Figure 12.
Sludge drying beds in Busia, Kenya.
(Source: Jan Spit, WASTE)

3.4 Future Research on Safety Protocols and Guidelines

Besides improvements in infrastructure and equipment, there is a need to de-
velop safer and more effective procedures for the collection, transportation and
disposal of faecal sludge. Supportive guidelines should include all pumping and
sewer truck procedures.

Safety protocols should provide guidelines for security procedures regarding
the protection of staff and the transport of sludge to disposal areas (e.g. modus
operandi and emergency contingency plan in case of accidents or if passers-by
are exposed to the sludge).

As a starting point, the existing protocol established in Liberia in 2015 by the
WASH Cluster for the collection and disposal of sewage contaminated with the
Ebola virus from the ETU (Ebola Treatment Unit) can be used as a model for
further process evaluation and development.

3.5 Future Research on Safe Disposal and Dumping

During an emergency situation, a dumping site for storing collected sludge vol-
umes from the affected population is quickly found and evaluated from the availa-
ble infrastructures provided by local authorities. If there is no dumping site it has
to be implemented in a safe way to receive and dispose of the sludge collected
from the pits. If there is an official and existing dumping site, the WASH Cluster
should support the responsible local authorities to better evaluate the impact of
an increased sludge load due to the emergency.

In general, the defined options vary from one emergency context to another. As an
example, ponds can sometimes be quickly dug by excavators in a protected area
to suit the daily volume collected during the first months following the beginning
of an emergency response (this was the process followed in Haiti after the 2010
earthquake). In other situations, a reservoir located in a sewage treatment plant
can store the faecal sludge collected during this time (this happened in the case
of the contaminated Ebola sludge coming from the ETUs in Monrovia, Liberia).
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If there is enough space,
lagoon systems or drying
beds can be designed for
sludge disposal.

Figure 13.

SEaB Energy’s compact
anaerobic digestion system design.
(Source: SEaB Energy)

If the dumping site has enough space, a lagoon system or drying beds can be
designed according to the daily volume of sludge to be disposed. Implementing
actors need technical capacities to design such a system. If the disposal capacity
is low and space not available, it will be required to equip the ponds with treatment
devices to improve the reduction of the disposed faecal sludge.

Future research in this area could target the development of simpler and more
effective ways of reducing organic matter. Some of these are included in the follow-
ing sections.

3.6 Future Research on Portable Sewage Treatment Plants
Existing portable treatment plants can be divided into two groups:

» Compact anaerobic digestion systems: convert organic matter into biogas
and carbon dioxide;

» Compact aerobic digestion systems: convert organic materials into biomass
and carbon dioxide.

While aerobic treatment systems imply relatively simple technical processes,
anaerobic treatments are more complex and can require comparatively large
investments. Either way, some of these special compacted systems have great
potential to treat on site sludge collected from latrine pits.

3.6.1 Compact Anaerobic Digestion Systems

When thinking about the use of compact anaerobic digestion systems in developing
settings during a crisis, attention needs to be paid to the direct applications of the
resulting biogas, as well as any ground security constraints for safely storing gas.

Other considerations should include the volume of sludge that needs treating per
day and the speed of the reduction of faecal material to be processed. Depending
on these estimations, research in this area may consider whether such concepts
can meet practical uses in terms of processing capacity, compact size units, the
use of biogas and its safe management.

EXAMPLE — SEaB Energy’s compact anaerobic digestion concept

SEaB Energy’s compact anaerobic digestion systems can produce biogas, energy, a
liquid fertiliser and mulch with as little as half a ton of incoming organic waste per day
(150-250 tons/year). A key advantage of these small on-site units is that they mini-
mise transportation costs for wastes from food processors, breweries, restaurants,
farms and food retailers.

