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1. Summary


Motive


According to the United Nation MDGs, there is a need for improved sanitation in developing countries. There are hundreds of projects already implemented to help reach these goals. Also, the United Nations came out with a draft of extended sanitation goals for 2030 that increases the need of successful sanitation projects (UN Water, 2014). The motive for this research is to evaluate sanitation projects to better understand their benefits and what conditions lead to a successful, sustainable project. Knowing the conditions that lead to a successful project is important to reach these sanitation goals.


Research Interest


The research interest can be defined in two steps. One is to economically evaluate the effectiveness of techniques because hundreds of projects (see Annex 3) were already implemented. The question needs to be raised to see which of the applied techniques is the most effective. An additional research interest occurred during the first research step when it was found that there were no significant economical differences in effectiveness between the techniques. If the technique does not necessarily determine a project’s effectiveness, then it is necessary to analyze other measurements and circumstances in a project‘s implementation to figure out the cause of its success.


Hypothesis


It was hypothesized that the different techniques could be ranked according to their effectiveness. It was also hypothesized that other measurements besides technique selections had a greater effect on the success of a project’s implementation.


Method


Three methods are applied to answer the above mentioned questions:




	Analysis and interpretation of the GIZ Evaluation


	Net Present Value Calculations in respect to selected case studies


	Mindset change investigation by Questionnaire





The GIZ evaluation compares different techniques in regards to how effective they are in meeting sustainability criteria and in regards to how appropriate they are in various population sizes and regions.


In the NPV calculation, case studies made available by SuSanA were used to extract data such as capital expenditure, operation and maintenance cost, etc. This data was used to calculate the net present value for the respective projects. The net present value for each technique was used to find an average NPV for each technique. These average NPV values were used to compare the effectiveness of the techniques.


A questionnaire was sent out to those responsible for 41 different sanitation projects worldwide to get further information about the criteria that contributes to a project’s success (see Annex 1).


Evaluation


In the GIZ evaluation, 10 sanitation techniques were evaluated according to 5 sustainability criteria such as health and operation. The techniques were also evaluated under 6 categories of population size such as rural or urban areas. (Obermann, 2012).


For the NPV calculation, 24 selected projects from different regions and techniques are evaluated. Monetary values are given to intangible benefits such as health, energy savings, fertilizer savings, etc. From this, a net present value was assigned to the respective projects and an average was determined for each technique to be used for technique comparison (see table chapter 9.2).


Concerning mindset change of stakeholders, out of the 41 questionnaire requests, 10 responses were received with a wide range of criteria for a successful sanitation project. As an interesting highlight, only one project failed. Furthermore this was the most expensive project per person with the highest potential net present value of all projects evaluated.


Results


In the GIZ evaluation, the three most efficient techniques according to the sustainability criteria in descending order are Urine Diverting Dehydration Toilets (total score of 1.29), household septic tanks (total score of 1.26), and constructed wetlands (total score of 1.17). This score came out of an evaluation of different criteria (0 = unsuitable, 1 = suitable, 2 = very suitable).


When evaluating how appropriate a technique is for different population sizes, household septic tanks ranked highest with a total score of 8 followed by constructed wetlands with a total score of 7 and UDDTs and household pit latrines which are tied with a total score of 5. (Obermann, 2012).


Out of the net present value calculation, it was found that the benefits minus costs were more or less the same for all projects and technique with the exception of greywater towers (a tower of a height of 1.5m out of plastic foil with wooden sticks and soil inside). The value of the benefits ranged between 25 and 35 Euros per person per year and was dictated mostly by the value of the health benefits. All other costs and benefits were small in comparison to health benefits and were negligible. All techniques have equal benefits.


It was also found that if successfully implemented, the sanitation techniques had a high return of investment. It has to be underlined that even if the effectiveness of the techniques are equal, the net present value of all projects exceeds 200 Euros per person per year.


The findings from the investigation of “mindset change towards ecological sanitation” throughout questionnaire responses show that the success of a project’s implementation is dependent on the following conditions:




	Awareness creation/ Prior sensitizing


	Stakeholder involvements/Integrated approach/ Legal framework


	Availability of resources and spare parts, also for operation, maintenance, and repair


	Proper reuse concept





Outlook


The applied techniques in the specific projects should be further developed and planned in detail according to the specific regions and circumstances. No two locations are the same and projects should not be completely replicated. Rather, they should be adapted for their specific location.


