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Summary 

A workshop was organised by Systems-NET to explore the potential for systems 

engineering to help address today’s key challenges for ensuring a resilient and 

sustainable water supply.   
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Purpose 

Water Supply Resilience in the UK is one of the Grand Challenges faced by our society 

today and is a challenge likely to become more significant in the future. In the UK water 

is abstracted from two types of freshwater sources: ground water and surface water. 

Ground water refers to water under the earth surface such as aquifers.  Surface water is 

the water that comes from rivers and reservoirs either natural or manmade.  Some 

water resources in the UK are already under stress and there are no additional water 

resources for water abstraction [1], i.e. in the UK the northern regions have abundant 

water whilst the south and east experience frequent draughts especially during the 

summer, paradoxically the demand for water in poor water regions is higher than in 

rich water regions as the population density is higher there [2].  Projections of climate 

change indicate an increase of temperature and decrease of rainfall over the summer 

months in the next decades potentially increasing the stresses on water availability [3]. 

Climate change, protection of the environment, population growth and changing 

demand all have an impact on water availability. Systems-NET organised this workshop 

with the view of encouraging discussions and exchange of ideas between academia and 

industry and where appropriate to explore opportunities for the systems engineering 

community to participate.   
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Workshop 

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 presentations from participants from industry; Yorkshire Water, Severn 

Trent Water and Castleton Consulting Ltd (also appendix A).  After each presentation 

there was a questions and answers session to discuss the main points. The third part of 

the workshop was a plenary discussion to suggest ideas for future work and 

collaboration.  

 

Research Presentations 

The presentations from the academic research community were:  

 Systems Engineering and the Grand Challenges for Water Supply Resilience in 

the UK-  Dr Gema Styles (Co-ordinator of Systems-NET), Advanced VR Research 

Centre 

 Water Demand and Supply Management for the Residential Sector Using 

Integrated Resource Planning (IRP) Principles-  Despoina Manouseli (Ph.D. 

Student- LU) 

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

Bhatt (Research Assistant at Advanced VR Research Centre-LU) 

 Assessing the Sensitivity of Historic Micro-Component Household Water Use to 

Climatic Drivers. PhD Thesis.- Professor Rob Wilby (Hydroclimatic Modelling) 

  Novel Sensors to provide more Resilience, Water Treatment and Supply-  

Professor Andrew Wheatley (Head of Water Engineering Group School of Civil 

and Building Engineering)  

 Water - Energy Nexus: Challenges and Opportunities in England and Wales - 

Naomi Kelly (Ph.D. Student)  

 Resilience and Innovation across Complex Systems-  Dr Donna Champion (Senior 

Lecturer in Information Systems) 

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

(Strategic Research and Software Development)  

 Safe and Sure: Towards a New Paradigm for urban Water Management -  Dr 

Guangtao Fu (Senior Lecturer in Environmental and Water Engineering)   

 Architecting Resilience as a System of Systems - Professor Roy Kalawsky 

(Director of the Advanced VR Research Centre) 

The research being addressed by the academics attending the workshop were mainly 

concerned with household water demand, modelling systems, management of water 

resources, and development of sensors for several applications. Specific research topics 
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included: 

Water demand in the future 

 

o Innovative methods to manage growing water demand and education 

campaigns to influence domestic demand. Use of micro-component analysis 

(method to disaggregate household water use into end uses like bathroom, 

kitchen etc.) to forecast demand.  

 

a) Water distribution and infrastructure 

 

o Using architecture modelling and simulation to explore more resilient and 

robust water systems; Water companies can use architecture patterns to 

model more resilient and robust systems 

 

b) Management of water resources 

o Improving management of water resources using collaboration across a wide 

range of stakeholders. Water-energy nexus. Impact of fracking on water 

resources 

o Developing socio-business understanding of the critical relationships needed 

in order to value water 

o Use of Anglian Water Golden 100 data to explore the climate sensitivity of 

historic micro-component water use and determine the differential impact of 

weather/non weather variables on household micro-component water use. 

o Identify risks to water quality during treatment and supply, and new 

emergent risks. Research on a non-invasive flow and turbidity meter. 

o Development of intelligent sensors to monitor water quality. Acoustic leak 

detection.  

o Intelligent decision support tools for human workforce controlling water 

networks based on sensors information   

o Developing a new paradigm for Safe and Sure urban water management in 

the UK in response to emerging challenges and global uncertainties. Creation 

of a quantitative assessment framework with tools and approaches for threat 

mitigation, adaptation options and strategies. 

