Sanitary Systems: Lifecycle thinking leads to consideration of distributed infrastructure
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Introduction

While Life Cycle Management (LCM) has focused on managing products and services towards more sustainable consumption and production patterns, we contend that it is at least as critical to consider infrastructure in terms of LCM. Our reasoning is two-fold: firstly the life span of infrastructure is in the order of decades, even up to a century or more, exposing it to drastically changing contextual conditions (e.g., population growth, changing climate, economic instability). This means the decisions made now have consequences that reach far into an uncertain future.  Secondly, currently dominant sanitary infrastructure represents highly significant, path-fixing investments – exhibiting strong economies of scale which once embarked upon, reinforces the argument to add incrementally to the existing system, rather than creating something new, even if the alternative offers more sustainable outcomes. 

Sanitary infrastructure is in particular need of life cycle management in planning for the future, as explicated further below. This extended abstract discusses the initiative of metropolitan water authorities in Melbourne, a city of about 4 million people in south eastern Australia, to incorporate life cycle thinking in moving towards a future-responsive and more sustainable sanitation system in its latest sewerage strategy for the city, which is being planned for a 50 year timeframe. The paper describes the involvement of the Institute of Sustainable Futures in identifying ‘principles and practices’ (technological and institutional) for Melbourne to transition to a sustainable sewerage system. Our focus in this work was to identify and synthesise the principles and practices that will be necessary to deal with a complete rethinking of sewage, from viewing it as a waste, to viewing it as a resource.

While the degree to which decentralised concepts will be implemented by the water authorities is at this stage unknown, the final report has provided a resource where key challenges to installing these systems have been identified.
Context to the project 
Sanitary infrastructure is fundamental to public and environmental health, particularly in densely habited urban areas. The introduction of large scale sanitary infrastructure to crowded urban settings during the industrial revolution virtually eliminated waterborne diseases, and continues to support public health by preventing contamination of urban water supplies. Adequate sanitation yields enormous direct and indirect economic benefits because improved health enables people to engage in education, training and employment, with higher productivity and reduced healthcare costs. The net returns on investment in sanitation estimates could be as high as 900% on a global level according to some estimates (Kemeny 2007).
Our historical approach to urban sewage management has been focussed on collection, conveyance and release away from populated areas, with treatment being optional. In fact, this approach is perhaps more prevalent today than we might realise: coastal cities in developing countries even in recent times secure international aid to invest in centralised sewerage systems that release untreated sewage a few kilometres offshore in the ocean (World Bank 2000). The focus on removal serves only to shift the environmental burden to the point of release, with potential feedbacks to human populations, rather than reducing or removing the burden.  

More recently, wastewater treatment has increased as we sought to meet environmental objectives. The design of centralised infrastructure has been conducive to end-of-pipe treatment, staged to respond to different environmental impacts as they have been discovered (Beder 1993). Furthermore, their very high capital cost creates a commitment from asset owners to get the most out of these systems, to extend them in response to urban growth, and to adapt them to fit with changing values – for example, using dual reticulation systems for recycling water. Inadvertently or otherwise, highly centralised systems have become the dominant paradigm that served us well in many respects but also limited our scope for change, or for adopting more sustainable systems. 

As the concept of sustainability has gained attention, conventional approaches to urban sanitation have come under scrutiny, and the potential for alternative decentralised systems to deliver better outcomes been recognised (Pinkham et al. 2004). Increasingly, water authorities are recognising that a sustainable sanitary system requires sewage to be viewed as a set of resources to be captured and reused – life cycle thinking in its broadest sense – instead of a useless waste to be removed.  In infrastructural terms, this means finding the most appropriate mix of centralised and decentralised technologies and management approaches.
Within the context described above, the four Melbourne water authorities (three retail water suppliers and wholesale supplier) are jointly developing Melbourne’s metropolitan sewerage strategy that aims to find “the best mix of centralised and decentralised system responses”  to uncertain challenges whilst minimising impacts in economic, social, and ecological terms. In 2008, as part of their process, they asked four external consultants including the Institute for Sustainable Futures (ISF), to separately identify qualitative decentralised system concepts and case studies, thereby obtaining four different perspectives and approaches to this work. The preliminary findings were to be assessed in an Expert Workshop that would enable the client to select the ‘best’ decentralised concepts to develop and include for implementation within their sewerage strategy. The client had a short 6-weeks timeframe for the delivery of the preliminary report, because the Expert Workshop was scheduled to enable participation of the internationally renowned ‘guru’ of decentralised wastewater systems, Professor George Tchobanoglous during a brief visit to Australia.
This extended abstract discusses ISF’s approach to this consultancy. Our focus in this work was to identify and synthesise the principles and practices (both technological and institutional) that will be necessary to deal with a complete rethinking of sewage, from viewing it as a waste, to viewing it as a resource.

