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Abstract

The choice of which sanitation technology is best for low-income communities in developing countries is not simple and
straightforward, but particular and case-specific. A new decision making tool (MCA matrix) and an adapted methodology are proposed
to help decision makers assess the best sanitation solutions for poor communities in Nepal. Two rural low-income Nepalese
communities were analysed and the best sanitation solutions were found using the tools and the methodology previously determined.
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Introduction
More than 40% of the worldwide population do not have access to improved sanitation.

Despite WHO and other UN institutions recognizing sanitationasapri or i ty and designating the

Sanitation”, there is stildl a |l ot to do. It i s tinpaticyahirt

rural contexts, we are too far in meeting MDGs in 2015 (UN WATER, 2008). It is not only anymore a technical matter, there is also the
necessity to improve and accelerate decision making processes which must put users first, raising general awareness that sanitation is
not a “luxuryéntalbight it is a fundam

Several solutions and programmes already exist, although it is essential to tailor the appropriate sanitation programme for each
community because there is not an absolute right solution. Specific factors, features and constraints such as culture, society and
religion, must be considered.

This research seeks to look at a new decision making tool and a new process, which embodies the most relevant factors upon which
the choice of sanitation depend thereby helping decision makers in determining the right solutions. The results found will be used to
find the best sanitation option for the two low-income Nepalese communities of Bhalakhalak and Chamar Tolia. Visiting the
communities in Nepal was necessary to gather technical data and to understand important issues and needs through discussion with
the community in keeping with the Demand Responsive Approach undertaken. However the single results of the two communities are
not reported in this paper.

Research Objectives

The objectives were as follows:

- Build Decision Making tool which helps assess the appropriate sanitation options for low-income communities. The tool would
be designed to be integrated in a wider Decision Making methodology (or process) although it could be applied also
independently out of the scheme. The DM tool must embody the following characteristics:

A Easy to implement and to replicate;

A Robustness;

A Able to take into account economic, technical, environmental and social factors;
A Compatible with a participatory approach and able to represent users demands;
A Transparent and understandable by different stakeholders.

- Adapt a detailed, step by step, Decision Making methodology to be used by watsan professionals in Nepal in conjunction with
community leaders as a guide in determining the best sanitation programme for low-income communities in developing
countries.
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Methodology

From the literature review an appropriate decision making method suitable for sanitation has been selected considering the features
of the objectives.

The tool structure has been created based on data on sanitation technologies which have been derived from a literature review and by
previous experience. The mathematical functions have been then developed and defined.

People’s participat i oleeninsereedvdtsintte tod as pfendamentpl pait of DRA. Thie @af then has been
finalised and its validity has been tested.

Results and Discussion

From the literature review a Multi-Criteria Analysis method has been selected because this accounts for different criteria and options
and it is able to embody the multiple factors which affect the choice of sanitation systems. However MCA is not an exclusive method
and it does not present only one final solution but gives preferential ranking to feasible options thus overcoming one of the big limits
of decision trees. Although it requires more time to be spent in gathering data and in weighting criteria.

Within the range of MCA different methodologies the Sum Weighted Method (SWM) has been chosen because it is:
1  Easyand quick to implement;
9  Highly transparent and understandable by stakeholders and community people.

Analysis of the various platforms through which MCA (i.e. by software, spread sheet or other formats) may be implemented; Microsoft
Office Excel ™ or its freeware versions of spreadsheet files has been preferred since:

I Its useis widespread worldwide, therefore people already have confidence in using it and for these reasons it can be
modified and used with extreme ease without any further training;

I  The matrix resulting can be transferred as a simple table and the calculations done in the absence of electricity or calculators;

9  The table structure can be easily replicated by flipcharts, helping to carry out communication in meetings and workshops
with stakeholders;

9 It has come out by discussions with Nepal Engineering College staff and students that a spreadsheet is the preferred method
in which to implement a decision making tool as it is more straightforward to understand and modify.

The following information has been inserted in the Decision Making:
9 Criteria;
I  Feasible Options;
9 Scoring —to evaluate the performance of an option according to a criterion demonstrated in Table 1;
I  Weighting —to express the importance of a criterion rather than another.

Data have been gathered on the basis of the requirements of Sum Weighted Method — Multi-Criteria Analysis. The Factors (or Criteria)
which affect the choice of sanitation facilities have derived by Brikké & Bredero (2003). However to simplify the Decision Making a
selection of most significant criteria has been done. The results have been reported and described in the Table 2.

