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onsite technologies and methods of collection and transport that infl uence FS characteristics. Initial 
stages of this project include a characterisation study and development of synthetic FS recipes that can 
be used to evaluate factors that impact biological degradation at the laboratory scale. Other researchers 
have also developed synthetic sludge recipes to evaluate physical properties that infl uence mechanical 
emptying (Radford and Fenner, 2013). Another reason for the current variability for results of FS 
characterisation is the lack of standardised methods. Methods have been adapted from wastewater and 
soil analyses, but the accuracy of methods for FS needs to be evaluated, and then standard methods 
taken up by the sector to ensure comparability of research results. The Pollution Research Group (PRG) 
at the University of KwaZulu Natal (UKZN) has conducted extensive research in this area and put 
together a collection of standard operating procedures (SOPs) for the analysis of the chemical (e.g. 
pH, potassium, ammonia) and mechanical (e.g. thermal conductivity, calorimetric analysis) properties 
of FS. This type of fundamental laboratory research is necessary to develop a detailed understanding 
of FS characteristics, and to provide mechanisms for comparable and standardised research to be 
conducted worldwide.

Figure 18.5 Drying bed research: mixing device for unplanted faecal sludge drying beds at Bugolobi wastewater 
treatment plant in Kampala, Uganda; evaluating potential plant species for planted drying beds 
in Dakar, Senegal; and planted drying bed pilot for treatment of drying bed leachate in Yaoundé, 
Cameroon (photo: Linda Strande).
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18.3 COLLECTION AND TRANSPORT

Currently, the best available technology for sludge removal is vacuum trucks, but they are typically 
expensive and cannot reach households located on narrow streets and alleys. The BMGF-funded 
Omni-ingestor project aims to develop equipment that is more dexterous, evacuate FS more quickly, 
can remove dense FS effi ciently (> 40% solids) and are able to dewater FS onsite. Water is heavy and 
therefore expensive to transport; dewatering FS and treating the effl uent onsite would allow for 
the treated water to be directly reclaimed or safely disposed of in drains. This would greatly reduce 
transport costs and allow for more emptying operations performed between trips to the FSTP, as well 
as reducing time spent in traffi c. Various prototypes are currently being developed by the private sector.

18.4 SEMI-CENTRALISED TREATMENT TECHNOLOGIES

The PURR project is evaluating the potential for co-management of FS together with wastewater sludge 
in Vietnam. The potential for biogas production from co-digestion of wastewater sludge and FS is being 
evaluated, together with the feasibility of co-digestion with other high strength waste streams. The 
DAR (De Déchet à Ressources) project in Dakar Senegal is evaluating drying bed technologies through 
optimisation of planted and unplanted drying beds (Figure 18.5). Drying beds require relatively low 
capital and operational costs, but are space intensive. Increasing effi ciency could reduce the required 
space, increasing their applicability in space-limited urban areas. Research is currently being conducted 
on alternative media (e.g. crushed glass), mixing regimes, and greenhouses to increase drying rates. 
Research for planted drying beds is being conducted to identify previously unused plant species 
that could increase treatment performance and increase the potential for resource recovery through 
production and sale of fodder plants (www.sandec.ch). A steam engine-based community-scale waste 
processing technology is currently being developed by Janicki Industries. The concept is that a 150 
kW combined heat and power plant will utilise FS as the fuel source for electricity generation. The 
heat generated from combustion within a fl uidised sand bed will produce high-pressure steam that is 
expanded in a reciprocating piston steam engine connected to a generator, producing electricity. The 
exhaust from this engine (process heat) will also be harnessed to dry the incoming FS. The concept for 
this treatment plant comes from the careful re-design of basic power plant components, making them 
economical in mass production for small-scale plants.

