWS are designethaburine is diverted to a soakaway and not
collected for reuse. A double vault system alloaschl matter to decompose before householders
need to remove it. Once one vault is full, the erdiverting pedestal is moved above the other
chamber. Only when the second chamber is full ddescome imperative to empty the first. This
should be at least a year after the last fresh nahigas added and the faecal material should be
fairly innocuous (Gounden and Buckley, 2008). dthuried on site and residents are not
encouraged to use any products from the UDDT incaljure or household food production in

eThekwini.

3.2. Sanitation activities of the eThekwini Municipality

The EM, through the eThekwini Water and Sanitatimit (EWS) has a water and sanitation policy

which aims to put in place:

» “A solution which is sustainable i.e.
- has a limited cross subsidy
- is capable of being maintained
- is acceptable to the community
- provides parity with other customers
» A solution which is environmentally satisfactory
- prevents pollution
- results in a healthy residential area
- is compliant with National and Provincial legislati”
(eThekwini Municipality, 2014, p.198)

3.2.1.VIP construction

The first VIP latrines constructed by the then CuriMetro were built in the late 1990’s. VIPs were
designated as the preferred sanitation system dasdholds receiving basic water (200 L/day)
(Durban Metro Wastewater Management, 1998). Bytithe the EM changed its policy to offer
only UDDTs, more than 45 000 VIPs were in existeimcthe municipality. A serious concern was
that pit latrines ceased to provide a sanitatiolutem when the pits were full, and this was
occurring more rapidly than expected (Bhagwan et2@D8). The number of VIPs in the EM
dropped to 35 000 in 2013 (EM, 2013).
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The Strategic Framework for Water Services was @t by cabinet in 2003 (DWAF, 2003).
According to Tissington (2011) this policy chandgkd emphasis from a demand-led programme to
a supply-driven one where the municipality, rattiemn individual households, became responsible
not only for construction but also maintenanceasfitation systems. The EM was already actively
seeking solutions for the provision of sanitatidmiein would be constructed by the municipality but
maintained by the users.

3.2.2.UDDT construction

According to Roma et al. (2011) the planning of DT project started in 2002 and a pilot
project was implemented in Mzinyathi in 2003. i husiness plan for the provision of water and
sanitation, the EM emphasised its commitment to manity participation in the project (EM,
2003). The business plan stated that:

“Households are involved in a number of ways asvial-

» They decide with the contractor where the toildt bé constructed.

» They are required to excavate the trench from timaraunal supply point to the position of
the water supply tank

e They are responsible for backfilling the trenchetite pipe has been laid

» They are required to operate the urine diversioibetoand empty the vault contents as

required.”

Local labour was used in construction. Each profeat a project steering committee on which
community representatives sat. Community memberg Wwained by the Institutional and Social

Development (ISD) consultants as facilitators teisisresidents with the operation of the system
and ongoing health and educational support wasigedvby EWS (Gounden et al., 2006).

Residents received five visits during the impleragah of the project to inform them about their

responsibilities and to educate them in operatimhraaintenance as well as health and hygiene.

Gounden and Buckley (2009) reported that the UDDhstruction project enjoyed local and
national political support at the time of its impilentation. The project improved construction skills
in the community which could have other applicasiamd it made a contribution to local economic

development.



34

By the end of the 2010/2011 financial year, 89 B@DTs were recorded in the EM. This number
declined to 80 083 by the end of 2012/2013 (EM, 3301

3.2.3.VIP maintenance in eThekwini

The maintenance required for VIPs falls into twtegaries: infrastructure repairs and emptying. In
eThekwini, infrastructure repairs are deemed toheeresponsibility of the owner, but emptying is
undertaken by the municipality, at no cost to teers. In order to carry out this function efficignt
EWS made the decision to empty the pits on a plnaea by area basis rather than emptying
individual pits as they become full. This woulddmne every 5 years.

A pilot study was conducted in 2004 to determine tlosts and methods best suited to the
eThekwini situation (UWP, 2004). It was concludkdtta system of manual emptying, followed by
transport to a hopper connected to the nearestragevnlet would be the most economical method
(Macleod, 2005). Pit contents were screened toovenrubbish. The full-scale pit emptying
programme in eThekwini started in 2007 (Bhagwaal £t2008). The pits were emptied manually,
using rakes and spades, and sludge was moved nimsdmuthe nearest point on the road where it
could be collected.

Once it was discovered that the concentration ef sltudge was detrimental to the wastewater
treatment works (WWTW), EWS investigated other apsi for disposal of the sludge. One of these
was the pelletising of the sludge for use as composing the Latrine Dehydration and
Pasteurisation (LaDePa) machine (Still and Fox@1.22 A feasibility study has been conducted
and a contractual system for the operation of thehime proposed by EWS (Harrison and Wilson,
2012).

Other possible methods for the disposal of VIP ghuthclude specialised faecal sludge treatment
works, co-composting with municipal solid wastegpleow entrenchment in forestry areas, biogas
production and drying beds (Still and Foxon, 2012).

3.2.4.Maintenance of UDDTs

One reason for choosing UDDTs for the provisiofrBS in peri-urban eThekwini was to avoid the
burden of maintenance falling on the municipalityvas originally envisaged that small businesses
would develop to offer an emptying service to theg® were prepared to pay for it (EM, 2003).
Gounden et al. (2006) expressed concern that ifmtingicipality emptied the vaults, there would be
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no incentive for residents to operate the toileigeactly. This presentation also indicated that the
municipality was providing ongoing maintenance laejng faulty doors and improving the design

of vent stacks and vault covers.

A pilot project for the collection of urine was itemented in 2010 and expanded in 2012 (Etter et
al.,, 2014). One of the experimental procedurescased with this project was the removal of

phosphorus from the urine using struvite react@ra et al., 2013). Andersson et al. (2011) found
that the application of urine to rain-fed maize pgdn the Thukela basin had the potential to
increase yields by a median amount of 30%, sugggshiat there could be potential for the use of
urine as fertiliser in KwaZulu-Natal. Benoit (2018ported that there was resistance among
farmers to the idea of using urine in agriculturé that it was used for medicinal and spiritual

purposes. Farmers interviewed suggested that fgemerations might be more open to the idea of

urine application.

The EM appointed the Human Sciences Research Gd#®iRC) to monitor the effectiveness of
the UDDT sanitation project. They conducted a syiofel 100 households between 2003 and 2004
(Roma et al., 2013). The level of satisfactionhattsurvey stood at 78.4%.

3.2.5.Current capital projects

In June 2013, the eThekwini Municipality estimatbat just fewer than 77% of residents had
access to basic sanitation (EM, 2014). They plabedsanitation backlog at 218 248 consumer
units (roughly equivalent to households), an inseeaf 8 400 units over 2 years. They stated their
capacity to reduce this backlog at the rate of 8t@010 000 per year (EM, 2014, p.44).

The EM targets for the delivery of Free Basic Saih are defined in terms 6The number of
consumer units provided with access to free basiellof sanitation either by means of a UD toilet,
an existing VIP or, for informal settlements, byodet/ablution block within 200t This stood at
170 476 units provided for at the end of the 2002Ryear (EM, 2013). The number of UDDTs
and VIPs in the municipality has stabilised or ewstlined even though Starkl et al. (2010)
reported that EM planned to build a further 20 @MDTs . The number of community ablution
blocks which serve informal settlements increasgdver 20 000 between 2011 and 2013. The
capital expenditure on water and sanitation dedliog 46% between the 2011/2012 financial year
and the 2012/2013 financial year. The capex buftgetvater and sanitation was under spent by
34% in 2012/2013 (EM, 2013, p.221).
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3.3. Research conducted in the eThekwini Municipality

The University of KwaZulu-Natal has been engagedairrange of research projects in the
eThekwini area. Four of the university’s five carspsl are located in the Metro and disciplines
ranging from health and microbiology to town plammihave been involved. The Pollution
Research Group of the University of KwaZulu-Natat lcontributed to many of these studies and
has itself conducted a range of analyses on theniesd aspects of on-site, decentralised and
centralised sanitation systems. Researchers fraruttiversity have worked with organisations
such as Partners in Development to investigatetieohi to many of the problems facing

municipalities in their attempts to meet sanitatiamets.
This research provides an insight into numerous@smf the performance of VIPs and UDDTSs.

3.3.1.Processes taking place in on-site sanitation system

Studies have been conducted in eThekwini to quanti& change in the contents of on-site
sanitation systems. Understanding the biologicat@sses in sanitation systems is central to the
understanding of their environmental impact. Pitinfj rates are critical in the planning of

maintenance of VIPs.

3.3.1.1.Ventilated Improved Pit Latrines

Buckley et al. (2008a) described the processeshadicur in the pits of VIPs. These include rapid
aerobic digestion of organic matter and slower eotae digestion. The latter process produces
more gas and a small amount of new cell mass fr@rbtodegradable material, as well as,NH
and phosphates. Aerobic digestion occurs on tHaiof the pit contents and results in a slower
reduction in mass due to greater production of cellvmaterial. The proportions of these processes
taking place in the pit will affect the rate at whithe pit fills. Both processes produce £But
these authors argued that little methane gas dupsal in VIPs due to the amount of material in the
anaerobic layers that is poorly or un-biodegradable

Nwaneri (2009) characterised fresh faeces and Wiye in terms of total solids (TS), organic or
volatile solids (VS) and total chemical oxygen dath&COD). She found that there was a decrease
from 1.11 mgCOD/mgDM in fresh faeces to 0.25 mgC@FDOM in the bottom layer of the pit, a
change of 77%. She measure organic solids as g ¥Sand this value dropped from 84% in fresh
faeces to 34% at 1m below the surface of the ViBige, a decrease of 60%. Buckley et al. (2008a)
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found a lower value for organic solids in freshce® (69%). Brouckaert et al. (2013) modelled the
degradation processes in VIP pits to arrive at stimate of filling times. They noted that the
addition of un-biodegradable matter to pits, whighn the form of household rubbish, shortens
filling times out of proportion to its volume, simthe volume of human excreta decreases over time
due to decomposition while the un-biodegradableenaltremains constant in volume. Estimates of
COD reduction should take into account the additibhousehold rubbish to pits.

Bakare et al. (2012) found that the COD and thewrnof volatile solids (VS) in VIP pits was
higher at the surface but changed little betweamd. 1.5m below the surface. This suggested that
the sludge had stabilised at this level, with therage dropping from 0.61 g COD/g dry sample at
the surface to 0.25 g COD/g dry sample at the lolesel. (59% decrease) and VS from
approximately 59% to 28% (53% decrease). ;NN ranged from 3 to 13 mg/g dry matter, PP
from 0.73 to 0.83 mg/L (Bakare et al., 2008)The difference in concentrations between the
surface sludge and the deeply buried sludge caoldde an indication of the proportional decrease
taking place in these facilities. However, it ig tihecrease from fresh faeces to the levels found in
sludge that is of interest for COD and VS. The ffiggufrom Bakare et al. (2008) reflect a decrease
of 77% for COD and 67% for VS, using Nwaneri's (2D@igures for fresh faeces.

For ammonia and phosphates the range of valued pooVide an indication of the reduction: 77%
and 12% respectively. However, the fate of theatés is unknown. Fourie and Ryneveld (1995)
warn that nitrates from on-site systems pose atdgigroundwater but add that phosphates do not

normally travel through the soail.

Studies by Buckley et al. (2008a) and Bakare ef28l12) found that the sludge in VIPs reaches a
stable level of approximately 20g COD / g dry maftem an initial level of approximately 80g
COD / g dry matter.

3.3.1.2.Urine Diversion Dehydrating Toilets

Austin (2006) presented his findings on the dieafffpathogens in UDDTs. He suggested that
faecal material would be safe to handle after 1athsy when faecal coliforms would be reduced to
below the maximum for sewage sludge (103 per 16d)Ascaris eggs would be reduced to zero.
Although Buckley et al. (2008b) found that emptyld®DT vaults posed a risk to waste handlers
and that spillage posed a risk to householderscety children, Lutchminarayan et al. (2007)
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found that the health benefits of the installataflJDDTs in eThekwini were significant, with a

31% reduced risk of diarrhoea.

Buckley et al. (2008b) concluded that little degrdoh takes place in UDDTs after material is
covered and aerobic decomposition has ceased. \Z@P and organic solids were low in the
material sample from UDDT vaults, this was in pndjpm to a high loading of inorganic material
(sand) which had been added to the vault. If alaindiegradation takes place in UDDTSs to that on
the surface of VIPs then a decrease of 0.54mgCODMgfrom 1.11mgCOD/mgDM in fresh
faeces to 0.57mgCOD/mgDM in the surface layer &fi (Nwaneri, 2009)) would represent a
49% decrease in COD. Velkushanova (2013) preseetdts from faecal sludge from UDDTs in
eThekwini which showed 0.48g COD /gDM and 0.45g M®M . This represents a reduction
closer to 57% for COD and 46% for volatile solidhe level for ammonia was 0.001g/g dry
sample. This last value is very low as a resulirafe separation, and a similarly low level would

be expected for phosphorus.

Odong (2007) pointed out that the soakaways usedrioe in the eThekwini UDDT project pose a
nitrate hazard to groundwater. Effectively disclggurine directly to the soil means that this
system does not offer a reduction in nitrogen ahdsphorus. However, Flores et al. (2008)
disagree with this contention. They assert thatgtieatest difference between VIPs and UDDTSs is
that the possibility of N and P being mobilised nfrahe pits of VIPs and contaminating
groundwater is far greater than the risk when uisndischarged to the sub-soil than in the UDDT
soakaway. UDDTs confer an economic advantage ifsusmpty the latrines themselves and even

more so if excreta has value as a fertiliser.

3.3.2.Costs and technological indicators from the eThekwi Municipality

Costs for sanitation systems incorporating VIP &DT latrines identified from the literature
vary widely. South Africa has a different set ohstraints from many other developing countries in
that the cost of providing basic sanitation to poaresidents has become the responsibility of
government under the Free Basic Sanitation (FBSicypoMunicipalities are responsible for
ensuring continued operation (DWAF, 2003). Furthamen if the disposal of sludge is to be
controlled, the municipality will need to be invely. Construction and maintenance of systems
must be planned to fit into municipal budgets liitte or no contribution from users. A 2008 study

indicated that beneficiaries of FBS expect govemnie take responsibility for emptying (Maharaj,
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2012). Furthermore, South African standards foiltheand hygiene may be more restrictive and
costly than those in force in other LDCs. The \@Riptying programme and the UDDT
construction programme in the EM have both beenethout under these constraints and the costs
associated with them are indicative of the costglvimunicipalities in South Africa will face if
they implement FBS programmes of these kinds.

eThekwini Municipality is acknowledged as a leaderthe water and sanitation field, winning
international awards including the UN “Water fofdi Best Practices Award (Sithole, 2011; WRC,
2011) and the Stockholm International Water Inwitaward (SIWI, 2014). Their sanitation
programmes incur technical costs (e.g. provisiosarfitary hardware, vehicles and equipment for
maintenance.) social costs (e.g. health and hygmghécation for contractors and residents,
community liaison in the planning and executionggs and environmental costs (e.g. monitoring
of disposal sites). The municipality has been game in sharing information both with local

researchers and with other municipalities.

3.3.2.1.VIP construction

At the AfricaSan conference in 2008, Neil Macleoohi EWS quoted a figure of $140 to $420 to
build a new VIP latrine. At the prevailing exchangée, approximately R8 per US dollar, this is a
range of R1 120 to R3 360 (R1 410 to R4 240 adjuste2012 values). Walker et al. (2006)
surveyed a number of sanitation projects includimgse in eThekwini and updated the costs to
2006. They calculated the cost for VIPs in thesgegts at between R2 737 and R3 465 (R3 880 to
R4 920 adjusted to 2012 values). WhichSan budde8d70 in 2006 and R4 743 in an updated
version in 2009 (R5 650 adjusted to 2012 value).

3.3.2.2.UDDT Construction

Initial financial costs for the UDDT project in B&kwini Municipality, including construction of
the sanitation facility and the health and hygiedecation which is provided were R 5 904.67
(Schuen and Parkinson, 2009). A more recent diydyoma et al. (2011) reported that the 75 000
UDDTSs built in the eThekwini area had cost R5 6@0 ilet for construction, excluding project
management costs and health and hygiene educ&mr©940 adjusted to 2012 value). The 2009
cost from WhichSan which is based on a BOM anduiie$ labour costs, health and hygiene

education and construction management, was R5R@6 20 adjusted to 2012 value).
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3.3.2.3.0peration and maintenance of VIPs

The most costly aspect of the maintenance of Viifthkss is the emptying of full pits where space
or financial constraints do not allow for the buiigl of a new latrine when the old one is unusable.
In eThekwini, this cost had reached R2 100 betva8 and 2010 (Still and Foxon, 2012, p.107).
If pits are emptied every 5 years, and serve 6 lpetis is a cost of R70/p/y (R85 adjusted to 2012
value). This did not include a cost for disposath## sludge. A range of costs for the disposal of
sewage sludge can be found in the literature andrdilised, environmentally friendly options are
often cheaper than co-treatment with wastewatelggluDeep row entrenchment of sewage sludge
cost $99/ton TS, approximately R500 for 0.5tonsffb& a 2.5m3 VIP pit at 80% moisture (Kays
et al.,, 2007). Co-treatment with sewage would &599/ton TS (calculated from Whittington,
2006).

In her study of sanitation service delivery in eliumi, Maharaj (2012) found that the service
every 5 years was insufficient in some areas whagewere filling up more rapidly. This author
found that the onus of sanitation provision wasceed to lie with the government, and that

residents were reluctant to take responsibilitytfi@ir own facilities.

Partners in Development, owners of iMaichSan program, have developed a spreadsheétgost
for pit emptying based on the eThekwini experie(&t#l and Foxon, 2012). This is included in an

expanded version of WhichSan.

3.3.2.4.0peration and maintenance of UDDTs

Maintenance costs for UDDTs should be negligibleoifistruction is sound and if householders are
prepared to empty the vaults themselves (Flora,e2008).

After the HSRC survey in 2004, EWS returned todites where UDDTs had been constructed and
carried out repairs including changes to the viatks and vault covers. Maharaj (2012) found that
residents were still having problems with the gyatif UDDT construction and with vandalism.
Their attitude was that repairs and maintenance wee responsibility of the municipality. This

indicates that there is a need for a continued t@aamce budget.

Results from various studies have also suggest@daigoing health and hygiene education is
needed if UDDTs are to continue to provide effextbanitation (Duncker et al., 2006, Mnguni et
al., 2008, Roma et al., 2013).
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3.3.3.Socio-cultural aspects of the eThekwini FBS programe

Studies have been conducted in the EM to investitia levels of satisfaction with water services.
In a study by Narsai et al. (2013) almost all resid (97-100%) of informal settlements, RDP
houses and traditional rural dwellings considehedrttoilet facilities to be inadequate. The UDDT
project has been particularly closely scrutinisetlVS committed to ongoing monitoring at the
outset. In addition to this there has been conalderinterest in the project as one of the largest

examples of ecological sanitation implementatiotheworld.

