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Executive Summary
The CoSuDS project is a 6-month Pathfinder project, co-financed by the EIT Climate-KIC platform, within the Urban
Transitions Theme, coordinated by Polytechnic University of Valencia (UPV), and conducted in the period June December 2016. The CoSuDS Project was one of the supported projects in 2016 to accelerate innovative actions
for climate change mitigation and adaptation.
The CoSuDS project (Collaborative transition towards sustainable urban drainage: Making it happen at district
scale) has focused on developing tools to support the transition towards sustainable and efficient stormwater
management in cities and promoting solutions based on sustainable drainage systems (SuDS).
The four partners which integrated the CoSuDS consortium are Polytechnic University of Valencia, Valencian
Institute of Building, Castellón City Council and Valencia InnDEA Foundation.
The CoSuDS project has conducted activities aiming at bridging the gap between pilot and district-city
implementation of SuDS by providing tools to support decision-making towards smart stormwater management,
based on a multi-actor approach to better define and implement strategies for sustainable urban drainage.
The project has included three collaborative sessions involving all actors related to urban development and
stormwater management of the pilot city, Castellón (Spain), including government, academia, business sector, and
citizens.
The CoSuDS project has explored opportunities and solutions for boosting the transition to sustainable urban
drainage and to accelerate innovation required for building greener and livable cities.
Conventional urban drainage presents several problems regarding runoff quantity, quality and energy
consumption. An improved approach for managing stormwater at city scale is needed, with emphasis on the
following goals:
●
●
●
●

Improving resilience to extreme rainfall events.
Enhancing long term sustainability.
Making transitions happen through collaborative work of multiple actors.
Increasing end-user engagement.

The use of SuDS, in combination with conventional drainage, represents an opportunity for achieving
aforementioned goals as part of a new paradigm on urban drainage. Participation of all involved actors within the
urban water cycle is required to achieve an enhanced stormwater management.
The CoSuDS project has focused on the analysis of a pilot district in Castellón (Spain). Key project highlights
include:
●
●
●
●

Collaborative diagnosis of district problems on urban drainage, opportunities and barriers for the
transition.
Definition and analysis of solutions at district scale.
Definition of integrated, scalable and replicable solutions to enhance resilience and sustainability in cities
through innovative urban drainage.
Development of tools that will help to replicate the collaborative process for district analysis in other
cities in Spain and Europe, including a generic toolbox that will be used to kick off the transition towards
smart stormwater management.

Follow-up actions are envisaged to support replicability and upscaling of developed solutions beyond the project,
focused on three action lines:
●
●
●

Demonstration: Implementation of solutions at district level in Castellón and/or other cities (e.g. in the
framework of ongoing and upcoming European projects).
Upscaling: Implementation of solutions at city scale in Castellón and/or other cities.
Replicability: Implementation of the conducted process and solutions in other cities (e.g. Valencia,
Manchester and Wroclaw, pilot cities of the H2020 GrowGreen project in the period 2017-2021).
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Abbreviations and acronyms
DST

Decision Support Tool

EIT

European Institute of Innovation and Technology

IVE

Valencian Institute of Building

KIC

Knowledge and Innovation Community

KPI

Key Performance Indicator

SuDS

Sustainable Drainage Systems

UPV

Polytechnic University of Valencia

WP

Work Package
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1. Introduction
In this first section, an introduction to CoSuDS project objectives, applied methodology and workplan is provided.

1.1.

Objectives

The overall objective of stormwater management is the control of rainwater to ensure minimum impacts with
regard to flooding, erosion and the dispersal of pollutants within the urban environment and downstream (Philip,
2011). This management process encompasses the interaction between the amount of rainfall, the urban
environment and orography, the existing infrastructure and the water bodies into which the water finally ends up.
Water and wastewater facilities are often the largest and most energy-intensive loads owned and operated by
local governments, representing up to 35% of municipal energy use (NRDC, 2009).
Capturing and reusing stormwater runoff on before it flows into surface waters allows its use onsite either to
replenish groundwater supplies through infiltration or for graywater uses, like landscape irrigation and toilet
flushing. These techniques are known as Sustainable Drainage Systems (SuDS), the central objective of which is to
maintain individual sites’ pre-development hydrology (Figure 1 shows an example of two runoff hydrographs
before and after urban development).

Figure 1. Runoff production in natural situation and after urban development. Source: E²STORMED project.

Urban development produces higher and more rapid peak discharge, with higher runoff volume and a more rapid
return to low flows. The alteration of natural flow patterns may lead to flooding and channel erosion downstream
of the development.
SuDS are common sense and simple technology, such as strategically placed beds of native plants, rain barrels,
green roofs and porous surfaces for parking lots and roads. In addition to reducing energy and potable water use,
the result is less water pollution from contaminated runoff, less flooding, replenished water supplies, and often
more natural-looking, aesthetically pleasing cityscape.
In summary, the use of SuDS reduces energy consumption in cities by:
●
●
●

Reducing use of potable water, hence, energy consumed by acquisition -frequently by pumping- and
treatment of drinking water, even higher where desalination is used and/or water imported.
Reducing stormwater inflow into sewer systems, hence, energy consumed by treatment of wastewater
and pumping of surface and foul water.
Reducing local temperatures and shading building surfaces, hence lessen the cooling and heating demand
for buildings, reducing energy needs and decreasing emissions from power plants.
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What are SuDS?
Sustainable Drainage Systems (SuDS) are designed both to manage the risks resulting from urban runoff and to
contribute to environmental and landscape improvement. SuDS objectives are to minimize the impacts from the
urban development on stormwater quantity and quality and maximize amenity and biodiversity opportunities
(Woods-Ballard et al., 2007). In practice, conventional drainage systems and SuDS can be mixed in management
trains to get a sound stormwater management scheme. Stormwater management trains lie on drainage
infrastructures in sequence that incrementally improve runoff water quality and reduce flow rates and volumes.