It is possible to implement successful sanitation projects around the world. According to the NPV calculations, all projects have potential for a high net present value. For further implementation, the findings of different sources such as the GIZ evaluation and implementation measurements according to the questionnaire responses or EAWAGs CLUEUS recommendations should be considered and applied.


Ecosan is a new paradigm in urban water management, in which human excreta and domestic wastewater are considered recyclable nutrient units in a circuit.


The international development community and cooperation sees Ecosan as a promising approach and one that can help to achieve the Millennium Development Goals of the United Nations. Ecosan does not dictate specific technologies, but rather brings together different ecological and alternative sanitation systems. Additionally, there are international professionals who specialize in developing these specific techniques. (Münch 2010)


Among other things, the two technical approaches as described in the present development are as follows:




	The dry toilet with its components, embedded in the closed nutrient cycle; and


	The DEWAT System (Decentralized Wastewater Treatment), encompassing five simple systems, wastewater treatment, nutrient recovery, and biogas production.





The two technologies differ in their applications mainly due to the possibilities of material flow separation (source-separation) and the strongly decentralized approach of the dry toilet (one for each household). DEWATS modules on the other hand are more suitable for semi-centralized use (e.g. on one plot land like a hospital or a prison).


1. The dry toilet is the least expensive and therefore most cost-effective alternative of the sanitation techniques. However, the process of dealing with human excrement is usually associated with odors and must be adapted to fit regional cultures. This technology offers significant advantages in terms of low water consumption and optimal re-use opportunities for small-scale agricultural applications.


2. The DEWATs modules do not require material flow separation. While urine separation is advantageous, flush toilets and grey water can be connected to the system. Construction costs for DEWATS, however, are typically much higher and are associated with substantial earth excavation work and planning done by qualified engineers. The advantages of the system offer the possibility of semi-centralized sanitation systems for schools, prisons, community projects, and hospitals. Also, biogas production for heat production can help reduce the climate-damaging emissions of methane. The modules of the DEWAT system, depending on the budget and capabilities of the project owner, can be used (with later extension options) either variably combined or separately.


Research in the field of „Terra Preta“ developed by native citizens of south America or a Vacuum sewer system as a more “high-tech“ approach does represent a “Ecosan-Technique“ but as of yet has not played a significant role in the technical development cooperation.





2. Motive


2.1 Reason for study


More than 2.5 billion people worldwide live without adequate sanitation. An enormous demand coupled with a growing population in many regions of the world has now created a demand for a rethinking of the implementation of infrastructure projects in the area of sanitation. 10 years after establishing the equally necessary and ambitious goals of the UN to improve the living conditions of people in these areas, it has led to significant improvements towards those goals. (UNRIC, Brüssel, 2000) and (UNRIC, Brüssel SDG’s 2015)


2.2 Background


The need for action is clearly established by the UN Millennium Development Goals: In 2000 a working group of representatives of the UN, World Bank, OECD, and several NGOs established eight Millennium Development Goals (MDGs) formulated for attainment by the year 2015 (UNRIC, Brüssel SDG’s 2015) and (UNRIC, Brüssel, 2000) Point 7 “ecological sustainability“ can be found below:


a) “The principles of sustainable development enshrined in the policies and programs of the individual States and the containment of degradation of environmental resources.


c) By 2015, the proportion of people without sustainable access to safe drinking water (to be decreased from 65 percent to 32 percent).


d) By 2020, a significant improvement of the living conditions of at least 100 million slum dwellers and residents” (UNRIC, Brüssel, 2000)


The following status can be derived from the reports of the UN and the BMZ.


Trend in access to drinking water


The proportion of people with access to safe drinking water has increased to over 80 percent worldwide. The differences between countries, however, are large: The region with the greatest progress is South Asia. The 2015 target was achieved in this region, in which the percentage of people with access to safe drinking water increased -between the years of 1990 and 2006 - from 74 to 87 percent.