3.3.3.1.VIP latrines in eThekwini Municipality

Maharaj (2012) found high levels of dissatisfactigith VIP latrines in the Inanda area. Many of
these concerns related to the rapid filling of pitsl the length of time between emptying services
by the municipality. Mnguni (2008) reported thadidents preferred VIPs to UDDTS.

VIPs are well established as the bottom of thetston ladder and little work has been done
specifically to ascertain if users are happy whils tsystem. Eales (2008) contends that anything
other than a flush toilet will be perceived a&¢ond-best, discriminatory, and at best an interim
option” She ascribes this to the value of flush toilesssymbols of dignity and aspiration to a
better lif¢' following the discrimination in terms of servigeovision against certain sectors of the
population under the apartheid government. Howegbe argues further that South African

municipalities do not have the resources to mairaad operate flush toilets for all.

3.3.3.2.0utcomes of the eThekwini UDDT project

Duncker et al. (2006) investigated user perceptisn&/DDTs in a number of areas across the
country. In KwaZulu-Natal they surveyed residenfsUmnini and eHlanzeni where EM had
constructed UDDTs and these had been in use fothes a year. 20% of the households surveyed
also had a pit latrine and this was used by childneby households who did not use their UDDT
(13%). They found that respondents preferred thetttn be separate from the house. 67% of the
eThekwini respondents said that they liked the UDDut a significant proportion of residents
expressed concerns about emptying of the vault®padation and maintenance of the system. The
authors expected that satisfaction with the toiedsild diminish as users had to empty them. This
was confirmed by the drop from a 78.4% user satiigfia level in the HSRC survey of 2003/2004
to 30% in 2011 (Roma et al., 2013). One thirdesipondents indicated that they would be willing
to use the contents of the vaults as fertiliseoGtf respondents were unaware of the continued
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existence of a Sanitation Committee to provide comity representation and 90% did not know of

an Environmental Health officer in the area.

Roma et al. (2013) conducted a study to determgee perceptions of UDDTs and to assess the
condition of these facilities in the eThekwini aredé4 606 UDDTs were recorded as having been
constructed in the eThekwini Municipality betwebr tmplementation of the UDDT programme in
2003 and the survey, conducted between JanuaryMad 2011. 17 448 households were

surveyed, with a random selection process to aviaislin the choice of surveyed households.

1 468 households had converted their UDDT intaflsiggstems and were not included in the survey
results, leaving a balance of 15 983 householdsh&fe approximately 1 884 had a VIP which was
in use as well as the UDDT. Most households reddtiat they always used the UDDT, with 80%
of users falling into this category. The proportafrunused UDDTs was under 7% overall, while in
some areas it was as high as 14%. Urinals werehysBd% of male respondents.

Most households of the 65% who reported emptyiegdBDT vault did so themselves rather than
employing a contractor. Maharaj (2012) indicateat tinanda residents taking part in focus group
discussions were very reluctant to empty the vathEmselves and that they felt that the
municipality needed to empty the vaults every teatree months. In the area surveyed, 10 or
more people using the toilet may have resultedhis tapid filling rate. The high sand content
(Buckley et al., 2008b) may also contribute to dafiling. Mnguni et al. (2008), in a study to
evaluate the health risks of UDDT vault emptyingyrfd users reluctant to help in this task. They
found that resident’s fears of health risks werdl feended but that these risks could be mitigated
with the use of protective equipment and dewornaihghildren. Starkl et al. (2010) found that the
health risks were medium to high for both VIPs &HdDTS, based on the exposure of users to
coliform bacteria. While the sludge from the UDD#as less hazardous, emptying by householders
increased the health risk.

The major challenge associated with UDDTs was thells with doors not closing (and hence a
lack of privacy) the second major concern. Poorkw@mship in construction and problems with
urine pipes were the two other important issueserthby respondents. While the toilets were mostly
found to be in working order, the enumerators camdid the householders’ perception of

unpleasant smell.
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In spite of the extensive use of the UDDTSs, thereurdiscovered that the majority of the users
(70%) were not satisfied with this sanitation sgst®©nly 7% declared themselves very satisfied.
The authors suggested that the sources of thistiifection were poor construction and smell,
distance from dwelling and the perception that UBDAre inferior to flush lavatories. They

hypothesised that if users could perceive the litsnef the reuse of waste they would be more
accepting of this technology.

Maharaj (2012) confirmed many of the findings of ttudy by Roma et al. (2013). Residents of
Inanda were unhappy with the construction of thalifees and had problems with vandalisation
and theft of doors. Flies and smells were a condernmany residents. Many toilets were
constructed up to 30m from the dwelling, and thaswperceived as problematic for the disabled.
Residents viewed UDDTs as punishmeritfor poorer people. The toilets were seen as uidmg
and hazardous to residents’ health. Eales (2008pcaties decentralised wastewater treatment

(DEWATS) as a more viable option to extend samitapirovision in urban areas.

In another study, Starkl et al. (2010) found trais$action with UDDTSs varied from area to area in
eThekwini.

A study by by Kariuki (2008) of the Ohlange Townstobund that in spite of the provision of
waterborne sewerage and piped water, residents uvdrappy with the level of service. They felt
that the water supplied was insufficient, reconioacfees too high and water outages too frequent.
They complained of frequent blockages in the segeersystem and a slow response from the
municipality to repair these. Their perception what, as poor people, their concerns were
unimportant to the municipality. This was in spitethe existence of Community Forums, which
many did not attend because they felt that theievgnces were not addressed. The author
recommended a demand driven approach to saniatéMision. He commented on the absence of
personal responsibility among residents for issueh as littered streets with a shifting of blame t
the authorities. Working with EWS, Wilson et al0(8) conducted a participatory study to inform
the municipality of residents’ concerns and fouhdttthe research process itself is valuable in

contributing to dialogue between residents andbaicipality.

Sutherland et al. (2014) also argue that the dpatiffferentiated sanitation provision model

adopted by the eThekwini Municipality, which proegwaterborne sanitation to urban residents
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and on-site sanitation to those on the urban fricrgates dissatisfaction with nearly 50% of the

residents surveyed not using their UDDT toilets.

Roma et al. (2013) concluded that addressing issfiasser satisfaction is fundamental to the
success of the implementation of environmental taion. They suggested that education in

resource reuse and monitoring of projects wouldeiase sustainability.

From a socio-cultural perspective, Flores et @008 contend that user acceptability is similar for
UDDTs and VIPs, while VIPs are more robust and #&mpo construct and UDDTs have a higher
level of institutional support in the eThekwini are longer lifespan and reduced risk of pathogen
exposure. They concluded that UDDTs were supenidfIPs on the basis of their performance on

sustainability criteria.

3.4. Discussion

A wealth of information about on-site sanitatiors leemerged from research which has been carried
in the eThekwini Municipality. This information hamt been collated and structured in a single
study before. The sustainability framework anddtracturing of an MCDA is an ideal way to bring
information from diverse aspects of a situatioretbgr and to make this information useful to those
who need to apply it.

The next chapter documents a process whereby titdestdescribed above inform an MCDA

aimed at municipal engineers contemplating new Baesic Sanitation projects.



45

Chapter 4. Methodology

WhichSan, the program developed by Partners in Dpreent (Still et al., 2009) provides a
feasibility assessment and costing for sanitatimtesns in a South African context. This research
endeavoured to provide a further decision suppmost for municipal engineers, to be used in
conjunction with WhichSan. This tool assesses tiedliy feasible options for their ability to
provide a long-term solution which meets the negdsumans while preserving the environment as
far as possible. Furthermore, for a system to b@amable it must be supported by the financial and
technical resources required for its continued aipe@n and this aspect was included in the decision
support tool.

Multiple Criteria Decision Analysis (MCDA) was clers as a possible method to assess
sustainability. The MCDA was developed using ci@emnd indicators derived from the literature.

A user interface was developed for the stakehaddrfor the expert user (municipal engineer).

In order to demonstrate the decision support tealyes for the two sanitation systems to be
considered, VIPs and UDDTs, were taken from thekwdmne in eThekwini (Chapter 3) and the

MCDA was populated with these values. The researtterefore played the role of expert in

providing the ratings required for the spreadsfaemost of the scenarios investigated. The former
head of eThekwini Water and Sanitation (an expegdnexpert) also provided ratings and these
were entered into the MCDA to provide a further destration of the functionality of the tool.

4.1. WhichSan

The WhichSan sanitation selection software developg Partners in Development provides a
detailed analysis of the technical requirementsafoange of sanitation options (Still et al., 2009)

A user friendly interface guides the engineer dweotdecision maker to score the alternatives for
each criterion through a series of questions. Thitware does not incorporate the full range of
sustainability criteria recommended in the literat@nd does not attempt to weight the partial
values in order to aggregate them into a singleXndNonetheless, it provides a sound financial and

technical basis for the elimination of infeasibj®ions.

The user manual of WhichSan states thdte' WhichSan Sanitation Decision Support System has

been developed to assist planners and engineersomgider the relative merits and costs of
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different sanitation options for a given situatibr{Still et al., 2009). The program prompts users to
answer questions, the answers to which are comvarte scores in a decision matrix for technical

feasibility or provide the input for costing calatibns.

4.1.1.Technical feasibility assessment

The questions asked of users elicit informationhenfollowing technical criteria:

» availability of water (on-site water supply or not)

» plot size
e soil depth
* slope

« planned location of sanitation facilities (indasroutside the dwelling)
» anal cleansing method
» soil type
» risk of flooding
» if on-site water supply is available:
o volume of water available
0 capacity of local treatment works for additionahtand

o user willingness to pay for additional water

The answers to these questions enable the progratintinate infeasible options (e.g. waterborne
sewerage infeasible without on-site water supplip atrines infeasible if a facility inside the

dwelling is required). If one criterion receivesseore of 0 (infeasible) for any of the sanitation
options offered, then the option is allocated amral technical feasibility score of 0. Feasible
options are scored 3 (not ideal, but possible) fully feasible) for each question and an average

score of 1 — 5 is calculated. This allows feasdg#ons to be ranked.

The scoring page where the decision matrix is diggal is accessible for expert users to change

scores if they see fit.
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4.1.2.Financial costing and feasibility assessment

WhichSan provides a costing for the constructiod aperation of treatment works, a pipe size
calculator to be used if waterborne sewerage isilfE|m and a budget sheet to calculate the

construction costs for the different options.

A financial feasibility assessment is carried ouftich takes into account factors including

household income, financial and technical resousesilable for maintenance, waste disposal,
water costs, potential for waste reuse and roadsacfor tanker evacuation of pits. If waterborne
sewerage is technically feasible, an additional sketquestions probes the costs of sewer
construction. Household and other sources of fieare investigated and these are compared with
the costs to arrive at an assessment of whethefirihacial resources are available for each
technically feasible option.

Finally, WhichSan combines the technical and fir@ngssessments to give each alternative a tick

if it is feasible or a cross if it is not.

Factsheets are provided with the program to all®ersito read about the different sanitation
options included in the program.

4.2. Sustainability Indicators

The concept of sustainability was used as theistgpoint for the further assessment of different
sanitation systems. While the Millenium Developm@&uaals urge that the number of people with
access to sanitation is increased, this cannothieaed if hardware is supplied to users but is not
used appropriately or maintained. Similarly, a egystwhich threatens the environment will
ultimately compromise the survival of the commuriityseeks to benefit. The aim of sanitation
interventions must be to provide long-term solutiofhe performance of sanitation systems can be
assessed against sustainability criteria and heuitable systems selected (Hellstrom et al., 2000,
Palme et al., 2005, Jones and Silva, 2009).

Sustainability criteria were derived from the ldgtire (Cotton and Saywell, 1998, van der Vleuten-
Balkema, 2003, Bracken et al., 2005, Agudelo et28l07, Flores et al., 2008, Muga and Mihelcic,
2008) and these criteria were organised into aahiby or “value tree”, consisting of a number of
levels having progressively more criteria at eastel.
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At the first level, the criteria encompass the dreaeas of concern for decision makers: health,
technology, environment, socio-culture and the eomgn The last level of the hierarchy, or
“leaves” of the tree, consists of criteria whiclhowal alternatives to be assessed or ranked in an
unambiguous way (Belton and Stewart, 2002, p.80¢. iitermediate level was included to allow a
meaningful breakdown of the concept of sustaingtitito first level criteria (main categories) and
then into more specific areas of comparison. dhjtia comprehensive list of criteria was compiled.

These criteria are represented in Figure 4-1 whkidhws the hierarchical nature of the value tree.

The shaded criteria are those which are assesséthizhSan.

The list of criteria produced was too extensivedédncorporated into a meaningful MCDA because
the effect of each criterion becomes too diluted] there is a danger of user fatigue. Mendoza and
Martins (2006) reviewed accounts of over 50 differ&CDA applications, and found that the
number of criteria ranged from 3 to 21. LoetscH&¥90) used 32 indicators under two principal
headings. He used a range of amalgamation methaals éffort to avoid the excessive diminution
of the effect of individual criteria.

In this study, the need to reduce the number téréai was balanced against the need to consider as
many aspects of the issue as possible. It was efb¢@ use a maximum of 25 indicators and the
original selection was reduced to those which regmeed the most crucial aspects of each of the

five overarching criteria.

Careful consideration was given to the peculiagitié the South African situation. The Free Basic
Sanitation policy has resulted in a complex of exggons with regard to sanitation which,
although not unique to South Africa, carries witparticular considerations which are not at issue
in a developing country where no subsidy is avéldbr sanitation and where the social issues can
be addressed through marketing and communication.

In the following sections, the criteria which wdieally used in the MCDA or which are assessed

in WhichSan are in bold print.
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4.2.1.Health sustainability

The primary aim of sanitation provision is to safagl health. The health of the household should
be enhanced by reduced contact with faeces, taitnthist be coupled with the protection of the
wider community from the same faecal material. \Waime sewerage may transport faeces away
from those producing them, but may threaten thétthed communities downstream of the disposal
point. Urine diversion latrines may retain the f®avithin the environment of those producing
them, thereby safeguarding the wider community,rbay provide reduced health benefits for the
household if faecal material is not disposed oélgafAustin, 2006).

In considering the likely health benefits, the daling questions need to be asked:

e Will the sanitation system contaminate drinking waer, either of the household or
other communities?0On-site systems create a risk that ground watérbgilcontaminated.
This question could be considered concurrently with contamination of water addressed
in the section on environmental issues, and adeddasthe feasibility stage of the selection
process.

« Will the household be exposed to faecal matter irhe management of the sanitation
system, or will the sanitation system provide a radttion in contact with faeces
compared with the status quo? Handling of faecal material by users may exposentio
various disease organisms and intestinal parabitéshis risk may be lower than the
exposure resulting from current sanitation prastice

e Will food sources be contaminated with faeces, df the sanitation system provide a
reduction in contamination from tlsgatus qu@

« Will the sanitation system expose households orngonities to heavy metals or toxic
compounds?

 What will the impact of the sanitation system be tbe health of the household and
community? (Root, 2001; Barreto et al., 2007).

The first two of these questions were selectedrfdusion in this MCDA. They were considered
important in the South African context because e\s&nitation alternative must compete with
conventional flush toilets and full sewerage. Ttygion is enjoyed by the wealthier members of
society and is favoured by most potential usetse@rsgy the most desirable sanitation system. Along

with running water for hand washing, a full flusfstem offers a high level of protection for users
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from their own excreta, since it is removed frora Household environs immediately after urination

or defaecation has taken place.

The other three items were left out for the followreasons:

Contamination of food sources is most likely to d&onsequence of the hand washing
practices rather than the latrine used. Flies aoth@r possible vector for the contamination
of food, but any improved sanitation design shandlude flies from contact with faecal

material.

Heavy metal contamination is not generally a higk with domestic waste alone.

The impact of the system on health is usually asequence of its effectiveness in reducing
contact with faecal matter and contamination ohkirig water, so the fifth item has an

element of repetition. Where a cost-benefit analydi sanitation is carried out, health

benefits may be quantified and an economic vals@gasd to them (Hutton and Haller,

2004). This was not included in the financial agmloused in this project.

4.2.2.Environmental sustainability

The world faces a future with a burgeoning popatatand diminishing natural resources. A

sanitation system should seek to conserve resowmdsprotect the soil, water and air from

contamination. The sustainability issues in thesaatan be subdivided into emissions, resource use

and resource recovery.

4.2.2.1.Emissions

Soil and water are vulnerable to contamination akhogens, toxic compounds and heavy metals.

Odours may be considered as air contaminants, armbic dioxide (Cg and methane emissions

may be arouse fears of global warming.

Questions which may elucidate the potential fontfal emissions include:

What is the extent and duration of soil contamoratirom the sanitation system? This
guestion seeks to investigate the effect of thétation system on the wider community
rather than the household.

What is the extent and duration of heavy metal tbeotoxin contamination of soil? As
noted above, it is generally accepted that domeatiitation should not contain high levels

of toxins or heavy metals. There is some conceoutgpharmaceuticals and the breakdown
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products present in human excreta, but this questias considered less crucial and
omitted from the MCDA.

 What is the risk of water contamination by pathoges? This question also seeks to
address the risk which a system poses to the wim®munity and the environment. When
considering on-site systems, this may best be adeldein the feasibility stage rather than in
the MCDA, since minimum standards have been seh&pDWA for emissions into water
courses.

* What is the risk of water contamination by heavytatseor other toxins? As above, this risk
is not considered to be significant in most doneeséinitation systems, and hence it was
omitted.

» How effective is the system in reducing volatile §ds (VS) emitted to bodies of water?

« How effective is the system in removing Nitrogen (Nand Phosphorus (P) from
outflows to bodies of water?

* How effective is the system in reducing the biologal or chemical oxygen demand
(BOD/COD) loading of outflows to bodies of water?The release of material with a high
COD into water courses may result in eutrophicaiod damage to the plant and animal
life in the downstream ecosystem.

* What are the odours emitted by the system? Theneiktewhich odours are problematic
depends on the location of the sanitation systedhtie final disposal method used. This
could also be considered an element of the sospaa of the MCDA.

« What quantity of C@is emitted by the system? The largest source of @@y be the

energy source for the system, and hence this guestis considered redundant.

From this section, the questions on the efficieatyutrient removal were considered the most
important, and hence included in the final list.

4.2.2.2.Resource use

Water, non-renewable energy and land are resowdésh may be required for the storage,
processing and disposal of the products of thetat#on process. These requirements should be
interrogated during the decision making procesmieffort to establish:

« How much land is required for the operation of thesanitation system?This should

include land required for both collection and dsgiaof waste.
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* How much energy does the system require for its opation? The availability and cost of
energy sources could affect the feasibility of sanm®vative sanitation systems such as a
vacuum system. Most low-cost systems do not reguirexternal energy source.

* What is the quality of the land available for thisrpose (e.g. is it arable, or does it have
potential as residential land)?