Box 1. Definition of SuDS. Source: E²STORMED project.

Figure 2. Comparison of conventional and sustainable approaches for stormwater management. Source: E²STORMED project.

Therefore, SuDS are catalysers of a sustainable and resilient urban environment. There exist pilot cases but fully
implementation at urban scale is still required.
The CoSuDS project has focused on closing the gap from pilot implementation to city scale deployment, through
the analysis of solutions for urban drainage at district scale and it is based on outcomes from two previous
projects:
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●

●

AQUAVAL: water management demonstration sites using SUDS as a
complement to the existing water infrastructure were built in Xàtiva and
Benaguasil in Spain. The effectiveness of these systems in the
Mediterranean region were demonstrated by monitoring sites through
the duration of the project. http://www.aquavalproject.eu/
E²STORMED: aiming at reducing energy consumption to make our cities more
sustainable, the project included the development of a DST tool for multicriteria
analysis of different stormwater solutions and a demonstration site in Benaguasil.
http://www.e2stormed.eu/

Focusing on the district level (Figure 3), the goals of the CoSuDS project were:
●
●
●

to demonstrate the benefits of implementing sustainable solutions for stormwater management and to
support local authorities on decision making at district and city scale.
to develop a toolbox to boost transition pathways at district scale.
to promote collaborative-based strategies towards improved stormwater governance.

With such purposes, the CoSuDS project included three collaborative charrettes involving all actors concerning
urban development. This is the innovative core of the project. The four main categories of stakeholders that are
required for a successful implementation of solutions and an integrated urban development are shown in Figure 3.

Figure 3. CoSuDS project: involved actors and scale of analysis.

These categories are academia, government, business and the society. Based on a multiactor approach, an
diagnosis and analysis of solutions have been conducted for the pilot district in Castellón and lessons learned from
collaborative charrette sessions have been incorporated to the toolbox.
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1.2.

Methodology

A radical change is required in culture as well as institutions towards sustainable urban built environments (clean
local watercourses for citizens to enjoy, pleasant greener streets, flood resilient properties and infrastructure,
etc.). Transition management has emerged as a sound governance approach that can accelerate progress for
implementing innovative urban water technologies and practices such as sustainable drainage systems and
improve energy efficiencies in the water cycle (E²STORMED, 2015).
Transition management does not aim to control the future; it attempts to influence ongoing processes of changes
in society by systematically reflecting on the future and developing shared notions for desired sustainable urban
environments.
The methodology used in the CoSuDS project is based on the E²STORMED Transition Management Wheel as shown
in Figure 4. The figure represents a simple cyclical road map illustrating the pathways and tools available to
manage the change from traditional types of drainage infrastructure such as stormwater sewers to more
sustainable practices such as green roofs and basins, with a holistic view focused on the local scale, in accordance
with the well-known slogan “think global, act local”.
As described in Figure, 4, transitioning is a cyclical process; the desired change will not happen overnight and it is
expected that multiple cycles will have to be completed, repeating the group of activities over time. Completion of
each cycle is referred as one “turn” of the wheel. However, not all transition activities need to be undertaken in
one cycle to consider that one “turn” has occurred.

Figure 4. Wheel representing the transition process towards sustainable stormwater management.
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The Wheel consists of ten activities that take place at three management levels:






Strategic Level (envisaging the desired future): The focus is on the long-term aspirations and goals
towards sustainable urban built environments, requiring strategic decision makers open to innovation and
not afraid of change.
Tactical Level (working together for the future): The focus is on development of strategies, networks,
coalitions that bring attention to sustainability objectives and gain societal support to achieve short/midterm goals, overcoming socio-institutional barriers to innovation/change.
Operational Level (innovating for the future): The focus is on short-term actions, experimenting with
innovations that have the potential to materialize the vision.

Different types of actors are involved in each level, requiring a range of diverse skills and competencies.
In the CoSuDS project, the first 4 steps of the Transition Management Wheel have been applied through
collaborative working sessions, including:
1.
2.
3.
4.

Establish subject focus and identify stakeholders.
Organise/facilitate stakeholders.
Identify problems and issues.
Develop the long-term integrated vision.

The review of guidelines for design and conducting charrette sessions was conducted to incorporate key aspects
on the identification of involved actors and definition of objectives and tasks to be developed during each session
to accomplish the objectives of district diagnosis, analysis and strategy.
What is a charrette?
The term ‘charrette’ is derived from the French word for ‘little cart’ and refers to the intense work of architects
before a deadline. At the nineteenth century Ecole de Beaux Arts in Paris, as carts circulated to collect final
drawings, students would jump on the ‘charrette’ to put the final touches on their presentations.
In this report, a charrette is defined as an intensive workshop in which various stakeholders and experts are
brought together to address a particular issue: the definition of solutions for sustainable urban drainage at pilot
district scale.
Box 2. Definition of charrette. Source: NREL, 2009.

Why a charrette? A collaborative, multi-actor approach for defining the optimal strategy for sustainable and
adaptive stormwater management is needed and demanded by the society, to help overcoming barriers for the
transition to better urban environments.

Figure 5. Charrette session during the CoSuDS project and example of results for the pilot district.
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A charrette is an intensive session where local government, citizens, designers and other stakeholders collaborate
for establishing solutions to a given challenge. It provides a forum for ideas, giving feedback to the designers.
Within the CoSuDS project, charrettes were scheduled in 3 sessions, in a way of quickly generating a collaborative
solution while integrating demands and interests of multiple actors.
The purpose and benefits of conducting charrette sessions include:
●
●
●
●
●

To provide a forum for planning actions at district or city scale with those who can influence on urban
design and decisions-making.
To provide an opportunity for lessons learned from previous projects and experience of participants to
inform the planning process.
To kick off the transition process through participation and collaboration of all required actors.
To encourage agreement on goals and vision for the pilot city.
To save resources by collaborating on ideas and concerns to help avoid later iterative redesign activities.