Sub-saharan Africa witnessed progress as well, where the population with safe drinking water increased from 49 to 58 percent. Compared to other regions, however, this proportion is still considered very low. In Tanzania, for example, the population with access to safe drinking water improved significantly. Since 1990, the percent in Tanzania rose from 46 to 62 percent. Despite these advances, approximately 1 billion people during 2006 still lacked access to clean drinking water worldwide, with two thirds of that population residing in Asia. (UNRIC, Brüssel, 2000)


Trend in access to basic sanitation


The proportion of people in developing countries with improved access to toilets and sewer systems increased from 41 to 53 percent between 1990 and 2006. While there has been progress made, the population of people without proper sanitation still remains very high. Despite strong improvements made in South Asia, two thirds of the population in the region still lack access to toilets and sanitation. In Sub-saharan African countries, the percentage of people without proper sanitation only decreased from 74 to 69 percent between 1990 and 2006.


In order to reach the objective of reducing in half the population without access to proper sanitation by the year 2015, the 1 billion people residing in slums and the 900 million people in rural areas then must be connected to sanitation facilities. (UNRIC, Brüssel, 2000)


Trend in the living conditions of slum dwellers


The morbidity, mortality, and unemployment rates are much higher in slums than other neighborhoods. Between 1990 and 2001, the population of slum1 dwellers in urban areas around the world increased by 200 million people. In 2005, there were approximately 1.1 billion people living in slums – about a third of all city residents.


However, even if the living conditions of 100 million slum dwellers is improved, the number of people with poor living conditions will still increase due to worldwide population growth. (BMZ Bonn, 2010)



Trends in global water sanitation
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Figure 1: Development of water and sanitation facilities from 1990 to 2004. (UNICEF, 2006)
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Figure 2: Shortage of sanitation facilities according to region (UNICEF, 2006)






2.3 Update concerning the MDGs 2015 to SDGs 2030


Since 2012 the UN and the development cooperation is in the discussion of post MDGs objectives. Currently there are 17 new objectives in the focus of the discussion. The mentioned objectives in sanitation and access to safe drinking water for the MDG 2000 were not achieved. (Dehmer 2014)


In this dissertation the motive stays over the time of work according to the MDG. In a further research, it could be helpful to look into the SDGs 2030 for adjusting the motive.





1 Definition according to UN-HABITAT - United Nations Human Settlements Programme, including Human Settlements Summit, London 2003 The term slum is not different from the term squatter. Both terms are used differently in different language areas. However, it should be noted that the term squatter is typically associated with the appropriation of land. The term refers to slum in all language areas in addition to poor living conditions. Thus I use for all other versions the term „slum.“





3. Research Interest


3.1 Reason for research in the area of EcoSan


With Ecosan, great efforts have already been made to improve global sustainable sanitation. Years after the implementation of pilot projects, however, the question still remains as to which method is the most effective, as well as what are the most important factors that contribute to wide-spread implementation independent of foreign aid.


The following two graphs show the focal regionsof the GTZ Ecosan pilot project planning alone:
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Figure 3: Ecosan Pilot Projects (Blume, 2008)
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Figure 4: Development Priorities (Blume, 2008)





The Sustainable Sanitation Alliance (SuSanA) network unites the constant activities and various organizations within the field of Ecosan.


3.2 Definition and boundaries


The research objective of this thesis relates to the field of sanitation as a basic human need of hygiene, health maintenance, and privacy.


The research examines new sanitation systems.


The following terms have been established by international experts on the topic of alternative, organic and innovative sanitation systems:








	
Nr.


	Name

	Acronym

	Source






	1

	Neuartige Sanitärsysteme

	NASS

	DWA, 2008






	2

	Alternative Wassersysteme

	AWS

	BMBF, 2001






	3

	Decentralized Sanitation and Reuse

	DeSaR/R

	DESAR, 2001






	4

	Ecological Sanitation

	Ecosan

	GTZ






	5

	Innovative Sanitärkonzepte

	 

	Peter-Fröhliche et al., 2002






	6

	Neues Sanitärkonzept

	 

	Otterpohl, Oldenburg, 2002






	7

	NoMix (Toiletten)

	 

	EWAG, 2002






	8

	Ökologisches Sanitärkonzept

	 

	www.vauban.de






	9

	Resource Oriented Sanitation

	 

	ROSA, 2008






	10

	Semizentrale Ver- und Entsorgungssysteme

	 

	Cornel et al.