* What quantity and type of materials will be reqdifer the construction of the system? In
South Africa, the construction of latrines in angrnial program is likely to use
conventional building materials. The cost of thesaterials will vary but their nature is
unlikely to create a significant differentiator ween systems.

* What chemicals will be required for constructiordamaintenance of the system? This
would be worth considering in the MCDA if a part@u system requires different
chemicals from others, but an assumption is maaetkie only chemicals required for the
alternatives under consideration will be cleaningtarials, and that these will not differ
significantly between systems. The cost of thesealldvdorm part of the affordability
criterion under socio-cultural considerations.

e« How much water is required for the operation of thesystem?This will affect the
feasibility of the system in situations where tloaigehold water supply is limited.

e How much time must be invested in the maintenafi¢keosystem? While this may not be
an issue in households where some members are loyadptime must be considered
important to urban or peri-urban families in whigkers are working away from home and
where considerable time spent commuting may lihet time available for home cleaning

and maintenance.

The resources considered most critical were aréandf energy requirement and water, since these
relate directly to the nature of the community beiserved by the sanitation system. Water
requirements are of particular concern where ressddo not have access to piped water or where
economic constraints prevent the use of large atsoukrea of land required may not be a
consideration in rural areas, but in urban areag particularly in informal settlements, land may b
limited and hence the requirement for this resounay play a critical role in determining the

suitability of a sanitation solution.
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4.2.2.3.Resource recovery

There has been a shift from the nineteenth cerffunppean paradigm which regards faeces and
urine as waste products to a perception of thesesasirces which should be returned to the soil as
plant nutrients. Resource recovery is also an rmategart of the effort to minimise the
contamination of water and soil. Sanitation systearsincorporate the facility to recover nutrients
for reuse.

e What fraction of the nutrients including Nitrogen, Phosphorus and Potassium (N, P
and K) in the faeces and urine is recovered from #h system?These nutrients, present
most significantly in urine, are required for agitaral purposes and may represent an
economic benefit as well as a benefit to the emvirent if the system allows their recovery.

« Is energy recovered, for example as biogasPhere is potential to address the energy
requirements of communities and to reduce the éomisSrom sanitation systems through
the establishment of energy recovery systems.

« Is organic matter recoverede.g. for use as a soil conditioner? Organic mgitees a
pollution risk but can also be viewed as a valuabsource.

« What fraction of the water required for the systemis recoverable® The recycling of
water from sanitation systems may offset the waterd to remove faecal matter from

contact with householders.

4.2.3.Technological sustainability

While a range of sanitation options may be tecHiyidaasible, in order to provide a sustainable
solution it may be necessary for the proposed oy incorporate some of the following
features:

* Is the design simple and easy to implement?

« Can it be operated with minimal need for outside itervention?

« Is the design robust design and able to withstand isuse?

» Can the system cope with shock loading and demonate a low failure rate?

» Does the system offer flexibility to adapt to theeds of different groups of users?

«  Will the system be durable for the intended lifespa?

» Does the system minimise the production of wasjaireng disposal?

* s there efficient substance flow through the sy&te

» s the system compatible with existing systems?
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» Does the design minimise the intrusion into avddlapace and nuisance to users?

Robustness was considered to be a criterion frasrlish that could be rated in a qualitative fashio
and which would encompass a number of the othexctsisted above. A robust system could be
one which is not prone to failure, simple and easgperate. The need for outside intervention was
considered an important issue in South Africa wiesétutional support is not always guaranteed.
Included in this would be the requirement for moniitg to ensure continued operation and suitable
waste disposal. The durability or life expectandytloe system should be considered since
replacement carries significant costs.

Substance flow and the production of waste arecéspecorporated into the emissions aspects of
the analysis, while flexibility and nuisance to rsseould be included in the analysis of social
sustainability, as a component of acceptabilitgarvenience.

4.2.4.Financial sustainability

While the municipal engineer is usually concernéith wssues of affordability, the following issues
may also need to be considered for a financialbgasnable system:

e What are the construction costs?

* What are the maintenance costs of the system?

* What job creation can the implementation of the saitation system provide?

* Does the system contribute to local development?

* Is the system affordable to users?

» Are there financial benefits from resource reco%ery

Costs of construction and maintenance will be dedh separately as a budgetary issue, but some
kind of cost rating should be included in the MCIDAt is to consider all the important aspects of
the sanitation system. Job creation and local dgwetnt are also important, particularly in the

South African context, where municipalities recdivancial incentives for these.

Affordability for users is repeated under the semittural aspect, and the financial benefits of

resource recovery were omitted due the inclusiahisfissue under economic sustainability.
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4.2.5.Socio-cultural sustainability

“Technology does not fail humans; humans fail tedbgy if the introduced technology cannot be
sustained in the socio-economic, personal or caltenvironment. The users are often blamed for
the failure but the realitys that failure occurs because the technology eppropriate to the

circumstances.'(Holden, 2008)

The aspects of a sanitation system which makecig@able to a certain group of users must be
incorporated into the planning phase if the projecto provide the improvements to health and
wellbeing which are intended.

No improvements to health can be achieved withbahges in behaviour. These require changes in
the attitude of users to practices like hand-waslafter defaecation: this must become habitual,

and users must experience a sense of dirtinessd Wwashing has not occurred.

Successful sanitation programs are those wherenartkis created among users for sanitation, and
where the options provided are considered desirable

The following issues should be addressed:

» Do users see the system as fit for purposefd South Africa, the provision of Free Basic
Sanitation creates a problematic situation when@ation is seen as a right but where users
are not satisfied with the options offered by mipdtities and are hence not inclined to
maintain these systems. If there is no “buy-in"nirdhe beneficiaries of a project, the
sustainability of the system is compromised.

» Are the needs of all income and gender groups metis-it an equitable solution?Issues
of safety for infants and children using latrinesd safe access for women at night must be
considered if sanitation systems are to be usedistently by all members of the
community.

« Will the system provide the convenience required byprospective users?Sanitation
must be accessible at all times to encourage salase.

» Is the expertise available for construction andmeaiance of the system? Users must be
involved and expertise developed within communiti@snaintain systems. This may be
redundant since local development and job creaieramong the economic criteria.

« Does the solution meet existing legal requirementnd is there institutional support
for sustained operation? Municipalities must also provide maintained infrasture to
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support the operation of sanitation systems. Iftging is required, for example, it might
be more desirable for this to be performed by thanServices Authority so that waste is
disposed of in a controlled manner. Is there malitisupport from all parties for this
solution?

« Is there the facility to maintain education and awaeness programs to ensure that
improved sanitation is achievedJrban neighbourhoods may change in composition and
newcomers must be inducted into sanitation prazticthe health of the community is to
be maintained. This implies that health and sdnitatducation must be continuous and not
only provided at the outset.

» s there the facility for user involvement in the ganning and execution of the project?

A sense of ownership is essential if communities & sustain desirable sanitation
behaviours and if infrastructure is to be maintdine

* Does the system address food security issué®@orer communities may need a sanitation
system to be integrated into urban agriculture.

« Is the typical anal cleansing material of the usercompatible with the proposed
system?

« Are users willing to pay if this is required to ensire the continued functioning of the
system?While Free Basic Sanitation should include mainteea most sanitation systems
require users to spend money on cleaning matexiasanal cleansing materials which are
compatible with the system. Replacement of hardwaag also be the responsibility of

users.

All of these socio-cultural issues, except experfisr maintenance, were incorporated into the
MCDA on the basis of the evidence that the reasmnsanitation system failure are most often a

result of failure in this sphere rather than intidehnical aspects of implementation.

Many of the questions asked above are interrelatad, some desirable features of a sanitation
system may even be in conflict with one anothee Banefits of resource reuse may be reduced if
there is an increased risk of human contact witthggenic material. Environmentally sound
technology might not provide the user with a sunsthie level of convenience, and cultural barriers
may preclude communities from adopting the mosbrdfible technology. Multiple Criteria
Decision Analysis is designed to incorporate tlaleroffs which may be necessary in order to

arrive at the most favourable option.
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The abbreviated list of criteria which emerged frtre selection process is shown in Table 4-1.

This set includes 31 criteria.

The environmental criteria for water and energpueses required and recovered can be combined
into net water and energy requirements. It wasd#ecio use volatile solids (VS) as a measure of
the organic matter present in the sludge as thé&iaudf other material such as non-organic
household waste and sand (in the case of UDDTs)duuave less influence on this indicator as

opposed to TSS.

Table 4-1. Proposed list of criteria to be usedrilVICDA to assess the sustainability of sanitation
systems

Criterion (highlighted criteria are
covered by WhichSan) Description

Health

- Pathogen exposu- watel proximity to water sourct

» Pathogen exposu-skin contac | requirements of system for contact with fa

Environment

Emission
- Sall
o Pathogens extentof and duration of soil contaminati
«  Watel
o Pathogens risk of contamination of ground and surf
o TSS efficiency of reduction in TS
o N efficiency of removal of |
oP efficiency of removal of
o BOD/COD efficiency ofreduction in BOD/COI
Use of resource
- Wate water required for operation of syst
+  Energ) energy required for operation of sys
» Land require area of land required for operation of sys
Resource recove
« Nutrients usable nutrients for agriculture (N, P,
«  Organic materi value as a soil conditior
«  Water (domestic reus water recovered from syst:

«  Energ) energy recovered from syst
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Criterion (highlighted criteria are
covered by WhichSan)

Description

Technology

+ Robustnes

ease of construction, simplicity of design, abitiy
withstand abuse

« OQutside interventic

requirement for outside intervention, requirenfen
monitoring to ensure appropriate disposal

«  Durability life expectancy of sterr
Financial

«  Cost constructic

e CostO&WN

+  Employment creatic

« Local developmel

Socic-cultural

+  Acceptability

user perceptions of fitness for purp

« Convenienc

provision ofsanitation where users require it, dista
from dwelling

«  Equity

fulfilment of requirements of all gender grou
equivalence of sanitation provision for different
income groups

« Legal /institutional Political

fit with legal requirements, institutional support 1
construction, O & M, political support

- Facility for ongoing hygier
education

« Participatiol

facility for user involvement in planning and exgon
of project

« Food securit

contritution of system to sustainable household b
food production

» Anal cleansing materi

compatibility of anal cleansing material with preed
system

«  Willingness to pa

ability of users to contribute to the cost of satitr

Since this MCDA is designed to be used with WhiahSaith the latter providing the feasibility
component as in the SANEXmodel (Loetscher and Keller, 2002), some critaz@uld be

eliminated to create a still shorter list. Theeamid considered to be redundant were:

» Pathogen exposure (water) and risk of soil and matetamination included in WhichSan

with the following questions:
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0 “Is the soil depth less than 1m? Sanitation tedbgi@s that rely on percolation
require a soil depth of greater than 1m to allovstto happen.

0 What is the soil type? Different soil types havifedknt percolation rates. Soils
with either very low or very high percolation ratezn be problematic for soakpits
(if very low the soakpit will not work, while ifryehigh groundwater contamination
may result).

o Is the area prone to flooding? If the area is peot flooding then sanitation
options that require pits or soakpits would notsoéable.”

e Land required for operation
0 “What is the mean plot size? Septic tanks with awalys require plot sizes greater
than 500m2, and VIPs are generally not used with gizes less than 206m
0 Is there room on plots to bury waste? To cut th& ob transporting the waste off

site, the waste can be buried on the householgéoss.”

e Willingness to pay
o0 “How much money is each household contributinghte tonstruction, either in
cash or the relative value of sweat equity? Eacskehold may either be
contributing cash to the construction of their gation facilities, or may be
contributing sweat equity, for example by diggihgit own pit.
0 What percentage of the monthly household incomddulmel available to pay for
water? This question provides the budget for wedquirements.”

* Anal cleansing material
0 “What type of anal cleansing method is used? Ifdhar bulky material is used, and
the users are unwilling to change to soft paperveater, then water borne
sanitation is not feasible.”

Although WhichSan includes a full costing for theniation options under consideration, it was
decided to retain the financial criteria for capéapenditure and operations and maintenance, since
the aim of the MCDA is to obtain a balanced assessrand the cost of a system is always an
important consideration. Because an accurate ¢pstith be available for the engineer, the cost

criteria in the MCDA can be approached in a lesgige fashion if necessary.
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Table 4-2. Final list of criteria used in the MCDA

Criterion Description
Environmental
Emission
e VS efficiency of reduction iIVS
« N efficiency of removal of |
- P efficiency of removal of
- BOD/COLC efficiency of reduction in BOD/CO
Use of resource
«  Wate water required for operation of system less wateovere
« Energy energy required for operation of systless energy recover

Resource recove

. Nutrients

usable nutrients recovered for agriculture (N, ¥

«  Organic materi

recovered for use as a soil conditic

Finance and Technology

+ Robustnes

ease oconstruction, simplicity of design, ability to wittand abus

« OQutside interventic

requirement for monitoring and assistance with s

«  Durability

life expectancy of syste

« Cost constructic

cost of materials, laboumnstitutional requiremer

e CostO&WN

cost of repairs, servicing (e.g. emptyil

+  Employment creatic

jobs created by construction and mainten

+ Local developmel

local business in construction and mainten:

Socio-cultural

«  Acceptability

user perceptions of fitness for purp

« Convenienc

provision of sanitation where users requi

«  Equity

provision for different gender and income grc

« Legal Political

fit with legal requirements, institutional supp, political suppol

« Hygiene educatic

commitment of government to fund ongoing hygienecadior

- Patrticipatiol

facility for user involvement in planning and exgou of projec

« Food securit

contribution of system to household based food ypetidr

« Pathogen expost

requirements of system for contact with fas
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This rationalisation process reduces the list tac@@ria. Of these, 8 are environmental, 7 socio-
cultural, 1 health, 4 financial and 3 technologitalorder to avoid a situation where the weiglging
of the overall criteria give undue weight to a feub-criteria, the criterion of reducing contacthwit
faeces was included in tH&ocio-culturalgrouping. This was considered valid since it haérb
decided to rate the requirements of the systenadotact with faeces, and this is a cultural as well
as a health issue. The feasibility stage, in thisl@hthe application of WhichSan, should eliminate
sanitation systems which do not promote healthceSthe nature of the technology and the cost of
its implementation are closely linked, it was deddo group these two concepts together, to create
the overall criteriorFinance and Technologwith seven sub-criteridnvironmental with 8 sub-
criteria, formed a third category.

The division of the indicators into these threeup® might be expected to reflect three possible
groupings of stakeholders in the South African Fimsic Sanitation scenario: the wider
community, concerned with the environmental impaftthe system; the municipality and
municipal engineers, concerned with the costs oftaction and maintenance and life span of the
intervention; and the users, concerned with comfwitacy, and other sociological issues.

These three groupings also reflect the so-callegethpillars or dimensions of sustainable

development: social, economic and environmentas¢fesand Frostrell, 2007).

It is important to be aware that some of the snoatility criteria could be considered as intrinsic
features of the sanitation system(s) being constjewhile others are extrinsic features which
describe and are affected by its relationship wkternal factors, such as the community in which it
is applied. A urine diversion latrine is intrindigaa system in which nutrients are conserved, but
extrinsically this only confers sustainability tsiusers show acceptance of the practice of excreta
use in agriculture, or if another system is in pldo facilitate removal and reuse of faeces
elsewhere. Sustainability is thus contingent upath bthe intrinsic property of the sanitation faili

and the relationship which users have with it.

A decision support tool must inform users abouséhextrinsic characteristics, as well as eliciting
the necessary information from decision makersesxdbe the intrinsic characteristics which make
the sanitation system sustainable or otherwiseceléme criticism of Thomas Loetscher's SANEX
program (Balkema et al., 2002) that it lacked tpamency, because the user interface was primarily

concerned with eliciting the relational determirsanf success, while the intrinsic features of the
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sanitation systems under consideration were coedealowever, there was a database, or
encyclopaedia, of technologies incorporated inttw iprovide information for users. The MCDA

developed for this project would also require usemccess additional information.

The process of developing a list of criteria whitds been the focus of this section therefore leads
to the next section, in which scalable indicatars éhosen for each criterion before the Multiple

Criteria Decision Analysis can be developed.
4.3. Indicators for the chosen criteria and developmenbf value functions

The indicators chosen for the MCDA were a mixtufeqoantitative and qualitative measures.
Environmental criteria could be measured quantiéhti while financial and technological criteria

were divided between quantitative and qualitativdidators, and the socio-cultural indicators were
all qualitative.

In all cases but one the simple linear normalisaiimction recommended by Edwards and
Newman (1982, p.66) was used rather than the conpalgial value functions described by Belton
and Stewart (2002). The value scores ranged fremrbQto maintain consistency with those
developed for the WhichSan program.

4.3.1.Environmental indicators

It was decided to use % removal rates as an iradic#tthe performance of alternatives for the
criteria VS, N, P and COD. These were seen as vaéiasures of the effectiveness of sanitation
systems towards returning a less harmful produtiid@nvironment. While some authors suggested
measures such as N to water per person equivaldntear (Hellstrom et al., 2000), this is likely to
be valid for centralised sewage treatment whileofossite systems it would be difficult to anticipat
the eventual disposal method, and hence to artitldsavalue. There is an enormous range in COD
when measured in g/L when dry sanitation systemsansidered alongside centralised wastewater
treatment. Trying to develop a scale for comparismmd be challenging. While using both VS and
COD is to some extent repetitive, it was decidedetain both indicators to allow users to enter
both values, or only one if they have limited datailable. If a value is entered for only one

indicator, the missing value would be given a waighof 0 for the aggregation function.



Table 4-3. Indicators and scaled indicator valioe environmental sustainability
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Criterion Indicator and Scale
range
efficiency d reduction in % removal
VS 0-100
efficiency of removal o % remove (1)i(2)0
N =
0-100 2-40
efficiency of removal of % remova 3=60
0-100 4=80
_ _ 5=100
efficiency of reduction ir % remove
cob 0-100
energy required fc MJ/ply) 0=3C
operation less energy 0-30 1=24
recovered 2=18
3=12
4=6
5=0
water required fo m/ply 0=4C
operation of system less 0-40 1=32
water recovered 2=24
3=16
4=8
5=0
nutrients recovere kg N+P+K/ply 0=C
0-5 1=1
2=2
3=3
4=4
5=5
organic materia kg DM/ply 0=C
recovered 0-10 1=2
2=4
3=6
4=8
5=10
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The range of values for each of these indica®fs+ 100%. A linear transformation was used to
produce the scaled indicator values shown in Tét8eln all cases greater removal was better and

the relationship was therefore a positive linea.on

The indicators chosen for net energy and net watgrired were kWh/ply and¥p/y respectively.

If dry on-site sanitation is assumed to refleceezvalue for these two indicators this would be th
minimum value required for normalisation. The maximvalue for energy use was assumed to be
30 kWh/ply, a compromise between the estimatesuobfean systems of up to 44 kWh/p/y and
South African estimates of 20 kWh/p/ly for centradiswastewater treatment. Fully waterborne
sewerage is also estimated to require the maxinmouat of water and an estimate of 4&pry
was used (see Section 2.3.1). Since less is bettdooth of these indicators, the linear value

function normalised the maximum value to a scor@® ahd the minimum to a score of 5. This is

illustrated in Figure 4-2.