1.3.

Workplan

The CoSuDS project is divided into 6 work packages as shown in Table 1. Three charrette sessions were conducted
in September, October, and November 2016, respectively.
WP1 - District selection and analysis
WP2 - District solutions
WP3 - District strategy and transition pathway
WP4 - Toolbox prototype

WP0
Project management and
coordination

WP5 - City upscaling strategy
WP6 - Communication and market uptake
Table 1. Work packages.

The main tasks developed in each WP are here described:
●

WP0: Project management.

Coordination of project activities and collaborative sessions to achieve project goals and develop tools for boosting
the transition towards sustainable stormwater management in cities.
●

WP1: District selection and analysis.

Selection of the pilot district and analysis of the current situation in terms of stormwater management.
●

WP2: District solutions.

Analysis of potential solutions at district scale, including identification of existing measures already being
implemented and solutions, including learning from good practice examples of other cities and compilation of
neighbours' demands through collaborative sessions. A multicriteria analysis of costs, risks and benefits for
proposed solutions was included.
●

WP3: District strategy and transition pathway.

Analysis of goals at short-, mid- and long-term to set the first steps of a strategy at city scale. Identifying the
elements, structure and content of a district and city strategy. In addition, it includes the development of the
transition pathway with objectives, actions, and responsibilities.
●

WP4: Toolbox prototype.

Development of additional tools to be applied along with the E²STORMED DST for supporting the decisionmaking
process on sustainable stormwater management.
●

WP5: City upscaling strategy.
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Identification of synergies with other sectors and urban transitions and opportunities for replicability and upscaling
at city level.
●

WP6: Communication and market uptake.

Dissemination activities conducted for communicating project outputs and lessons learned, along with an end-user
diagnosis and feasibility study.

2. Description of conducted activities/achievements
Work conducted during the project has focused on developing tasks related to WPs as described in Table 1,
including:
●
●
●
●

Diagnosis and analysis of solutions for sustainable urban drainage for a pilot district area in Castellón
(Spain).
Development of a set of collaborative sessions to involve key actors on the transition process towards a
sustainable urban drainage.
Definition of guidelines and new products to boost the transition towards more sustainable urban
environments.
End-user diagnosis and preliminary market analysis of project outcomes.

Main project achievements are here highlighted, including:
●

●
●
●
●
●
●
●
●
●
●
●

A remarkable achievement has been the formation and work undertaken by a collaborative group of
actors involved in urban stormwater management formed by key local and regional actors. This group will
boost dissemination of the benefits that SuDS bring, contributing to enhanced urban environments from
the energetic, environmental and social points of view.
Identification and preliminary analysis of solutions at district scale.
Upgrading of the E2STORMED DST by providing additional tools to support the transition process.
Participation of multiple actors such as academia, research institutes, local and regional governments,
private companies, and citizens of the pilot district area.
Development of new ideas and solutions for boosting the transition towards sustainable urban drainage.
Knowledge transfer to multiple stakeholders through charrette sessions and dissemination activities.
Impact of project outcomes at local and national scale through dissemination activities.
The publication of over 20 press notes or posts related to project activities in different dissemination
channels (social media, websites, newspapers, etc.).
Presentation of the project in 2 international events (in Spain and Slovakia).
Participation of Castellon (pilot city) in Climathon 2016.
Commitment to future actions in the framework of other projects (e.g. LIFE CERSUDS project).
Agreement of project partners to work together on future actions beyond the duration of this Pathfinder
project. Two partners are already involved in a H2020 project in the period 2017-2021.

A short description of conducted activities per work package is described in this section.

2.1.

WP0 – Project management

Project management activities were focused on coordinating required actions for conducting collaborative working
sessions and promoting dissemination of project outputs.
The kick-off meeting was held at the Polytechnic University of Valencia on June 22, 2016. During this meeting, the
workplan and project activities were reviewed and main charrette organizational aspects were discussed. In
addition, three areas of Castellón were presented and analyzed to select the pilot district.
Concerning design and coordination of charrettes, three collaborative sessions were organized as shown in Table
2.
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Session 1
30/09/2016

Date

Session 2
28/10/2016

Session 3
24/11/2016

Table 2. Work packages.

The main objectives of the collaborative sessions are listed in Table 3.

Objectives of charrette sessions
Session 1

Pilot district diagnosis
● Identification of baseline conditions.
● Identification of shortcomings.
● Definition of the vision for the pilot city.

Session 2

Pilot district solutions: predesign and discussion
● Identification of potential SuDS typologies to be considered for the pilot district.
● Identification of locations for SuDS implementation.

Session 3

Pilot district solutions: discussion of proposed solutions.
● Discussion of results from multicriteria analysis of solutions.
● Identification of actions at mid- and long-term.

Table 3. Work packages.

Work sessions aimed at defining the optimal solutions for the pilot district, incorporating not only technical and
environmental aspects, but also the needs and demands of society.
Sessions included local agents, citizens, actors linked to the business sector, academia, etc.; a multi-actor
collaborative working group in order to establish innovative and sustainable solutions to the existing problems in
the area of rainwater management in the pilot district.

2.2.

