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Summary 

This is a report of a Systems-NET workshop that discussed the resilience of clean and 

wastewater networks in the UK. The objective was to establish collaborative links 

between the systems research community and researchers in water issues. This report 

presents the outcomes of the workshop including researcher’s presentations Quad 

Charts and key challenges identified in the areas of sensors for monitoring water flows, 

architecture patterns, framework for decision making, emergency response, 

quantitative assessment of performance and human intervention.   
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Purpose 

The sustainability of water services in England and Wales relies on the resilience of 
clean and wastewater networks, but these are being threatened because the old 
infrastructure requires renovation and new networks are needed to service more 
housing developments, industry and commerce. At the same time there are continuous 
challenges affecting water availability including limited water resources, more stringent 
regulations for water abstraction, climate change, uncertain rainfall distribution and 
others. From a systems engineering perspective, the networks for water services form a 
large system that can be better understood and analysed with the participation of as 
many stakeholders as possible   

Systems-NET aims to facilitate systems engineering research in the UK by establishing 
links between multidisciplinary research groups and industry to encourage 
understanding of large networked systems. The purpose of this workshop was to 
stimulate the formation of a systems network for water supply resilience bringing 
together researchers from the academic community, systems engineering researchers 
and partners from industry. We hope that the ideas and research discussed in this 
workshop will result in the formation of links to support collaborative work amongst 
the participants.   

 

Workshop 

The resilience of the infrastructure for clean and waste water networks is a basic 
priority; renovating, expanding and maintaining the water infrastructure requires 
collaborative approaches from all the stake holders. Systems-NET invited researchers 
from systems engineering, urban water systems, water engineering, physical geography, 
environmental engineering, business and others as well as people from the water 
industry to meet together, get an insight into each other’s research and priorities, and 
discuss how systems science and engineering can support the development of a water 
system that remains reliable in spite of population growth, increased demand and 
climate change over the next following decades. This workshop was a follow-up from 
the workshop “Water Supply Resilience in the UK” that took place in July 2014.  



                                                                                                                             

Resilience of Clean and Wastewater Networks in the UK – Workshop Report 

 

3 

 

The first part of the workshop consisted of presentations by academics from the 

Universities of Manchester, Exeter and Loughborough covering current research 

(corresponding Quad Charts are given in appendix A). The second part of the workshop 

consisted of a plenary discussion with contributions from all the academic participants 

and Helen Pickett from Severn Trent Water who gave several valuable insights into the 

main challenges being faced by Severn Trent Water Company today. Her participation 

gave base to interesting ideas for future collaboration with several researchers.  

 

Research Presentations 

The presentations from the academic research community were:  

 Resilience of Clean and Waste Water Networks - Dr Gema Styles (Co-ordinator of 

Systems-NET), Advanced VR Research Centre, LU 

 Novel, non-intrusive microwave sensors for water analysis – Vasiliki 

Koutsospyrou (School of Civil and Building Engineering), LU 

 DANSE-Design for Adaptability and Evolution in Systems of Systems- Antara 

Bhatt (Research Assistant at Advanced VR Research Centre-Loughborough 

University), LU 

 Online Modelling and Prediction in Water Distribution Systems-  Dr John Brooke 

(Strategic Research and Software Development), Manchester University  

 Safe & SuRe: Global Resilience Analysis of Water Networks -  Dr Guangtao Fu 

(Senior Lecturer in Environmental and Water Engineering), University of Exeter  

 Evaluating the resilience of critical infrastructure for emergency response to 

extreme flood events in Leicester City – Dapeng Yu (Department of Geography), 

LU 

 Lack of competent and qualified staff in Developing Countries – Brian Reed 

(WEDC), LU   

 Resilience and Innovation across the Water Energy Nexus -  Dr Donna Champion 

(School of Business and Economics), LU 

 Examination of household water demand determinants and exploration of the 

link between demand management programs and water conservation -  

Despoina Manouseli (Ph.D. Student- WEDC), LU 

 

Plenary Discussion 

The presentations brought up several points for discussion. The presentations can be 

viewed in Appendix A. Some of the points discussed are the following:  

- Sensors to monitor water flow; installing non-intrusive microwave flow 

sensors in the outer walls of pipe lines is considered to be very useful for the 
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water industry partly due to their immediate applicability, however the way in 

which power is provided to the sensors would require optimisation. Recharging 

or replacing the batteries to sensors in the field is a challenge due to the high cost 

of batteries and the associated journeys of qualified personal to pipelines (which 

can be difficult to access). Options for generating power locally i.e. via solar 

energy could be considered. The difficulty is harnessing energy which is also a 

common problem in many other sectors.  