Nevertheless, as the bio-processing of organic matter reduction is slow under an-
aerobic condition, these solutions may be more suitable during the second phase of
stabilisation in an emergency. The capacity of faecal sludge reduction has to be as-
sessed according to different manufacturers to determine if these compact anaerobic
treatment concepts can be suitable on the ground.
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3.6.2 Compact Aerobic Digestion Systems

Portable aerobic digestion systems may be more suitable in an emergency
setting because they are capable of treating a wide range of organic wastes by
reducing their weight and volume through a speedy composting process. The
main advantages presented are:

» The final result, which is a stabilised compost (i.e. it has no odour and no
more fermentable materials, and is easy to landfill);

* The increased safety of transporting and landfilling of the compost produced;
» The treatment capacity of faecal of sludge per day is up to 50 tons;
» The sanitisation of the faecal sludge and compost.

Some of these systems are patented and have proved effective in different ap-
plications from manure and food waste, to green waste. Future research in this
area should assess whether such systems may provide potential solutions for the
on-site treatment of excreta in an emergency.

Aerobic systems of reducing organic waste tend to be much more efficient
than anaerobic ones and may provide interest for further experimentation.

Figure 14.

The VRS system has a treatment
capacity of 150 kg/day. (Source:
Value Recovering Systems Inc.)

The different approaches could be divided into two categories:

» Systems which reduce waste by dehydration: the weight and volume of the
waste are reduced using high temperatures (above 100°C);

» Systems which reduce organic waste by biodegradation: the reduction is accel-
erated by either thermophilic saprophytic bacteria and/or specific enzymes that
are very active under constant and controlled temperatures (from 60°C to 80°C).

Each of these aerobic approaches will be discussed in the following, accompanied
by example systems.

Waste Reduction Through Dehydration

EXAMPLE — The VRS system (Value Recovery Systems Inc.)

The VRS system, developed by Value Recovery Systems Inc., relies on a dehydra-
tion process. The process involves grinding, water evaporation and the sterilisation
of the organic wet waste.

The final product is a sterile and stable powder which will not degrade any further.
The electricity consumption of the equipment is between 0.75—-1.25 kW/h per litre of
evaporated water, depending on the temperature of the surrounding environment.

After loading the chamber with wet waste, a stabiliser is added (5—10% wheat bran or
sawdust), along with a neutraliser. The waste is decomposed under a temperature of
100°C leading to water evaporation, sterilisation and grinding. Depending on the volume
and moisture level of food waste, each treatment cycle can take between 6 to 11 hours.

The advantages of this system include:
¢ Portability;
¢ A short treatment cycle (6—11 hours; this is half that of other systems that use
bacteria and enzymes).
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Some of the limitations of this system include:
¢ Limited treatment capacity due to electricity consumption required for heating
(even though the intention is to treat 150 kg/day, the manufacturers claim that
the maximum capacity could be as much as 500 kg/day — however, this has
not been tested);
* High electricity consumption (85 kW/h);
¢ Dependency on a permanent structure and neutraliser products.

Waste Reduction Through Biodegradation

Another type of aerobic waste reduction process is rapid thermophilic digestion.
Systems using this approach are easy to instal on-site and treat organic waste
such as faecal sludge.

When organic waste is loaded into an enclosed (but ventilated) aerobic digester,
it is mixed with enzymes and selected microorganisms.

The enzymes accelerate the digestion time by activating microorganisms at a
temperature of around 60°C or 80°C (depending on the manufacturer's design).
The sanitisation of waste is achieved when the temperature in the digester
exceeds 70°C. If the moisture of the faecal sludge is higher than 50%, these
machines use structuring products such as straw or paper to better process the
waste.

EXAMPLE — The Biomax System (Biomax Technologies)

Biomax Technologies is a Singapore based company on the cutting edge of research
and development in sustainable green technology. They develop various enzymes to
support sustainable bio-businesses.

Their concept of digesting waste on-site has been patented and is called ‘Biomax
Rapid Thermophilic Digestion Technology’. This process is capable of converting all
types of organic waste into premium organic fertiliser in 24 hours, at a temperature
of 80°C.

The biological process is achieved by adding BM1 Enzymes into the machine (at a ratio
of 1 kg per 1 ton of waste).

Biomax currently make digesters in two sizes, which can process between 15 and 50
tons of waste daily.

