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            Inspecting a small-scale sewage treatment and reuse system in Chennai, Tamil Nadu (Photo: Milan Basil)
        
    



    


                        

                    
                
            

        
        
                

            

        
    




        

        
                
                    
                    Evidence-based recommendations for small-scale sewage treatment and reuse through the assessment of more than 300 sanitation units

Small-scale (decentralised) sanitation has become a key element of city-wide inclusive sanitation. The relevance of small-scale sewage treatment and reuse systems is growing in South Asia’s urban areas. Thousands of systems have already been implemented in Indian cities, making an increasingly significant contribution to urban sanitation coverage and water reuse.

Eawag’s department Sandec partnered with the Indian Institute of Technology (IIT) Madras, BORDA (Germany), CDD Society (India), ENPHO (Nepal) and other partners to carry out the 4S Project, the first systematic assessment of small-scale sanitation (SSS) systems in South Asia. The 3-year research project was implemented from 2016 to 2019 and had three key outcomes:
	A landscape study along with governance and financial analyses of the on-going scaling-up of SSS in South Asia
	A detailed socio-economic and technical evaluation of more than 300 units mainly in India, but also in Nepal and Pakistan, including in-depth performance monitoring of 40 systems through sampling campaigns
	Policy recommendations for improving i) the design, implementation and operation, b) the governance framework and c) the financial sustainability of small-scale sewage treatment and reuse systems at scale

The project aimed to provide sound empirical evidence for future SSS sector investments in South Asia. The findings will allow decision-makers to make informed strategic decisions about sanitation and water management and to accelerate the provision of city-wide inclusive sanitation services in South Asia.

                

            

        
    



            
                



            
            
                
                        
                             



                        

                    
                



            
        




    
            
            
                



            

            

    
        

    


    



            
            
    
        
            



        

        
                
            

        
    



            
                



            
            
                
                        
                             



                        

                    
                



            
        




    
            
            
                



            

            
                

    
        
            

    
            
                Terminology: What is Small-Scale Sanitation? 
            

        



            



            



        
         
    


            

            
            

    
    



		
			
				
    
            
            
                



            

            

    
        

    


    



            
            
    
        

        
                
                    
                    A small-scale sanitation (SSS) system refers to a sanitation system that collects and treats sewage at or near its point of generation, using a small-scale sewerage network and a small-scale sewage treatment plant (SSTP). A complete SSS system also includes a solution (on-site or off-site) for managing the sludge generated at the SSTP. SSS systems are sometimes also known as decentralised or distributed sanitation systems. Depending on the context, a SSS system can be designed to enable local water reuse, as well as energy and/or nutrient recovery (see Figure). In 4S, a SSS system is defined as one that serves 10-1000 households (or 50-5000 person equivalents, i.e. treating about 5-700 KLD [kilolitres per day = m3/day] of wastewater). SSS systems can be installed for clusters of buildings or for individual buildings, as well as for special applications such as public toilets.

Photos of typical SSTPs are shown here. The ConCaD Project produced a video  that gives a good overview of small-scale (decentralised) wastewater treatment.
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            Figure: Elements of a small-scale sanitation (SSS) system. An SSS system is a sewer-based sanitation system that uses a small-scale sewage treatment plant inside or near the catchment area, and that can be designed for water reuse, as well as energy and/or nutrient recovery.
        
    



    


                        

                    
                
            

        
        
    




        
    



            
                



            
            
                
                        
                             



                        

                    
                



            
        



			

		

	


            
                



            
            
                
                        
                             



                        

                    
                



            
        




    
            
            
                



            

            
                

    
        
            

    
            
                Why this Project?
            

        



            



            



        
         
    


            

            
            

    
    



		
			
				
    
            
            
                



            

            

    
        

    


    



            
            
    
        
            



        

        
                
                    
                    In increasingly urbanised South Asia, conventional approaches to water supply and sewerage are reaching their limits, manifested by water scarcity and slow progress of wastewater infrastructure provision. At the same time, the number of SSTPs is increasing rapidly, and water reuse becomes more and more important, especially in India. However, there is currently a limited understanding of i) the specific role that SSS systems should best play in the future, ii) how good performance and cost-effectiveness can be ensured, and iii) how the ever-growing number of systems can be optimally regulated and managed.

4S aimed to establish the current status of SSS, and what is needed for it to fulfil its potential for healthy and water-secure cities. By learning from the current challenges and opportunities, 4S aimed to help develop a roadmap towards an enabling environment for successful and thriving SSS at scale.

