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Highlights 
• Development of CENTAUR local RTC system from an initial concept to a commercial system.  
• A range of funding mechanisms have been used to develop the system refine implementation 

strategies and demonstrate performance to water infrastructure operators.   
• Ongoing challenges and lessons learned regarding acceptance and uptake of RTC technology. 

 

Introduction 
CENTAUR is a local RTC system, which aims to mitigate urban flooding and/or urban pollution caused by 
sewer spill events from urban drainage systems (UDS). The system utilises flow control devices (FCDs) 
installed within existing sewer infrastructure to regulate flows during wet weather events and make use of 
existing system storage capacity where possible (Shepherd et al, 2016). CENTAUR was conceived with a 
focus on ease of implementation and cost effectiveness in small to medium size UDS. To facilitate this, 
CENTAUR has a number of defining characteristics: 

 Operation of FCDs is based solely on information from local water level sensors within the network. 
 Operation of each FCD is individually controlled by a Fuzzy Logic algorithm, no centralized control.   
 Hardware designed for implementation within manhole structures, with minimum capital spend.   

CENTAUR avoids centralized control systems, predictive/real time modelling, significant data transfer 
requirements and system interdependence, thereby minimising potential barriers to implementation via 
the reduction of complexity and cost. CENTAUR is also inherently adaptable, with significant potential for 
flexibility under climate/network changes. CENTAUR is currently a commercial product1 and in 
collaboration with Innovyze, is implemented as RTC modelling tool within Infoworks ICM, the UDS 
simulation package accepted by UK water industry and regulators2. This paper describes the development 
of CENTAUR from its initial concept, to the various funded projects and innovation mechanisms, and 
further discusses some of the main challenges and barriers to more widespread implementation of the 
technology that still remain.  
 

From Concept to Commercial System  
The CENTAUR concept developed from discussions held at the University of Sheffield, with EMS and 
academics from the University of Coimbra, facilitated by a small internal travel grant (Pennine Water 
Group, EPSRC Platform Grant). A successful EU H2020 Water Innovation Action submission followed, as 
well as several applications to innovation calls using UK national and European funding mechanisms.  
EU H2020 CENTAUR Project (2015-2018). This project involved seven partners including SMEs, water 
infrastructure operators and universities3. The project developed the control algorithms, hardware and 
communication systems. To build confidence prior to installation CENTAUR was originally tested in a 
bespoke full scale laboratory system at the University of Sheffield. Following successful testing, two 
prototype systems consisting of a single flow control gate, were installed, firstly in Coimbra, Portugal and 
then Toulouse, France. Monitoring and modelling studies were conducted to understand the performance 
of the system.  Simultaneously the project developed a product commercialisation strategy led by the SME 
partners. Co Funded STREAM PhD Project (2018-2021) – Co-supervised by EMS and University of 
Sheffield. To further develop implementation strategies for CENTAUR and gathering evidence of its 
effectiveness, UoS and EMS applied for a matched funded PhD project under the EPSRC STREAM Centre for 

 
1 https://www.em-solutions.co.uk/products/centaur-smart-wastewater/ 
2 https://www.innovyze.com/en-us/blog/modelling-centaur-in-infoworks-icm 
3 https://www.sheffield.ac.uk/centaur 
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Doctoral Training4. This PhD has focused on modelling based spatial analysis of local RTC systems, 
considering how the choice of FCD location within the UDS affects system performance, as well as 
developing optimisation tools for FCD site selection in SWMM, and investigating the effectiveness of the 
CENTAUR system for different modelled case studies (Eulogi et al. 2021). IWAN Intelligent Wastewater 
Networks. (2020 -2023). IWAN is funded through Eureka Eurostars and Innovate UK5. EMS, Aguas de 
Coimbra (Portugal), University of Coimbra (Portugal), University of Sheffield and Scottish Water are working 
as project partners to deliver installations of CENTAUR using a two-gate system. The project builds on 
CENTAUR’s original single active flow control gate by offering more storage scope during rainstorms using a 
two gate system. REWAISE Project (2020 – 2025). REWAISE (REsilient Water Innovation Economy) is 
European research programme funded by Horizon20206. A CENTAUR multi gate system is being developed 
in partnership with Severn Trent to provide an intelligent wastewater network to manage multiple CSOs by 
monitoring catchment level outcomes. The vision of this project is to provide dynamic catchment 
management to manage river quality based on automatic control of the entire catchment. Knowledge 
Transfer Partnership (KTP) Project (2021-2023). The University of Sheffield and Severn Trent Water started 
a KTP project in May 2021. KTP is a UK funding mechanism which aims to help business innovate by part 
funding collaborate projects with academic partners. This KTP project will monitor and analyse the 
performance of a live installation of a CENTAUR system in STW network and further develop the evidence 
base. The project will also develop installation protocols to aid implementation in other UDS using ICM. 
  

