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O1. PROJECT INFO
The ‘GROW GREEN Project’ (Title: ‘Green Cities for Climate and Water Resilience, Sustainable
Economic Growth, Healthy Citizens and Environments’), call for proposal ‘SCC-02 2016-2017’,
is a European project included in the Horizon 2020 programme (H2020), ‘Programme for
Research and Innovation (2014-2020)’, approved by European Council Decision of 3 December
2013 (OJEU Nº 347 of 20.12.2013). The purpose of the ‘GROW GREEN Project’ is to seek and
develop nature-based solutions to advance urban sustainability in the face of climate change
challenges, and with this project to convert the City of Valencia in a greener and more
sustainable city, which adapts better to the climate, offers a better quality of life to its
inhabitants, improves air quality, efficiently manages water and minimises the ‘urban heat
island’ effect.
The Council is involved as a partner in the project, and Valencia is one of the four frontrunner
cities in developing the actions planned, along with three other cities: Manchester (United
Kingdom), Wroclaw (Poland) and Wuhan (China). These four cities define and develop actions,
which are measured, analysed and evaluated with the final aim of replicating and applying the
projects in other cities involved as follower cities.
The ‘Grow Green Project’ has a duration of 5 years. Through the five actions included in the
sub-project developed by Valencia (WP1), an investment of 3.8 million euros is injected into
the Benicalap neighbourhood. One of these actions is the creation of a small sustainable
forest adjacent to Benicalap Park and a blue-green corridor linking Benicalap Park towards the
fields and orchards.

Author: Bruno Sauer on behalf of Bipolaire Arquitectos.
In conjunction with: Valencia Polytechnic University (Research Institute of Water and
Environmental Engineering).
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O2. PURPOSE OF THE CATALOGUE OF NATURE-BASED SOLUTIONS (NbS) GROWGREEN
This catalogue of constructive solutions aims to provide an overview and inventory of the
different pavements and drainage surfaces used in the GrowGreen pilot projects, for the
potential use of these solutions within the Benicalap Park extension project given that at its
limits, bordering with the small sustainable forest and the blue-green corridor, there are areas
with similar characteristics where these solutions could be replicated. On the back of the
results of the GrowGreen pilot projects, (small sustainable forest and the blue-green corridor),
the aim is to create a model for the continuation of such projects in the rest of the
neighbourhood, thereby creating a unique urban area known for its urbanistic quality and
innovation based on climate-change criteria.
With the actions planned, the following objectives are sought, in line with the GrowGreen
European project and Valencia Council:
- Improvement and requalification of the physical space that occupies the space to be
developed, taking into account climate change criteria, e.g. selection of tree species based on
their CO2 sequestration capacity, water management through nature-based solutions,
adaptation to climate change by alleviating heat stress through nature-based solutions,
improvement of biodiversity, energy sustainability (LED or solar lighting), and in line with the
conclusions of the public participation in the GrowGreen Project.
- Improvement of urban living and pedestrian space, in particular Plaza Regino Mas,
increasing the existing garden spaces and trees, street furniture, providing benches where
they can be placed and providing spaces adapted to the needs of the citizens, identified during
the participation process undertaken during the GrowGreen project.
A laboratory of solutions will be created to combat climatic stress, increase biodiversity and
improve the rainwater drainage system by changing the paving, enabling retention and/or
infiltration of water to the subsoil through a range of solutions, and by modifying the existing
green zones into areas of rainwater retention/infiltration and nodes of biodiversity.
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O3. GROWGREEN NbS DESIGN PROCESS
The Nature-based Solutions designed for the GrowGreen project are the result of an innovative
co-design process using tools and processes learned about in previous innovation projects
(Ecodistr-ICT FP7, Smart Bike Helmets, UHI-Treelab etc.), and work experience accumulated
by Bipolaire Arquitectos in the areas of urban planning, sustainability, and climate change.
The co-design process used is based on the principle of participation by all stakeholders,
including citizens. For this, a core GrowGreen group was established and a citizen engagement
process was undertaken to identify both the locations of intervention and the needs and
expectations of the various stakeholders.
Ecodistr-ICT, which came out of another European project (FP7), was used as the tool to
support decision-making. Firstly, the project objectives were set, such as sustainable water
management, heat stress, decarbonisation, improving biodiversity and other social aspects
such as creating safe and inclusive spaces.
Based on these objectives as a framework, indicators were selected to be able to calculate the
impact of the various design options and make knowledge-based decisions(Fig. 1).
Various alternatives were developed, which were taken on board as options for the areas of
intervention in the GrowGreen blue-green corridor (Fig. 2). The result of the calculation of the
‘soil biotic index’ was used to evaluate the impact of the soil permeability to show the
differences in impact of the various design alternatives (Fig. 3).