ISF’s project scope and methodology

Our project scope was broad and long term, beginning at the point at which wastewater is added to the sewer, and continued to the final resting place of every material stream in wastewater. Viewing sewage as a resource meant seeking ways to maximise productive reuse and recycling, and minimise residuals that need disposal (Figure 1).  It included every element of the system, from upstream to residuals management (Figure 2); and every source type, every density type, and every development type  (Figure 3).
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Figure 1. Scope: Intention behind the study
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Figure 2. Scope: elements of interest
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Figure 3. Portfolio of configurations and case studies
An innovative and collaborative methodology was needed to capture existing knowledge and experience from around the globe within the very short project timeframe. The ISF research team achieved this by inviting 20 national and international experts at the leading edge of their fields to join in and contribute their case studies and thought experiments. The experts included several technology researchers and practitioners from the decentralised wastewater field, integrated systems researchers, a property development expert and an industrial ecologist. The collaborations took place through a workshop for internal experts and a series of teleconferences, and an on-line collaboration space that also acted as a repository for shared resources. The rich conversations that ensued during this engagement process, and the contributed concepts and case studies were synthesised along with the research team’s own reviews and collations, to create a Synthesis Report and a separate volume of nearly 40 concepts and case studies, now publicly available (Mitchell, Abeysuriya & Fam 2008).  
This methodology, in addition to enabling delivery of quality outputs for the client’s purpose, created a positive mutually beneficial experience for our experts and created a global community of practice, with members now able to call on each other in the future to continue related conversations. 
Concepts and case studies

The concepts and case studies that emerged showed the possibility for both the technology and management arrangements to undergo paradigmatic shifts for sustainable infrastructure encompassing genuine lifecycle thinking where “the primary design criteria for all aspects of the future system would be to use the least amount of natural resources, disrupt the least number of natural cycles that occur on the site and in the area, and use the least amount of energy at final build-out.” Aligned with this were variations on the ‘reduce, re-use, recycle’ concept to include ‘reclaim’, ‘retain’ (rainwater for infiltration), ‘recover’ (energy and nutrients), ‘restore’ (hydrological flows), ‘regenerate’ (neighbourhoods), ‘recover’ (stable green-collar jobs), ‘remove’ (trace contaminants and micro pollutants) and so on.
Amongst the many challenges for the sewerage sector is the ever-expanding list of manufactured products from industrial societies that end up as micro-pollutants in sewage, rendering it uneconomic to treat and preventing its beneficial reuse because of known and unknown negative impacts (such as endocrine disruption). A strong LCM response emerged - the idea of extended producer responsibility (EPR) that would assign responsibility to the chemical and pharmaceutical industries to better control the products they manufacture and sell for the full life of the product. The question for water authorities is, what might be their role in trying to create such as future?
The most exciting aspect about this project was that the concepts put forward were in most instances more than envisioning - there were prototypes of these concepts being implemented. For example, an integrated approach to sewage management based on a value-based approach is currently under development for the Province of British Columbia in Canada. The projections for this initiative suggest that a distributed infrastructure consisting of over 30 decentralised sewage treatment plants recovering water and energy could be built for one-half the cost of a conventional centralised system, with resource recovery generating revenues that not only covered the capital and operating costs, but also generated a significant on-going profit (O’Riordan et al. 2008).
Industrial symbiosis based on a total resource recovery design within an ecological engineered framework is thriving in the City of Kalundborg in Denmark, where the economic benefits of better material efficiency led to individual businesses forming symbiotic relationships without external intervention from government.  Different drivers have led to a similar prototype in the Kwinana Industrial Area (KIA) in Western Australia. All case studies are documented and referenced in the final report and are available for public dissemination (Mitchell, Abeysuriya & Fam 2008b).

