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Abstract

Gunung Kidul, Indonesia.

In the province of Yogyakarta in Java, the district of Gunung Kidul is considered to be one of the poorest areas
in Indonesia. Here, water shortages greatly affect the population, especially during the dry season, which lasts from
April to October. Sanitation Systems in Gunung Kidul consist, either pit latrines or pour flush toilets. Without any
treatment the liquid phase infiltrates in to the ground and the septic tanks are hardly ever emptied, thus posing an
evident contamination potential to groundwater. So, the current situation about waste water and its treatment is
inadequate. Due to this reason within the Integrated Water Resources Management Indonesia Project (IWRM) a so
called pilot village Pucanganom was selected to develop an appropriate waste water treatment system considering
basis conditions and resultant indicators which were weighted by the Analytical Hierarchy Process Method (AHP).
The following paper will describe the application of the method to find an adaptable sanitary system for a village in
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Introduction

In the province of Yogyakarta in Java, the district of Gunung Kidul
is considered to be one of the poorest areas in Indonesia. Here, water
shortages greatly affect the population, especially during the dry season,
which lasts from April to October. Due to the karstic underground,
rainfall rapidly seeps into the ground without sufficient surface storage.
Because of the problems outlined above, an Integrated Water Resources
Management (IWRM) was established in the district of Gunung Kidul.
The aim of the IWRM-Indonesia project was to develop adaptable and
sustainable technologies for the supply of the population in the project
area with water in sufficient quantity and quality. Here, the sub-project
9 focuses on development and implementation of adapted sanitation
technologies in the rural area. For that reason, an initiative which
subsequently began was aimed to combine the existing competences
in one place. This creates a pool of knowledge and exchange, which
allows a comprehensive and integrated implementation with a high
visibility and transferability to reach further rural areas. On the basis
of a comprehensive set of criteria a pilot village called Pucanganom
was selected which is situated in the catchment and supply area of Goa
Bribin' and is directly connected by a sinkhole with the karstic aquifer.
At this stage, waste and sewage directly reaches the water resource
which enforces an urgent risk situation because of the contamination
of the groundwater. The focus of the work is the implementation of an
appropriate sewage and water treatment technology. In the following
the initially focus is on the development and evaluation on a concept
for sewage disposal and treatment which is limited in accordance to
inherent local conditions.

Pucanganom was selected on the basis of several criteria as a pilot
village in the area of IWRM. These criteria not only used as criteria
they also show the existing problems in the village like water shortage,
polluted drinking water, no waste water treatment, sinkhole right next

"Bribin Cave — underground river system

to the settlement, no waste management, poor infrastructure, densely
populated and increasing population.

Especially the poor infrastructure leads to the conclusion that
the village is very isolated and the accessibility may prove to be a
complication. Further, Pucanganom is characterized by a geographical
vulnerability which is caused by the sinkhole. Opposite the general
migration impulse in rural areas Pucanganom recorded a growth in the
population with well-motivated inhabitants who were characterized
by a good neighbourhood support. These features in the IWRM-joint
project show boundary conditions and accepted as a challenge for the
full implementation of the IWRM approach in the pilot village.

Methodology

As a part of the on-site data collection in Pucanganom, the water
and waste water situation in the karst area was evaluated. The data
collection in the village served to collect information about the water
and waste water situation in the karst area and to identify the variable
and fixed conditions. This evaluation resulted in indicators which
determined the most applicable design for an ideal concept. Initially,
a preselection of three concepts was established. With the help of these
indicators, the concepts were rated and the optimized concept for the
region Pucanganom was determined.
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Data collection

For the data collection, a survey in individual households was
performed. There are different options and strategies. The survey was
on a random basis in which a part of the population was interviewed.
The selection of the elements of a total population can be made
randomly or intentionally [1]. For the data collection, a random choice
and, as an inspection requirement, a standard random was selected.
Here, the decision on the inclusion of an element of the population
into the sample was initially situated by an uncontrolled selection plan
only at the discretion of the selector. Furthermore, the selection of the
houses and the survey was done by the same person [2]. The explained
procedure of the standard random by Schumann [2] was used as a
basis. For this, a start point was defined, the study area was limited
and an inspection was carried out. Details on the sample selection will
not be discussed here. More detailed information on sample selection
can be found in Schnell [1] and Schumann [2]. However the random
selection of houses was also due to the closeness to the sinkhole and
the related exposure of humans to the flushing water during the rainy
season and odour in the dry season.