WP1 – District selection and analysis

District selection and site visit
The CoSuDS project analysed alternatives at district scale in Castellón (approx. 170,000 inhabitants, medium-sized
city in Eastern Spain) to provide local authorities with outcomes to make informed decisions in terms of energy
efficiency, sustainability and risk mitigation, guiding their transition towards improved stormwater governance.
Castellón is the fourth city of the Valencian region, with a total of 171669 inhabitants (based on 2015 census data)
and a total area of 108 km2 within the municipal term.
Three potential pilot areas were studied in a preliminary stage (located north-west, north-east and south in
Castellón). The review process of all available information on potential pilot districts included:
●
●
●
●
●
●
●

Analysis of basic information on each area (population, socio-economic aspects, facilities and services,
etc.).
Analysis of maps, pictures and aerial images from pilot areas and its evolution in last decades.
Analysis of Urban typology.
Analysis of sewage and runoff network.
Identification of critical points of the hydraulic network and connections to river courses.
Analysis of historic data on past rainfall events and associated runoff affecting the area.
Identification of key actors who are directly related to stormwater management in the district area and at
city level, including associations and NOGs for public participation.
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●
●

Analysis of planned and future actions on urban planning and rehabilitation (structural and non-structural
measures).
Identification of synergies with the recently approved Strategy for Sustainable and Integrative Urban
Development (EDUSI by its acronym in Spanish).

After the review process, the selected neighbourhood as pilot case study of the CoSuDS project corresponded to
the "Raval-Universitari" area, located north-west from Castellón city centre, next to the Campus of the Jaume I
University (UJI). The pilot area is limited by Vicente Sos Baynat Avenue, the course of the Riu Sec river and Borriol
road, as shown in Figure 6. This area accounts for a population of 5845 inhabitants and 440,260 m2.

Figure 6. Charrette Pilot area “Raval-Universitari”. Source: Castellón City Council.

Figure 7. View of the pilot district. Source: Google Earth.
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Setting up the transition team
The following aspects were considered to identify the transition team to be involved during the project and invited
to charrette sessions:
●
●
●
●
●
●

Including actors involved in water and wastewater management.
Including actors involved in urban planning.
Involving local and regional administration.
Involving the society through invited participants who live in the pilot area.
Including the business sector (private entities which work on solutions to boost urban transitions).
Including academia and entities currently working on research and development to provide new solutions
for sustainable urban transitions.

After analyzing key actors involved in water management and sustainable urban development at local and regional
scale, formal invitations were submitted to all potential members of the working group. In the end, a total of 43
participants attended the three collaborative sessions. The list of participant entities is provided below in Table 5.
The facilitator of the working group has been the UPV’s technical assistant within the CoSuDS project, a civil
engineer with broad experience in urban water management (SuDS in particular) and knowledge on transition
management.

Entity

Type

Ceramic Technology Institute (ITC)

Academia

Polytechnic University of Valencia (UPV)

Academia

Citizens Association of “Raval-Universitari” district

Civil society / community groups

Municipality of Benaguasil

Local public authority

Municipality of Castellón

Local public authority

Municipality of Valencia, Urban Water Cycle Area

Local public authority

Municipality of Valencia, Urban Projects Area

Local public authority

EIT-Climate KIC

BECSA (Company that manages water in Castellón)

Non-profit
/
organizations
Non-profit
/
organizations
Non-profit
/
organizations
Private sector

FACSA (Company that manages wastewater in Castellón)

Private sector

Green Blue Management

Private sector

Ingeniería de Presas SL

Private sector

PLANIFICA INGENIEROS Y ARQUITECTOS, COOP. V.

Private sector

Castellón County Council

Regional public authority

Jucar River Authority

Regional public authority

Municipality of Castellón, Communication Department

The Media

Fundación INNDEA Valencia
Valencia Institute of Building

government

related

government

related

government

related

Table 4. Participant entities in charrette sessions.
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Diagnosis (targets, problems and demands) and analysis of the current situation
The first charrette (collaborative meeting) took place on September 30 in Castellón, with focus on identifying
problems, needs, barriers and opportunities of the pilot district in terms of stormwater management and
conducting phases 3 and 4 established in the transition wheel developed in the E²STORMED project
(www.e2stormed.eu). These phases correspond to the identification of problems associated with rainwater
management and the development of a long-term integrated vision for the pilot district.

Figure 8. Pictures from the pilot district. Passeig de la Universitat; C/ J. Bertomeu i Gimeno; Ctra. Borriol

This session was structured into three group tasks. Participants in this session were divided into 4 groups, whose
composition was defined prior to the session based on professional profile and experience, as well as the link of
each actor with the pilot district and the city of Castellón.
The work allowed to develop the diagnosis of the pilot district from the identification of problems directly or
indirectly related to stormwater management, as well as the identification of barriers and opportunities for the
transition.
The main problems of stormwater management in the pilot district were identified by the group as being:
●
●
●
●

High level of urbanisation that does not allow water infiltration.
Low levels of water reuse.
Pluvial flooding events which result on surface runoff and water accumulation near key facilities (schools),
in parking areas and green spaces.
Combined sewer overflows to Riu Sec river.

The following conclusions were drawn:
●
●

Potential opportunities for a better stormwater management (roads, active participation of citizens,
promotion of sustainable mobility and environmental awareness by the local government).
Barriers to the transition such as the costs of renaturing the city associated with the required
modifications of the existing urban landscape.
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●
●

Opportunities that the new political, economic and social context will bring, including public participation
and taking into account aspects such as sustainability, transparency and efficiency in the use of resources.
Need to involve actors linked to other neighbourhoods of the city to support and promote urban
development in other areas from a sustainable, collaborative and integrative perspective.