                

            

        
    



            
                



            
            
                
                        
                             



                        

                    
                



            
        



			

		

	


            
                



            
            
                
                        
                             



                        

                    
                



            
        




    
            
            
                



            

            
                

    
        
            

    
            
                The 4S Analysis Framework
            

        



            



            



        
         
    


            

            
            

    
    



		
			
				
    
            
            
                



            

            

    
        

    


    



            
            
    
        

        
                
                    
                    To better understand the factors that impact the performance and sustainability of SSS initiatives at scale, 4S aimed to investigate the subject with a holistic approach that combined sanitation system assessments on the ground with analyses at the governance level (see Figure). Thereby, the research study considered all components that are needed for sanitation systems to achieve the desired performance:
	An enabling environment (see the six elements in the Figure)
	Strategic urban planning processes to ensure that SSS systems are implemented where they are most sustainable
	The correct design and implementation of systems, including the choice of appropriate technology
	The correct operation and maintenance (O&M) of systems, including the necessary management structures
	A monitoring and evaluation mechanism to support decisions regarding all the above components
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            Figure: Visualisation of the 4S analysis framework. The framework builds on the six elements of an enabling environment and takes into account factors at the sanitation system level (blue) as well as at the governance level (red). Sanitation system performance (in the centre of the figure) can be affected by any of the depicted elements.
        
    



    


                        

                    
                
            

        
        
    




        
    



            
                



            
            
                
                        
                             



                        

                    
                



            
        



			

		

	


            
                



            
            
                
                        
                             



                        

                    
                



            
        




    
            
            
                



            

            

    
        

    
        
            

    
            
                Research within the 4S Project
            

        



            



            



        
         
    


    



            
            
    
        
            



        

        
                
                    
                    4S integrated a mixed methods approach that combined the analysis of existing systems in the field (micro level) with a review of the enabling environment for SSS systems (macro level).

The project included three main study components:
  

                

            

        
    



            
                



            
            
                
                        
                             



                        

                    
                



            
        




    
            
            
                



            

            
                

    
        
            

    
            
                I. Technology, Implementation and Operation 
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            Photo: IIT Madras
        
    



    


                        

                    
                
            

        
        
                

            

        
    




        

        
                
                    
                    A. Landscape study
 Available information on SSS systems in South Asia, private-sector actors, related policies, and findings from previous research were compiled in a desk-based landscape study.

B. Basic assessment of existing systems
 To understand the factors that influence sustainability at the SSS system level, a basic assessment of systems was carried out. Design and implementation, O&M, management, socio-cultural and financial aspects were investigated in this part of the study. An exhaustive evaluation questionnaire and an inspection checklist were used to collect information on 279 SSTPs in India and 30 in Nepal. Study sites were pre-selected based on landscape study findings and interviews conducted with managers, operators and beneficiaries (users).

C. In-depth performance analysis
 To gain an understanding of treatment performance and make comparisons with standards, a sampling campaign was carried out. It assessed the technical performance of 40 selected units (35 in India and 5 in Nepal), covering a representative range of treatment capacities, technologies and applications. Composite sampling of inlets and outlets over 24 hours (complemented with grab samples every 6 hours) was done three times at each site, and key water quality parameters were analysed.

Key Document:

Klinger, M.; Ulrich, L.; Ramprasad, C.; Wolf, A.T.; Reynaud, N.; Narayan, A.S.; Siemsen, P.; Lüthi, C.; Philip, L. (2020) Technology, Implementation and Operation of Small-Scale Sanitation in India – Performance Analysis and Policy Recommendations. 4S Project Report Vol. I
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            Photo: Lukas Ulrich
        
    



    


                        

                    
                
            

        
        
                

            

        
    




        

        
                
                    
                    An analysis of policies, regulations and institutional arrangements identified the elements of an enabling environment required for SSS systems to fulfil their potential. Interviews were conducted with key sanitation stakeholders in order to understand their perspectives. Governance issues were analysed both from the top (the national and state policy level) and from the bottom (the impact at sanitation system level). The analysis looked at the factors that can enable or hinder the efficient design, implementation, operation and monitoring of SSS systems. This allowed the project to (i) identify strengths and weaknesses of the current governance framework, (ii) understand key institutional factors influencing the overall performance and success of small-scale wastewater treatment and its scaling-up process, and (iii) develop recommendations around which institutional structures should be improved or developed.

Key Documents:

Ulrich, L.; Reymond, P.; Chandragiri, R.; Lüthi, C. (2021) Governance of Small-Scale Sanitation in India – Institutional Analysis and Policy Recommendations. 4S Project Report Vol. II.

Reymond, P.; Ulrich, L. (2020) Priority Actions for Effective Governance of Small-Scale Sewage Treatment & Reuse Systems in India. Infographic.