	11

	Sustainable Sanitation concept

	 

	Otterpohl et al., 1999






	12

	Sustainable Sanitation

	SuSan

	Otterpohl et al., 1999, Ost.BFL., 2005






	13

	Waste Design, Source Control and On-Site-Techniques

	 

	Larson and Gujer, 2002
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Table 1: Different collective terms for innovative sanitation systems (DWA, 2008)


The aforementioned terms for sanitary techniques deal with alternatives to traditional sanitation systems. They do not differ partially, or only in nuances. Motivation and objectives for the research actually found strong distinctions. The various technologies do, however, overlap in all areas. Thus the developments under the name Ecosan are motivated by the improvement of domestic sanitary systems in less developed countries. All of the developed methods, techniques, and efforts aim to improve the sanitation and hygiene conditions in areas that currently lack sanitation. The focus is on measures that can be introduced relatively quickly, inexpensively, and that can be spread rapidly and effectively.


Other synonyms consider the development of population decrease in cities in developed countries. Here the research looks for decentralized solutions to address alternatives to high-channel network and sewage remediation costs in declining populations of certain regions.


In particular, source separation, purification of rainwater, and effective utilization of funds provided from nutrients and valuable substances as a means of achieving the MDGs serve as a distinct point of research interest.



3.3 Definition of Techniques


3.3.1 Nass-Systems


Nass-systems is the German equivalent of Ecosan. They both focus on ecological sanitation systems. In addition to the nutrient cycle and the recovery of valueable raw materials from faeces, urine and grey water, the research for new sanitary systems (NASS) is concerned with providing economic alternatives in order to achieve sanitary comfort and ensure the security of water supply. The focus of efforts in highly developed industrial countries has been on stability, cost, contamination of drinking water, and hygienic aspects. The introduction of new systems is strongly bound in the context of user acceptance. The motivation to improve and develop NASS systems is found through the improper handling of micronutrients, contaminant ailments, demographic change, deteriorating sewer systems, and increasing ecological awareness. (DWA, 2008)


3.3.2 ECOSAN


Ecosan is a new paradigm in urban water management, in which human excreta and domestic wastewater are considered recyclable nutrient units in a circuit, which can be recovered, treated if necessary, and reused. Thus for example, recovered nutrients from faeces and wastewater can be used to improve soil fertility and as a result maximize food security, while at the same time minimizing consumption and pollution of water resources. Moreover, it is possible to obtain energy from biogas systems in economic terms, it is clear that the Millenium Development Goals (MDGs) cannot be achieved through conventional sanitation systems alone and that alternative approaches are necessary. (UNRIC, 2000)


The international development community considers Ecosan as a promising approach in helping achieve the MDGs. Ecosan does not dictate certain technologies, but rather brings together developments in ecological and alternative sanitation. It includes various technologies such as urine separation dry toilets (UDDTs), composting, rainwater harvesting, sewage treatment plants, vacuum sewers, biogas reactors and also various approaches to implementation. (Münch, 2010) Detailed descriptions for the definition of Ecosan can be found in (Schöpe et. al., 2010)



Closing the Loop: The nutrient cycle in respective to sanitation Ecosan
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Figure 5: Sanitation concept as nutrient cycle (Stockholm Environment Institute, 2010)





Figure 7 above shows the nutrient cycle in context with Ecosan techniques. In addition to this technology (dry toilets (UDDTs) and composting), which have been central to the development policy context, further techniques are important to development as well – e.g. DEWAT: the system that comes close to a simple decentralized water-borne sewage treatment plant, the vacuum toilet (often utilized on trains and planes) and membrane technology, which is used as a high-tech solution to environmental sanitation techniques in industrialized countries. The latter is only briefly mentioned and not described because it is rarely used in developing countries.


The technical components are used according to Figure 8. Illustrations for the dry toilet can be found in chapters 3.3.3 and illustrations for the DEWAT systems can be found in chapters 3.3.4.


For the efficient use of environmental sanitation techniques, a very economical use of water and a strict avoidance of dilution of the waste materials are essential. Additionally, the purification of rain and drinking water is considered and defined as an important goal.


In the below figure the applied techniques are shown in relation to the stream and treatment.