The questionnaire

The data collection was carried out by a questionnaire based on the
extensive survey of Nayono [3,4]. The existing questionnaires included
data for the whole desa’ Pucanganom and showed no limitation for
particular dusun’. For that reason, a questionnaire was developed
which dealt in detail with issues of water use and waste water sanitation
in dusun B and C. This was based on the questionnaires Nayono [3,4].
The questionnaire included information on household size, daily
water consumption, waste water quantities, material flow and their
derivation or use, acceptance issues for the recycling of material flow as
well as sanitation systems. Additional information about the sanitation
situation provided the annually updated publication “Profil Desa”. In
total 80 households were interviewed and each survey amounted 20 to
25 minutes. The method of shared implementation of the interviews
turned out to be purposeful and brought valuable results in order
to avoid arrangements under each other and to ensure honesty in
answering.

Basis conditions and indicators

Basis conditions were emerged with the data collection. First of all,
three parent and fixed conditions were established which were accepted
as given and unchangeable. These conditions were self- selected and
include the climate, the three waste water streams (yellow, grey- and
black water) and the area. Similarly, long-term and short-term variable
conditions were considered such as cultural factors, the economic
situation as well as the social conditions. From these conditions fifteen
indicators were derived. Subsequently, the indicators were occupied
with weighting factors. The determination of the weighting of the
individual indicator with each other was performed with an Analytical
Hierarchy Process (AHP). This method was originally developed by
[5] and was used to determine the average weight of an indicator and
thus represented a decision support [6]. Using a scale of one to five,
the three concept proposals were evaluated whereby the five stands for
well. Following the assessment of the individual treatment concepts
based on the results a favourite was founded.

2Village
3Sub-Village

Results and Discussion

In total Pucanganom consists of 12 dusun. For the investigation the
study area waslimited on the parts A to C. The conducted tests, surveys
and measurements were taken only in the areas B and C because of
their proximity to the sinkhole. The pilot village lies in a rural area but
densely populated and is one of the villages in the region which may
have an increasing population. However 327 habitants per km? living
in the village [3,4].

Education and employment

According to the previous survey conducted by Nayono [3,4], about
43% of the people who participated in the exercise attended primary
school. However, only 1% of these possess a diploma certificate.
Similarly, only 30% of the respondents had secondary school education,
while about 19% of the respondents were presently in the high school.
5% of the people admitted that they have never attended school.

Economic situation

Because there is a lack of employment opportunities in other
sectors, majority of the population constituting about 87% were
employed in the agricultural sector [7]. Besides the heavy daily
work in the field, there are only a few opportunities for generating
additional income by engaging in other activities such as retail trading,
construction and service sectors. More so, access to regional markets
has become complicated due to the lack of good infrastructure, thus
preventing additional sources of income. The cultivation of fruits and
vegetables, which are done on a subsistence scale are mostly carried
out to meet their own consumption, although a small amount is often
produced for the local market.

Infrastructure

The dwelling houses in Pucanganom have an average size of 54
m? and they are massive built with stone and brick. These randomly
located on a site area of about 100 m” to 120 m? such that the dwelling
houses of the neighbours are about 3 to 4 meters away from each other.

Sanitation systems

The simple bathroom consists of a concrete water tank and has a
squat toilet. The toilet frequently has a ceramic holder or is often just
a hole in the concrete floor. If the toilet is outside, it is the design of
a cemplung® and the washing facility is an open designed U-profile
water tank. There is also a cistern (9m?) located in the outdoor area
of the most buildings which is built out of concrete. In the study
area Pucanganom B and C the people are mostly use cemplungs, but
some households have siphon toilets. Among the families who have a
cemplung some complained about odour problems. Furthermore flies
and mosquitoes are often a disturbing factor. The waste water from
the cemplung and from the siphon toilet will be directed into a septic
tank which is located in the garden. This tank is mostly inadequate
constructed because of the self-financing. According to residents the
septic tank is never full because the ground is out of such a good quality
that all seeps directly into the ground. Partially the grey water from the
washing facility in the outside area runs unobstructed in small open
channels directly to the sinkhole by using the gradient.

