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Abstract

Globally, an estimated 1.77 billion people have access to pit latrines as of 2013. About 90% of the households in
Uganda use a pit latrine while 4% only use the ventilated improved pit latrine. In all regions of Uganda, there is
lack of a low cost solution for emptying the pit latrines yet it can be designed and developed to help low income
earners and communities like schools, hospitals to continuously use their pit latrines through draining them once
they are full. A low cost pit latrine emptier (PLE) that is human powered using a hand pump to drain the feacal
sludge from the pit latrine was designed and tested. Mainly waste water form soak pits, septage and water mixed
with mud were used while testing the prototype of the PLE. This was carried out in the neighboring three homes
and the flow rate was almost constant.Six tests were carried out using different kinds of waste water including
muddy water (Makerere 1, mukwenda zone - Kampala) from 18" to 26" of May 2016. The average flow rate of
the feacal sludge into the PLE was 4.29 liters per minute and this gave an efficiency of 53.5%The PLE indicted
less resistance while pulling it to the disposal point where 8§ minutes were taken to pull the PLE from the
draining pit a disposal point which was at a distance of 100m. Discharging the waste water took 2 minutes after
opening the globe valve and the PLE was pushed back to the draining site to drain more waste water.

INTRODUCTION

In the recent years, the magnitude of latrine waste and its management has become a problem due to augmenting
industrialization, urbanization and increasing population density [WHO,2014]. Latrines require proper
management and maintenance in order to achieve the sustainable Development Goal (SDG) number 6 which
seeks to “Ensure availability and sustainable management of water and sanitation for all” [UN, 2015]. Most of
the world’s population relies on on-site facilities such as pit latrines as the main methods of providing sanitation
in developing countries. As of 2013 pit latrines were used by an estimated 1.77 billion people. This is mostly in
the developing world as well as in rural and wilderness areas [Cairncross et al. 2013].

In 2011 about 2.5 billion people did not have access to a proper toilet and one billion resorted to open
defecation in their surroundings. Southern Asia and Sub-Saharan Africa have the poorest access to toilets/latrines.
In developing countries the cost of a simple pit latrine is typically between 25 and 60 USD and ongoing
maintenance costs are between 1.5 and 4 USD per person per year which is often not taken into consideration
[Albonico et al. 2011].

According to the house hold and the toilet facility survey, about 86 % of the households in Uganda use
a pit latrine while only 4 percent use a Ventilated Improved Pit-latrine (V.I.P) (See Figure 1). There was a slight
reduction in the proportion of households that did not use any toilet facility from 11 percent in 2005/06 to 9
percent in 2009/10. The most recent report indicates that 90% had toilet facility and 8.3% did not have any toilet
facility [UBOS, 2014].
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Figure 1: Percentage of toilet facility coverage in different regions of Uganda [UBOS, 2010]
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Findings from Unicef Uganda’s situation analysis (2015) indicate that the number of pupils in primary
schools is much more than the available number of latrine stances. The pupils to latrine ratios are far beyond the
recommended ratio by the government of Uganda which is 40:1 and is 74.5:1[Unicef, 2015]. This cause fast
filling up of the latrines in schools and empting these latrines is expensive for most schools. For example a
typical cesspool emptier would cost about 1.4 million Uganda shillings which is almost 10% of a typical school
budget in rural Uganda.

METHODS

To come up with the low cost PLE, different methods were used ranging from reviewing the literature,
conceptualization, design modeling using the solid edge and assembly of the final prototype of the PLE. While
reviewing the literature, 3 previous concepts were considered as low cost solutions for draining the pits and
basing on these designs (Mapet, Gulper and the cesspool emptier) (Muller, 1994) the final concept of the low
cost PLE was obtained.

