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Les systèmes de gestion des eaux pluviales intelligents sont de plus en plus cités comme moyens de gérer les nouveaux risques associés aux eaux pluviales, exacerbés par les changements du climat, des villes, des biens et des économies. De nombreuses technologies 'intelligentes' existent, citées de manière exponentielle dans la littérature scientifique, dans tous les secteurs, donc celui de la gestion de l'eau. Cependant, malgré cette littérature en croissance, la gestion des eaux pluviales intelligente reste fragmentée et les bénéfices théoriques des systèmes intelligents et intégrés ne sont pas encore tangibles dans la gestion quotidienne. Ce résumé explore comment intégrer et organiser la compréhension de ce que sont les systèmes intelligents, comment orienter la recherche pour appréhender les défis limitant l'adoption de ces nouvelles technologies. Nous trouvons que les principales barrières à l'implémentation incluent : créer une compréhension commune des systèmes intelligents, gagner en confiance et identifier des déficits technologiques comme l'intégration des données, l'analyse en temps réelle, la qualité de l'eau et la cyber-sécurité.

WHY 'SMART' STORMWATER ?

1.1 Twenty-first century risks require twenty-first century solutions.

Stormwater hazards such as urban flash-flooding and combined sewer overflows spreading faecal coliforms to our water environments are well-documented; but emerging hazards, such as heavy metal pollutants from road runoff, pharmaceutical and micro-plastic pollutants from domestic waste and floods compounding disruption across increasingly interconnected infrastructures are also now rising to the fore. These hazards are increasing at a far higher rate than previously anticipated (Wing et al., 2018). The compounding effects of climate change, urbanisation, deterioration of legacy infrastructure and economic pressures, in combination with higher public expectations and an increasingly active regulatory system are putting increasing pressure on water management authorities across the globe.

Consequently, it is apparent that 'business as usual' management practices based on passive twentieth century infrastructure are insufficient. More cost-effective, sustainable and resilient approaches are required, and it is suggested that the increasing opportunities of 'smart technologies' might provide a basis to achieve this.

What is a 'smart' technology? Another resilient, sustainable and agile buzzword?

'Smart' technologies have emerged from the cross-sector Internet-of-Things (IoT) revolution (Atzori et al., 2010;Oberascher et al., 2022). The increasing availability of low-cost, effective and multi-functional sensing, communication, actuation and optimisation technologies is leading towards their ubiquitous application across sectors, with early adopters in power and communication infrastructures. The adaptability of this diverse range of technologies opens up the possibilities to manage assets and dynamically reconfigure operations in a novel, cost-effective, adaptable and integrated manner.

However, despite the potential for a step-change in management techniques, the allure and convenience of the broadly defined and recognisable term, 'smart', provides a risk for adoption to become a tangentially applied buzzword, missing opportunities for systematic, progressive and meaningful change. Effective progression and dissemination of knowledge requires a consistent application of terminology to map and develop required research and implementation.

We define 'smart technology' as: technologies able to: "sense; monitor (collect data); communicate; manage; analyse; integrate; control; or optimise devices in a systematic manner. This includes both standalone devices with integrated 'smart' features and technologies which can be retrofitted to enhance the capabilities of other devices, assets or networks" (Webber et al., 2022).

WHAT IS THE CURRENT PROGRESS OF RESEARCH AND IMPLEMENTATION?

2.1 Developing a common understanding using a framework to map our current progress and identify future research (Webber et al 2022).

We note that our definition of 'smart' covers a wide range of technologies, encapsulating varying degrees of 'smartness' and still enabling a fragmented and inconsistent application of 'smart' technologies within current research. To map, align and track research and implementation we have developed a consistent framework, which enables a systematic and strategic breakdown of our progress and next steps (Figure 1).

Our framework maps smart stormwater through from a passive asset (which we do not define as smart), towards increasing levels of smart functionality through incremental fundamental developments in "technology" and "capability". Technology represents the underlying scientific knowledge, machinery or equipment required for a particular task; whereas 'capability' represents the power or ability that a particular technology affords.

The relationship between technology and capability is delimited by each technology realising the capability aligned directly below it in the figure. For example, each technology aligns with a capability and progression of these towards the right (degree of functionality) iteratively builds the smart functionality of a system.

For example: Just installing an asset enables passive operation; Installing sensing on that asset enables it to operate actively in response to its condition; Data collection technology enables that data to be used for offline optimisation; Whereas data communication then enables online control of assets (up to a network scale if appropriate data management is in place); Finally, data analytics and integration enables online multi-objective optimisation of a network. 