“Pit latrine or Outhouse
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Organic waste

Furthermore there are cows and goats in a shelter with a size of
about 20m” on the property. Some families shared neighbouring land
and operated common livestock breeding. The cow dung as a fertilizer
is placed on the surrounding fields and the organic waste either is
burned with plastic part or composted.

The remaining open areas are used for drying the manioc. In the
study area Pucanganom more generations with the average of three to
four people often live together in one household. Against the reuse of
the process water the residents in the study area have shown positive
reactions. The grey water is partly used for watering and for cleaning up
the yard areas. According to the residents the water is too dirty.

In summary the resulting material flows are grey water’, black
water®, rain water, organic waste and cow dung.

Indicators and conditions

The results above suggest the mentioned conditions and the

following indicators can be derived (Table 1). The collecting data
such as branches and also water availability show that for example the
conditions on the economic situation are important for the concept.
However the studies have shown that the region belongs to one of
the poorest areas in Indonesia. Based on the condition, indicators
like capital costs and energy consumption could be derived. In the
following table 1 the main indicators developed by the authors based
on the framework conditions were listed.

Ideal indicators

e Objectivein this caseis to find an adapted waste water treatment
plant for Pucanganom. Adapted on the example of the pilot
village Pucanganom means to consider people’s needs, the
cultural and social conditions described by the following ideal
indicators. Investment costs should be as low as possible

o the system requires no electricity

e simple design, can be built out of material on site

General conditions Description

Indicators

Fixed conditions

* Climate Tropical climate

Odour nuisance

®*  Waste water stream Black, grey, yellow water

Disposal
Reuse

®* Region Rural area

Land requirements Slope

Variable conditions

¢ Culture Body cleansing, cleanliness

Water consumption Religious Acceptance Distance to sanitation

* Economy Poorest area in Indonesia

Investment costs Operating costs Costs for users Material requirements
Energy consumptions

¢  Sociology Neighbourly help

Labour Users Acceptance

Table 1: Development of Indicators for the evaluation of the waste water treatment concepts based on fixed and variable conditions.

Sanitary System Waste water stream

Treatment Reuse

Composting Toilet/ Dry Toilet Black water (Decentralized)

Co-Composting with bulking material (aerobic) Soil conditioner

A
Grey water (Decentralized) Sand filtration (aerobic) Irrigation/infiltration
B Siphon toilet/ Water toilet Black water (Semi-decentralized) Septic Tank — Pre-treatment (anaerobic);
Sand filtration — liquid phase (aerobic) Service water/infiltration
Sludge drying — solid phase (aerobic) Soil conditioner
Grey water (Decentralized) Sand filtration (aerobic) Service water/ infiltration
C Public bathroom and public toilet Black water (Centralized) Septic Tank — Pre-treatment (anaerobic);

Sand filtration — liquid phase (aerobic) Service water/ infiltration

Sludge drying — solid phase (aerobic) Soil conditioner

Grey water

Sand filtration (aerobic) Service water/ infiltration

(Centralized)

Table 2: Three Conceptions (A, B, C) of waste water treatment systems.