(Fig. 1) Selection of indicators to calculate the impact of the different alternatives during
the blue-green corridor project process.

The impact of the various design alternatives was calculated with the collaboration of the
Polytechnic University, IIAMA, Tecnalia, Las Naves and Paisaje Transversal.
Ultimately, the complexity of intervening in the consolidated urban fabric ensues in the final
solutions being the result of in-depth analysis of the infrastructure of existing services, the
requirements of Valencia Council and the objectives of the GrowGreen project.

(Fig. 2) Different alternatives to define the area of intervention in
the blue-green corridor.
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(Fig. 3) Result of the calculation of the soil biotic
index in the four design alternatives in the bluegreen corridor.

O4. DESCRIPTION OF THE GROWGREEN NbS
This catalogue’s purpose is to offer potential solutions for the urban transformation of the
Benicalap neighbourhood based on climate-change parameters such as the objectives of
GrowGreen: prevent flooding, enhance water quality, mitigate heat stress, improve
biodiversity, decarbonisation, creation of safe and inclusive spaces.
The existing public space in Benicalap has been analysed and categorised into four major
groups:
1.
Parking areas that could be transformed into Sustainable Drainage Systems
(SuDS): including NbS such as permeable paving and infiltration trenches.
2.
Urban Living Spaces (squares): including NbS such as permeable paving, SuDS,
bio-cells and green street furniture.
3.
Urban spaces for pedestrian traffic (e.g. pavements): including NbS such as permeable
paving, SuDS and bio-cells.
4.
Parks and Gardens: including NbS such as permeable paving, SuDS, bio-cells and green
street furniture.
In each of these groups, various NbS were tested. This catalogue only includes those that have
been developed within the GrowGreen project, even though other NbS may be used.
LEGEND
1.
2.
3.
4.

PARKING AREAS
PARKING AREAS WITH NO SIGNAGE
URBAN LIVING SPACES
URBAN SPACES FOR PEDESTRIAN TRAFFIC
EXISTING GREEN AREAS
BENICALAP PARK EXPANSION PROJECT
CONNECTION WITH EXPANSION PROJECT
CONNECTIONS BETWEEN GREEN ZONES
PARKS AND GARDENS
PLOTS OF LAND
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The various NbS described are classified using the following structure:
04.1. PARKING AREAS THAT COULD BE TRANSFORMED INTO SUDS
04.1.1. DRAINAGE PAVING (Llosa Trama)
04.1.2. DRAINAGE PAVING (paver)
04.1.3. INFILTRATION TRENCH AT PAVEMENT EDGES
04.2. URBAN LIVING SPACES (SQUARES)
04.2.1.
04.2.2.
04.2.3.
04.2.4.
04.2.5.

DRAINAGE PAVING
(Paver on 12cm gravel base)
DRAINAGE PAVING
(Paver on 25cm gravel base layer)
DETENTION BASIN WITH DRAINAGE PAVING
(Llosa Trama on 25cm gravel base)
BIO-CELL (Garden area)
GREEN URBAN FURNITURE (Pergola)

04.3. URBAN SPACES FOR PEDESTRIAN TRAFFIC (E.G. PAVEMENTS)
04.3.1.
04.3.2.
04.3.3.

DRAINAGE PAVING (Llosa Trama on 12cm layer of gravel)
BIO-CELLS
LINEAR BIO-CELLS

04.4. PARKS AND GARDENS
04.4.1.
04.4.2.
04.4.3.
04.4.4.
04.4.5.

DRAINAGE PAVING (compacted earth)
DRAINAGE PAVING (Paver on 12cm gravel layer)
DETENTION BASINS CONNECTED AS A CASCADE
PERIMETER INFILTRATION TRENCH
BIO-CELLS
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O4.1. PARKING AREAS THAT COULD BE TRANSFORMED INTO SUDS
The section of road belonging to the parking places is modified where possible due to there
being no underground infrastructure, replacing the conventional section with filtration sections
of different finishes.
The aim of the pilot project is to monitor how the different solutions work, both in terms of
water quality and quantity of water that connects to the public drainage system. The different
finishes of paving used as substitutes to create drainage sections in the public space are the
following:
- Drainage paving with Llosa Trama for loads and gravel.
- Technical pavers for heavier loads.
- Technical pavers for traffic.
The solutions planned were the result, among other factors, of the hydrologic calculation by
the IIAMA (Valencia Polytechnic - UPV). There will be three types of parking sections in the
corridor.