Vision
A long term vision for enhancing sustainable stormwater management in the pilot city was defined during the first
charrette session and validated in the second charrette session. The long term vision decided for stormwater
management in Castellón is:

“Castellón, green flag: A sustainable and liveable city.
Renaturing the urban water cycle”

This vision combines key factors proposed and agreed by all participants. These factors are sustainability, liveability
and the need for renaturing the urban environment.
The term “green flag” represents the aforementioned factors as a way of demonstrating a high standard on urban
sustainability and water management.
This term is already used in the UK as a benchmark national standard for parks and green spaces. The Green Flag
Award® Scheme was launched in England in 1996.It is also seen as a way of encouraging others to achieve high
environmental standards, setting a benchmark of excellence in recreational green areas. The scheme is also being
piloted in The Netherlands, Germany, Australia, New Zealand, Republic of Ireland and United Arab Emirates.
The main focus of this vision is engaging the population in the transition process through a more efficient and
sustainable stormwater management. This vision is aligned with EU Water Framework and Energy Efficiency
Directives, since sustainable stormwater management protects the receiving water bodies and improves energy
efficiency in the urban water cycle.

2.3.

WP2 – District solutions

Proposal of solutions
Solutions proposed by groups during the second charrette session were combined to provide a proposal of
potential locations for five different SuDS typologies, shown in Figure 9 and Figure 10, including green roofs,
permeable pavements, filtred drains, infiltration and bioretention areas.
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Figure 9. Proposed spatial distribution of SuDS solutions in the pilot district.

Figure 10. Spatial distribution of SuDS solutions in a selected zone of the pilot district area.

Figures 11 to 16 show examples of different locations within the pilot study area, representing the situation before
(current situation) and after SuDS implementation (hypothetical situation after the implementation of SuDS).
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SuDS Typology

Infiltration areas

Before

After

Figure 11. Example of proposed SuDS solution in the pilot district: infiltration area.
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SuDS Typology

Bioretention areas

Before

After

Figure 12. Example of proposed SuDS solution in the pilot district: bioretention area.
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SuDS Typology

Green roofs

Before

After

Figure 13. Example of proposed SuDS solution in the pilot district: green roof.

CoSuDS Project (Final report) - Page 24

SuDS Typology

Green roofs

Before

After

Figure 14. Example of proposed SuDS solution in the pilot district: green roof.
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SuDS Typology

Filtred drains

Before

After

Figure 15. Example of proposed SuDS solution in the pilot district: filtred drains.
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SuDS Typology

Permeable pavement

Before

After

Figure 16. Example of proposed SuDS solution in the pilot district: permeable pavement.
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Summary of results from multicriteria analysis
Two stormwater management scenarios have been compared, one based on the existing stormwater system and
one with SuDS solutions based on results from charrette sessions. These scenarios have been compared in a multicriteria analysis taking into account economic, energetic, environmental and social criteria. These criteria have
been selected and weighted according to the opinion of the working group.
●
●
●
●
●
●

Maintenance cost:
Reduction of CO2 emissions:
Runoff production:
Runoff peak discharge:
Water quality:
Opportunities for education:

Weight 5%.
Weight 5%.
Weight 25%.
Weight 20%.
Weight 40%.
Weight 5%.

Five SuDS typologies are considered for defining the second scenario and are listed in Table 5.
SuDS typology

Location

Storage
volume

Improved water
quality

Benefits for the
society

Environmental
benefits

Green roof

Specific
location

10 l/m2

+

++

++

Permeable
pavement

Specific
location

75 l/m2

++

NA

NA

Bioretention
areas

Specific
location

160 l/m2

++

++

++

District scale

10 l/m2

++

+

++

District scale

350 l/m2

++

++

++

Filtred drains

Infiltration areas

Table 5. Benefits of considered SuDS typologies.

Based on the spatial distribution shown in Figure 9, a estimation of potential storage volume for each typology is
obtained and results are shown in Table 6.
SuDS typology

Area

Estimated storage volume

Green roof

S = 15.393 m²

Vol = 154 m³

Permeable pavement

S = 21.195m²

Vol = 1.590 m³

Bioretention areas

S = 7.168 m²

Vol = 1.135 m³

L = 752 m

Vol = 8 m³

Infiltration areas

S = 28.037 m²

Vol = 9.813 m³

Total

-

12.699 m³

Filtred drains

Table 6. Estimated area at identified locations for SuDS.
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Based on hydrologic characteristics of the pilot area, shown in Table 7, and the estimated average annual runoff
production in the pilot district area, estimated in 134.896 m³, the set of solutions would be capable to manage
runoff produced by 90% of rainfall events per year. Consequently, the estimated annual runoff production of the
scenario with SuDS would result in 30.642 m3 (approx., 30% of the current annual production).

Precipitation

Runoff volume

20 mm

7.044 m³

35 mm
60 mm

12.327 m³
21.132 m³

Table 7. Runoff rates of the study site.

In addition, proposed solutions would reduce runoff peak discharges although this reduction cannot be quantified
at this preliminary analysis.
The two scenarios were compared using the E²STORMED DST. The results shown in Figure 17 indicate that the
SuDS option (right) obtained better results in all the criteria, what shows the benefits of including these
infrastructures in existing and new urban developments in Castellón.

Figure 17. Results from the multicriteria analysis using E²STORMED DST.

2.4.

WP3 – District strategy and transition pathway

During the third meeting, charrette participants discussed the main aspects for a district strategy for sustainable
stormwater management.
Highligthed key factors during collaborative sessions include:
●
●
●
●
●
●

Reducing overflows.
Protection of receiving water bodies.
Reducing energy consumption in urban water management.
Landscaping integration of infrastructures.
Implementing solutions to improve water reuse.
Improve the urban landscape (renaturing the district).

With the purpose of an integrative and long-term stormwater management, it is required to:
● Incorporate current citizens' needs, e.g. providing social services and amenities for improving wellbeing (urban gardens, public green space, cycle lanes).
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●

Integrate stormwater management with other urban development plans, such as economic
development, transport, employment and recreation.