The conversion of input waste to output fertiliser is 70%, which means that 15 tons of
raw material will yield about 10 tons of fertiliser within 24 hours.

The system has been used to treat different types of biomass such as maize chaff,
sugarcane bagasse, fruit pulp, other horticulture waste, livestock waste (animal ma-
nure, bedding and straw, slaughtering and hatchery waste), municipal waste (food
waste and sewage sludge) and sludge from biogas operations.

o
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The end-product is a pathogen-free and odourless, enriched organic fertiliser. Since

Figure 15. it is produced at a high temperature, all harmful microorganisms are killed during the
The complete Biomax system with process. The end-product can be directly applied as a fertiliser. It has a high NPK
a treatment capacity of 15 tons/day. value and an organic matter content of more than 70%. The moisture level of the fer-
(Source: Biomax Technologies) tiliser is approximately 20% and this can be controlled during the process.
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Figure 16.

The RMO system has an average
treatment capacity of three tons/day.
(Source: Christophe Grange)

Figure 17.
The RMO biodegradation process.
(Source: Christophe Grange)

EXAMPLE — The RMO (‘Reduction de Matiére Organique’) System (Natura Viva)

The RMO concept is an international patented technology, designed and manufac-
tured by the French company Natura Viva. It is very similar to Biomax, but has a
different biological rate of composition and final end-product. The RMO can treat a
large daily capacity, from 20 kg up to a maximum of 9 tons.

As with the Biomax solution, the RMO reduces the weight and volume of organic
waste but with a rate of 85% within three hours, and 95% within 20 hours. Conversion
into stabilised compost occurs within 24 hours, with a moisture content of 10%.

The biological process occurs using microorganisms that have been selected based
upon their ability to degrade and transform any type of organic waste (these primarily
include saprophytic bacteria). The carbon chain element of the waste is converted
into carbon dioxide and water.

According to Natura Viva, the recyclable fertiliser by-product has a high nutrient con-
tent as confirmed by laboratory analysis. There are zero emissions of harmful gas
and the residue is odour neutral.

Some of the advantages of this concept include its compact size, the very low running
cost, as well as the very good biologic yield of organic reduction. For example, a six
tons/day treatment capacity has an average consumption of 170 kW/h for a total pow-
er of 33 kW for a net weight of 2.5 tons and a size of 4.2 m x 2 m x 2.4 m.

It should be noted that this concept could also generate on-site microorganisms
(seeded in the by-product compost) that can be injected into pit latrines as an additive
that will reduce the faecal sludge volume and stop the accumulation.

However, for the time being, the RMO system has mainly been used in developed
contexts, on farms in the French Alps. For example, one such farm in Megeve near
Geneva, has a machine that has a capacity to treat three tons of sludge per day.
Another farm has a machine that can treat nine tons of sludge per day in Bourg-Saint-
Maurice in Savoy, while a third farm has a machine that can treat six tons of sludge
per day at Lans-le-Bourg near Grenoble.

RMO: Biodegradation Process
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Stabilized and odorless compost

é}i}elrha | HIF | WASH Problem Exploration Reports | Faecal Sludge Management

39



These concepts have
potential for controlling
and reducing faecal
sludge in emergencies,
to treat sludge on-site,
and to complement

the use of additives.

3.6.3 Adaptability to Emergency Settings

These reduction concepts have huge potential for controlling and reducing faecal
sludge in emergencies. They may respond very fast to treat sludge on-site and
can work as a complement to additives.

For systems using an aerobic process, any residue is stable and free of patho-
gens and can therefore be removed safely from a site and placed in landfill. In
addition, the compost produced every day may be used as a bio-additive in pit
latrines, or in ponds if a lagoon system is selected to accelerate the degradation
of organic matter. However, further research and investigations are required to
respond to the following questions:

» Are these machines capable of being adapted for field use in an emergency?

» Can they be easily transported by air or sea and installed, maintained, and
powered from available networks or generator fleets?

» As the composting process is limited depending on the rate of dryness of
sludge, would it be possible to transport structuring products to the site or
source them locally (e.g. wheat or corn stubble, straw)?