 

Industrial Presentations 

The presentations from the industrial participants were: 

 Industrial Grand Challenges-  Peter Coddington (Network Asset Planning 

Manager at Yorkshire Water) 

 The 2030 Vision - Matt Lovell (Asset Strategy Manager, Severn Trent Water)  
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 Changing our Relationship with Water- Jon Kendall (Castleton Consulting Ltd)   

The main concerns highlighted in the industrial presentations were: 

o To deliver a more resilient network, as current clean and waste water 

networks are unlikely to meet the future needs of society. Old assets are 

difficult to locate, assess and monitor i.e. cast iron pipes are damaged by frost 

and become brittle.  

o Challenges related to the level of service i.e. risk-based approach to 

compliance, new measure to manage flooding, droughts, interruptions to 

supply, and contamination of water by hazardous substances. 

o Environmental challenges for sustainable abstraction and reducing carbon 

footprint as it impacts climate change.   

o Financial challenges that allow water companies to present to customers 

affordable bills and remain competitive. 

 

Discussion 

Water supply resilience in the UK can be understood as a complex system that depends 
on many other systems ranging from climate change, rainfall distribution, water 
resources, abstraction licences, water companies, distribution networks, water demand, 
etc.  In order to understand the complexities involved it will be necessary to develop a 
comprehensive model so that in depth studies can be taken. Representing this entire 
complex system in a model with all the interlinking factors would be an ambitious task, 
however it would have the potential to show the interactions within all the parts and 
facilitate analysis. Such analysis is necessary to envision solutions in a holistic manner.  
This is not an easy task as some of the constituent parts of such a system are complex 
systems themselves i.e., the actual network of pipes and infrastructure to deliver water.   

Complex systems have three characteristics in common with other systems; ability for 
self-organisation, adaptability and emergent behaviour [4].  In order to facilitate the 
emergence of a ‘water system’ that self-organises and adapts to new environmental 
conditions, economic constraints and population demand, it is necessary to maintain a 
better collaboration between the researchers and the industry to provide cost effective 
and viable solutions. Research groups need to take into account the main issues and 
priorities that trouble the industry to be able to contribute in solving them.  Systems-
NET organised this workshop with the aim of promoting communication and transfer of 
knowledge to make water supply resilience an achievable goal. 

 

Conclusions/Recommendations 

In the workshop presentations the necessity to manage/ influence/ control not only the 

growing demands of water, but also water resources and infrastructure was 

emphasized repeatedly.  All the presentations in the workshop contained elements to 

spark new ideas and platforms for collaboration; one of the topics discussed was using 

architecture modelling and simulation to explore more resilient and robust water 
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systems, for example work already being carried out at the University of Manchester 

and in a separate project at Loughborough University, aims to support engineering 

actions with monitoring information and computation data about the state of the 

system. Another novel idea was presented by Castleton Consulting , who showed an 

example of crowd sourcing where people contribute to the gathering of data using 

mobile phones, for example in the case of reporting radiation levels around the 

Fukushima area after the disaster of 2011.      

According to the Environment Agency solving the challenge of Water Supply Resilience 

in the UK requires urgent action in key areas i.e. infrastructure, water demand, water 

distribution, and management of water resources. The Environment Agency has 

proposed to tackle some of the challenges for future water availability though the 

following measures [1]: 

1. More efficient regulation for water abstraction as the UK population grows 

2. Improving interconnectivity between water resources 

3. Trading of licenses between water companies 

4. Creating new water resources 

From the industrial presentations it is clear that modernising infrastructure for clean 

water and maintaining waste water networks are both a high priority;  many current 

network assets are difficult to locate, condition assess, monitor and replace. It was 

discussed that at present some 60% of the cast iron networks need replacement, and 

although they are a historic legacy, they have become prompt to failure in recent years 

due to the harsh winter weather. However, the cost of replacement is very high.  

To solve the challenges of modernising infrastructure and maintaining waste water 

networks, we need an interdisciplinary approach involving experts from water supply 

companies, systems engineers, climate experts, and key users (domestic, industry and 

agriculture).  By treating the resilience of water as a system of systems it should be 

possible to begin to address the more challenging aspects of ensuring water supply into 

the future.  For example, an integral line of attack should include actions such as 

mapping the current resources, surveying the current condition, analysing the problem 

areas, and understanding the nexus within all the stakeholders like geographical and 

economic implications.  Strengthening the links between several elements from the 

academic research and industry could make an important contribution to solving these 

challenges.  For example the development of monitoring sensors has been successfully 

employed to survey leaks in water pipes.   

There was extremely strong support to build on this workshop from all the participants 

as well as interest in the industrial challenges and ideas to tackle them through 

research.  It was agreed to organise a follow-on workshop with the participation of a 

wider audience especially with participation of other stakeholders such as water 

companies, manufacturing industries, energy sector, farmers, and environmentalists.  
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The follow-up Systems-NET workshop will take place during November 2014 

‘Resilience of Water Networks in UK‘, if possible this will be arranged at one of the 

water company sites to be agreed with the participants.  
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