 

- Architecture Patterns; it is understood that natural systems develop ad-hoc, i.e. 

they don’t follow an original plan. However statistical physics, which is one of the 

tools used in systems engineering, is based on the characteristics of universality 

and scalability of complex systems; it is believed that complex systems have 

properties that are common across disciplines or sectors and even scales i.e. the 

properties of complex systems may be universal and independent of the specific 

form of the interactions in a particular system. This leads to the concept of 

architecture patterns in complex systems being replicated in other totally 

different complex systems, patterns can be used to understand the behaviour of 

complex system or help to predict it. Their identification creates a source of 

knowledge that then can be used to transfer expertise in systems behaviour from 

one complex system to another and could benefit the layout design of future 

water networks.  

 

- Framework for Decision Making. Another point of discussion was the creation 

of a framework for decision making with tools based on hydraulic simulation 

models that use mobile communication technology and local real time data from 

node points on a map. One server in Manchester is being tested under different 

experimental scenarios. It was discussed that this would be a powerful and 

useful tool for water companies particularly as several calculations can be 

performed at the same time and depending on the computational capability, 

solve local water distribution problems while taking into account the overall 

effect of failures over a whole extension of pipe lines, however intricate they are.  

 

- Emergency Response. The city of Leicester is ranked 16th out of the 4,215 

settlements in terms of surface water and flooding risks. Evaluating the 

resilience of critical infrastructure for emergency response to extreme flood 

events in Leicester is being studied through operational nodes that could be 

affected by extreme flooding in order to deliver a list of adaptation measures and 

contingency plans, some of them generic and transferable to decision makers 

beyond Leicester.  

 

- Framework for Quantitative Assessment of Performance. Safe & SuRe at the 

University of Exeter aims to develop a new paradigm for ‘Safe & SuRe’ urban 
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water management in response to emerging challenges and global uncertainties. 

The specific objectives include: 

o  To develop a global resilience analysis framework to evaluate water 

network resilience to specific failures; 

o  To evaluate different design strategies for improving system resilience; 

o  To develop guidelines for building resilience in urban water networks. 

Urban water infrastructure was built using the Fail-Safe paradigm, consequently 

its performance under extreme threats is not well understood. There is a need to 

develop guidelines or standards for building resilience in water supply and 

urban drainage networks 

 

- Human performance. Another point discussed was that in spite of many 

technology advances the weakest link in the chain of progress is related to our 

human capacity to understand current systems, prepare and plan for future 

events.  Collaboration between NGOs, Universities and Ministries has the 

potential to ascertain learning needs and produce curricula for learning and 

teaching materials to care for water quality and improve living conditions.  

 

 

Conclusions/Recommendations 

The water industry in the UK  is being challenged in regards of maintaining good 
customer relationships and public perception, managing assets and their condition, 
monitor and control pipes degradation,  implementing sensors for new applications, 
engineering non-invasive methods for replacing pipes,  lowering levels of leakages, 
dealing with blockages in sewerage pipes, optimising treatment processes to remove 
phosphorous and monitor nitrate substances at the same time as applying measures to 
harvest energy and many others.   

Academic research is already providing answers to some of these problems however, 
continuous communication between industry and academia is very necessary in order 
to link research and industrial priorities in a way that it is beneficial for both parts.  

Although there are several co-operation programs between industry and academia, 
these tend to link specific areas of expertise in both sectors and there is a danger that 
such isolated programs go through development and completion without awareness of 
other research programs and the priorities from other similar industries and research 
groups.  

Clean and wastewater networks in the UK form a system that needs to be understood 
from a high level of abstraction in order to get the full view of its complexity and the 
factors influencing its behaviour. The following Quad Charts offer an insight into water 
research being carried out at various research groups in the UK. This material is 
intended to facilitate the understanding of different aspects of this complex system in 
order to spark interest and new direction for collaborative research.  
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