Once relevant criteria and range of feasible technologies have been selected, the resulting MCA-matrix was prepared with the
following structure;

1  ROW: technology options (i.e. Pit-latrines, VIP-latrines etc.);
9 COLUMNS: criteria and sub-criteria (i.e. economical factors — capital costs).

Each technology has been scored according to the respective criterion (each table cell represent a performance) on the basis of
literature data and considerations by Brikké & Bredero (2003), Hogrewe, Joyce, & Perez (1993) and by Dahi (1997).

The scoring was expressed on a scale from 1 to 5 where 1 represents very bad performance whilst 5 represents a very good one.

Very Bad Bad Medium Good Very Good

Table 1: Performances scoring scale
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Amongst the guidelines analysed in literature the ones selected as the base of the methodology are:

1 DRA-t he

engineer

s role (Deverill, Bibby, Wedgwood,

I  Guideline for planning and design rural water supply (Reed & Ockelford, 2000)

1  (UNESCO-IHE - UNEP/GPA, 2007)

& Smou

CRITERIA

SUB-CRITERIA

DESCRIPTION ¢ SCORE RANGE

Economical factors

Capital costs

Cost in implementing the technology. Very good (5) the technology is very cheap —very bad (1) the
technology is expensive

O&M costs

Cost in operating/maintaining the technology. Very good (5) the technology is very cheap to maintain —
very bad (1) the technology is expensive to maintain

Maintainability

Land
requirement

Land required by the option. It includes the reapplication of products. VG=5 if the technology requires
small land —VB =1 if the technology requires big areas

Availability of It expresses whether the material can be found easily nearby. VG=5 the materials for the construction

material can be easily found —VG=1 it is very difficult to find materials to implement the option

0&M Skills Skills necessary to operate and maintain the option. VG=>5 If the technology does not require any
particular skills in its maintenance —VB=1 if the technology requires high skills.

Durability How long a single toilet can last VG=5 if life of technology is long —VB=1 if the material must be replaced

often

Technical skills
for construction

Skills required to build and implement the technology + how easy it is to replicate by others when they
want to implement it. VG=5 Technology is easily implementable —VB=1 to build this option people has to
be trained and supervised by technician

Benefits

User Comfort Accounts for convenience, comfort, accessibility, privacy, status and prestige, health and ownership.
Community Effects of the technology on community public health. VG=5 if the technology brings a big improvement
Health on public health —VB=1 if the technology has a very small impact.

Environmental

Protection from environmental pollution by the option. Especially groundwater quality. VG=5 the
technology preserves pollution of the environment —VB=1 the technology has a bad environmental
impact

Social factors

Community people should score this table according their perceptions, taboos, traditional habits and

C i . . I
:::n:::il‘z other factors they consider important. VG=5 people like very much the technology and are willing to

persp implement it —VB=1 people oppose strongly to the technology

Success This can be inserted as a criterion when sanitation has been implemented nearby to a community or

examples people with same features (culture, habits... Etc). VG=5 the technology works and it is brilliantly

maintained. VB=1 the technology seems to be inappropriate

. Table 2: Criteria and Sub-criteria selected for the MCA Decision Making
The following steps have been proposed to implement the resulting Decision Making process:

Preliminary Analysis — This analysis is an important starting point that allows the understanding of problems and necessities of
communities which | ack “improved sanitation.” |t i.8isaBo signi f
necessary to understand all the stakeholders involved in the sector to enhance transparency and communication amongst them and to

ensure that none are excluded.
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Objectives determination —In this step the objectives are fixed on the basis of the considerations in the previous stage. This allows
determination and understanding of the most effective changes to be made and to maximise time and the often limited resources. In
the cases when objective determination is not so straightforward- Pareto Analysis can be used as aiding instrument.

Preliminary technology selection — This phase has the aim of simplifying the further steps of the Decision Making, selecting only the
feasible alternatives on the basis of technical constraints (i.e. scarcity of water, anal cleaning habits). This selection can be done by
different tools like tables, flow charts or software such as Sanex™™ by Loetscher (2002).

Meeting with community people explaining the feasible options and how they work — This important step is to get users participating
to the DM. It consists of meeting the community and stakeholders explaining the range of feasible low-cost sanitation technologies
together with the associated advantages, disadvantages and costs. Community people and stakeholders are informed on the aspects of
each sanitation technology and will have a better understanding during the next steps of the DM where they will be asked to rank their
preferred options.
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Figure 1: Final MCA matrix (tool) for sanitation DM

Implementation of Multi-Criteria Analysis ¢ the MCA is constructed in this stage. The proposed tool to be used in this stage is a MCA
matrix tool shown in Figure 1. The decision maker should prepare the case specific matrix, considering in the matrix only the feasible
options which resulted from the preliminary technology selection.