N
AN
1 N
D N

[*8)

Value score (v}
P

Met energy requirement (kWh/p/y)
Figure 4-2. Value Function for the indicator “Energy requirertien

The mass of nitrogen, phosphorus and potassiunveest was chosen as an indicator for the
recovery of nutrients, measured in kg/ person/ywhile organic matter recovered was measured in
kg dry matter/person/year. The minimum value fothbaf these was 0 kg. The maximum values

possible are the annual amounts produced per dapitecreta. According to Jonsson (2004) this



66

figure for Nitrogen, Phosphorus and Potassium 5&gin South AfricaSince recovery is highly
unlikely to reach 100% a figure o kg of nutrientsvas chosen as a maximum. This alimplifies
theallocation of rating values to rounding to the msakilogram. The recommended vaof 10kg

organic matter offers a similarly simple transfotima (Jonsson edl., 2004)

Since the environmental indicators are continucaisables, these will be entered as raw sc
rounded to the nearest integer in the range destiitTable 4-3and these will biscaled to value

scores between 0 and 5 shown to 2 decimal pladég iRICDA
4.3.2.Financial and technological indicators

Only two of theseven indicators under the heading Finance andnbémlyy weretreated as purely

quantitative variablesThese wereconstruction cost (R/household)perations and managem
5 \
4 \

1 ™
M

cost (R/person/year).

L

Value score (v)
ka

-

L= T s - T B T T e R
o o o o O O 9O 0O O 9O B koW B
o o o o o o 9o 9o o o O 9o o o O
o o o o O O o o o o O 9o oo O
o o o o o O

Construction cost (R/household)

Figure +3. Value Function for “Construction co:

While it is conceivable that a sanitation solutinight cost more than R15 000/household, th
likely to be eliminated in advance due to the isfeéity of funding this option. The graph of tt

function is shown irFigure «3.

It was decided to use the range R500 to R15 008dtmid for capital expenditure on construc
(Rosemarin et al.,, 2008 costs adjusted to 2012eg. The minimum value might be a simj
improvement to an existing pit latrine where a v&atck is added and the maximum amount is



67

unlikely if waterborne sewerage is added to the MCBdwards and Newman (1982, p.67) as
that the boundary values (sen should be “minimum and maximum plausible valuather thar

minimum and maximum possible, conceivable, or datakes”.

Minimum and maximum values for the Operations andimténance cost criterion were sef
RO/person/ yeaand R1 20/person/ yearg compromise between the estins for waterborne
sanitationof Rosemarin et ., 2008 of R125 and Holden et &004 of R1 910, both costs adjus
to 2012 values).

Standardisation of these financial indicators \performedusing a linear transformon since a
monetary scale is already interval scaled and cosgiery. Since lower cost is more desirabl
value of 5was assigned to the minimunalue and Qo the maximum value, hence producin
linear function with a negative gradie

Value score (v}

1/
|

a 10 20 30 40 50
Life expectancy of sanitation system (years)

Figure 4-4. Value function for “Durability”

Durability was measured as life expectancy in yeaith 50 years as a maximum (the design
estimated by Schueand Parkinsc (2009) for sewerage and treatment infrastructdri)s longes
life expectancy does provican ideal situation, but a linear function seemejpmapriate for thit
criterion. While system lasting 1 year is fairlydasirable, 20 years is an excellent lifespan f¢
site sanitation and was hence rated as 4 on thdatiised scale. The value ftion for durability
is illustrated in Figure 4k Since this is likely to be an estimated valuevatues in between a
considered and effective this becomes analogous to a qualitative variz
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Table 4-4. Indicators and scaled indicator valioe financial and technological sustainability

Criterion Indicator/ range | Scale
Robustness: ability t qualitative 0= susceptible to misuse, challeng
withstand abuse, ease construction, advanced technology.
of construction, 1 = more robust, challenging construction,
simplicity of design, advanced technology.
2 = robust, challenging construction, advanced
technology.
3 = robust, challenging construction, simpler
technology.
4= robust, simpler construction, simpler
technology.
5= robust, simple to construct, simple design
Requirement fo gualitative 0= monthly interventio
outside intervention, 1= six-monthly intervention
requirement for 2= annual intervention
monitoring to ensure 3=intervention every 2 years
appropriate disposal of 4= intervention every 5 years
waste 5= intervention every 10 years or more
Durability: life years 0=1yea
expectancy of system 1-50 1=2 years
2=5 years
3=10 years
4=20 years
5=50 years
Construction cost R/househol 0= 15 00!
materials, labour, 500-15 000 1=12 100
institutional 2=9 200
requirements 3=6 300
4= 3 400
5= 500
Cost of O §M: R/person/ ye¢ | 0=1 20(
repairs, servicing (e.qg. 0—1 200 1=960
emptying) 2=720
3=480
4=140

5=0
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Criterion Indicator/ range | Scale

Employment: jobs qualitative 0=no jobs created / 1 000 househ
created by values are 1=1 new job created/ 1 000 households
construction and . 2=5 new jobs created / 1 000 households
maintenance approximate 3=10 new jobs created/ 1 000 households

4=15 new jobs created/ 1 000 households
5=20 new jobs created/ 1 000 households

Local gualitative 0=All construction and maintenance
development: promoti international agency

on of local business in 1=Some international assistance, national
construction and construction agency

maintenance 2=National and regional agencies

3=All regional construction, O&M

4=Some local community, some regional
construction and O&M

5=All construction and maintenance performed
within the local community

The remaining indicators were also considered tquaditative. In describing the different levels an
attempt was made to make the underlying ratior@léntluding the criterion explicit. This was so
that when a new sanitation option is added to tl&&DI¥, the basis for comparison is clear. As an
example the criterion “Requirement for outside rmemtion” was described by the scale: O:
monthly intervention, 1: six-monthly interventioR; annual intervention, 3: intervention every 2
years, 4: intervention every 5 years, 5: intenantvery 10 years or more. Effectively the numbers
are simply there to make it easier to assign aeviduan option than terms such as “frequent” or
“seldom” and not as exact numerical measures. Tlwetdd be no non-integer values assigned and
a process of approximation would assign valuesifferdnt systems. Similarly, job creation has
figures assigned to the different ratings, bute¢her® intended as a guide only.

Some criteria incorporate some different aspecthefcentral concept. Robustness is intended to
cover the ability of the system to withstand misubat also the complexity of design and

construction. The performance of these differenpeats is described as the indicators are
developed. Thus an option must be robust, simptiegign and easy to construct if it is to score 5

on the scale.

4.3.3.Socio-cultural sustainability

This dimension of sustainability is addressed tghoa range of criteria selected from the literature
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Table 4-5. Indicators and scaled indicator valioe socio-cultural sustainability

Criterion

Indicator/range

Scale

support for
construction, O
& M, political
support

Acceptability: gualitative 0= totally unacceptab
user perceptions 1= accepted with reluctance
of fitness for 2= accepted after persuasion
purpose 3=accepted without influence
4=willingly accepted
5=sought after
Convenience qualitative O=very inconvenier
provision of 1=inconvenient
sanitation where 2= fairly inconvenient
users require it, 3= fairly convenient
distance from 4=convenient
dwelling 5=very convenient
Equity: gualitative O=women and children not provided
fulfillment of 1=children not provided for
requirements of 2=inferior system for less advantaged
all gender 3= less advantaged people have inferior systeimeiin t
groups. opinion but adequate from external perspective
equivalence of 4=less advantaged people have equivalent but nu sa
sanitation system
provision for 5=sanitation for all same system as that of mosasthged
different income group
groups
Legal gualitative 0= construction and O & Nare outside available suppc
Jinstitutional: fit structure and existing legal framework, politicall s
with legal aga@nst_proposed so'lution _
requirements, 1= fit with legal reqwreme.r.lts, bgt ITIO support lale at
institutional government level and political will is against pospd

solution

2= fit with legal requirements and some supportlalke at
government level but political will is against theposed
solution

3= fit with legal requirements and some supporilaibke at
government level and political will is neutral dret
proposed solution

4= fit with legal requirements full support avaielat
government level, political will is neutral

5= fully supported by all parties, institutionabhplin place
to support construction and O & M
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Criterion Indicator/range | Scale
Facility for gualitative 0= no hygiene education availa
ongoing hygiene 1= some initial education available but no provisior
education: ongoing support
commitment of 2= fully adequate budget for initial education dafalie but
local authority no provision for ongoing support
or national 3= fully adequate budget for initial education adalie but
government to insufficient provision for ongoing support hygiene
fund education
4= fully adequate budget for initial education dadale and
adequate provision for ongoing support hygiene atiloic
5=initial and ongoing hygiene fully provided fordan
support at a national level (e.g. TV campaigns)
Participation: gualitative 0= No user parcipatior
facility for user 1=User representatives consulted before startapégtr No
involvement in further involvement.
planning and 2=Users consulted throughout planning process. No
execution of involvement in execution.
project 3= Users consulted throughout planning process.eSom
involvement in execution
4= Users fully involved in planning and execution
5=Users fully involved in planning and executioritwi
users committed to ongoing involvement
Food security gualitative 0=No contribution to food securi
contribution of 1=Some use of urine at household level
system to 2=Some use of urine and faeces at household level
household base 3=Use of products within the community. Institubn
food production support for food production
4=Products used at household level without ingbituz
support.
5=All products of system reused at household level.
Effective support for food production.
Pathoger gualitative 0= Daily contact with faecePPE not use
exposure: 1= More often than monthly contact with faeces.mRE
requirements of 2= More often than monthly contact with faecesl! Ful
system for observance of PPE use.
contact with 3= More often than annual contact with faeces. Full
faeces observance of PPE use.

4=Approximately annual or less often contact withdes.
Full observance of PPE use.
5=No contact with faeces
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Equity requires that all groups of people be trédidérly. This incorporates socio-economic equity,
gender equity and equity for children. Some atteatptanking these in order of importance is
incorporated into the construction of the ratinglsclack of access for women and children results
in a very low score, while socio-economic equitgiaded at the higher end of the scale. The socio-
cultural indicators are described in Table 4-5.

4.4. Development of the spreadsheet MCDA

A Multiple Criteria Decision Analysis (MCDA) was deloped for the selection of feasible
sanitation alternatives. Two possible methods wergsidered for the analysis: the multi-attribute
value theory (MAVT) approach and the analytic hielhg process (AHP).

Both of these methods require the development wdlae tree, but while MAVT requires that a
partial value function be developed for each doterthe AHP uses pairwise comparisons of
alternatives for each lowest level criterion folkavby pairwise assessment of the importance of the

criteria themselves in order to arrive at an ovénalex for each alternative.

It was decided to apply the MAVT method for this BI&. In this method, value scores (e.g. as a
fraction of optimal performance, or through a ndissdion process) are allocated to different
possible levels of performance for each sustaiiabiidicator. A multi-attribute value function
(MAVF) is constructed to aggregate the scores sdir@itation option to give a final score or index,
in the process applying weightings to each compionalue score according to the preferences of
the decision makers or stakeholders involved. Tildeeés or overall value scores thus calculated for

different options allow comparisons and rankingitérnatives.

The decision was made to use the MAVT method foumber of reasons. Lai (2011) argued that
the allocation of weights to the various criteriasamore intuitive than the pairwise comparisons
required for outranking methods and that this mettisomore transparent for stakeholders (p.36).
Furthermore, the stakeholder’s role is to allosaéghts to the different criteria rather than segri
the different alternatives for their performanceaiagt the criteria. This means that stakeholdess ar
not required to have a technical understandinghef alternatives on offer. While AHP allows
decision makers to rank alternatives for each rivite AHP also requires a large number of
pairwise comparisons and hence a cumbersome priaret®e decision maker if there are a large
number of alternatives and/or criteria.
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The intrinsic characteristics of the system, which specific to the users and the location of the
project, must be investigated by an expert (theiaipal engineer) in the decision making process.
MAVT does not usually provide for this, but in trétudy the spreadsheet based MCDA has the
facility for the expert to enter qualitative ratgr raw scores for the indicators. These are

transformed by the MCDA into appropriate value ssor
Microsoft Excef was used to perform the calculations of the MCDA.
4.4.1. Stakeholder user interface: entering criteria weghtings

The values to be entered by the non-expert usecaptured in a dialogue box created in the
spreadsheet using Visual Bdsi®When the MCDA file is opened, the user is prordpte enter a
name, date, project location and the number of sitevhich sanitation is to be provided. This input
is required by WhichSan and could be linked aniédilfrom this program eventually. Further
buttons on the Stakeholder page allow the usenter eveightings which will be used in the MCDA

calculations. A screenshot of the Input sheet appears on opening the file is shown in Figure 4-5

A ] B c D E F G ! | 4
1
2 i} Edit Project Details
3
4
g W Enter Weightings for

2 Main Categories ‘

7 Details t-éﬁ
8
9 N
10 Enter Weightings for il |
1 3 Environment
12 Subcategories Project Location |
13
14 Enter Weightings for ba= |
15 Finance and
16 4 Technology Number of Sites |
17 Subcategories
18
19 Additional Information
20 Enter Weightings for
21 5 Socio-cultural
27 Subcategories

Cancel Reset Enter
\

Ga Display Results

27 6b Print Results

6c Save Results

Figure 4-5. Stakeholder sheet in the MCDA workbook with projdetails dialogue box open

The weighting of the different criteria is perforthat two levels. Initially, the three main criteria

Environment, Finance and Technology, and SociotCalltare weighted against each other. These
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weightings must sum to 100% and the user is pramnfmteadjust the values if this requirement is

not met. This dialogue box is shown in Figure 4-6.

r 3 b |
Weightings lﬁ

Please rate the three categories according to their importance in the choice of sanitation
solution, The total of the ratings must be equal to one hundred percent.

Environment

Finance and Technology

Sodo-cultural

1

Total

Reset Cancel
e

Figure 4-6. Dialogue box for the entry of weightings for maategories

o <|
&

ter

Once this process is complete, the user entershtijg for the sub-categories. They are prompted

once again if the sum is not equal to 100%.

Figure 4-7 shows the opening dialogue box operntHerentry of weightings for the sub-criteria
under the heading “Socio-cultural”. The user istfasked if all sub-criteria are of equal imporgnc
in which case all are weighted equally.

Weightings: Socio-cultural Subcategories L&J

Are the Sodo-cultural subcategories (Acceptability,
Convenience, Equity, Legalfinstitutional Fadility for ongoing
hygiene education, Participation, Food security, Pathogen

exposure) of equal importance in the choice of sanitation
solution?

Cancel feg
.

Figure 4-7. Opening dialogue for entry of sub-criteria weighsn

If the answer is “no” then the user is promptednter weights (Figure 4-8).
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r — : b
Weightings: Socio-cultural Subcategories ﬁ

Please rate the eight sub-categories according to their importance in the choice of
sanitation solution, The total of the ratings must be equal to one hundred percent.

o
Acceptability: user perceptions of fitness for purpose “

o
Convenience: provision of sanitation where users require it, distance “
fram dwelling

I Equity: fulfilment of requirements of all gender groups. equivalence of
sanitation provision for different income groups

| Legal / Institutional; fit with legal requirements, institutional support for
i construction, O &M

o

! Fadility for ongoing hygiene education: commitment of local authority or “
|| national government to fund ongoing hygiene education
I R o ; ; ] : o5
| Participation: fadlity for user involvement in planning and execution of

project
l : e o5
|| Food Security: contribution of system to household based food
I production

o
Pathogen exposure: requirements of system for contact with faeces “

Total oG
Reset Cancel Enter

Figure 4-8. Dialogue box for weighting of sub-criteria

4.4.2. Calculation sheet

The functional or calculation spreadsheet of wodkb@ontains the matrix of ratings for the
sanitation options against the set of criteria Wwhiere selected. In addition to this, it provides f
the weighting of the criteria and the additive agmtion which will calculate an overall score for

each alternative. Figure 4-9 is a screenshot ofdfmulation page.
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MCDA - Microsoft Excel

— Home Insert Formulas Data Review View

Page Layout Developer

Figure 4-9. MCDA calculation page without ratings for differaiternatives

—‘ J IjJ J R v Form.ula Bar || | _\. ;l; _Ir_:l % = = S;.zlit _u View Side by Side % .q
v Gridlines ¥ Headings — = Hide Syfichranous Seraliing o 2 =53
Mormal| Page Page Break | Custom  Full Zoom 100% Zoomto Mew Arrange Freeze R X . Save Switch Macros
Layout  Preview Views Screen Selection || Window All Papes =Ll LTI b t idow FOSItion | wWarkspace Windows ~ X
Warkbook Views Show/Hide Zaom Window Macros
| M23 - | 5|
| A ] c D E F G H i J
1 | Criterion Description ighting (%) Rating {i5) Aggregate (15)
2 level 1 level 2 |VIP up FF WIP uD PE
) vironment 33.33 0.00 0.00 0.00
- 1SS efficiency of reduction in TSS 1000 0.00 0.00 0.00
5 . ] efficiency of removal of N 10.00 0.00 0.00 0.00
6| " P efficiency of removal of P 10.00 0.00 0.00 0.00
- . BODICOD efficiency of reduction in BOD/COD 10.00 0.00 0.00 0.00
o et Water water required for operation of system 10.00 0.00 0.00 0.00
g . Met Energy energy required for operation of system 10.00 0.00 0.00 0.00
w0l " MNutrients usable nuirients for agriculture (N, P, K) 10.00 0.00 0.00 0.00
11| ® Organic material value as a soil conditioner 10.00 0.00 0.00 0.00
iz " Water (domestic reuse) water recovered from system 10.00 0.00 0.00 0.00
al " Energy energy recovered from system less energy 1000 0.00 0.00 0.00
14 100.00 0.00 0.00 0.00
15 Finance and Technology 1333 0.00 0.00 0.00
5" Robustness ease of construction, simplicity of design, ability to withstand abuse 20.00 0.00 0.00 0.00
17 . COutside intervention requirement for outside intervention, requirement for monitoring to ensure appropriate disposal 20.00 0.00 0.00 0.00
5 " Durability life expectancy of system 20.00 0.00 0.00 0.00
19| " Cost construction costto plan and build system, including any facilitation or education required 10.00 0.00 0.00 0.00
00| * CostO&M ability of municipality and household to fund O & M 10.00 0.00 0.00 0.00
o " Employment creation jobs created by construction and maintenance 10.00 0.00 0.00 0.00
o | " Local development promotion of local business in construction and maintenance 10.00 0.00 0.00 0.00
23 100.00 0.00 0.00 0.00
o4 Socio-cultural 33.33 0.00 0.00 0.00
o5 . Accepiability user perceplions of fitness for purpose 10,00 0.00 0.00 0.00
% " Convenience provision of sanitation where users require it, distance from dwelling 1000 000 0.00 0.00
o7 | " Equity fulfilment of requirements of all age and gender groups. equivalence of sanitation provision for different income 10,00 0.00 0.00 0.00
o ° Legal nstitutional/Political institutional support for construction, © & Mfit with legal requirements, political support 10.00 0.00 0.00 0.00
29| " EaEiIity for ongoing hygiene commitment of local autherity or national government to fund ongeing hygiene education 20.00 0.00 0.00 0.00
20 . Participation facility for user involvement in planning and execution of project 20.00 0.00 0.00 0.00
3 " Food security contribution of system to household based food production 10.00 0.00 0.00 0.00
o " Pathogen exposure reguirements of system for contact with faeces 10.00 0.00 0.00 0.00
A 100.00 0.00 0.00 0.00
34 inal score 0.00 0.00 0.00
35
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It is this overall rating which is returned to timput page for consideration by the user. Thetinpu
spreadsheet allows the user to print a summargflis to the default printer, to save them as a
printed document format (pdf) document on the dmskir to display them on the output sheet
(Figure 4-10).