Drainage paving for loads and gravel. Source: Breinco

Technical pavers for heavier loads. Source: Breinco
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Technical pavers for traffic. Source: Breinco
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O4.1.1. DRAINAGE PAVING (LLOSA TRAMA)
Pervious surfaces allow rainwater to filter through the surface to underlying layers (susDrain,
2018). Some types of permeable paving allow water to infiltrate to the ground, which
contributes to groundwater levels, while others do not interact with groundwater, but regulate
the rate of runoff by storing rainfall and releasing it at a controlled rate (NWRM, 2015). These
solutions succeed in preventing floods and improving the quality of the water that enters
the public drainage system.
DETAIL

Permeable paving is particularly suited to surface car parks, pedestrian streets, spaces between
buildings, squares and playgrounds.
LOCATION PLAN

In this particular case, Llosa Trama stones were used as drainage paving. This type of paving
is suitable for heavy loads. It can be filled with gravel, or soil and grass for a more natural look.
In this case, gravel was opted for because there were no facilities available for watering the
grass. The thickness of the layer of gravel was established by the hydraulic calculation.

LEGEND
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

LLOSA TRAMA e:120mm
SAND BASE (0-3 MM) e:30mm
GEOTEXTILE SUCH AS INBITEX
SUB-BASE OF GRAVEL (5-20mm) e:100mm
SUB-BASE OF GRAVEL (2-32mm) e:250mm
STREET GUTTER
KERB
COMPACTED AGGREGATE e:200mm
HYDRAULIC TILE e:30mm
MORTAR e:30mm
CONCRETE HM-15
TREAD LAYER e:60mm
BITUMINOUS ASPHALT BASE e:90mm

14.

COMPACTED AGGREGATE e:200mm

CALLE PLAZA REGINO MAS
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DETAIL
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O4.1.2. DRAINAGE PAVING (PAVER)
Pervious surfaces allow rainwater to infiltrate through the surface to underlying layers
(susDrain, 2018). Some types of permeable paving allow infiltration, which contributes to
increasing groundwater levels and/or flows, while others do not interact with groundwater,
but regulate the rate of runoff by storing rainfall and releasing it at a controlled rate (NWRM,
2015). These solutions succeed in preventing floods and improving the quality of the water
that enters the public drainage system.
Permeable paving is particularly suited to surface car parks, pedestrian streets, spaces between
buildings, squares and playgrounds.
In this case, self-locking pavers were used as drainage paving. This type of paving is suited to
car parks because of its self-locking function. It is very important for the gaps to be filled to
ensure the self-locking function works. A polypropylene mesh to stabilise and reinforce the
structure is included, which provides resistance to the section of pavement. The thickness of
the layer of gravel was established by the hydraulic calculation. An impermeable film was fitted
to avoid infiltration to the ground, and route all the water through a drain tube to a monitoring
unit to monitor the quantity and quality of the water discharged.

LOCATION PLAN

LEGEND
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

SELF-LOCKING PAVERS e:100 mm
LEVELLING GRAVEL LAYER (2-6 mm) e:30mm
GEOTEXTILE SUCH AS INBITEX
SUB-BASE OF GRAVEL (5-20mm) e:100mm
SUB-BASE OF GRAVEL (10-63mm) e:250mm
SC INTERGRID
IMPERMEABLE FILM
STREET GUTTER
TREAD LAYER e:60mm
BITUMINOUS ASPHALT BASE e:90mm
COMPACTED AGGREGATE e:200mm
HYDRAULIC TILE e:30mm
MORTAR e:30mm
DRAIN TUBE ø:150mm

15.

CONCRETE HM-15
CALLE DEL FOC

DETAIL
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O4.1.3. INFILTRATION TRENCH AT PAVEMENT EDGES
Infiltration trenches are wide, shallow channels, often with vegetation, which store and/or
transport runoff between the different stages of a sustainable drainage system (susDrain,
2018; Woods Ballard et al., 2015). They can eliminate contamination through filtration.
Infiltration trenches are often used to drain roads, paths or car parks, or to re-route surface
runoff, as a replacement for conventional pipes (Woods Ballard et al., 2015).
These solutions succeed in preventing floods and improving the quality of the water that
enters the public drainage system.
In this case the infiltration trench is covered by drainage paving such as Llosa Trama, because
it is located in a parking area, and cars can pass over it. The thickness of the layer of gravel
was established by the hydraulic calculation. An impermeable film was fitted to avoid
infiltration to the ground, and route all the water through a drain tube to a monitoring unit to
monitor the quantity and quality of the water discharged.