Shousehold wastewater without toilet discharge [8]
Stoilet discharge (i.e. urine, faeces and flush water) [8]
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i Indicators Weight Factor f, Valuation W, of the concepts A,B,C
Economical W, W, W,
1. 7,0
2. Investment costs 9,0 5 3 4
3. Operation costs 8,0 4 3 3
4. Water Consumption 6,0 1 5 4
5. Distance to Sanitation 25 5 5 1
6. Material requirements 3,5 4 3 3
Land requirements 5 3 4
Ecological
7 Energy consumptions 45 4 4 4
8. Odour nuisance 4,0 3 4 4
9. Disposal 7.0 4 4 4
10. Reuse 10,5
. Slope 2,0 4 4 4
- 4 2 2
12. Social 125
13. Cost for users 12,5 4 3 4
14. Users Acceptance 4,0 1 4 2
15. Labour 12,0 4 3 3
Religious Acceptance 1 4 4
Result > 105,0 3,19 3,73 3,40
Weighted Final Value Ei
Legend:
f High: important ke ABC W, 1-worse E=3(W,f)/3f,
Low: unimportant i=1....15 5-well

Table 3: Valuation of proposed concepts A, B, C,.

e simple in dealing with investment

e low manpower required for operation and easy maintenance
e requires less space

e casy disposal due to health qualities

e system shall be easily expandable due to population growth,
place requirement

e permanent functionality due to sustainability
e resistant on climate changes and robust

In compliance with the ideal indicators listed above the following
concepts (Table 2) are created and are shown below. Those were related
to the currents black water and grey water because rainwater, organic
waste and cow dung are not separated in the concepts. Approaches for
the treatment of the currents are listed in the final concept.

The concepts and indicators are combined and evaluated in table
3. By using the AHP (Analytical Hierarchy Process) method the
indicators from table 1 are provided with a weighting factor f. This
factor describes the importance of the selected indicators in relation
to the indicators in table 1. The concepts presented in table 2 are also
evaluated in table 3 with the indicators shown in table 1 (W Wi
W.,). The scale is from 1 to 5. Whereby 5 is a well and 1 is a worse
rating. As a final result the weighted values E, were obtained.

Out of this method we get the concept B as the preferred concept
with an E value of 3, 73. Concept A reached a value of 3, 19 and concept
C has an E_ value of 3, 40. All three concepts are in the scale of 1 to 5
and reached a good midfield. Nevertheless concept A can be excluding
because of the high use of water and concept C because of acceptance
reasons.

Conclusions

By using the AHP method could be shown which indicators are
more important than others. That for example could be demonstrated

that socio- economic aspects such as the acceptance of the population
played a major role in the selection of the concept. Despite the small
differences between the weighted end values of the concepts A and
C, the concept C could be excluded because of low public acceptance.
Similarly the high water consumption during the cleaning speaks
against concept A. The concept B recorded only a low score in the
indicator gradient but is due to a low weighting of 2,0 negligibly.

Concept B proposes a (semi)- decentralized plant for the treatment
of the black water due to the low population density and depending on
the available space 4 to 5 households can be connected. Here the solid
phase is treated anaerobic in a septic tank and the liquid phase is treated
by using an aerobic sand filtration. Anaerobic waste water treatment
has evolved due to the higher water temperature as a significant
alternative to aerobic processes in tropical and subtropical countries
[9]. For the separation of the liquids out of the sludge phase a septic
tank with three consecutive flows- through settling chambers were
used. The sludge is deposited by sedimentation in the first chamber and
the discharge enters the additional chamber. Other anaerobic processes
are used to reduce the organic material. Subsequent treatments of the
pre- cleaned water as well as the treatment of sludge are the next steps
after the preparation in a septic tank. For the further treatment of the
sludge the material can be dried and recycled as a fertilizer and as an
agricultural soil conditioner. The subsequent sand filtration treated the
overhang liquid of the septic tank and can be discharged safely or used
for irrigations in agriculture.

Grey water is cleaned in a decentralized sand filtration directly at
the house and can be used as process water for cleaning purposes of
court. Rainwater can be also treated by a sand filtration to reduce the
turbidity. Disinfection is not necessary because basically water is boiled
before using for drink water purposes. Organic waste is currently
burned together with plastic waste. For use as a fertilizer the organic
waste can be treated anaerobic in the septic tank together with the black
water or even treated aerobic as compost. Cow manure is already used
as fertilizer and is also available in the concept presented here.
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The subsequent work will deal with the detailed planning by using

the data collection above with the results of water use or availability of
land for the implementation of the concept. So an implementation in

a

pilot scale can be performed. An intervention into an existing system

requires a detailed capacity development among the population.
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