Mame

Test project

Date 16/10/2014

Project Area eThekwini

Mumber of Sites 2500

The aggregates for the
various sanitation
solutions are as follows:
WVIP - 2130 UD: 2392

Figure 4-10. Results shown on output sheet

4.4.3.Expert user interface: entering values for sanitatbn systems

The matrix of values initially entered in the spislaeet was for the two sanitation options (VIP and
UDDT) and the 23 selected criteria. The proceswhigh these values were arrived at is described
in section 4.5. The Microsoft Excel® workbook demgd for the MCDA allows the expert user to

add a further three sanitation systems and to &ataes for any one or combination of these for the

purposes of comparison. In this section the exysat interface of the workbook is described.

A screenshot of the Expert sheet in the workboah@wvn in Figure 4-11.
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A

(=}

B

Clipboard F] Font Atrgnment Number

D E F G H J

1

2

3

4

2 Select Sanitation

? Alternatives Sanitation Alternatives I-é:__&-]
8 Please select the sanitation alternatives that you will be
g rating:

10 Enter Values for tha _

11 3 Environmental Urine Diversion Toilet I

12 Indicators

13 Ventilated Improved Pit Latrine B

14

E s

15 Enter Values for the Fully Water Borne Sewerage J

16 s Finance and

i Technology Indicators —

18 Septic Tank Toilet J

19
3[1] Enter Values For the Pour Flush Toilet :

Socio-cultural

22 Indicators
23 Cancel Reset Enter
24

Figure 4-11. Expert sheet showing dialogue box for selectioganfitation alternatives to be

considered

Once the sanitation alternatives have been seletttedremaining alternatives are hidden on the
calculation sheet and do not appear in the valtgy elialogue boxes. While the alternatives have
been given names for the purposes of illustratemmy five alternatives could be selected and

compared.

The expert then enters the indicators using theetlialogue boxes for the of Environmental,

Finance and Technology and Socio-cultural criteria.
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4.4.3.1.Environmental indicators

The environmental indicators are entered in a tard ways, depending on the nature of the
transformation which will produce the values endardéo the MCDA. The dialogue box is shown in
Figure 4-12 .

-

-
Ventilated Improved Pit Latrine Envircnmental Ratings I&J
Please provide ratings for the following environmental criteria for the Ventilated Improved Pit Latrine:
1 I =
Effidency of reduction in ¥3 (% remaval) Effidency of removal of M (%% removal)
| g = B ==
= %
Efficency of removal of P (% removal) Effidency of removal of COD (% removal)
| o} s 0 =
Energy required for operation less eneray Water required for operation less water
recovered (kWh/pfyear Range: 0-30) recovered {m™3/pfyear Range: 0-40)
| 4] e 0 =
7 1 8
Mutrients recovered (kg MN+F -+ /person)/year Organic material recovered (kg DM/personfyear
Range: 0-5) Range: 0-10)
| v} == 0 ==
Cancel Reset Enter

Figure 4-12. Dialogue box for entry of raw scores (ratings) davironmental indicators

Should some information not be available, for exignifponly COD or VS reduction is known (see
4.3.1), the user would weight the unknown indicaabrO on the Stakeholder sheet. The other
indicators would then need to have an increasedhtei
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The raw scores for reduction in VS, COD, N and P antered as percentage values and are

standardised according to the positive linear fansation:

Xj — Xmi
yj:5¢ (D

Xmax — Xmin
Since thex,,,, = 100% andx,,;,, = 0%, this formula could be simplified to
x.
=

=30 (2)

Where x; is the raw score (%) ang is the value on a scale of 0 — 5 which is enteénéal the

Vj

matrix.

Net energy and net water consumption are both Masawhich should be minimised, and as a
result the linear transformation formula used touate the values for input into the MCDA is

Xmax — Xj
v =5— 1

3)

Xmax — Xmin
For energy consumption, the,;,, = 0 kWh/person/year andx,,,, = 30 kWh/p/y. For water
consumption, these values agg;,, = 0 m3/p/y and40 m3/p/y.

The positive linear transformation is used for iutts recoveredxt,,, = 5kg andx,,;, = 0 kg)
and for organic matter recovereqd,(,, = 10kgOM/kgDM/y andx,,;, = 0 kgOM /kgDM/y ).

The values are entered as integers in the rangeebpk,,,,, and x,,;,, using the spin buttons on

the dialogue box. Pressing Enter enters these vaite the Calculation sheet.

4.4.3.2.Finance and Technology indicators

Only two of these indicators are entered as quaivi values, the construction cost and the
operations and maintenance costs. The other ratirg®stimates which the expert enters using
radio buttons. A screenshot of the section of tlédue box for Robustness and Requirement for

outside intervention is shown in Figure 4-13.
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.
Ventilated Improved Pit Latrine Finance and Technology Ratings w
1

Robustness: ability to withstand sbuse, ease
of construction, simplicity of design

2
e IJ : susceptible to misuse, challenging§ Requ_lrementtfzor out_s;:ge_ |nt§Drvent|on,
iconstruction, advanced technology. ¢ TERIEMEIL IOEMOHITg B ass
appropriate disposal of waste
1 : more robust, challenging construction, " 0 ; monthly intervention
advanced technology.

(" 1: six-monthly intervention
~ 2t robust, challenging construction,

advanced technology. (™ 2 : annual intervention
~ 3t robust, challenging construction, simpler (" 3:intervention every 2 years
technology.,

" 4 :intervention every 5 years
4 : robust, simpler construction, simpler
technology., (™ 5 ¢intervention every 10 years or more

(™ 5 robust, simple to construct, simple design

Figure 4-13. Section of dialogue box showing radio buttons &tings

The costs are entered using spin buttons whickvaltiorements of R500 for construction costs and
R50 for operations and maintenance costs (seed-#a#).

3 =

Durability: life expectancy of system

" 0 : approximately 1 year

" 1: approximately 2 years 2
Construction cost: materials, labour,
™ 2: approximately 5 years institutional requirements (R /household,

Range: R500-R.15000)

3. . =
3 : approximately 10 years 6500 EI

" 4: approximately 20 years

" 5. approximately 50 years

6

Employment: jobs created by construction and
maintenance

" 0 : no jobs created / 1 000 househaolds

5 ™ 1: 1new job created/ 1 000 households
Cost of O &M: repairs, servidng (e.g. T

emplyina} (Rjpersanf year, Range: & - L20(] " 2: 5new jobs created / 1 000 households

150
hd " 3: 10 new jobs created, 1000 househalds
" 4: 15 new jobs created/ 1 000 househalds

" 5: 20 new jobs created, 1000 househalds

Figure 4-14. Section of dialogue box showing spin buttons fat@ntries
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The costs used above are relevant to the Soutleaifrsituation in 2013. They are converted to
value scores using the linear transformation (égndt, section 4.4.3.1). However, the expert user
can adjust the Visual BaSidormulae used to calculate the value scores fesahndicators to

reflect different financial parameters: the useuldaeplace the,,,, andx,,;, values as needed.

Once the expert user has entered the values fdirgheanitation option, the dialogue box for the
next option pops up until all the values for Finaland Technology for all alternatives is complete.
4.4.3.3.Socio-cultural indicators

The socio-cultural indicators are all qualitativariables and the ratings are chosen using the
description of each level in the dialogue box (Sigrire 4-15).

r

|

Ventilated Improved Pit Latrine Socio-Cultural Ratings

1 1 T 2 |
Acceptability: user perceptions of fitness for Convenience: provision of sanitation where
purpose users require it, distance from dwelling
{0 « totally unacceptable (" 0 : wery inconvenient
("1 : accepted with reluctance (" 1: inconvenient
(" 2 : accepted after persuasion (™ 2 : fairly inconvenient
(" 3: accepted without influence (" 3 fairly convenient
(" 4 ; wilingly accepted (" 4 convenient i
(" 5 sought after (" 5. very convenient
4
Legal finstitutional: fit with legal requirements,
institutional support for construction, O &M
5 : 0 ¢ construction and O &M are outside

available support structure and existing legal
Equity: fulfilment of requirements of all gender r e e

groups. equivalence of sanitation provision for
different income groups

(" 0 : women and children not provided for
(" 1: children not provided for

(" 2 ¢inferior system for less advantaged

framework, political will is against proposed
solution

1 : fit with legal requirements, but no
support available at government level and
political will iz against propozed solution

_ 2 fit with legal requirements and some
(" support available at government level but
political will is against the proposed solution

3 ; less advantaged people have inferior
Fx L. ST i RN S | VEEEY ok

3 : fit with legal requirements and some

Figure 4-15. Dialogue box for entry of socio-cultural ratings
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Once all the ratings have been entered under thpipate headings, the expert may return to the
Stakeholder sheet and perform some sensitivityyaaalusing different weightings for the criteria.

Results may be saved, displayed or printed frolreetihe Stakeholder or the Expert sheet.

4.5. Performance of VIPs, UDDTs and Pourflush latrines gainst criteria

The University of KwaZulu-Natal has done a considde amount of work in the
eThekwini/Durban area on the performance of VIP BM2DTs. This data was used to develop
ratings for these two types of on-site sanitatigaist the different criteria in the MCDA. Where

situations were comparable, international data filoenliterature was used as well.

4.5.1.Performance on environmental criteria

The performance of VIPs and UDDTs on the envirortaegriteria is similar in a situation such as
that which prevails in eThekwini. The value scaesd in the MCDA are summarised in Table 4-6.

« ltis assumed that less reduction in volatile soidd COD occurs in the UDDT compared with
the VIP (see section 3.3.1.2). Values of 75% forDC@duction and 65% for VS reduction,
calculated from the studies of Nwaneri (2009) aradkdBe (2012), gave the VIP standardised
ratings of 3.75 and 3.25 for these two criteria.BC@&nd VS reduction are closely related as
both measure the reduction in biodegradable canltetiis study, both could be estimated and
were used in the MCDA. If only one was availableduld have been used but this would
require an adjustment of criteria weights (seeiSed&.1.2.1).

* Characterisation of UDDT sludge from Velkushano281@) suggest that both COD and VS
may be reduced by around 55% and 45% respectimebgores of 2.75 and 2.25.

* Due to the use of a soakaway for urine, it is sseatithat the ability of the UDDT to effect a
reduction in nitrogen and phosphorus is greatan that of the VIP (Flores et al., 2008). This
will, however, depend on the fate of the nutrieintthe soakaway. Ratings for the latter were
estimated from the range of values in Bakare (2@08)5% and 12% the UDDT was given a
high rating of 95% for both of these charactersstic

* No water or energy is required for these two systprovided sludge is manually emptied and
disposed of on-site. Both therefore have a ratirigfor these two criteria.

e If no agricultural use is made of the VIP sludge the UDDT vault contents, then the rating

for the criteria Nutrients recovered and Organi¢amal recovered is zero.
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Table 4-6. Value scores allocated to VIP and UB3Stems for environmental indicators

Criterion Indicator VIP UbDT
efficiency of reduction ir % removal 3.2t 2.2
VS

efficiency ofremoval of % removal 3.7 4.7t
N

efficiency of removal of % removal 0.€ 4.7t
efficiency of reduction ir % removal 3.7 2.7¢
COD

energy required fc MJ/person/yea 5 5
operation less energy

recovered

water required fo m/person/yea 5 5
operation of system less 0-40

water recovered

nutrients recovere kg N+P+K/person/yei | O 0
organic materia kg DM/person/yes 0 0
recovered

4.5.2.Performance on financial and technical criteria

In rating VIPs and UDDTSs for financial and techrgit@l criteria, the situation as it prevails in
eThekwini was used for reference. WhichSan is basedostings developed in the Durban and
Pietermaritzburg areas and was developed under @ W8&ect in these areas. Furthermore, it will
provide the cost estimates to be used in conjumetith the MCDA and these should therefore be

consistent. across the different decision suppoist

The rationale behind the ratings for these criterda as follows:

» VIPs are considered to be one of the most robustasimn technologies. Household rubbish
thrown into the pits may cause them to fill up moapidly but they continue to provide
sanitation until they are full. They are relativeymple to construct and no advanced
technology is involved. UDDTs have a more compéidadesign and are less robust. Vandalism
of vault covers allows rain into the dehydratingits, compromising their function.

* While VIPs require emptying periodically, UDDTs tége a more intensive programme of
outside intervention. The eThekwini experience ladicated that ongoing education is
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essential. If residents are unwilling to empty thelts they will need to hire contractors at least
once a year. There is also a risk of irrespongildposal of waste if householders are left to do
this themselves.

« Life expectancy for both systems was estimatedOayears. This will depend on ongoing
maintenance.

» Cost for construction was estimated at just overOR6 for a VIP and R7 500 for a UDDT
(WhichSan (Still et al., 2009) costing correcte@@d2 and rounded to nearest R500).

» Pit emptying and for VIPs was estimated at R70 &gl repairs at R30/p/y to give a total of
R100. For UDDTs operations and maintenance (O&M3jtxadncluding ongoing hygiene
education and repairs were estimated at R50/ply.

« UDDT construction in eThekwini had job creationaastated objective and it was expected that
this phase would produce at least 5 jobs per 1@@dholds. The employment of facilitators
from within the community for continued educationishalso be considered. VIP construction
is less labour intensive, but there is potential db least 1 job/1000 households during the
construction phase

e Local development is promoted in eThekwini durimmnstruction projects. Skills are sourced
within the municipality and transferred to localnomunities. Expertise from beyond the

municipality is not required.

Table 4-7. Value scores allocated to VIP and UB3tems for financial and technical criteria

Criterion Indicator VIP uUbDT
Robustness: ability to withstand abt qualitative 5 3
ease of construction, simplicity of design,

Requirement for outside interventio qualitative 4 2

requirement for monitoring to ensure
appropriate disposal of waste

Durability: life expectancy of syste years 4 4
Construction cost: materials, labo R/househol 3.1C 2.59
institutional requirements

Cost of O & M: repairs, servicing (e. R/person/ ye¢ 4.5¢ 4,79
emptying)

Employment: jobs created b qualitative 1 2
construction and maintenance

Local developmer promotion of loca qualitative 4 4

business in construction and maintenance
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4.5.3.Performance on socio-cultural indicators

It is essential that the entries made by the exipethis section are informed by the particular
community to which the sanitation system will beplegd. This is likely to require extensive
dialogue with community members and a study ofptbiitical context in which the project will be
implemented. For this research project, the indicatalues were derived from the surveys
conducted by various UKZN researchers (section3B.3 his was therefore achieved with the
benefit of hindsight. If a sanitation project is lte initiated, then dialogue with the community
should follow a model such as Participatory Hygiemal Sanitation Transformation (PHAST)
which is recommended in the National SanitationdyadDWAF, 2005). PHAST, an initiative of
the World Health Organisation, seeks to ensurestistainability of sanitation through developing
an understanding in the community of the healthelienof improved sanitation and engendering
motivation for behaviour change (Simpson-Herberalgt1997). This should take place within a
planning framework such as that described by Baeted. (2011). These approaches would not
only allow the assessment of socio-cultural indicatut would be formative in the sense that the
sustainability of a sanitation project could beamded through community participation.

VIPs are an established and accepted technologpetNeless, there is still a widespread
perception that they are inferior to flush toild#DDTs seem to have been accepted initially,
but satisfaction levels have declined. It is toelgpected that it will become harder to persuade
people to accept UDDTs.

« Most sanitation facilities are built close to hosigait not in them. This rating would vary from
project to project, but while technically UDDTs che provided inside a dwelling if users
require it, this does not happen in eThekwini mipaility (EM).

« VIPs are considered to be adequate as a basic déwsnitation in terms of legislation, but
residents do not necessarily hold the same viewgcéhea value of 3. From an external
perspective, a UDDT system is equivalent to thehflaystems provided within the waterborne
edge of EM. This is not the perception of residemtd hence in the eThekwini situation the
rating is also 3. Residents certainly do not seepetceive UDDTs as superior to VIPs.

« While both systems enjoy legal and institutionadsart, there is political opposition to options

other than flush toilets. Stolley (2014) quotesH#keé-'s Julius Malema as declaritg&edom is

a flushing toilet.

« Inthe EM, provision is made for ongoing health &dgdiene education.
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* While no data is available for community involverh@neThekwini, evidence from the Alfred
Nzo District Municipality (Still, 2013) suggestsathVIP construction has the potential to
involve users extensively in planning and constouctWhile users were involved in planning
the UDDT construction, they were not given any chodf technology, and research suggests
poor knowledge of community forum structures a f@ars after construction was completed.
The two technologies both receive a rating of 4esinser involvement is a priority for EWS.

« As the situation stands, neither VIPs nor UDDTstGbuate to household food security.

«  While VIPs require pit emptiers to have contactwiieces these workers should be protected
by personal protective equipment. Residents arerequired to have contact with faeces.
However, there may be a risk of contamination mBsflthis system does not provide the level
of protection of waterborne sewerage. Starkl e(24110) gave UDDTs a medium to high risk

rating if households empty their own vaults.

Table 4-8. Value scores allocated to VIP and UBdystems for socio-cultural criteria

Criterion Chosen indicator | VIP uUbDT
Acceptability: user perceptions of fitne gualitative 3 2

for purpose

Convenience: provision of sanitati gualitative 3 3

where users require it, distance from

dwelling

Equity: fulfillment of requirements of a gualitative 3 3

gender groups. equivalence of sanitation
provision for different income groups
Legal /institutional: fit with lega gualitative 4 4
requirements, institutional support for
construction, O & M

Facility for ongoing hygiene educatic gualitative 4 4
commitment of local authority or nationa
government to fund

Participation: facility for user involveme gualitative 4 4
in planning and execution of project

Food security: contribution of systito gualitative 0 0
household based food production

Pathogen exposure: requirement gualitative 4 1

system for contact with faeces
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4.6. Sensitivity analysis

It was considered to be beyond the scope of thidysto develop a system for the elicitation of
weights from stakeholders in a way that would §atthe requirement for trade-offs between
criteria. Instead sensitivity analyses for the madere carried out by repeating the analysis fer th

same set of value scores but using different wigightfor the main criteria. This would mimic the

influence of three different groups of stakeholders the choice of sanitation system: those
concerned with the environment (e.g. the wider comity), those concerned with the financial and
technological aspects (e.g. the municipality) atdsé concerned with the socio-cultural

implications (e.g. communities or political groug®).