For systems using an anaerobic process, evaluation has to consider the use of
biogas produced according to the efficacy of faecal sludge volume reduction on a
daily basis. Feasibility studies have to be carried out to assess if these concepts
can represent a viable solution to reducing faecal sludge volumes in an emer-
gency. In this assessment, both the volume of sludge treated per day, as well as
the speed of reduction need to be considered.

According to these estimates, future research may assess whether such con-
cepts can meet practical uses in terms of processing capacity, compact size
units, the use of biogas and its safety management.

The manufacturers of these systems need to be consulted with regards to the
feasibility of adapting their technologies and processes to the needs of WASH
humanitarian actors. Each of these machines could be sent to the field to be
tested in situ (or tested in the country of residence of the manufacturer). Testing
should also include lab scale experimentation to determine the efficacy of the
process, including mass balance and compost analysis.

3.7 Concluding Remarks

For the time being, there is a lack of available equipment and technical guidelines
on how to manage excreta in emergencies. More standardised and reliable con-
cepts need to be developed to facilitate the implementation and management of
sanitation programmes.

The management of excreta during an emergency in an urban context has very
limited options. This is because there is a lack of available space to implement

suitable infrastructures for users. Digging more pits and increasing the number
of raised latrines on the ground may therefore become very difficult depending

on the situation.

This report puts forward a few areas for further exploration and development.
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Easy to implement, portable toilet systems: New toilet system designs are needed
that can allow for the better management of faecal sludge accumulation and can facil-
itate regular emptying. The proposed devices should be easy to standardise, or scale
up, and should allow for easy maintenance and servicing for de-sludging operations.

Another desired feature would be the integration of additive mixing and dosing
devices. These could support the development of research into the effectiveness
of special mixing and additive injection. These features could be integrated into
the design of the new toilets or could be developed as optional emergency Kkits,
to be used depending on their feasibility (i.e. potential running cost of the whole
system, and available monitoring facilities).

Standardised guidelines for assessing existing sanitation equipment:
There is currently a lack of standardised methods or guidelines on how to assess
and monitor the local availability of equipment for emptying faecal sludge from
portable latrines, pipes, pumps, or standby sewer trucks.

Research in this area could focus on developing guidelines to assess the local

market in areas of the world that are at a high risk of emergency. These guide-

lines could propose a method for evaluating available local equipment such as

sewer trucks (e.g. number, state, storage capacity, spare parts), and other tools
such as de-sludging pumps.

New protocols and applications for the treatment and control of faecal
sludge accumulation: Studies in this area have shown that it is more reliable
to consider the control of the accumulation before the latrine is in use, than to try
to absolutely reduce the existing sludge volume. It is clear that some additives
work, but further research is needed to understand how and when to use these.
Research and experimentation studies have to continue to test and compare
bio-additives but with the definition of new protocols and objectives.

In addition, the efficiency of additives in reducing faecal sludge has to be experi-
mented with using the support of mixing and dosing devices. These can facilitate
a greater efficacy of the aerobic degradation process (as proposed above for the
development of new generation models of portable latrines).

Evaluation of speedy aerobic and anaerobic treatment concepts: Addition-
al research needs to be carried out to assess the field effectiveness of speedy
aerobic treatment concepts in reducing the volume of sludge collected from pits.
Research studies could evaluate if these concepts can be used in the field to
treat the sludge on-site and thus avoid transport and dumping. In the treatment
of animal manure in farms, aerobic digestion concepts have a high efficiency of
90% reduction of organic waste into stabilised compost within a day.

For anaerobic process concepts, feasibility studies could also help determine the
level of daily waste reductions that can be achieved using this approach, as well as
whether biogas resulting from the process can be used for downstream application.

Guidelines for assessing and improving dumping sites: Practical guidelines
for assessing existing dumping sites would be very beneficial. Guidelines should
also include solutions and options on how to improve the capacity of storing

and disposing of faecal sludge during a period of emergency. However, even
with such guidelines, the process would not be straightforward as setting up or
improving a dumping site requires skilled people, qualified in the area of environ-
mental engineering.
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