How far along the framework are we so far?

A recent review of literature and suppliers (early 2022) highlights that much of the underpinning technology required for smart stormwater is often available and some organisations have taken significant steps towards developing networks. In particular, water quantity sensors and communication technologies have reached a level of maturity which enables them to be incorporated into day-to-day operations; however, this progress is not as apparent in water quality sensing, which is significantly more complex with long-term and real-time solutions still in development.

However, despite many of the technologies and capabilities being available in water or related sectors, they have not yet widely been transferred to practical application. The current research landscape remains dominated by proof-of-concept modelling studies, with limited practical application beyond real time control of large assets, individual pilot studies and monitoring. It is likely that many suppliers and technology capabilities to push the degree of smartness further to the right of our framework are in place, however the understanding and application is not yet available in a co-ordinated and actionable literature (either research or industry publications).

WHAT ARE THE CHALLENGES, AND WHERE ARE THE FUTURE OPPORTUNITIES?

Addressing challenges to transfer technology and capability into application.

The apparent disconnect between newly available technology (and its associated capabilities) versus current operational practices highlights that there are a number of barriers to overcome. These barriers represent significant challenges to manage, but also represent opportunities for developing the next generation of stormwater systems research.

Socio-economic

• Trust: A frequently cited barrier to adoption is trust of new technologies across a risk averse water industry.

Of particular importance are both trust in ongoing operations (will the system perform as expected) and trust in lifetime costs (will operational and maintenance costs be as expected). This barrier requires experimentation and demonstration within pilot studies to build a comprehensive evidence base which can be used to reassure system operators.

• Standards and guidance: Alongside trust, operators need to be sure that they are following procedures to make effective use of technologies with best practice, as well as following appropriate standards to protect and indemnify organisations when applying novel technologies.

• Business cases and value propositions: Research and development collaborations can demonstrate proof of concepts, but scale-up and integration of implementations must be achieved for maximum benefits to be realised; Therefore, a route to market for selling, operating and maintaining new systems is also required.

Establishing novel business models that harness emerging value propositions takes time, requires diverse teams and needs living laboratory trials as a bridge between academia and high technology readiness level solutions.

• Costs of components: Many mass-market sensing and communication technologies are now available at a low price point. However, water specialist products appear to remain comparatively expensive. The invitation to provide implementation of products (for example, smart manhole sensors) at scale will begin to drive down unit costs. In turn, a wider range of locations will become cost effective in which to deploy sensing technologies and fully monitored, data-rich, "smart catchments" will emerge.

• Multi-institutional co-operation: The benefits of smart systems compound when multiple functionalities are achieved (for example water supply, stormwater management, temperature monitoring). However, realising multiple functionalities and benefits will require co-operation between diverse range of organisations and communities both within the water sector and beyond. Achieving these benefits is therefore dependent on effective and timely social approaches to connect these groups.

Technological

• Long term and real time water quality sensors: Water quantity sensors have reached a partial maturity, with a range of technologies now available; however, data from near real time network-wide water quality sensors remain unrealised. There are particular issues developing sensors which can provide continuous, real time and on-site monitoring for longer periods (beyond months).

• Specialist technologies: With many sensors required for network monitoring, it becomes unmanageable to action regular maintenance, calibration and replacement for large networks, and it therefore important that technologies can be deployed for long periods in harsh environments (e.g. sewers, rivers and cities). Widespread rollout at a network scale will require robust, reliable and inexpensive components.

• Cyber security protocols: High-impact and high-publicity cyber impacts are a common occurrence in an increasingly digital and connected world. Effective implementation of digital systems in unmanaged environments will require comprehensive data and network security measures, alongside ways of communicating residual risks and mitigations to organisations who may not typically manage cyber-security. Risks includes malicious actors accessing IoT components to pivot into interconnected company stems and data, disrupting operation by damaging (or holding to ransom) operationally critical equipment in active systems, or negative publicity for IoT technologies being incorporated into cyber-crimes, such as botnets.

• Computational time and multi-functionality: Real time active control of networks offers enormous possibilities for operations; however, optimal operation of complex networks will require computationally demanding modelling. Computational power is increasingly affordable, but high resolution and fast speed models still require significant time to run, calibrate and validate.

• Update frequencies and integration protocols: Lots of data will require careful validation to ensure it is accurate and suitable to use in network management. The more data streams and types are available, the further uncertainty bounds will compound. Even where data is considered accurate, important questions remain about how frequent updates should be integrated and how model and observational drifts can be managed. 
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