Changing the weightings of the three main catega@vironmental, financial/technological and
socio-cultural) cannot be done independently asvalghtings must always sum to 100%. As the
weighting of each criterion under consideration viesreased, from 0% through to 100%, the

weightings of the other two categories were baldioeensure that this sum was achieved.

The weighting of each main category was set atd0tla@ other two at 50% each. The MCDA score
for the two sanitation options as generated byM@®A was recorded. The weighting of the main

category under consideration was then increas&®¥% and the other two were reduced to 40%
each. This was repeated with weightings of 40%, @ and 100% and at each change the

overall scores for the two sanitation options wemrded.

The sensitivity analyses for the sub-categorieslaseribed in section 4.7 since these were done by
choosing weightings which could match the inputaoparticular stakeholder and each of the

weightings was not varied across the full rangeatfies as described above.

4.7. Scenario analysis

Rather than changing the criterion weights systmmlft, to produce hundreds of different
combinations, or developing a probability distribatfor the overall ratings, a scenario approach
was used. This bears some similarity to the appradcStewart et al. (2013) which combines
MCDA with Scenario Planning, but rather than use sisenarios (abbreviated $¢) in place of
specific technology alternatives, the alternatiaes retained and different combinations of weights
reflect different stakeholder scenarios. In furtseenarios, not only weights but also indicator
values are varied in order to mimic performanceeurtifferent circumstances.
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The first four scenarios which were proposed ingdhonly the changing of weights for various

criteria from a baseline scenario where all theeda carried equal weight.

S; was proposed for a situation where access torgiggtand water was a major constraint. These
two sub-criteria therefore carried a weighting di% each. The remaining 20% within the
environmental grouping carried weights of 5% exdepthe recovery criteria which were given a

zero weighting.

S, envisaged a situation where recycling was a stimpgrative and the reduction indicators were
considered of no importance. The remaining fourciteria were given a weight of 25%, since the
need to use minimal energy and water was alsoylikeb rural scenario. These weightings were
retained forS; but the weights of the three main criteria was ngeal to 40/20/40 for

environment/finance/socio-cultural to mimic a sitoa where external funding might supplement

the municipality’s contribution and hence lessamithportance of financial considerations.

S, required changing the weighting of the socio-aualtweriterion to 60%, environment to 10% and
financial / technical to 30%. This could be a ditua where the political impact is significant and

the project is seen as succeeding or failing origti®rs which concern the recipient community.
In each scenario above, the altered scores for &E4JDDTs were recorded.

Joubert and Stewart (2004) recommend that the mgsof an MCDA are analysed for sensitivity
to both weights and scores. The latter analysiscaased out for some of the criteria which were
contentious, such as the acceptability to userss BHacomes particularly important if different
stakeholders have divergent views on the importarfcdifferent criteria as well as the ratings

which they should receive.

Ss proposed a scenario where the potential for mitnieuse which is inherent in the design of
UDDTs was realised. This changes the value scorehé UDDT alternative from the minimum to
the maximum score for nutrient and organic mattmovery. InS, the weightings were also
changed to those used §p since nutrient removal was considered unimporiarthis situation.

S, follows from the previous scenario with a changethe values for user acceptance (to a
maximum value of 5) and food security (to 4) sitieese two socio-cultural sub-criteria would be
affected by the change in approach to an Ecosaamyd he change in the score for UDDTs was

recorded folSs to S,.
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Sg was tested to explore the possibility of usingM@DA to take different sludge disposal options
into account. If sludge were disposed of at wastew#reatment works, the operations and
maintenance cost would increase as would the enexgyirement. Nitrogen and phosphorus
removal would be improved. The values for these-aitbria were therefore adjusted and the

overall score for VIPs was recorded.

Sy was a scenario in which political influences ineld@ resistance to on-site systems. The values
for some of the socio-cultural sub-criteria werguatéd accordingly. The values for acceptability
were reduced for both UDDTs and VIPs. The legdifinsonal fit sub-criterion was given a lower
value for both systems due to the political supmmmponent of this indicator. Community
participation was scored at 1 rather than 4 fohlaiternatives. Furthermore, the socio-cultural
criterion was weighted 60% against 20% for eacthefother two main criteria. The scores for both
VIPs and UDDTs were recorded.

Finally, an experienced municipal engineer was ddkeset values and weightings for the two
sanitation systems under consideration and this wat used to generate a further score for VIPs
and UDDTs.

4.8. Introduction of an additional sanitation option

The last section of the results introduces an emfdit sanitation option, the pour-flush latrinetoin
the MCDA. This was done using data from the literat and the values used were considered to
require less rigorous development, since the perpafsthis exercise was to demonstrate the
potential for the introduction of further sanitatioptions into the MCDA rather than to arrive at a

definitive score for the pour-flush alternative.

4.9. Summary and Discussion

A list of sustainability criteria, emanating froimetliterature, was developed. Criteria were grdupe
under five categories initially: health, environmerconomy, socio-culture, and technical.
Subsequently this was narrowed down as the lishditators was reduced. The final categories
were environment, finance and technology and scgittral. Both quantitative and qualitative

indicators were included.

The process is intended to be a transparent aathative one, with stakeholders guided through

the process of weight allocation by the expertis Hlso intended that the allocation of valuesby
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expert user be accompanied by an improved undelistaof the sustainability issues for decision
makers, and this is seen as being more importamt the final score. The process of eliciting
stakeholder preferences or weightings requiredea friendly interface, and Visual BaSiavas

used to achieve this.

It was envisaged that the MCDA would be used toaanbk the understanding of Municipal

Engineers of the factors that need to be takenantmunt when implementing an intervention to
improve sanitation. This project was aimed partidylat the provision of Free Basic Sanitation in
the poorer areas of a municipality. It was for thémson that the first two sanitation systems
incorporated into the MCDA were VIPs and UDDTs.

It is the role of experts to provide the ratinggpefformance and the Municipal Engineer might feel
qualified to do so. If this is the case, it is ertiely important that the non-technical aspecthef t
system are carefully evaluated. These are the &sitet most concern the target community. These
are also intrinsic aspects of the system insofathas value is dependent upon the community
being supplied. Convenience is a particularly gexample. In the mind of an engineer, particularly
one used to a flush lavatory, to have a toiletdi@ghe house may seem the height of convenience.
However, in the survey conducted by Duncker ef2406), 78% of the respondents indicated that
they preferred to have a toilet separate from thesb. Some were concerned about the smell, but
most said that this was what they were used tos Thight not be the case for a different

community.

Similarly, what is considered equitable may vargnir one place to another. In South Africa,
anything other than a flush toilet is consideretbséd-rate. This may mean that another option such
as a pour-flush latrine is perceived as considgratdre desirable than a UDDT (Still and Louton,
2012)

At present there is a greater chance of pit sludgening nutrients to agriculture if the eThekwini
plan to pelletise the sludge proves viable. Howethis would change other ratings, such as that for

energy requirements which is presently set to ®éwh VIPs and UDDTSs.

An engineer entering value scores for one of the éxisting sanitation options or adding another
would have to ensure that he or she was extremelyimformed as to the physical, economic and

socio-cultural conditions prevailing in the projecea.
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Chapter 5. Results

The results of the sensitivity analyses, scenanalyges and the introduction of pour-flush as
another sanitation option are described belows itriportant to note that the scenarios presented
here are only intended to demonstrate how a mualieipgineer might use the MCDA, not to give
definitive answers to the relative value of VIP€la#DDTs in any situation. The weightings and
values entered are specific to the particular argtances in which the proposed project is situated

and will almost certainly be different from thosesdribed below.

5.1. Sensitivity to weightings

Changing the weightings of the three main catego@mvironmental, financial/technological and
socio-cultural) cannot be done independently asvelghtings must always sum to 100%. This
becomes even more complicated once the weightihthe sub-categories must be varied. Here the

scenario approach is applied.

5.1.1.Sensitivity to main category weighting

Initially, all weightings were set to the same valWnder these circumstances, the overall values or
scores for the VIP and UDDT were 3.06 and 2.96eetbyely. This confirms the observation by
Flores et al. (2008) that there is not a great @éalifference between the two systems in the

eThekwini situation.

Sensitivity analysis was then carried out for thee¢ main criteria while keeping the other two
evenly balanced. For example, when the ratingHeragnvironmental category was increased from
40% to 60%, the weights of the other two droppethf80% to 20%.

The results of these three analyses are showngurd=i5-1 to Figure 5-3. Graphs are plotted
showing the change in performance for each of the $anitation options with the change in

criterion weighting. As the environmental ratingrieases in importance, the performance of the
UDDT improves gradually and that of the VIP droBsth score the same when the environmental

criterion is weighted at approximately 45%.
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Figure 5-2. Sensitivity analysis for the financial/technicalerion weighting
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Figure 5-2 suggests that as financial and techrdoakiderations become more important, the
difference between the two options increases $jigiithen it is the only criterion to be considered

(weighting 100%) then VIPs score 3.38 overall arldDT's score 3.20. This suggests that if only

financial and technical issues were consideredethechnologies would score considerably better
than they do when other aspects of sustainabiléytaken into account.

‘---_‘
—— VP

2 = == DDT

Overall value score (W)

] 10 20 30 40 50 &0 70 BO o0 100
Weighting of socio-cultural criterion

Figure 5-3. Sensitivity analysis for the socio-cultural critariweighting

If the Socio-cultural criterion is given no weighiDDTs perform slightly better than VIPs. As
socio-cultural considerations become more importaine score for VIPs increases slightly.
However, UDDTSs perform progressively less well tisat if this were the only consideration, VIPs
would score 3.13 and UDDTs 2.63. The breakevent jmim weighting of 15%.

5.1.2.Sensitivity to scenarios with different weightings

The different scenarios proposed in this sectiomimithe weighting allocations of possible

stakeholders. If weightings are not mentioned d$jpadly, then they have been distributed evenly

among the remaining criteria.
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5.1.2.1. §4: Major constraints energy and water

A situation was considered where the importantesdor the environment were that water use and
energy use were low. This might be where sanitaoneeded at a fairly remote location where
there is no electricity or piped water. These iathcs were therefore given a weighting of 40%
each. Furthermore, recycling of nutrients was gimenweight and the reduction of VS, COD, N

and P were all given a low weighting of 5%.

r == b
Weightings: Environment Subcategories [ﬁ

Flease rate the ten sub-categories according to their importance in the choice of sanitation
solution. The total of the ratings must be equal to one hundred percent.

1]
¥5: effidency of reduction in V5 5 %
1]
M efficency of remaval of M 3 Y
i o
l P effidency of removal of P 5 %
1]
BOD/COD; effidency of reduction in BOD/COD 3 Y
1]
l Met Water: water required for the operation of 40 %
|| system less water recovered from the system
I = -
| MetEnergy: energy required for operation of
system less energy recovered from the system
I
1]
|| MNutrients: usable nutrients for agriculture(N, P, K) 0 %
| o
Organic Material: value as a soill conditioner 0 Y

Total

Reset Cancel

Figure 5-4. Screenshot of environmental indicator weightingsSfo

.
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The input screen for environmental sub-criteria lid@ppear as it does in Figure 5-4. The resulting
scores are 3.79 for VIPs and 3.52 for UDDTs. Siestmates of both COD reduction and VS
reduction were known, both were included in thelymis. In a situation where information was

only available on COD or VS, the known indicatorulbhave been weighted appropriately and the
unknown would have been given a weight of 0%. Agliéhg of 6% each for N and P removal and
8% for VS removal leaves changes the score for MtP8.77 and leaves the UDDT score

unchanged.

5.1.2.2. S, and S3: Ecosan imperative: recycling is crucial

If it is considered essential that nutrients aycked, there is no need for the system to redoee t
nutrient and volatile solids content of the excrdd@wever, VS reduction may be desirable to
reduce the unpleasantness of handling the matedalvered from the system. For the purposes of

this scenario, the reduction indicators were giaemeighting of 0%.

Since nutrient recycling would probably be desieainl a situation where water and energy might
also need to be conserved (a rural context, fomela), these and the recovery criteria were all
weighted equally at 25%. In this scenario, it miglto be surmised that financial considerations
carry less weight (e.g. with external funding),tke MCDA was run with equal weightings for the
three main criteriast) and then again with a 40/20/40 split for environtffexance/socio-cultural

weightings §3).

Not surprisingly, the two sanitation options coesatl under the eThekwini circumstances do not
perform well with these constraints since nutriearts not recycled (see section 5.2.1.1). With equal
weightings for the main criteria VIPs and UDDTs rc8.00 and 2.77 respectively. With a higher
weighting for the environment and socio-culturakegaries, this drops to 2.93 and 2.69.

5.1.2.3. S,4: People over environment

Another scenario might be that the environment ds eonsidered important (10%) and while
financial and technological considerations canmoigmored (30%) the socio-cultural dimension is
the most crucial. With these weightings, the penfance of VIPs is improved over the baseline
equal weighting scenario, but only to a score @b3while the overall rating for UDDTs drops to
2.84.
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In the next section scenarios are considered wdiffezent values are allocated to the two systems.
This could be the result of a consultation proaeisis stakeholders, or if the situation in eThekwini

should change, or the MCDA be applied in a differannicipality altogether.

5.2. Sensitivity to changes in values

When allocating values to different alternativé®re is often a considerable amount of uncertainty
involved. Even a quantitative variable such as C@moval might take on different values in
different VIPs, depending on the moisture contehtth® pit contents and ingress of rain or
groundwater. A sanitation system such as a UDDThtngerform completely differently in a
situation where excreta are reused in agricultue: \&here people are happy with this practice.
Qualitative variables such as convenience are stilgeand different stakeholders will not only
attach different weightings to these but also hdifferent perceptions on how well an alternative
system scores on them. In this section, weightingee changed if this was logical in a given

scenario and values were changed to fit differessiple sets of circumstances.

5.2.1.Sensitivity to changes in UDDT values

UDDTSs performed very differently under differentatimstances, as described above.

5.2.1.1. Ss,S¢ . Excreta from UDDT reused at household level

Increasing the values for nutrient reuse and omgamtter recovery to 5 improved the rating of the
UDDT to 3.38 §5).

It is unlikely that if excreta were reused theseuldobe the only values that would change.

Furthermore, the weightings for removal of VS, Nafd COD may be changed to zero where
nutrients are recycled (see Section 5.1.2.2).i#f was not the case, their values would have to be
changed to take into account any removal takingepia the agricultural system attached to the

sanitation system rather than the system itself.

It was assumed that the requirement for energyaatdr were still important criteria and thus the
four criteria under environment which were not ceammed with nutrient removal received
weightings of 25% each. A screenshot of theseemnts shown in Figure 5-5. This increased the
rating of the UDDT system still further, to 3.6 ).
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Weightings: Environment Subcategories [ﬂ

Please rate the ten sub-categories according to their importance in the choice of sanitation
solution, The total of the ratings must be equal to one hundred percent.

1]
V5: effidency of reduction in VS 0 Y

1]
M effidency of removal of M 0 "

1]
P efficency of removal of P 0 Y

1]
BOD/COD: effidency of reduction in BOD/COD 0 "

1]
Met Water: water required for the operation of 25 Y
system less water recovered from the system

1]
Met Energy: energy required for operation of 25 "
system less energy recovered from the system

1]
Nutrients: usable nutrients for agriculture(N, P, K) 25 i

1]
QOrganic Material: value as a soil conditioner 25 "

Total

Reset Cancel

Figure 5-5. Screenshot of environmental indicatorsSgr

.

5.2.1.2. S;: Excreta from UDDT reused with changes to socio-cultal values

Furthermore, it could be assumed that the usemtaoee of UDDTs would be high if nutrients
were recovered and used on-site. If they were sitgoused on-site, the situation would become
much more complicated, with energy required to reenthe nutrients to another locaticsy
therefore assumes that environmental values aimgjsattmain as they are $g, but in addition the
user acceptance is increased to 5 and food sedsiiitgreased to 4 since the condition “Products
used at household level without institutional suppd@s met.



99

The section of the Socio-cultural ratings on thedtk page which reflects these changes is shown

in Figure 5-6. This increases the final rating (idDTs to 3.86 §,) over a score of 3.00 for VIPs
with the same weightings applied.

-

-
Urine Diversion Toilet Socio-Cultural Ratings &J
1 5 [ IS
Acceptahility: user perceptions of fitness for Convenience: provision of sanitation where
purpose users require it, distance from dwelling
" 0 ; totally unacceptable " 0 : very inconvenient
(™1 : accepted with reluctance (" 1: inconvenient
(™ 2 : accepted after persuasion (™ 2 : fairly inconvenient
" 3 accepted without influence @ 3 fairly convenient.
" 4: wilingly accepted " 4 convenient =
(% 5 sought after (™ 5: wery convenient
3
7

Pathogen exposure: requirements of system

Food security: contribution of system to e ettt e

household based food production

¢~ 0: Daily contact with faeces. Protective

{0 : No contribution to food security. equipment not used

{” 1: Some use of urine at household level i i1: More often than monthly contact a’\.lﬂ1
ifaeces. Protective equipment not used,

2 : Some use of urine and faeces at

household level ¢~ 2 More often than monthly contact with

faeces, Full observance of PPE use.
¢~ 3 : Use of products within the community.

Institutional suppert for food production ¢~ 3 : More often than annual contact with

faeces, Full observance of PPE use.
¢s %1 Products used at household level without

institutional support. 4 : Approximately annual or less often

" contact with faeces, Full observance of PPE

5 : All products of system reused at use,

" househald level. Effective support for food
duction.
preduction " 5: No contact with faeces

Cancel Reset Enter

-

A

Figure 5-6. Ratings for socio-cultural factors with acceptantexcreta reuse.

5.2.2. Sensitivity to changes in VIP values

VIPs are a well established, robust systems usedifay households for hundreds of years. Under
conditions where household solid waste is dispagezlsewhere they may not need emptying for

the life of the system which is assumed in the MCbAe 20 years. However, their performance is



very different under urban circumstances. User@acee is lower where those close by have flush
lavatories and the addition of solid waste to thte ghortens their useful life. If flooding occurs,
pathogen risk to residents and the risk of contation of water become greater. Two scenarios

were envisaged where the value and/or the weightfog criteria might change and affect the

overall rating of VIPs.