Based on identified key factors for a district strategy, the following actions are proposed as part of a preliminary
transition pathway for the pilot district.
Transition pathway for the pilot district
Short term (5-yr period)
o
o
o
o
o

Continue with the collaborative work initiated in the project.
Public education campaigns.
Carry out pilot activities in the district.
Monitoring of SuDS performance at pilot sites.
Training on SuDS monitoring and maintenance (green jobs).

Mid term (10-yr period)
o
o

5-yr evaluation of SuDS performance at pilot sites.
Implementation of SuDS at district scale.

Table 8. Transition pathway for the pilot district.

2.5.

WP4 – Toolbox prototype

The proposed Toolbox prototype is composed by two main components:
●
●

The E2STORMED DST: a Decision Support Tool that allows multicriteria analysis of different scenarios to
compare alternatives for stormwater management.
Guide for conducting collaborative working sessions for boosting the transition towards sustainable urban
drainage: this guide will help local authorities to design, organize and conduct collaborative working
sessions for defining actions and strategies for sustainable stormwater management and urban
development.

These two components will support decision-makers on how to define actions for boosting the transition towards
more resilient and liveable cities.

2.6.

WP5 – City upscaling strategy

The CoSuDS project has focused on a pilot district in Castellón. Lessons learned can be applied at city scale.
However, success of a sustainable urban strategy at city scale depends on the following factors, among others:
● Adequate organizational capacity: local authorities should be aware of the need for training all key actors
involved in urban planning to ensure an innovative and efficient urban development.
● Enabling infrastructure: providing tools and infrastructure for conducting the required actions to achieve
strategic goals.
● Effective communication: promoting communication among departments of the local government and to
the society.
In addition, the strategy at city scale should consider the following principles for sustainable stormwater
management:
● Sustainability
Urban planning should take an integrated, holistic view of urban environments and establish sustainability as a key
factor, taking into account interrelations among different ecosystems: economic, social, environmental and
cultural sustainability.
●

Livability
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Economic and social life of a community is intimately linked to its natural and built environment. Livability is the
result of many components and experiences that contribute to create a high quality of life that all citizens aspire to
achieve. Livability factors may include safety, public space, diversity, access, environment, among others.
● Integration
A holistic view of strategic planning is required that acknowledges the interrelated and interdependent reality of
complex urban environments. Different aspects of urban development should be considered in the design,
planning and implementation of actions at district or city scale.
● Innovation
Urban development should adapt to a changing context (socioeconomic change, climate change, etc.) through
implementation of innovative solutions and technologies that may help to shorten the time required to achieve
strategic goals.
Based on aforementioned principles, the following strategic actions are proposed for the pilot city.
Strategic actions for the pilot city
Short term (5-yr period)
o
o
o
o
o
o

Promotion of the use of SuDS.
Carry out pilot activities in other locations within the city.
Monitoring of SuDS performance at pilot sites.
Training courses for operation and maintenance of pilot SuDS in the city.
Development of a Municipal Bylaw for Sustainable stormwater management.
Establish a Strategic Action Plan at city scale: goals and performance indicators at long-term.

Mid term (10-yr period)
o
o
o
o
o
o

Incorporate the use of SuDS from the design stage in new urban areas.
Integrate smart stormwater management into all stages of urban development.
Carry out demonstration activities at city scale.
Monitoring of SuDS performance at demonstration sites.
5-yr evaluation of SuDS performance based on indicators (energy efficiency, runoff production,
water quality and quantity).
5-yr evaluation and updating of the Strategic Action Plan.

Long term (25-yr period)
o

Evaluation of long-term objectives established within the Strategic Action Plan.

Table 9. Key strategic actions for the pilot city.
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2.7.

WP6 – Communication and market uptake

Communication and dissemination of activities
Annex 5 includes an overview of conducted activities related to communication and dissemination. Key indicators
are here included.
Different activities have been conducted during the project to boost dissemination of project activities and results
such as social media publications, press notes, publications, oral presentations and posters. Key indicators are
included below.
Key indicators

Value

Project implementation
Number of charrette sessions

3

Number of participants in charrette sessions

43

Number of respondents to questionnaire (WP6)

44

Number of deliverables

7
Dissemination

Press release / posts

20

Participation in dissemination events (oral presentations and posters)

4

Number of submitted abstracts to journals or 2017 events

1

Follow-up activities
Number of submitted project proposals related to the project

1

Number of approved project proposals related to the project

1

Table 10. Indicators of communication and dissemination activities.

Market uptake
As part of the feasibility study, a survey for end-users was distributed to local entities. The purpose of the
questionnaire was to investigate the current knowledge and state-of-the-practice of SuDS implementation at local
scale.
Results of the questionnaire carried out show that there is a growing interest regarding the implementation of
SuDs since most of participants would be willing to implement SuDs in their urban projects. However, there are
some barriers that need to be overcome as explained below.
On the one hand, results on the usability and interests for these tools show that those that get the highest score
are specific price databases, constructive details and technical guides. This is also aligned with feedback also
obtained from municipal technicians of Castellón and Valencia City Councils, both partners in COSuDS project.
Usually, city councils do not have the information to decide implementing new systems, therefore, they continue
using the traditional ones just because of this lack of awareness. The generation of technical guidelines including
requirements, procedures, calculations, etc. for the implementation of SuDs as well as constructive details and
prices of these systems is perceived as relevant by municipal technicians. Considering also the results on the main
barriers with respect to the implementation of SuDs, 50% of participants have concerns about the uncertainty
about their costs while 43.2% consider there is a lack of information regarding the lifespan of SuDs infrastructures
and maintenance needs and costs. The provision of such technical guidelines will address also these concerns by
including relevant information on these topics.
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On the other hand, training of professionals is the service that get the second highest score. As in the previous
case, municipal technicians from Castellón and Valencia have underlined the lack of training and experience in
municipal technicians regarding the implementation of SuDs. Furthermore, results of Question 1 in the survey
show that more than 30% of people were not aware of the existence of SuDs or they have only little information
about them.
Regarding the willingness of surveyed people to pay for the use of these tools, 40.9% of them believe that his/her
institution would be willing to pay, while 56.8 % consider that it would be possible. On the contrary, only 6.8%
think that his/her institution would not be willing to pay for the use of these tool in any way.
According to these conclusions, three different CANVAS for key potential products and services have been
developed and included in Annex 3.
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3. Project outputs
Main project outputs include:







An established consortium of entities (CoSuDS project partners) that can take the innovation from the
current stage to demonstration and implementation.
A commitment of local authorities to incorporate project results on future actions for urban development,
as described in the White Paper (Annex 6).
A preliminary business model of the intended outcome (analysis of barriers and opportunities for future
actions), described in Report P3 (Annex 3).
Improved product: a guide on collaborative working sessions to boost the transition, to be applied along
with the existing E2STORMED Decision Support Tool, representing a combined toolbox for supporting
urban transitions towards sustainable urban drainage.
Project reports (this final report including all project outputs and additional information).

3.1.

Deliverables

Project deliverables are listed in Table 11.
Annex

Deliverable

-

Final report including a summary of conducted work

A3

Report P3 – End-user diagnosis and feasibility study

A4

Minutes of charrette sessions

A5

Summary report on dissemination activities

A6

White paper on collaborative transition pathways.
The steps proposed in this document are based on the results of the charrette sessions
conducted during the CoSuDS project.
Guide for conducting collaborative sessions.
As part of the toolbox, to be used along with the E2STORMED DST to guide the transition
process.

A7

Table 11. Deliverables of CoSuDS project.
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3.2.

Key Performance Indicators (KPIs)

The CoSuDS project has performed well overall against its original proposal. Qualitative and quantitative goals
have been met across all WP activities.
An analysis of performance against the CoSuDS proposal targets is given in Table 3. As shown in Table 3, almost all
KPIs have been accomplished including the final report.
The CoSuDS project has performed well overall against its original proposal. Qualitative and quantitative goals
have been met across all WP activities.

Category
New or improved
products/ services
Capital Attracted

Policies/ standards
implemented
Publications

Type
EIT KPIs
New product

Proposed evidence of achievement

Level of performance

CoSuDS Toolbox Prototype

Completed

Climate-KIC KPIs
Participation in other EUProposal submitted to Topic SCC-02-2016funded programmes
a in March 2016 (UPV and INNDEA are
partner entities).
Proposal to SCC-1-2016-2017 in 2017
Urban Drainage Bylaw
SuDS incorporation into Drainage Bylaw of
the pilot city
Key Deliverables
Project outcomes
1 publication in OA journal

Proposal submitted in
August 2016 to SCC-022016 and approved in
December 2016
In progress

Demonstrators

Pilot district case

District transition pathway

Reports
Software
Feasibility study

Progress and outcomes
Not applicable
End-user diagnosis and
feasibility study
White paper on
collaborative transition
pathways

F – CoSuDS final report
Not applicable
PDF (Report P3)

Abstract to be
submitted to ICUD2017
conference
Completed as part of
final report
Completed
Completed

PDF (part of Report F)

Completed

Dissemination

Table 12. KPIs.

Performance indicators include:
●
●
●
●
●
●

Capital attracted: Proposal submitted in August 2016 to SCC-02-2016 and approved in December 2016.
Policies/ standards implemented: SuDS incorporation into Drainage Bylaw of the pilot city is in progress,
since it requires a process which cannot be reached in a short period of 6 months.
Publications: Abstract to be submitted to ICUD2017 conference and a list of selected journals to publish a
paper in 2017.
Report F – CoSuDS final report.
Feasibility study: End-user diagnosis and feasibility study (Report P3).
Dissemination: White paper on collaborative transition pathways, as part of Report F.

Almost all KPIs have been accomplished including the final report. The incorporation of SuDS into Drainage Bylaw
of the pilot city will require further work, representing a mid-term process. In the meantime, the City Council is
devoted to promote the use of SuDS at city scale and its incorporation in future urban planning strategies as stated
in the White paper on collaborative transition.
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Key facts and figures of the CoSuDS projects are here listed:
●
●
●
●
●
●

3.3.

4 partners
1 pilot district area with 5845 inhabitants
43 participants from 21 entities in 3 collaborative sessions
2 new products (toolbox, including guideline on conducting charrette sessions, and white paper)
44 respondents to end-user surveys
2 projects in which partners will have the chance to promote project outcomes and to explore
opportunities for implementing the toolbox.

Additional material

Brief summary of the project
In order to harmonize material for dissemination activities, a brief summary was developed (in English and
Spanish) and submitted to all project partners in June, to be shared through websites and the media.

Poster
As part of project dissemination activities, Ignacio Andrés (project coordinator) will present the CoSuDS project
during the “Ways to Green Infrastructure” (a European meeting to address the most promising practices in the
development of green infrastructures, the initiative is part of the activities lined up for the LIFE “Zaragoza Natural”
project. The event will take place on October 20-21 in Zaragoza (Spain). The attached poster in Annex 2 was
presented during the event.
Website: http://www.greeninfrastructure-zaragoza.com/

Minutes of charrette sessions 1, 2 and 3
Agenda, list of participants and summary of results are described in Annex 4. Presentations used in charrette
sessions are also included (content is provided in Spanish).