The low cost PLE consists of a vacuum tank that was painted to reduce corrosion tendency and improve
on part appearance, the stand assembly which is made from cast iron square hollow sections (25" x 25") and is
also painted to reduce corrosion and rusting ability. This kind of material was chosen with the aim of minimizing
the overall weight of the low cost PLE, the hand pump, hose pipes and the fittings for these pipes including the
valves, and the wheels to support the overall assembly of the low cost PLE [26].

The decision to use waste water instead of feacal sludge was based on the necessity of determining the
correlation between use of a low cost PLE and the cesspool while holding other factors constant. More so the
contents of the pit latrine are 80% liquid according to the experiment by Pandel (Pandel. et.al, 2012). If the
feacal sludge had been used, disposal would require more money which was not available at the time of testing
the prototype.

During the design modeling using the solid edge environment, the production drawing as shown in
figure 2 was derived from the assembled 2D model of the prototype.
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Figure 2: 2D production drawing of the low cost pit latrine emptier

The final assembly was constructed basing on the detailed design and estimated parameters like the
flow rate, the delivery head and the pressure.

Testing of the prototype was done in three neighboring homes in mukwenda zone Kampala where the
different kinds of waste water were used to test the different parameters like whether the system was air tight, the
flow rate and the time taken to fill the vacuum tank. Figure 3 shows one of the experiments captured during
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testing of the low cost PLE prototype with septage.
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Figure 3: Testing the prototype on 20™ May 2016, photo taken by Onesimas

RESULTS AND DISCUSSION

Testing of the low cost PLE showed a good flow rate for a period of 9 days that was slightly variable on the
force applied on the handle of the pump, the time taken to fill the vacuum tank, the air tightness of the
experiment and the contents of the waste water. Overall there was a clearly slight decrease in the flow rate of the
waste water because of its different kinds. The mean experimental flow rate varied from as high as 4.5
liters/minute on grey water and black water to as low as 4.09 liters/minute on muddy water. Table 1 below
indicates some of the results obtained from testing of the low cost PLE.

Table 2: Results obtained from testing the prototype

Experiment number Volume output (liters/min) Head(m)
1 4.5 1.8

2 4.09 2

3 4.29 2.8

4 4.3 2.5

5 4.14 2.6

6 4.32 2.7

Over the entire testing period (18™ May to 26" May 2016), the mean experimental flow rate was 4.29
liters/minute. When viewed in more detail (Figure 3), the overall volume flow rate was similar with variations
that reflect particular floe limitations offered by the different kinds of waste water.
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Figure 3: Flow rate pattern against the head
The maximum volume flow rate typically occurred just with grey water and was followed by slight
decrease on black water. The expected flow rate obtained through the calculations was varied slightly in the
actual operation of the PLE but a good flow rate was obtained practically (equivalent to 4.291it/min). The flow
rate increased whenever the force applied on the handle would be increased and whenever the experimental set
up would be air tight.

CONCLUSION

This research designed a technology to passively drain the feacal sludge from pit latrines and tested it with waste
water and muddy water to understand the influence of the flow factors on the PLE. The resultant low cost PLE is
simple to construct from commonly found materials.

Testing of the low cost PLE indicates that draining grey water took 20 minutes to fill the designed
vacuum tank. The average volume flow rate of the waste water over the testing period was 4.29lit/min (Period -
18™ May to 26" May 2016).

This is a prototype unit and performance may be improved by design improvements in the subsequent
units. Further research should conduct the same experiment with the PLE connected to a different pump e.g. foot
pump in order to investigate the effect of flow rate and pressure on the PLE. In parallel, the social acceptability
of the technology should be assessed and the results integrated into the future design optimization. Social
acceptability of handling the human waste differs but has been accepted successfully globally.

The low cost PLE will require humans to periodically clean it and lubricate some of the parts for
durability. Social acceptability should increase overtime as the benefits of the PLE become increasingly seen and
valued and interaction between and the PLE operation is improved. This technology holds promise for the future
but will require adoption to the different climates, availability of the local materials, cultural acceptance and
some income levels.
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