In this scenario, some attempt is made to accaunhé& energy required to process the sludge from
pit latrines. While more environmentally friendlptons such as the LaDePa machine processing
sludge to fertiliser and the deep row entrenchnierforests are still under investigation, many
municipalities are likely to process the sludgehatir wastewater treatment works (WWTW). In

this scenario, energy use would be increased signily due to the need to transport the sludge

and for other processes in the WWTW.
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5.2.2.1. Sg: Disposal of sludge to wastewater treatment works

A

Ventilated Improved Pit Latrine Envircnmental Ratings

oo |

Please provide ratings for the following environmental criteria for the Ventilated Improved Pit Latrine:

1
Efficiency of reduction in ¥5 (% removal)

e

=
Efficency of removal of P (% removal)

e

=5
Energy required for operation less energy
recovered (kWhjpfyear Range: 0-30)

B

7
Nutrients recovered (kg N4+P -+ /personfyear

Range: 0-5)
==
Cancel

2
Efficiency of removal of M (% removal)

=

4
Efficency of removal of COD (3% remaval)

B

6

\Water required for operation less water
recovered {m*3/pfyear Ranage: 0-40)

[* 5

8

Organic material recovered (kg DM/personfyear

Range: 0-10)

En:=

Reset Enter

Figure 5-7.

Ratings for environmental impact of VIPs with giedreated at WWTW
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The energy requirement for aeration would be redus@ce the sludge would already have
undergone most of its potential biodegradation hie bn-site sanitation facility. The energy
requirement was set at 15kWh/p/y. Overall, COD ¥dremoval was the same as for VIPs (75%
and 65% respectively) since the sludge is assumbedwue stabilised. N and P removal would be the
values for the WWTW. Using Cicek, et al. (1999)aguide, the values for removal were adjusted
to 99% for nitrogen and 89% for phosphorus (Figaw®. Furthermore, the cost of operations and
maintenance would increase to the maximum value. rEBulting score for VIPs with weightings
equal across all criteria was 3.4 ).

5.2.2.2. Sq: Urban resistance to on-site systems

On-site systems are often better accepted in pbaruor rural settings. In urban areas, there may
be greater resistance to any alternative otherdahfarshing lavatory. Political opposition mighsal

be brought to bear on the situation.

Table 5-1. Changes in Socio-cultural ratingsStor

Criterion VIP ubDT
So So So So
Acceptability: user perceptions of fitne 3 0 2 0
for purpose
Convenience: provision of sanitati 3 3 3 3

where users require it

Equity: fulfillment of requirements of a 3 3 3 3
gender groups. equivalence of sanitation
provision for different income groups

Legal /institutional: fit with lega 4 2 4 2
requirements, institutional support for
construction, O & M, political support
Facility for ongoing hygiene educatic 4 4 4 4
commitment of local authority or nationa
government to fund

Participation: facility for user involveme 4 1 4 1
in planning and execution of project

Food security: contribution of system 0 0 0 0
household based food production

Pathogen exposure: requirement 4 4 1 1

system for contact with faeces
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The socio-cultural forces might be thought to canire weight in a politicised situation.

S, envisages the ratings changing as shown in Tallleahd the weightings changing to 20/20/60
for environment/finance/socio-cultural. The resofiteating for VIPs is 2.49 and for UDDTs 2.30.

5.2.3. §40. An experienced municipal engineer’'s perspective

An engineer and former head of eThekwini Water Saahitation (EWS) was asked to provide
weightings and values for the MCDA (Neil Macleo@18, email communication, 16 January.). For
the main categories, he suggested that the envewotat financial/technological and socio-cultural
criteria be weighted 20:50:30. The suggested sodlioral weightings are shown in Figure 5-8.

== B |
Weightings: Socio-cultural Subcategories [ﬁ
Please rate the eight sub-categories according to their importance in the choice of
sanitation solution. The total of the ratings must be egual to one hundred percent.
]
Acceptability: user perceptions of fitness for purpose 43 "
u]
Convenience; provision of sanitation where users require it, distance 15 ta
fram dwelling
o
Equity: fulfiment of requirements of all gender groups. equivalence of 10 Y
l sanitation provision for different income groups
]
Legal / Institutional: fit with legal requirements, institutional support for 10 Y
construction, O &M
| ]
Fadiity for ongoing hygiene education: commitment of local authority or 3 "
I national gowernment to fund ongeing hygiene education
u]
Participation: fadlity for user involvement in planning and execution of 3 Y
| project
u]
N Food Security: contribution of system to household based food 3 ta
|| production
| 5 B
Pathogen exposure: requirements of system for contact with fasces
||
Sum
Total 100 %
Reset Cancel i Enter
e

Figure 5-8. Socio-cultural weightings suggested by Neil Macleod
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This expert also suggested the environmental vddaehanged to those shown in Table 5-2.

Table 5-2. Value scores allocated for environmnignticators from the researcher (FS) compared
with those suggested by Neil Macleod (NAM)

Criterion Indicator VIP ubDDT
FS NAM FS NAM
efficiencyof reduction ir % removal 65 70 45 50
VS
efficiency of removal o % removal 75 70 95 90
N
efficiency of removal of % removal 12 10 95 10
efficiency of reduction ir % removal 75 50 55 40
COD
net energy require MJ/person/yea | O 0 0 0
net water require m°/person/ye: | 0 1 0 1
nutrients recovere kg N+P+K/phy | O 0 0 0
organic materia kg DM/ply 0 0 0 0
recovered

While this expert agreed with the researcher atdaobustness scores of the two systems (5 for
VIPs and 3 for UDDTSs), he suggested that UDDTs mnrglquire six-monthly rather than annual
intervention. He agreed that the lifespan of boglktems was approximately 20 years. Cost
estimates were higher for construction, at R7 @®&fVIP and R10 000 for a UDDT. Maintenance
costs were lower, at R50/ply for VIPs (based or2BQ every 5 years for 5 people) and R5/ply for
UDDTs. Both systems would create 5 new jobs pefl@fuseholds.

The socio-cultural ratings suggested by this expere very different from the researcher’s. VIPs
were considered to be totally unacceptable (schrehle UDDTs were accepted with persuasion
(score 2). Both systems were considered to be imgoent and while VIPs do not provide for

children, both women and children are disadvantdnyedDDTs. He also scored both systems 2 for

legal/institutional fit, indicating less certairapout political support for these options.

The changes to inputs suggested by the experttedsin a score of 2.71 for VIPs and 2.50 for
UDDTs.
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5.3. Addition of a further sanitation option

An additional on-site sanitation technology whiasmot been tested extensively in South Africa is
the pour-flush latrine. A Water Research Commissaport published in 2012 presented the results
of research into the application of this systenPlhytners in Development (Still and Louton, 2012).

The research was done in the Msunduzi Municipalihich is centred on the city of

Pietermaritzburg, South Africa.

The results of the study were promising:
« The system could accept both toilet paper and nepespas anal cleansing material
* No piped water was required and grey water coulddael for flushing
e The volume of water required was small: 1 — 2 difper use
» The presence of a water seal meant that the sy=siali be installed inside dwellings
* Requirement for maintenance was low, with only dneckage occurring among 20
systems over 18 months of testing
e The requirement for emptying was similar to a pirihe in eThekwini: once every five
years
* The pit contents were generally free of solid wasteept in one community where no solid
waste collection occurred. This was an area of @anc
« Pit contents should be emptiable with a vacuumegaok smaller pit emptying technology
e.g. Vacutug
For the purposes of the MCDA, it is assumed thattédthnology used would be a twin pit pour
flush latrine which allows one pit to rest and dat while the other is used to reduce the risk of
pathogen transmission. This is the design usdaeittsunduzi project (Still and Louton, 2012).

5.3.1.Performance of PF on environmental criteria

The contents of the pit of the pour-flush which mreise might be expected to be wetter than a VIP
and hence anaerobic conditions might prevail. Hakewnce the pit is not in use dehydration is

likely to occur. The removal of VS, COD, N and Psveessumed to be similar to those of a VIP.

No energy is required for the system, but withlitrtBs average per flush and 7 flushes per day, the
average user would require 3 800 litres of 4pfy. The values in Table 5-3 were entered ihto t
MCDA.
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Table 5-3. Environmental indicator values for ploair-flush system

Criterion Raw score Indicator value
efficiency of reduction in V 65% 3.2t
efficiency of removal of | 75% 3.7
efficiency of removal of 12% 0.€
efficiency of reduction in CO 75% 3.7t
energy required for operation le 0 MJ/personlye: 5
energy recovered

water required for operation of systi 4 m*/personl/yea 4.t
less water recovered

nutrients recovere 0 kg N+P+K/person/yei | 0
organic material recovere 0 kg DM/person/yes 0

5.3.2.Performance of PF on financial and technical criteia

The cost of the pour-flush units in 2014 was apjpnately R8 500. This was on a par with the cost
in eThekwini of UDDTs at the time (Dave Still, Dater of Partners in Development, 2015,

telephonic communication with author, Pietermaritzly 25 January.). Both VIP and UDDT cost
were increased proportionally to R7 000 and R8 re3pectively. The emptying costs for UDDTs
with on-site burial was estimated at R500 at thmeséime, and this was adjusted in the MCDA as
the annual operations and maintenance costs for T$Dfince the eThekwini Municipality is

currently investigating the potential for this deev and surveys indicate an overwhelming
reluctance on the part of householders to do Hemselves (R100/p/y with annual emptying). The
pour-flush emptying cost might be less than the &Bt if a tanker or Vacutug could be used, but

for the MCDA the same operations and maintenanceusad for both at R100/ply.

Robustness was considered to be similar to the UD&hough the test phase was promising,
these systems cannot withstand the abuse that ac&fiPand continue to function. They would
hopefully require less outside intervention, bemgre similar to a waterborne system in this
respect. Life expectancy was 20 years, the santiecaglP and UDDT and job creation similar to
UDDTs, since local people would be trained in carcdton and emptying would provide further
local employment. Local development would be simitathe other two systems. These scores are

summarised in Table 5-4.
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Table 5-4. Finance and Technology indicator vafoeshe pour-flush system

Criterion

Raw score

Indicator value

Robustness: ability to withstand abt
ease of construction, simplicity of
design,

robust, challengin
construction, simpler
technology.

3

business in construction and
maintenance

some regional
construction and O&M

Requirement for outside interventio intervention every 5 yea | 4
requirement for monitoring to ensure

appropriate disposal of waste

Durability: life expectancy of syste 2C year: 4
Construction cost: materials, labo R8 50( R/househol 2.2¢
institutional requirements

Cost of O & M: repairs, servicing (e. | R10Uperson/yee 4.5¢
emptying)

Employment: jobs created b 5 jobs per 100 2
construction and maintenance households

Local developmer promotion of loca | Some local community | 4

5.3.3.Performance of PF on socio-cultural criteria

While acceptability would not be as high as a fullsterborne system, the pilot project indicated
that this system was well received and in most cgmeferred to VIPs. While convenience
remained an individual perception and not all ugeederred the pour-flush toilet to be inside the
house, this is possible if users choose this optda inconvenience was reported with the
requirement for maintaining a supply of flush waiterthe toilet room, so this technology was

deemed to be convenient: a fully waterborne sysierst be the definition of very convenient.

The positive response of users, reported in Still bouton (2012) suggests that the system could
be seen as offering benefits equivalent to fullyestaorne sewerage. Excreta are separated from the
user by a water seal and users did not find theatipa of the system onerous. Hence the rating for
the equity indicator was 4. All other indicatorsrev@lso rated at 4 (see Table 5-5 ) because the

implementation would be likely to be similar to etlprojects of this kind.

Table 5-5 summarises the ratings used in the MGi¥Adcio-cultural indicators.
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Table 5-5. Socio-cultural indicator values for grmur-flush system

Criterion Raw score Indicator value
Acceptability: user perceptions Willingly acceptel 4

fitness for purpose

Convenience: provision of sanitati Convenier 4

where users require it, distance from

dwelling

Equity: fulfillment of requirements of a| less advantaged peoj 4

gender groups. equivalence of sanitatiohave equivalent but not
provision for different income groups | same system

Legal /institutional: fit with lega fit with legal requirement| 4
requirements, institutional support for | full support available at
construction, O & M government level,

political will is neutral
Facility for ongoing hygiene educatic | fully adequate budget fc | 4

commitment of local authority or initial education available
national government to fund and adequate provision
for ongoing support
hygiene education

Participation: facility for use Users fully involved ir 4

involvement in planning and execution planning and execution

of project

Food security: contribution of system | no contributiol 0

household based food production

Pathogen exposure: requirement Approximately annual ¢ | 4

system for contact with faeces less often contact with
faeces. Full observance of
PPE use.

5.3.4.0verall performance of PF

The scores for the three systems with the adjugiadtruction and maintenance costs were 3.14 for
VIPs, 2.94 for UDDTs and 3.17 for pour-flush witlual weightings for all criteria. With a heavier
weighting (60%) for socio-cultural criteria e.g. @ammore challenging political climate, the PF
scores 3.30 versus 3.13 for VIPs and 2.81 for UDDTs
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Chapter 6. Discussion and Conclusions

The results of the analyses reported in Chaptévé gpme indications of how this MCDA would
have predicted the outcome of the Free Basic Semtainterventions in the eThekwini
Municipality (EM).

6.1. Discussion of MCDA results

6.1.1.Sensitivity to main criterion weightings

With a “balanced scorecard” and equal weightinggte three main criteria (Environment, Finance
and Technology and Socio-cultural), the performasfc€IPs in the MCDA was marginally better

than that of UDDTs. This difference would have baeufficient for a decision to be made using
the results but would hopefully prompt further igtigation of the motivation for one or the other

option.

In the case of EM, a very strong driver for thergf@was to avoid the need to empty pits. If this
were only a financial consideration, it would prblyanot be justified in the light of the results of
this MCDA and in view of the current situation witegard to emptying of vaults. UDDTs might
require more outside intervention in the form oélle and hygiene visits and greater maintenance
expenditure due to less robust and more complicggelanology, even if this was not originally
envisaged by the municipality. If households areprepared to empty the vaults themselves, as is
suggested by the surveys, the municipality willgaoly incur a further cost of around R500 per
emptying visit (Dave Still, Director of Partners Development, 2015, telephonic communication

with author, Pietermaritzburg, 25 January.).

However, the concerns of the municipality were oy financial. The nature of the manual VIP
emptying process and risks to the health of pitt@rgpas well as the unpleasant nature of the job
were motivating factors in the choice of UDDTs (Rley et al. 2008b). The difficulties
encountered in transporting and disposing of giina sludge when it was found that the shock
loading affected the operation of the WWTW alsoypth a role. Finally, there is potential for
UDDTs to improve food security if the barriers peating them from reaching their Ecosan
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potential are overcome. A% indicated, in a scenario where excreta are reusBi)Ts perform

well with a rating of 3.86 against 3 for VIPs.

When environmental considerations were given adrigieighting, UDDTs performed better than
VIPs, scoring 3.06 against 2.67 for VIPs when theghting was 100%. This was in spite of the
fact that UDDTs were not being used as truly edokdgsanitation since no recycling of nutrients
was occurring. The lowered risk to groundwater fithve use of sealed vaults and urine soakaways

make the UDDT the more environmentally friendlyiopt

The only other main weighting change which woulslitein a higher rating for UDDTs would be if
less than a 15% weighting was given to socio-caltaonsiderations. The literature informs us that
social issues are of primary importance. Howeveis tesult does reflect the difficulties with
UDDTSs which have been elicited by the surveys edrdut in the EM.

6.1.2.Scenario analysis

A number of scenarios were proposed which migtgcaffhe weightings and/or the values used in
the MCDA.

S1, in which the weightings for water and energy usze increased, indicated that UDDTs and
VIPs are both good options where these inputsearersly constrained. There are situations where
dry sanitation is the only viable option, for exdenj water must be carried great distances. This i
becoming less common in South Africa as the prowisdf water outstrips the provision of
sanitation at over 90% in 2011 (RSA, 2013, p.16@wever, Rietveld et al. (2009), in their MCDA
study of water supplies in Limpopo province, fouhdt many relatively new water systems did not
provide a continuous supply. In these situationsayistems are essential if they are to provide a
reliable sanitation solution.

S, andS;, indicated that if environmental considerations ierore important and nutrient recycling
is considered to be essential, UDDTs and VIPs petform poorly if the excreta from the UDDTs
is simply buried.Ss, Sg and S, provided alternative scenarios, where the poteofi)DDTSs is
realised and this system performs well. It mustémeembered that in eThekwini, the socio-cultural
factors are the barriers to Ecosan and unless theseovercomeS, remains a hypothetical
situation. Thus the excellent performance Sin rested on community acceptance and even

enthusiasm for the reuse of excreta.



110

In eThekwini, UDDTs have been the target of somgatiee commentary. Patrick Bond of the
Centre for Civil Society at the University of KwalditNatal labelled them gobst-apartheid bucket
systerh (Bond et al., 2008). The surveys cited in Chaf@esuggest growing discontent with these
toilets. It seems that under the eThekwini circiamees, the VIP may have been a better choice
andS, bears this out, with UDDTs performing poorly unadenditions where socio-cultural and
political issues carry considerable weight. Ondtteer hand, those with waterborne toilets are not

necessarily any happier (see reference to the studgriuki, 2008 in Section 3.3.3.2).

Sg investigated the impact on the rating of VIPs lifdge was disposed of in WWTW. This

scenario highlighted the issues of collection, ¢pamt and disposal which should form part of the
holistic view of a sanitation system. Setting sgsteoundaries at the user interface level ignores th
more wide-reaching consequences of sanitation.€elimegacts may affect the environment, have a
financial and managerial impact at municipal lemetl concern the wider community where river

systems and air emissions are affected.

The next scenario proposefl,, should have resonance in the South African $toatvhere the
socio-cultural criterion is weighted above the eoniment and financial criteria, and with a change
to the acceptability of a dry sanitation optionlitizal opposition and resistance to participatimn
the community, VIPs and UDDTs perform poorly. Thisuld happen to any sanitation option that

met with resistance from the community or even alkbut vocal sector of the community.

An up-to-date costing and some very useful insigitse gained from the input of a municipal
engineer into the final scenari§,§). The weightings for the main categories demoredrahat
while financial and technical criteria are of primaoncern to the municipal engineer, experience
gives significant weight to the other two categeri@s well. The expert rated most of the
environmental indicators somewhat lower for botlstems, but the only significant point of
difference between the researcher and this expeshwironmental criteria was the poorer reduction
in phosphorus which he allocated to UDDTSs. It ipariant to note that the performance of UDDTs
on N and P removal is particularly circumstancesme since the disposal to a soakaway may
channel the nutrients into the surface soil layerinbo surface water where it constitutes an

environmental hazard. Furthermore, the reuse okurn agriculture changes the picture radically.

Little difference of opinion was noted on the teichhcriteria but construction costs have obviously

risen significantly since the data used by theaegeer was collected in 2009 (Roma et al., 2011).
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This underlines the possibility that the engineeymeed to review the scale for the cost indicators

when using the MCDA in future.

Possibly the most interesting changes to the relseds weights and ratings were found in the
socio-cultural section. The expert placed a stremgphasis (45%) on acceptability to users, and
rated VIPs particularly low on this indicator. Cemence was the next most heavily weighted
indicator, and both VIPs and UDDTs were considénednvenient, a harsher judgement than that

of the researcher.