Abstract for ICUD 2017 conference
Included in Annex 8.
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4. Replicability
Opportunities for replicability
A highly adaptable and replicable systemic approach has been proposed based on outcomes from charrette
session conducted in the project. The toolbox will help to support decisions for the design, and to build and
manage stormwater management in a sustainable and integrative approach.
The methodology used and applied in this project for boosting the transition towards sustainable urban drainage
might be replicated in other districts in the city of Castellon, as well as in other European cities.
In order to perform the district analysis it is important to involve experienced urban actors as well as engineers,
urban planners, authorities, designers, citizens, etc. The results are the combination of multi-actor approaches and
solutions.
We consider that the proposed toolbox can be applied in other cities since it is a powerful tool to analyze different
strategies for urban drainage from a multicriteria perspective, taking into account costs, risks, benefits, as well as
hydraulic characteristics of analyzed measures.
The following opportunities for replicability are found:
●

●

●

The UPV participates in the LIFE CERSUDS project, in the period 2016-2019. A pilot urban area is
considered in the city of Benicàssim to demonstrate the performance of a new ceramic permeable
pavement. A regional working group is being established for boosting the proposed solution at regional
and national scale.
The UPV and InnDEA will participate in the GrowGreen project, approved in December 2016, under the
H2020 “SMART AND SUSTAINABLE CITIES” call (H2020-SCC-2016-2017). The project will have a duration of
5 years, including 6 pilot cities (Valencia will be one of the 3 frontrunner cities).
Project partners will consider the preparation of a proposal for conducting a demonstrator project within
the framework of the Climate-KIC platform and/or other European initiatives.

The way ahead
The CoSuDS project has finished and now project partners initiate future actions that will enable opportunities for
replicability of project outcomes and lessons learnt.
Actions beyond the project will focused on:
●
●
●
●
●
●
●

Working from vision to action: the journey toward the long-term vision should be supported by adequate
planning to build a great city and create the community in which citizens strive to work and live.
Integrating proposed actions with other urban transitions.
Promoting smart urban planning, taking into account multiple perspectives.
Boosting sustainable urban development though the implementation of innovative solutions..
Aligning building rehabilitation and water management to improve water and energy efficiency, and to
reduce heat island effect through innovative construction and rehabilitation.
Improving urban liveability through green spaces.
Enhancing public awareness on resilience and sustainability.

Castellón city council has started actions established in its Strategy for Sustainable and Integrative Urban
Development, a 4-yr programme which includes action lines related to different areas of urban development
(economy, mobility, environment, etc.).
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Table 13 includes three examples of action lines related to stormwater management.
Identified action
topics
(EDUSI Code)
OT4

Description

OT6

Protect the environment and promote resource efficiency.
● Protect, promote and develop the existing natural heritage.
● Consolidate the built environment.

OT9

Promote social inclusion and fight poverty and discrimination.
● Rehabilitation of degraded urban spaces.
● Innovative initiatives and activities to improve quality of life for the
promotion of social economy.

Boost the transition to a low carbon economy in all sectors.
● Promotion of alternative means of transport.
● Promote energy efficiency and the use of renewable energies in public
buildings and facilities.

Table 13. Action lines included in the Strategy for Sustainable and Integrative Urban Development (EDUSI) of Castellón.

In addition, Valencia City Council is also working on an equivalent strategy for a select district in Valencia. Actions
included in this strategy represent opportunities for replicability of project results as shown in Table 14.
Identified action topics
(EDUSI Code)

Description

OP 5.1

Reurbanized public areas: permeable pavements and drainage areas at
Lorenzo de la Flor Square.

OP 5.2

Permeable pavements and drainage areas at Lorenzo de la Flor Square in
Sports Center at Doctor LLuch street

OP 5.4

Reurbanized market areas: permeable pavements and drainage areas
nearby the District Market.

Table 14. Action lines included in the Strategy for Sustainable and Integrative Urban Development (EDUSI) of Valencia.
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5. Conclusions and lessons learnt
Conclusions derived from project results are summarized in this section.
●

●

●

●

●
●

The following principles for smart stormwater management are established based on outcomes of
collaborative sessions:
o Sustainability: Urban planning should take an integrated, holistic view of urban environments
and sustainability is defined in the context of interrelated ecosystems encompassing economic,
social, environmental and cultural sustainability. Then, sustainability refers not only to
environmental issues but also to socio-economic aspects.
o Livability: The concept of livability is based on the knowledge that the economic and social life of
the community is linked to its natural and built environment. It refers to the highest quality of life
that all citizens aspire to live, considering factors such as safety, public space, diversity, access,
environment, among others.
o Integration: A holistic view of strategic urban planning that acknowledges the interrelated and
interdependent reality of complex urban environments is required.
o Innovation: Innovative solutions should be implemented, along with traditional systems, to
improve efficiency of stormwater systems.
Since water is a driver of socio-economic growth, it is important to address the issue of water
management from a holistic and systemic approach, and it is also necessary to have leaders who
understand this approach and are aware of the cost of not acting to mitigate the impact of climate
change, as concluded during the panel session “Great Water Cities Combine Water with Growth”
celebrated during the “Great Water Cities Summit 2016. Water4Grwoth” congress, held in Denmark in
November 2016.
For developing successful water-related projects, it is essential to involve all stakeholders. Therefore,
information, education and awareness campaigns are needed. Collaboration among all actors related to
urban development is required.
It is important to conduct long-term planning, avoiding actions defined only to solve current problems. In
this sense, it is important to invest in infrastructure maintenance and renovation, since benefits go
beyond investments. Thus, it is important to make citizens aware that water services and infrastructure
have a cost.
The importance of partnerships between all sectors (including public-private) in urban water management
should be recognized and promoted at local and regional scale.
The growing importance of green infrastructures for integrative water management in cities is worldwide
recognized and implementation at city scale should be promoted from all entities involved in urban
development.
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