18.5 ONSITE TREATMENT TECHNOLOGIES 

Achieving reliable levels of treatment with onsite sanitation technologies presents a very challenging 
problem due to factors such as the lack of technical management, demands for reliable energy and high 
costs. The RTTC currently has multiple research projects addressing this challenge. The fi rst round of 
technologies were presented at the RTTC fair in Seattle in 2012 and the second in Delhi in March 2014.

Some examples of technologies include hydrothermal carbonisation, microwave technology, 
supercritical oxidation, pyrolysis, and electrochemical processes. The Research Triangle Institute 
(RTI) is developing an integrated toilet technology that will separate solid and liquid waste, dry and 
burn solid waste using a combination of mechanical, solar, and thermal energy (primarily driven by 
down-draft gasifi cation), disinfect liquid waste, and convert the resulting combustion energy into 
stored electricity (www.rti.org). The California Institute of Technology (Caltech) is developing a 
comprehensive, human waste treatment and toilet system that has at its core a photovoltaic-powered 
(PV), self-standing electrochemical chemical reactor that generates hydrogen for energy and nitrogen 
for fertiliser as by-products of treatment. The treatment process is a multistep oxidation of the organic 
waste and the bacteria present in the mixture. The fully integrated treatment system will include: 
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in-situ waste disinfection, residual solid waste processing, by-product extraction, generation of 
hydrogen as a by-product of waste treatment, a solar energy battery storage system, solar arrays, and 
a microfi ltration component for fi nal polishing of the water before reuse and recycling. Loughborough 
University is developing a system that is comprised of a draining balance tank; fi lters; high temperature 
pressure reactor; and evaporator-sodium chloride separation. The system operates in three stages: 
solids-liquid separation, followed by auto-thermal treatment of the solids to provide heat for water 
and salt separation. The main part of the solids treatment and the liquid evaporator will be constructed 
within the same unit as plug-together modules.

 
Figure 18.6 FaME (Faecal Management Enterprises) project pilot scale kiln for co-combustion of faecal sludge in 

brick production in Kampala, Uganda (photo: Pitman Ian Tushemezibwe). 

18.6 RESOURCE RECOVERY

Research in this area includes the FaME (Faecal Management Enterprises) project, which is attempting 
to identify large-scale markets for resource recovery to provide a signifi cant and reliable cash fl ow for 
enduses (Figure 18.6). The project is identifying innovative methods of resource recovery, and is also 
focusing on scaling up the use of dried sludge as a fuel in combustion. Results of the FaME research 
project are providing evidence of the promising technical and fi nancial potential of FS products and 
fi lling knowledge gaps for the full-scale implementation of its use as an industrial fuel sludge based on 
calorifi c value (Murray Muspratt et al., 2014), market demand of end products (Diener et al., 2014), 
viable fi nancial fl ows for collection and transport, and optimisation of drying bed technologies (www.
sandec.ch). 

18.7 FINAL REMARKS

Creativity is essential in every aspect of technology, management and planning to continue to advance 
solutions that are globally transferable and applicable for the currently 2.7 billion people worldwide 
served by onsite sanitation technologies and the billions more that will need to be served in the decades 
to come. Keeping an open mind will be key to developing innovative and optimal solutions, learning 
from the past, but also not limiting future possibilities through biases of what has or has not worked 
in the past in other situations. As highlighted by this chapter, there is currently lots of innovative 
research being conducted at scales of laboratory, pilot, and implementation level. There is a wealth of 
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information rapidly becoming available, some that is scalable for implementation, and much more that 
is still in the development pipeline. Recent efforts put into research and capacity development will no 
doubt result in innovations concerning all aspects of the FSM chain and will create a new generation 
of scientists and engineers as a driver of change towards integrated FSM. Undoubtedly, this is a very 
exciting and promising time for the advancements in FSM research and education and their application 
in practice. The FSM fi eld will continue to advance, and hopefully the next edition of this book will 
contain much more information on success stories on design and implementation of comprehensive 
FSM systems based on the newly acquired experiences. 
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