The above are but a sampling of the many concepts that emerged from this research, which served to underscore the large shifts required in how we perceive sewage, how we design collection, conveyance and treatment technologies and how we manage them from an institutional perspective, how we assess costs, how we assign responsibility and create lines of accountability etc in order to improve environmental outcomes and increase the material resource efficiency of our sewerage infrastructures simultaneously with achieving public health outcomes. In other words, shifts required to move to genuine life cycle management. 

What the case studies highlighted is that wastewater management is a matter of ‘system innovation’
, requiring more than just the introduction of innovative technologies. The development of new regulations and institutional arrangements, user practices, markets and cultural meanings need to co-evolve with the development of innovative technologies and associated infrastructures (Elzen & Wieczorek 2005) if they are to emerge as self supporting systems. To counteract the potential failure of innovative niche based projects, there is a perceived need to deliberately manage the introduction of new technologies. The theoretical framework of Strategic Niche Management (SNM) offers a way of managing transitions by considering three internal processes have been recognized for successful development of a technological niche, (1) articulation of expectations and visions, (2) building of social networks and (3) learning processes at multiple dimensions (technical, cultural, regulatory, institutional ect.). Therefore, trialling innovative technology within a ‘protected space’ or community is important not only to provide opportunity for multi-criteria learning but also the context for building the social networks that will support the technological system beyond a niche based project. 
Lessons and challenges for life cycle management in sewerage planning 

In the process of comparing and contrasting the Melbourne Sewerage Strategy’s guiding principles with the concepts and case studies, we identified four key long term challenges for sewage in Melbourne:

Environment: what would it take to design out environmental impacts from sewage?

Systems: what would it take to design a sewage system that creates no waste?

Community: what would it take to match engagement processes with questions, such as representative, deliberative processes for big infrastructure decisions?

Value: what would it take to implement sustainability accounting for the authorities and all their service providers?
While the Strategy’s principles advocate achieving “minimal ecological impact”, we have recommended moving beyond the target of no net adverse ecological effects to seeking to improve and enhance the natural environment. Our assumption is that ‘restorative systems’ that have positive social and ecological impacts are necessary not only to remediate historical impacts but also to make up for areas that will not reach the goal of sustainability. In considering how to achieve these goals in practice, distributed systems, much smaller in scale than existing systems, offer a relatively low cost, low risk approach to wastewater management that has a greater likelihood of overcoming challenges to implementing restorative systems.

From a systems perspective, restorative practices in wastewater management will require a greater inter-linkage between systems. One of the decentralised concepts presented in the final report, ‘Integrated Resource Management’, exemplifies this approach by considering total resource recovery in the design of an ecologically engineered framework (Mitchell, Abeysuriya & Fam 2008a). The complexity of interconnected systems requires appreciation of the context which informs the choice of technologies, skills, processes and organisations most appropriate for the given situation. In a sense, this approach aims to ‘design by nature’ by utilising natural systems as elements of the infrastructure.  

As the adoption of distributed systems developed with life cycle thinking presents a paradigm shift in wastewater management, community engagement in the development of sanitary infrastructure is essential for the introduction of alternative socio-technical systems. By adopting ‘representative and deliberative’ processes of engagement in decision making, the aim is not only to select participants who are representative of the society of concern but also provide outcomes from the process that will impact the decisions of authorities. Not only does this approach provide the potential for delivering ‘well-informed, fair and equitable decisions’ (Fung & Wright 2003) in the sewage sector but also of providing much needed public support for new approaches to infrastructure and institutional arrangements -  therefore a life cycle management approach in introducing new sanitary infrastructure will undoubtedly have a stronger and more inclusive engagement process.