Reymond, P.; Chandragiri, R.; Ulrich, L. (2020) Governance Arrangements for the Scaling Up of Small-Scale Wastewater Treatment and Reuse Systems – Lessons From India, Front. Environ. Sci. 8:72, https://doi.org/10.3389/fenvs.2020.00072

Reymond, P.; Ulrich, L. (2020) The Ongoing Scale-Up Process of Small-Scale Sewage Treatment and Reuse Systems in India: Taking the Lead through Effective Governance Interventions, Presentation slides from the CSE Webinar “Decentralized Wastewater Treatment and Local Reuse for Citywide Sanitation and Improved River Health”, 13 August 2020

                

            

        
    



            
                



            
            
                
                        
                             



                        

                    
                



            
        



			

		

	


            
                



            
            
                
                        
                             



                        

                    
                



            
        




    
            
            
                



            

            
                

    
        
            

    
            
                III. Financial Sustainability
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                    A financial analysis studied the life cycle costs (capital costs + operation and minor maintenance costs + capital maintenance costs) of commonly used SSTP technologies for a representative capacity range, as well as their variability. The analysis investigated the factors that affect costs of an SSS system, and delineated economies of scale. Data was collected primarily from SSTP designers and installers, but also from interviews with plant operators. The cost analysis together with a review of typical management models allowed the project to identify the main financial reasons for underperforming SSS systems, and to provide recommendations on how the financial sustainability of such systems could be improved.

Key Document:
	Rajan, P.; Aswani, K.; Rath, M.; Ulrich, L.; Lüthi, C. (2021). Financial Sustainability of Small-Scale Sanitation in India – Life Cycle Cost Analysis and Policy Recommendations. 4S Project Report Vol. III (Available soon)
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                    Further project reports will be available soon – please check back later or subscribe to our dissemination list here.
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							Governance arrangements for the scaling up of small-scale wastewater treatment and reuse systems - lessons from India
						

					

					
						Environmental pollution and increasing water scarcity are key features of the urban landscape of India today. The extension of centralized sewerage networks cannot keep up with city growth, and alternative sanitation systems are needed for citywide inclusive sanitation (CWIS). The government of India mandated larger buildings to be equipped with small-scale wastewater treatment plants (SSTP). This resulted in the emergence of a large number of technology and service providers, and in the implementation of thousands of private SSTPs. However, this quick scaling up was not accompanied by the development of appropriate governance arrangements. As a result, a significant proportion of SSTPs underperform and do not meet the effluent standards. Through a systematic analysis of governance arrangements around SSTPs, this contribution analyses the scaling up process of small-scale wastewater management and reuse at building level in India, in particular in the state of Karnataka and the city of Bengaluru. This paper identifies the gaps in this multi-level, polycentric governance framework and investigates which arrangements are needed to enable the performance of SSTPs on the ground and to create the necessary synergies between the relevant governmental agencies, the private sector and civil society. The scaling up of SSTPs in India mainly followed a market governance approach within a governance environment that is traditionally very hierarchical. The authors argue that hybrid governance arrangements, blending hierarchical, market and network governance are needed to foster market regulation and stakeholder coordination, and increase the performance of the sector. They conclude that an efficient governance of SSS requires the creation of dedicated SSS units at state and city level, and the development of an online platform collating all databases, streamlining and supporting processes from establishment to monitoring, and allowing meaningful collaboration between stakeholders. Through the case study of India, this paper contributes to understand the governance arrangements necessary for the successful scaling up of decentralized sanitation systems, and how to fulfill the potential of alternative solutions for sustainable urban water management. It contributes to governance studies by substantiating the concept of hybrid governance approach and proposing concrete measures to make it work for such distributed systems.
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				Reymond, P.; Chandragiri, R.; Ulrich, L. (2020) Governance arrangements for the scaling up of small-scale wastewater treatment and reuse systems - lessons from India, Frontiers in Environmental Science, 8, 72 (16 pp.), doi:10.3389/fenvs.2020.00072, Institutional Repository


			

		

	


	

		
			
			
				
					
						

						
							Social network analysis for water, sanitation, and hygiene (WASH): application in governance of decentralized wastewater treatment in India using a novel validation methodology
						

					

					
						Social network analysis (SNA) is a versatile and increasingly popular methodological tool to understand structures of relationships between actors involved in governance situations. Given the complexity of the set of stakeholders involved in the governance of Water, Sanitation and Hygiene (WASH) and the diversity of their interests, this article proposes SNA to the WASH sector. The use of SNA as an appropriate diagnostic tool for planning Citywide Inclusive Sanitation is explored. Missing data is a major problem for SNA in the studies of governance situations, especially in low- and middle-income countries. Therefore, a novel validation methodology for incomplete SNA data, relying on information from internal and external experts is proposed. SNA and the validation method is then applied to study the governance of decentralized wastewater treatment in four cities of India. The results corroborate key differences between mega and secondary cities in terms of institutions, community engagement and overall sanitation situation including aspects of decentralized wastewater treatment plants, based on the city types.
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