Overview of the systems analyzed:




Urine Diverting Dehydration Toilets UDDT







Decentralized Waste Water treatment Systems DEWAT







Composting systems







Greywater systems





High tech approaches not analyzed:




E. g. vacuum systems
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Figure 6: applied techniques are shown in relation to the stream and treatment (Blume, 2008 and frames from the author)





3.3.3 UDDTs (urine diverting dry toilet) – dry toilets


The following chapters detail Ecosan techniques organized and described in a straightforward way. Dry toilets with urine separation can provide a promising sanitation solution given a strongly decentralized approach and a clean separation of source streams. However, there is not a high degree of acceptance for this technology and it would require a significant effort to successfully implement this technique. This method also works very well in rural areas where there were previously no sanitation systems in place.


As described, the possibility of source separation is of particularimportance because the materials used in the separation are simple, effective, and easilyreplaced. Thus source separation is ideal in the development context. The easiest way to achieve stream separationis through urine diverting dry toilets (UDDTs). The design, storage treatment, and reuse of materials are well researched and documented. The basic materials for the system are also available locally through out the world.


The use of various technical componentsare described below:


The dry toilet is a key component of the various designs and techniques applied under Ecosan. This chapter describes the typical design and structure. However, it must be noted that the design will vary depending on the application, locally available materials, and budget constraints.
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Figure 7: Dry toilet UDDT (European Union, 2008)
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Figure 8: Dry toilet in the Ukraine (Plekhanova and Wendland, 2010)





The essentials of a dry toilet:
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Figure 9: Using a squatting toilet with a separate drain for wet anal cleaning (Sustainable Sanitation Alliance, 2007)





A building for visibility and weather protection, raised to include storage space for a collection container for excrement, a hand wash station, ventilation of the storage space, sanitary fittings (sitting or squatting toilet or urinal,) and a container (bucket with a small shovel) for the provision of aggregates (gravel, dry soil, or sawdust).


Use of a urine diverting toilet


Sanitation fittings can be differentiated based on application, between hand washing facilities, urinals, toilets, squatting toilets, and squatting toilets with dry anal washing devices.


The figure illustrates the importance of the implementation of projects adapting to the culture of the local region or community. People who are not accustomed to sitting on a toilet as Central Europeans do, often squat on the toilet seat offered. This inevitably leads to large amounts of debris and thus unacceptable hygienic conditions.


To summarize, the selection of technical building components are dependent on the existing building materials available, the budget, and economic cycle of the region. The selection must also adapt to human waste products that can be recycled profitably in a way that provides advantages for all parties involved.


Hand washing facilities (Greywater)


Hand washing facilities are a part of the Ecosan circuit. The water supply of the device is connected to a central water supply, or if unavailable, to a water tank or collected rainwater.
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Figure 10: Hand washing facility Final Report BMBF [Berger Biotechnic GmbH, 2010]





The facilities are for personal care and domestic hygiene, such as dish washing, mopping, etc. The European Standard (Dannermann, 2001). defines greywater as free of faeces, with low levels of polluted waste water (showering, bathing, or washing hands) and water from the washing machine. Kitchen waste is excluded because of its high exposure to grease and food waste. In the development context, this exception is ineffective because the requirement of leaving out kitchen waste water cannot be enforced. This requirement also does not make sense in the context of further use, since the organic waste from the kitchen mixed with greywater contains precisely the nutrients that plants need for growth.


Hand washing areas are implemented differently, with exterior or interior basins constructed of concrete, ceramic, or roughly hewn stones.
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Figure 11: Concrete basin, experience report Kenya GIZ (Rieck, 2010)





All washing areas have in the common the separate storage container (can, bucket, or tank) for greywater. The storage unit must be adjusted for transportation, distribution, and order of use. Ecosan is decentralized, and thus water saving equipment such as greywater storage vary greatly in capacity and can service 3-50 users. The focus of Ecosan is on the research and application of this kind of water saving equipment.


Urinal


Waterless urinals are an integral part of Ecosan techniques. These urinals meet the requirements of modern buildings and have a very simple design, making them effective solutions in rural areas of developing countries.
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Figure 12: Modern waterless urinals made of ceramic left) and plastic (right) (Deutsche Gesellschaft für Technische Zusammenarbeit, 2010)





As a stated aim and common to all systems, these toilets function to collect undiluted urine. Various kinds of enclosure systems have been developed and implemented differently. In addition to mechanical enclosures, systems utilizing special gels and floats have often prevailed.
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