LOCATION PLAN

LEGEND
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

LLOSA TRAMA e:120mm
SAND BASE (0-3 MM) e:30mm
GEOTEXTILE SUCH AS INBITEX
SUB-BASE OF GRAVEL (2-32mm) e:250mm
IMPERMEABLE FILM
STREET GUTTER
KERB
METAL PLATE
TREAD LAYER e:60mm
BITUMINOUS ASPHALT BASE e:90mm
COMPACTED AGGREGATE e:200mm
HYDRAULIC TILE e:30mm
MORTAR e:30mm
DRIP IRRIGATION
NEW VEGETATION
TOP SUBSTRATE e:100mm
SUBSTRATE e:400mm
DRAIN TUBE ø:150mm
CONCRETE HM-15

CALLE DEL FOC

Change of slope on existing pavement

DETAIL
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O4.2. URBAN LIVING SPACES (SQUARES)
Urban living spaces are those that allow for spending a longer time, and activities such as
sitting down, playing, chatting etc.
In the case of Plaza Regino Mas, a roundabout plaza has been transformed, which served as
informal car parking, into a living space connected for pedestrians with the pavements
coming from Calle del Foc. This creates a safe, accessible space with slow traffic and an
urban quality far higher than the existing one.
Additionally, the square itself works to sustainably manage water, as it contains a section
underneath it that collects rainwater thanks to the slopes created. A pergola is added to provide
shade and a space to sit down. This pergola will be co-built and partly co-designed, with the
finish open to be defined and built based on citizen cooperation, with the intention of creating
a group of neighbours who are engaged and connected to the place.
The square also includes a landscaped area, with very carefully selected varieties of plants.
The paving offering the most drainage is in the lowest zone, allowing the water collected in
the impermeable zones to be directed and infiltrated to the SuDS. The water collected comes
only from the pedestrian and vegetation areas, as a result of which the option is considered of
direct infiltration to the subsoil to replenish underground aquifers and supply the surrounding
vegetation with water.
The central area of the Regino Mas square will be adapted to create the living space,
eliminating the stretch of road at the northeast of the square. The public space in the square
is adapted to the requirements provided by the sustainable mobility and public space
department to leave a minimum space of 5m.
There are various sections of pavement in the square, depending on the previous condition
and type of paving in existence:
- Drainage paving (paver on 12cm gravel base)
- Drainage paving (paver on 25cm gravel base)
- Retention basin with drainage paving (Llosa Trama on 12cm gravel base)
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O4.2.1. DRAINAGE PAVING (paver on 12cm gravel base)
DETAIL

Pervious surfaces allow rainwater to infiltrate through the surface to underlying layers
(susDrain, 2018). Some types of permeable paving allow infiltration, which contributes to
increasing groundwater levels and/or flows, while others do not interact with groundwater,
but regulate the rate of runoff by storing rainfall and releasing it at a controlled rate (NWRM,
2015). These solutions succeed in preventing floods and improving the quality of the water
that enters the public drainage system.
Permeable paving is particularly suited to surface car parks, pedestrian streets, spaces between
buildings, squares and playgrounds.
In this case, self-locking pavers were used as drainage paving. This type of paving is suited to
areas of transit because of its self-locking function. It is very important for the gaps to be
filled to ensure the self-locking function works. The layer of gravel has the necessary thickness
to minimise the impact of excavations and maintain the pavement height.

LOCATION PLAN

LEGEND
1.
2.
3.
4.

PAVER e:100 mm
LEVELLING GRAVEL LAYER (2-6 mm) e:30mm
GEOTEXTILE
SUB-BASE OF GRAVEL (5-20 mm) e:120mm

5.

CERAMIC CHANNEL PART

+25.1

1%

1
3
3

5
2
4

DETAIL
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O4.2.2. DRAINAGE PAVING (paver on 25cm gravel base)

DETAIL

Pervious surfaces allow rainwater to infiltrate through the surface to underlying layers
(susDrain, 2018). Some types of permeable paving allow infiltration, which contributes to
increasing groundwater levels and/or flows, while others do not interact with groundwater,
but regulate the rate of runoff by storing rainfall and releasing it at a controlled rate (NWRM,
2015). These solutions succeed in preventing floods and improving the quality of the water
that enters the public drainage system.
Permeable paving is particularly suited to surface car parks, pedestrian streets, spaces between
buildings, squares and playgrounds.
In this case, self-locking pavers were used as drainage paving. This type of paving is suited to
areas of transit because of its self-locking function. It is very important for the gaps to be
filled to ensure the self-locking function works. The layer of gravel has the necessary thickness
to minimise the impact of excavations and maintain the pavement/square height.