The overall scores with the input of this expeghtighted the difficulties with the provision of on
site sanitation systems and brought into questiervalue of UDDTSs in eThekwini. Although the
scores changed for each of the sanitation optithrest; relative positions were the same as those

resulting from the researcher’s input values withDI's performing worse than VIPs.

6.1.3.Addition of pour-flush option

The pour-flush alternative was easily added toMIZDA since the Exc&lworkbook is already set
up to assess up to 5 alternative sanitation systBesause a number of assumptions were made
regarding its performance, the final score is oalyentative assessment of possible value in

comparison with UDDTs and VIPs. Nonetheless thbrtetogy seems promising.

The process of entering the values for a technaddoput which little is known in the South African
context highlights the need for further researdtie MCDA assists in directing this effort into the
following channels:
» What processes take place in the pour-flush piti2 Would require an analysis of both
active and resting pits to find out if they are imto VIPs. The addition of water might
create anaerobic conditions in which less degraddtikes place, but the wetter conditions

may be conducive to better breakdown of organidanat

* What potential is there for the reuse of nutrienten pour-flush latrines? The extensive
studies ofAscarissurvival (Buckley et al., 2008b) would need to leplicated on this

technology before recycling could be recommended.

e Wil the pits need to be emptied by the municig&litHow can pits be cost-effectively

emptied and how can the contents be disposed of?
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« How robust is the technology in a larger pilot paijand how long does it last? How much

outside intervention is required to keep it functty

* How well is the technology accepted in the widemowunity? Here the techniques of social
marketing may be employed so that acceptance ifitdted. It must be remembered,
however, that this acceptance must be sustainedghrthe lifespan of the system.

« Can political players across the spectrum be caedrthat this is an equitable solution?

The exercise of seeking this information shouldriowp the chance of success if a new technology

is to be introduced.

6.2. General discussion

The aim of this research was to investigate whevhdtiple Criteria Decision Analysis could offer
municipal engineers a useful tool in their attemiotsextend sanitation to all residents of their
municipalities in a sustainable fashion. Sustaiitgbivas viewed in a broad fashion to cover

disciplines ranging from Chemical Engineering teiStmgy via Financial Management.

Sustainability theory asserts that a system will centinue to work if the environment is not
protected for the benefit of the present and fuggeerations. The financial resources must be
available not only for the construction of systeimsmprove the welfare of humans but also to
maintain these systems. Systems must be builateaechnologically appropriate to the situation at
hand. Humans are complex organisms that strivefoe than the fulfiiment of their basic needs. A
sense of security, autonomy, self respect and tigine some of the aspirations which drive people
to improve their circumstances. People are als@akanimals and are swayed by the opinions of
their fellows and of those in authority. Their acs may sometimes appear irrational, but marketers
understand that humans are creatures of emotibierréhan reason and their responses are not
always grounded in logic. Since sanitation is idezhfor the welfare of humans, it is on the socio-

cultural testing ground that systems often pagaibr

Engineers are usually trained to a high level ohtécal expertise. Most have acquired skills in the
financial management of projects. Environmental imegying is becoming more widely
acknowledged as an important field of study. It rhaythat the socio-cultural dimension is the one

that municipal engineers find themselves mostdglkipped to deal with.
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In a study of decision making in political contexdmdersson et al. (2012) commented that political
influences often constrain choices which shoulddbienal but instead are made on the basis of the
distribution of power. They citérationality and political behavior as opposite endf one
continuum.” In their case studies, they found that Decisiorppdut Systems (DSS) and
participatory planning were a waste of time, sittegy were mostly used as'golitical facade to
make people think they have an influenc"effect, the way that decisions are really made
political contexts does not accord with the pritespof participatory planning. In sanitation
planning, communities are often “consulted” aftee financial and technological decisions have
been made. Andersson et al. (2012) conclude the¢ mesearch is needed in the use of DSS in real
situations rather than the development of more austlof decision support.

6.2.1. MCDA as a tool in Participatory Planning

The MCDA developed in this study was conceptualiyesy simple one. Most of the partial value

functions used were linear transformations rathantthe meticulously developed relationships
advocated by the MCDA literature. Many of the iradars were qualitative ones, with the different
levels chosen through a process of guesswork irfdrny an extensive literature review and many
discussions with those in the field. No exhaustivecess was carried out with stakeholders to
qguantify the tradeoffs between criteria which woualtbw the aggregation process to produce a

“true valuation” of each alternative.

A fundamental difficulty with MCDA in practice enged on consideration of this particular
requirement. This is the assumption that therenes interest group which must be satisfied by the
outcome of the decision making process. This igjtbhap that would be consulted to determine that
one unit’s increase in one indicator can be traafé@dgainst one unit’s decrease in another. When
one takes into consideration that each main coitegffectively represents a different interest grou
and that each interest group has little or no digeem or possibly concern for the other two areas
one realises that it is impossible to arrive aglation of any single indicator that would satiafly
these divergent groups. One person’s indoor coeweri is another's mortification, as Still and
Louton (2012) found in their survey of failing loflush latrines. What is a kilogram of valuable
recycled nutrients to an environmentally consciBusopean may be just so much shit to an African

aspiring to a more dignified life.
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Another difficulty with MAVT lies in making the redred tradeoffs clear to those using the MCDA
in order to elicit valid weights for the differeatiteria. The elicitation of weights for MCDA from
stakeholders was considered to be beyond the sfahes study. In order to achieve the trade-offs
required for a rigorous application of the MCDA imed, stakeholders would be required to
complete an onerous set of pairwise comparisonghé&unore, with the range of criteria included
in this MCDA, it would be difficult for any one gup of stakeholders to evaluate those trade-offs,
since the three main criteria represent the interekthree different groupings: community and
environmental experts (environmental criteria), mipalities (technical and financial criteria) and

target communities (socio-cultural criteria).

While one of the aims of an MCDA is often to allas many stakeholders as possible to influence
the final decision through the process of the wiinghof objectives, the results of this process are
likely to be predictable and simply to delineate thifferences of interest which exist. The
sensitivity analysis of weightings (Section 5.1rl)his study produced just such predictable result
with alternatives changing places in the rankingsoeding to obvious strengths and weaknesses
inherent in different technologies for the differ@niteria. As the environmental criterion became
more important, UDDTs exceeded VIPs in the findugascore, even without a situation where the
full ecological sanitation potential of this techogy is realised. As socio-cultural considerations
were given more weight, the established technolofythe VIP increased its lead over the

sometimes contentious UDDT option.

Monnikhof and Bots (2000) in their case studie$@DA in spatial planning in The Netherlands,
record that in a process of “interactive planniimy’olving different stakeholders, the citizen group
would not accept the expert's MCDA which reflectdd own preconceptions. They proceeded to
develop their own MCDA which showed a clear biashir particular interests. The final choice

that was made by the municipal council took no antof either MCDA.

The aim of participatory planning must be to depedobetter understanding one another’s view of
the different pillars of sustainability so that atbkeholders are prepared to make the necessary
compromises in order to achieve a truly sustainabletion. In this endeavour, MCDA can really
only play an ancillary role to the main process aoinsultation, discussion and, hopefully,
convergence. What the MCDA may do is to frame theatle by making all participants aware of

the others’ points of view. It must therefore bealeped with as much objectivity as possible.
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6.2.2. Strengths of the MCDA

The question that this research sought to answer“@an MCDA assist Municipal Engineers to
achieve sustainable sanitation solutions?” If thgimeer is looking for a definitive answer to the
question “Which option shall | implement?” then theswer to the research question would
probably be a resounding “No”. As has been expthadgove this particular MCDA was bedevilled
by the impossibility of following a rigorous qudiitation process to arrive at a perfect numerical
answer. There were many times in the process o$tagting the MCDA when it seemed a
superficial exercise, even to the developer. Ndnalternatives under consideration may perform
sufficiently well to merit implementation.

However, if the engineer’'s question was phraset\émt process should | follow in order to arrive

at a course of action which has a better chancesuctess”, then the MCDA may have a
considerable amount to offer. The MCDA providesimapde framework of questions that the

engineer needs to investigate before he or she srakiecision. The engineer is the “expert” who
enters the ratings for any given system and mesefbre be fully informed before doing so.

Starting with the environmental issues, the engime®ds to make sure that a comprehensive
environmental assessment has been carried out.afbassment should provide values for the 8
indicators required by the MCDA. In the course biststudy, it became obvious that these
apparently simple figures were not easy to finditipalarly for on-site sanitation systems. A
Google Scholar® search fait latrine sludgeor chemical oxygen demand pour flush latrines
revealed that little is documented on these antdthearesearch by UKZN in eThekwini is at the
forefront of this effort. It is also important tmte that these figures are specific not only to the
sanitation option being considered and but alsth¢oentire train of options which accompany it,
from collection to transport to treatment to disddFilley et al., 2008). Furthermore, the physical
geography of the area where the system would lielled and the cultural practices of the target
community will also influence the environmental @arnes. Even if the engineer makes some rough

estimates he or she should end up considerablgrbetbrmed.

The financial implications of the different optionszay also be less simple than at first appears.
These should also take into account the entire titechnologies from collection to final disposal
The durability, robustness and need for outsiderw@ntion have both extrinsic components
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attributable to the technical design and intrinsienponents which depend on topography and
current infrastructure (e.g. ease of access foemiptying) and people’s ability and willingness to
care for and maintain the structures. This highighnother point about this type of MCDA:
independence of indicators is lamentably absent.

The engineer must put in place a comprehensiveaSbnpact Assessment. People’s aspirations,
cultural beliefs, community structures and politiabegiance may all have a bearing on the success
or failure of a project. The very process of inigeting these may affect the outcome. It is not
enough to create facilitating committees once #ehnical solution has already been decided.
Engineers need to offer different options and jottr keep as open a mind as possible so that
citizens do not feel that the consultation proégessmply window-dressing. Furthermore, political

support across the spectrum may crucial to theesisoof a project.

The “toilet wars” in Cape Town raged over the Dematic Alliance-led City of Cape Town’'s
attempt to provide individual households with flusdilets (Robins, 2014 , Zille, 2010). They
provided the plumbing and sanitary fittings foléts for each dwelling while the households were
to provide the enclosure, which the vast majorityresidents did. The remaining open toilets
“created the conditions for the framing of sanitatias a matter of concern for politicians,
activists, journalists, citizens and, most sigmifily, judges.”(Robins, 2014). Protests, including
the dumping of faeces at Cape Town Internationaipdkt, followed this controversy. The
authorities believed that they had followed a fulbcess of consultation and had arrived at an
agreement with residents (Zille, 2010). Furthermdhney believed that they had gone far beyond
the legislative requirement for basic sanitatioovigion. Nevertheless, the intervention became a
political issue which must make any municipalitynsimlering a similar process pause for thought.
The South African Human Rights Commission conclutted the City of Cape Town had violated
the rights of residents with open toilets to digrahd privacy and the municipality was ordered to
provide enclosures (SAHRC, 2010). Thus an intgiea was hamstrung by a single criterion in

the MCDA - the need for legal, institutional andifozal support.

The Cape Town experience emphasises the needdioraga every aspect raised by the MCDA to
be considered. The list of indicators is not extimesas the number had to be limited so that each
value could have some impact on the outcome. Hory¢hve list is balanced between the interests
of different stakeholders and the engineer shontwenter other issues as he or she seeks answers
to the questions raised by the MCDA.
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6.2.3. Combination of scenario planning with MCDA

An innovative feature of this MCDA in the contextspreadsheet based MCDAs of this type is that
it offers a user-friendly interface for the entiiyalues for the matrix. This allows the expertruse
change values easily to observe the effect on dém&img of options. Most systems focus on
achieving the perfect set of indicator values altmlvéng the user to manipulate weights only. In

Section 6.2.1 the conclusion was that values &watf&n specific.

Loetscher’'s (1999) MCDA included more than 80 sith alternatives including systems for
collection, treatment and disposal. These werenisgd into trains to allow for the different
possible combinations which would achieve an oVeatitation system. All the expert work was
done by the researcher and was not obvious togbe While this is ideal if the program is to be
used in the identical context to the one envisdnethe developer, there are many factors affecting
the success of sanitation which may be unique tertain set of circumstances. The municipal
engineer may be able to manipulate some aspedteafystem to change the performance. For
example, the extent to which users of the sanitatice involved in the process depends on the

project manager.

The MCDA in this study has not attempted to go Inelythe on-site part of the sanitation solution.
However, the scenario testing facility may compénsar this deficiency in that it allows the expert
user to change those indicators which would bectfteby the alternative transport, treatment and
disposal options and see how the options wouldopatf Thus VIPs with sludge disposal at the
WWTW (expensive, energy inefficient, good removhboganic matter) could be compared with
VIPs with sludge disposal in forestry (less expemsenergy inefficient due to transport and burial,
return of nutrients and organic matter to soil)eThnoice is once again an informed one, since the
process of investigating the effect of differenspdisal options on the indicator values gives the

engineer a broad vision but guides him or her teringate specific outcomes.

Once again, it is not the results of the MCDA, thé process of engaging with it which may be

valuable.
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6.3. Conclusions

Multiple Criteria Decision Analysis provides a framork within which municipal engineers can
investigate the wide range of factors which wiltedenine the sustainability of sanitation projedts.
balances the scorecard between the interestsfefatif groups of stakeholders and encourages the
engineer to look beyond the technical and financ@isiderations. Nonetheless, these aspects,
which are of critical importance to the municipalfor budgeting and planning purposes, are not
ignored in the MCDA. Using the program developethis research in conjunction with Partners in
Development’'s WhichSan program provides engineétts avdetailed technical feasibility analysis
and costing. Furthermore, the issues which are pefcific concern to the municipality are

incorporated into the MCDA to be balanced agaimstimterests of other stakeholders.

This MCDA draws attention to the socio-culturalues which have been the cause of failure for
many interventions world-wide and in South Afrigaesifically. Social sustainability requires that
considerations including equity, participation, dogecurity and health are taken into account and
the impact of the sanitation intervention on thésetors is given appropriate importance. The
engineer is encouraged, through the MCDA, to ingast the nature of the community in which

the project will be implemented and to take thétitides and perspectives into consideration.

The wider community is concerned that their envinent is not negatively impacted by the
projects undertaken by the municipality. In additithe engineer must meet a range of regulatory
requirements. Both the WhichSan feasibility scregrand the MCDA encourage the engineer to
undertake an investigation into factors affecting ¢nvironmental impact of any proposed project.
Once again, these issues are weighted against finaseial and socio-cultural factors with which
they may be in conflict.

Difficulties were encountered when trying to meké trigorous requirements of the academic
community for weight elicitation and value functidevelopment. Further research is required to
overcome the burden which would be placed on thgineer if these requirements were to be
implemented. However, the sensitivity analysis soehario analysis demonstrated the value of this
method for taking into account different perspexdivThese processes can be undertaken by the

engineer after his or her investigations are cotaglas described in the conclusions above.

It may be concluded that the spreadsheet-based MC&Aprovide the engineer with valuable
insights and has considerable merit as a planoiolg t
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6.4. Areas for future research

The MCDA itself could be improved if more informati were available to inform the values for
some indicators. A better approach to weight alfiih and other approaches to decision support

could be combined with this MCDA to improve its tidioution to participatory planning.

6.4.1.Improved value measurement

This study highlighted some technical areas whichldt be more extensively investigated and
which would improve the quality of data used in M €DA. The work done by the Pollution
Research Group at UKZN (Buckley et al., 2008a &b@BB, Nwaneri, 2009, Still and Foxon, 2012,
Bakare et al., 2012) could be repeated in diffegemigraphic locations to give a range of values for
nutrient removal and organic matter degradatioonisite systems. The analysis of the health risks
posed by different options for excreta disposal thiugs considered essential and further studies
similar to that of Mnguni et al. (2008) would beluable. The risks are often specific to the
particular way in which a sanitation option is apg@l— for example, a different risk assessment
needs to be carried out for emptying and on-siteabaf UDDT contents by an external contractor
(currently under investigation in eThekwini) as gared with emptying and on-site burial by

households or emptying and off-site disposal bgmwtl contractors.

The research of Benoit (2012) might be usefullyeagted into a study to establish what social
interventions might increase the acceptabilityhaf teuse of excreta in KwaZulu-Natal. This issue
is a barrier to the implementation of ecologicalisgion and affects a range of indicators in the
MCDA. Greater acceptance of the practice of reuseldvaffect the options for disposal of pit

latrine and pour-flush waste as well.

6.4.2.Weight elicitation component

If the MCDA method is to be rigorously applied, gleis must be elicited from decision makers in
such a way that they can make the trade-offs betwateria. This means that if one criterion has a
weighting which is twice that of another, then ghiakeholder is prepared to trade off an increase of
one unit of value in the more highly-valued criterifor the loss of two units in the less-valued
criterion. Swing weighting, as described in Sectiba.3.2, requires the decision maker to make
pairwise comparisons between a swing from the toetfte worst value for the most highly ranked
criterion and this swing for less highly rankedemia. Although this would be onerous for decision
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makers, it could be made less so by the developofeatuser interface with sliders (as shown in
Belton and Stewart, 2002 p.137).

A simpler system of rank order or ratio weightsdf@ms 2.4.3.1 and 2.4.3.3) could be used in a
weight elicitation program, but it is doubtful Hese methods would produce better results than the

present option of entering weights as percentalyesa

6.4.3.Conjoint analysis combined with MCDA

Conjoint analysis may have a contribution to makehie development of participatory decision
making methods to be applied to sanitation. HamsehOmbler (2009) resolve the issue of trade-
offs by using a method they call PAPRIKA which oduces elements of the Analytical Hierarchy
Process (AHP) method and conjoint analysis in otdearrive at values for each alternative and
each criterion through a pairwise comparison inclvhiertain values are obtained through direct
comparison and the rest by implication. This metalbolws researchers and managers to elicit the

preferences of stakeholders through comparisoemafl subsets of criteria.

For example, a potential user might be given twioog:
a. an indoor latrine which requires the user to pusehtailet paper

b. an outdoor latrine where newspaper can be useahfdrcleansing

The respondent must indicate whether these opticngqually liked or whether one is preferred to
the other. This makes clearer the value placedhentwo features: location of latrine and anal
cleansing material. A series of pairwise compassiike this allows the researcher to build up a
comprehensive picture of the utilities which arsagsated with the individual features which make
up a product: in this case a sanitation system. (tiidies are evaluated in a statistically valid

fashion without it being necessary to compare efeature with every other feature.

This methodology could possibly be used by municipanagers to ensure that they have carried
out a genuine investigation of the community’s reeethd interests. 1000 MirfdsSoftware

combines conjoint analysis and MCDA and might heegstigation (Hansen and Ombler, 2009).
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6.4.4.Final thought

In conclusion, it seems that this MCDA can achi#sebjectives as stated by Belton and Stewart
(2002, p.3) which are téfacilitate decision makers’ learning about and werdtanding of the
problem faced, about their own, other parties’ amwdanisational priorities, values and objectives
and through exploring these in the context of tteblem to guide them to identifying a preferred

course of action.”.
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