While financially viable and affordable water and sewage services are foundations of a well-functioning society, calculating the societal costs of these services, over the life cycle of the infrastructure, is a complex process. The dominant paradigm for infrastructure selection has historically been a ‘cost based’ evaluation. An alternative approach to considering the potential of alternative sanitary infrastructure is to take a ‘value based’ evaluation. This approach seeks to design and implement systems that have the most value in contrast to the conventional approach of concern for least cost. This shift in perspective in valuation processes is occurring globally (eg. The Vancouver Valuation Accord) and has the potential to radically change what infrastructure decisions are made by water authorities.

Another of the key findings for sewerage planning in regard to life cycle thinking was the need to undertake pilot and demonstration projects in collaboration with regulatory authorities to not only generate trust in the new technological system but also create a space for multi-dimensional learning (eg. social, technical, economic, institutional and environmental). Decentralised systems are particularly suited in this space since they can be planned and implemented over relatively short timeframes at relatively low risk and low cost because of their scale, compared to centralised systems.

Concluding remarks 

The degree to which the decentralised concepts developed by this project have been adopted in the Melbourne Sewerage Strategy for implementation is not publicly known at this stage. The publicly available final report nevertheless provides a resource where key challenges to installing more sustainable metropolitan sanitation systems have been identified. 
Taking an LCM perspective leads to an array of different possible options for sewerage services, that can be tailored to fit particular social and physical contexts, as an alternative to the ‘one size fits all’ centralised approach. In moving towards more sustainable sewerage infrastructure, identifying whether or where to retrofit alternative systems within existing infrastructure networks becomes important. By bringing together a long term and whole of systems perspective, LCM approaches can help with making this assessment – for example, by including relevant factors such as infrastructure age and condition and demand for energy, recycled water, etc at different locations in the network and lifecycle costing of the different options that might suit those locations. LCM is not just useful for infrastructure, it is essential to planning for more sustainable living environments.

REFERENCE LIST

Beder, S. 1993, 'Pipelines and paradigms: the development of sewerage engineering', Australian Civil Engineering Transactions, IEAust, vol. CE35, no. 1, pp. 79-83.

Elzen, B. & Wieczorek, A. 2005, 'Transition toward sustainability through system innovation', Technological Forecasting and Social Change, vol. 72.

Fung, A. & Wright, E.O. 2003, 'Thinking about empowered participatory governance', in A. Fung & E.O. Wright (eds), Deepening democracy: institutional innovations in empowered participatory governance, Verso, London.

Kemeny, T. 2007, Sanitation and economic development: making the case for the MDG orphan, WaterAid, London, UK.

Mitchell, C., Abeysuriya, K. & Fam, D. 2008a, Development of qualitative decentralised system concepts for the 2009 metropolitan sewerage strategy, vol.1 synthesis report, Institute of Sustainable Futures, Sydney.

Mitchell, C., Abeysuriya, K. & Fam, D. 2008b, Development of qualitative decentralised system concepts for the 2009 metropolitan sewerage strategy, vol.2 Case studies and Concepts, Institute of Sustainable Futures, Sydney.

O’Riordan J., Lucey, P., Barraclough, C., & Corps, C. 2008. Resources from waste: An integrated approach to managing municipal water and waste systems, Industrial Biotechnology, vol. Fall 2008

Pinkham, R., Hurley, E., Watkins, K., Lovins, A.B., Magliaro, J., Etnier, C. & Nelson, V. 2004, Valuing Decentralized Wastewater Technologies: A Catalogue of Costs, Benefits and Economic Analysis Techniques, Rocky Mountains Institute.

World Bank 2000, 'Sewage disposal project transforming urban environment and improving quality of life in Mumbai, India', South Asia Brief, vol. March 2000.



� System innovation or transition is generally defined as large scale transformations in the way societal functions (such as transportation, communication, housing, wastewater management etc.) are fulfilled. The emphasis being on the co-evolution of technical and societal change as opposed to incremental change which is characterized primarily by changes in technology.
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