Weighting and scoring by community people — The outcome case specific matrix has to be weighted and the socials factors have to be
scored by community people. This can be done through different techniques - workshop, interviews or meetings. It is important to
notice that at this stage community people have a great role and their opinions are considered to respond to the DRA. However the
engineer and sociologist have to mediate and guide the process in order to avoid any unobtainable results.

From Final Technology Recommendations to Final Technology Selection — After weights and social scores are inserted in the matrix,
the decision maker uses the MCA matrix to find the best scored technologies or final recommendations. These are then presented to
the community people in a second meeting, explaining in simple words how these arose. This enhances transparency of Decision
Making which makes people feel involved and considered.

Matrix results are called Final Technology Recommendations (FTR). The community is again involved in the conversion of FTR into the
Final Technology Selection. In fact, before the Final Selection is done, future users (community people) must agree on it. If they
approve, FTR is converted into FTS and the other steps are implemented. If the community strongly disagrees on the recommendations
given, the Decision Maker should review the weights and the scores used.

Preliminary design — after choosing the Final Technology Selection; a preliminary estimation of costs, number of latrines and the
number of users per latrine has to be found. Other important technical data have to be assessed in detail and written in the
preliminary project (i.e. pit dimension, position over the ground). It is important to include locations of possible areas where sanitation
facilities could be implemented taking into account land ownership, proximity to houses, privacy and Operation and Maintenance
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factors (i.e. accessibility, de-sludging interval). In this step the community has to be involved with active participation, proposals and
suggestions.

Final design and specifications — preliminary design is converted into final technical design which realizes final costs of the single
facility with the detailed price of materials. The final design is sketched and embodies practical technical factors based on the ability
and the skills of the builders. It gives the technical details of each latrine including of shelter.

Both the MCA matrix and the process proposed have been used to determine the best sanitation technology for the two Nepalese
communities of Bhalakhalak and Chamar Tolia which responded very positively.

A flow diagram of the methodology proposed is shown in the Figure 2.

The methodology and the MCA tools are very useful instruments to help engineers to include people or future users in the Decision

Making process without neglecting real technical, environmental and economical constraints which are often not considered in only

social-based methodologies such as Community Total Led Sanitation. The results of this paper integrate technical and objective data
with people culture and perceptions to consider
both at the same time people needs and

S o .
brobl h ' 7 technical aspects. The DM methodology
roblems, . . .
stakeholders, options Objectives Preliminary Pmposed _gl_ves to cémmlfm'ty people ? big role
and constraints determination technology selection in the Decision Making without excluding
preliminary Analysis techni cal expert’s suppor
< < integration between social, economical,
environmental and technical components
guarantees that the DM provides as final
Y - Y selection a sustainable sanitation technology.
Weighing and socring Meeting with
the MCA matrix Lo . community people -
together with the IEHRE e el explaining sanitation i
community options Conclusions
J/
Figure 2: Flow Diagram of the decision making methodology From the studies conducted, it is possible to

conclude that the selection of appropriate
sanitation options for low-income community is

( h ( ( ) complex and case —specific.. The complexity of
. . Final design and the problem requires the consideration of all
i [T 60 TS ARl A specification technical, social, environmental and economical
factors. I f people’s invol veme
J J J

participation are fundamental for the
sustainability of sanitation project, the
engineer’'s r ol e Techsical anddnvirdnaental facgpls eed supeevision by sanitation experts which can explain,
suggest and understand important technical issues that could not be considered by untrained people.

1

The results from the tool implemented (MCA matrix) are helpful in the final stages of the Decision Making using all the important
factors and involving community people without neglecting the input of the engineer. Decisions are made upon general but very
objective parameters found in literature and these are valid for different contexts and situations such as Bhalakhalak and Chamar Tolia.
Community people understand quite well how decisions are taken and this gives a positive effect to people participation.

Also weighting and scoring of social factors are regarded as very positive by community people and stakeholders. Weighting can be
done in two different ways or using a pair-wise comparison or weighing before the criteria and then redistribute the percentage to its
sub-criteria. However weighing and scoring is a very delicate phase and it must be done very carefully by community people together
with experts. It has to be considered that this method is time consuming because the data assessment has to be accurate and all
inclusive, this can be considered as a source of limitation.

The methodology or process (flow chart) is not an innovative instrument, but it has been helpful when different parts (i.e. problem
analysis, final design) of the decision making are carried out by different subjects (engineers, surveyors, sociologists) and in at different
times. The methodology also helps to give a better understanding of the steps and of the procedures to undertake.
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