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Overview

• Context and approach
• Research:

– Form
– Function

• Conclusions



UK Drivers

• Reduce per capita potable water demand to
130 l/p/d by 2030

• Improve surface water management, especially
to manage flood risk

• Continue progress in improving environmental
water quality to Water Framework Directive
‘good’ status

• Reduce greenhouse gas emissions (80% by
2050)

• Provide 200,000 new homes by 2016



Water Stress levels Water Stress levels 
in Englandin England Annual UK rainfallAnnual UK rainfall



Regional Visions of Sustainable Infrastructure 
Optimised for Neighbourhoods

ReVISIONS, 2008-2012

Aims to provide the knowledge and evidence base to aid the planning of 
regional spatial development together with infrastructure for transport, 
water, waste and energy in a more coordinated and integrated way so as to:

• reduce impacts on the environment and resources,
• improve economic competitiveness
• allow households to live more sustainably, with a socially inclusive 

and enhanced quality of life. 



Research areas

• Environmental modelling and 
overall assessment

• Water services
• Energy conversion and supply
• Water demand modelling
• Waste management
• The building stock and building 

energy demand
• Health
• Transport

• The South East region
• The East of England region
• The North East of England
• International case studies

– Beijing, China
– Sao Paulo, Brazil
– Southern California, 

USA

Case studies



Urban Futures, 2008-2012
• Sustainable urban regeneration 

– envisioning the future to make more 
sustainable decisions today

Research areas
1: Biodiversity
2: Air Quality
3: Water and Wastewater
4: Sub-Surface Built Environment (infrastructure 

and utilities)
5: Surface Built Environment and Open Space
6: Density and Design Decision Making
7: Organizational Behavior and Innovation
8: Social Needs, Aspirations and Planning Policy

The 3 main linking elements of this research were 
urban regeneration, sustainability, and futures 

scenarios



New Sustainability 
Paradigm

Polycentric

Policy Reform
(compact)

Market Forces
(urban sprawl)

Fortress World
Monocentric

RWH – individual / 
communal

GWR – individual / 
communal

Swale

Pervious pavements

Pond

Regional 
scale

City 
scale

Development/ 
household
scale
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Defra 2030 water use target for England

130 l/p/d



Water consumption and %metered households 
(Wider South East, 2031)
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Future Scenarios



Impact of alternative scenarios 
on supply-demand balance

• Land Use Scenarios
• Trend
• Compaction
• Market led

• Water Technology Options
• Metering and Water Efficient Appliances
• Rainwater Harvesting (RWH)
• Greywater Reuse (GWR)

• Sustainable Drainage (SuDS)
• Pond
• Swale
• Permeable Pavement

• Green Roofs



9

Density of plots (dwelling per hectare)

1200

Detached House Tower 
Block

220 390 4601173020

Semi-detached 
House

Terrace
House

Courtyard Flat
Slab Block

50

Rainwater harvesting Greywater reuse

SuDS pond

Green roof

Tile-based Water Service Optioneering



Regional Visions of Integrated Sustainable Infrastructure Optimised for Neighbourhoods

Tile-based Water Service Optioneering
Detached House Flat

RWH - individual

RWH - communal

GWR - individual

GWR - communal

Swale

Pervious pavements

Pond



Area Type – Water Service Optioneering



Land Use – Water modelling framework

Land use Water service 
optioneering

Tile based data Water Company data

Technology costs 
and energy

Ward

Water Resource Zone

Water Company



Water Technology Optioneering Model 
(WTOM)

Economic Inputs (land use, population, tile data)

Boundaries

Demand Inputs

Alternative Tech Inputs 
(costs, energy, tile data)

Scale
Area Type
Build Type

Results



Impact of urban form on 
supply-demand balance

GWR(HH) RWH(HH) GWR(COM) RWH(COM)

FM

Trend

CC



GWR (HH) RWH(HH) GWR(COM) RWH(COM)

Trend

ML

CC

GWR (HH) RWH(HH) GWR(COM) RWH(COM)

Trend

ML

CC

Impact of urban form on 
supply-demand balance

Central Urban



Impact of water management options 
on supply-demand balance

Trend-WC Trend-120 Trend-100%



2031 - Companies projection 2031 – Water efficient appliances

Wider South-East
Supply-demand balance



Wider South-East
Supply-demand balance

2031
Water efficient appliances + RWH

2031
Water efficient appliances + GWR



Linking Regional Planning/policy 
to Local Design/management

High level Planning:
• Growths (population, demand)
• Spatial availability of water resources

Local Decisions:
• Urban Form
•Infrastructural Design

(water, sewer, etc.)



• Urban form 
• Compaction/uniform
• Monocentric
• Polycentric
• Edge development

• Population
• Medium 
• High

• Water demand management options
• Water company 
• 100% metering
• Water efficiency

• Performance
• Cost, 
• Water quality and 
• resilience

Sensitivity of current water infrastructure Sensitivity of current water infrastructure 
performance to different urban performance to different urban forms and forms and 

water management options water management options 



Growth and Water efficiency scenarios



Urban form and Technology choice influences



Sensitivity and adaptability of current water Sensitivity and adaptability of current water 
infrastructure performance to different infrastructure performance to different 

futuresfutures



Population and demand changesPopulation and demand changes

demand changes variation: demand changes variation: --50% 50% -- +50%+50%

EA, 2009



Assess the necessary conditions against the 
scenario characteristics



There is a reluctance to plan for the long-
term impacts of changes due to perceived 
uncertainty associated with the impacts 

and the financial risks involved 

(Defra, 2010, Adapting Energy, Transport and Water Infrastructure 

to the Long-term Impacts of Climate Change)



• Operational
• Designed-in operational
• Multistage design and operational

Alternative strategies to introduce 
resilience



Operational strategy



Designed-in operational strategy



Multistage design and operational strategy







Conclusions

• Some elements of the system are particularly vulnerable and 
critical to the long-term performance of the system 
• Resilience index values improved for small decrease in 
demand 
• Water quality showed improvement for major reduction in 
demand. 
• Increasing productive capacity is feasible up to about 35% 
• Multistage capacity increase created flexibility which 

• allows for diversity in the short term
• while trying to achieve long-term goals



• Safe & SuRe: towards a new paradigm for 
urban water management (EPSRC, 2013-2018)

• iWIDGET, Improved Water efficiency through 
ICT technologies for integrated supply-
Demand side manaGEmenT, (FP7, 2012-2015)
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