Discussion on challenges and solutions, and collaboration for innovation 
Shared vision and purpose of research with end-user: Defining the vision and communicating this with 
focused end-users is critical to successful commercialisation. Unless end-users are fully involved in an 
innovation project at the outset, the original vision of project partners may only be considered by the end 
user once output is delivered this leads to delay in decision-making and commercial uptake, leading to 
quiescence or even death of the innovation. Stakeholders outside of the research group will challenge the 
validity of outputs, relevance of the product/service, and the disruption to existing processes [as a new, but 
non-standard approach] it will cause. It is essential that projects address and communicate how the output 
will impact the end-user in terms of benefits, changes to processes and integration. Early stakeholder 
engagement and ongoing dialogue to address ‘business as usual’ and ‘integration’ issues in partnership 
with the end user is critical. Competition: A lack of clarity of the mechanics or benefits that an innovation 
brings means end-users may perceive existing processes or products as being adequate. CENTAUR is an 
alternative solution to well established existing products, for example, stormwater retention tanks 
(although these are far more costly) and passive flow throttle devices (which do not work as well as actively 
controlled ones). Established solutions and the associated supplier relationships will have the advantage 
because of the business confidence is already manifest, irrespective of performance and efficiency. An 
innovation brought by a new supplier is therefore considered a threat, especially by stakeholders not 
involved in the project. A solution to this is that research & innovation funding offers the time and money 
to be able to get end-users on-board early during projects to enable differentiators and benefits to be 
understood. It is important therefore to ensure a wide range of stakeholders is engaged during these 
projects. Other forms of competition come from resources within the end-user’s organisation, without 
specific consideration of the intended research outcome itself. E.g., in the UK water industry, existing 
framework suppliers with a broad range of service provisions will often include services to provide 
innovation. The barrier to entry for an advanced innovation (in terms of technology readiness level) from a 
new entrant may therefore be the competing commercial drivers to utilise existing contracts to develop 
innovation. Timing of research output with regulatory industry investment cycles: A recurring criticism of 
the UK water market is the asset management planning (AMP) cycles, five-year investment cycles based on 
price review determinations. Innovations (and commercial potential) often need to fall into AMP cycles 
because capital programmes are defined for the following AMP. Where an innovation is a capital asset, as is 
the case with CENTAUR, this needs to be included in design guides at the correct time. This presents a risk 
to an innovation project delivering early/mid AMP which needs to be adopted by capital delivery teams. An 

 
4 http://www.stream-idc.net/ 
5 https://www.em-solutions.co.uk/innovation/eureka-eurostars-project/  
6 http://rewaise.eu/ 
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important delivery aspect of CENTAUR’s research programme has been the development of technical 
guidance, documentation and drawings to be adopted by operators and capital delivery teams. This is a key 
objective of the ongoing KTP project. Unforeseen costs affected pricing (cost benefit of project): While a 
project is supported by grant funding, this affords the project a low risk comfort zone, with delivery 
remaining unchallenged from the end user until the project completes. However, once an innovation is 
adopted by the end-user’s organisation, other costs are introduced that were not experienced during the 
project. For example, client organisation contractor on-costs, project management fees, installation costs 
(e.g. third party utilities, traffic management on live networks), and operating and maintenance costs. 
Unless these costs are understood during the research project, they may erode the profitability of an 
innovation. These costs need to be considered in the cost-benefit analysis that is calculated as part of the 
commercialisation business case presented to end-users.  Without careful management by the research 
partners, these third party costs can escalate and make an innovation unviable with the wrong pricing 
model. Successful output from research: A single successful demonstration of an innovation does not pave 
the way for wider acceptance. Benefits may not be readily accepted as being transferable, certainly 
between organisations, but also between sites within the end-user’s organisation. It is the author’s 
experience that successful trials need to be replicated in different settings before confidence in adoption of 
the innovation is achieved. It is of crucial importance to understand the risk perceptions of all stakeholders 
(described by Dobbie and Brown, 2014 and practically investigated through interviews with the UK Water 
industry by Garwood, 2019). This also involves adapting to local water utilities’ working practices, for 
example for the UK market an important step has been including the CENTAUR algorithm into the 
Infoworks ICM software. Benefits of innovations in terms of, e.g. cost savings, satisfying local regulations, 
environmental performance, energy usage, need to be validated through installations and detailed 
gathering of field observations, to support the overall business case. Such time-consuming development 
and implementation work is not frequently given high priority by academic team members (who are more 
commonly evaluated based on novelty, i.e. the publication of ‘new ideas’ in academic journals).  
 

Conclusions and future work 
 Crucial for advancing RTC from academia to practice is collaboration between all stakeholders at an 

early stage, and trusted working relations between researchers, commercial partners and end-users.  
 It is crucial to understand the risk perception of the end-users and commercial partners. Local real-life 

demonstration of the technology showing the benefits of the innovation is essential, and follow on 
‘innovation funding’ is necessary to achieve this stage. Showing that something works in another 
country, or through model simulations only, is not enough.  

 Implementation has to be considered at all stages, how local water utilities are regulated and any local 
investment cycles need to be understood by all parties and taken into account early on the process. 
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