LOCATION PLAN

LEGEND
1.
2.
3.
4.
5.
6.
7.
8.
9.

PAVER e:50 mm
LLOSA TRAMA e:120mm
LEVELLING GRAVEL LAYER (2-6 mm) e:30mm
SAND BASE (0-3 MM) e:30mm
GEOTEXTILE
SUB-BASE OF GRAVEL (5-20mm) e:100mm
SUB-BASE OF GRAVEL (2-32mm) e:250mm
SUB-BASE OF GRAVEL (10-62mm) e:250mm
CONCRETE HM-15

DETAIL
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O4.2.3. RETENTION BASIN WITH DRAINAGE PAVING (Llosa Trama on 12cm gravel base)

DETAIL

Infiltration basins are shallow vegetated depressions designed to store surface runoff and
infiltrate it gradually into the ground (susDrain, 2018). They are usually dry except in periods
of heavy rainfall (susDrain, 2018). Infiltration basins also treat runoff through physical filtration
to remove solids, adsorption onto the material in the surrounding soil or biochemical reactions
involving micro-organisms growing on the fill or in the soil (susDrain, 2018). They can offer
additional service benefits (NWRM, 2015).
In Plaza Regino Mas, a lower section has been designed to collect rainwater and keep it within
the gravel layer. Some of it evaporates and some infiltrates into the ground. This area is
covered with permeable Llosa Trama, the gaps being filled with earth and grass, including a
drip irrigation system to keep the area green.

LOCATION PLAN

LEGEND
1.
2.
3.
4.
5.
6.
7.
8.

CERAMIC PAVER e:50 mm
LLOSA TRAMA e:120mm
LEVELLING GRAVEL LAYER (2-6 mm) e:30mm
SAND BASE (0-3 MM) e:30mm
GEOTEXTILE
SUB-BASE OF GRAVEL (5-20mm) e:100mm
SUB-BASE OF GRAVEL (2-32mm) e:250mm
SUB-BASE OF GRAVEL (10-62mm) e:250mm

9.

CONCRETE HM-15
DETAIL
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O4.2.4. BIO-CELL (GARDEN AREA)

DETAIL

Green zones in cities can reduce temperatures by providing shade and improving
evapotranspiration. Equally, green zones that are properly designed can improve urban areas
as they provide a range of co-benefits, such as carbon sequestration (especially via trees),
mitigation of surface runoff, which reduces flood risk, regulation of air quality, as well as giving
opportunities for recreation and contact with nature, which in turn leads to improvements in
health. They also contribute to maintaining biodiversity by providing habitat and food.
The requirements for the selection of plant types were mainly the following: native species;
low water needs and low maintenance; biodiversity; space and aesthetic considerations.

LOCATION PLAN

LEGEND
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

CERAMIC PAVER e:50 mm
LEVELLING GRAVEL LAYER (2-6 mm) e:30mm
BITUMINOUS ASPHALT BASE e:90mm
COMPACTED AGGREGATE e:200mm
NEW VEGETATION
TOP SUBSTRATE e:100mm
SUBSTRATE e:400mm
CONCRETE HM-15
REINFORCED CONCRETE e:300mm
LEAN CONCRETE
METAL PLATE e:100mm

12.

TACTILE PAVING e:40mm
DETAIL
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Botanical name

A higher percentage of native species and a lower percentage of exotic species were selected,
to achieve a contrast in the central area of the urban climate forest. The aim is to create a
natural ecosystem or landscape, where the species adapt well, to recreate the natural biotope
and promote the re-introduction of local fauna.
Additionally, a variety of species were selected to resist to the conditions inherent to the
location, such as periods of drought, shade, traffic, dog urine, temporary flooding etc. There
is the risk that some species don’t survive the complex situation of the location. It’s important,
at the same time, to select a number of different species, with some resisting more than others.
Otherwise the vegetation would be too vulnerable.
Low-maintenance species have been identified to create plant families that are not dependent
on human maintenance and are more resistant to their environment as they will have more
opportunities for survival.
The planted areas are planned to be protected initially to allow the species to establish their
root systems in order to handle the conditions of the location.

Trees
Gingko biloba
Hardenbergia violacea
Prunus cerasifera ‘Pissardii’
Ornamental shrubs
Arbutus unedo
Crataegus monogyna
Erica arborea
Genista cinerea
Pistacia lentiscus
Pistacia terebinthus
Retama monosperma
Rhamnus lycioides
Viburnum tinus
Vitex agnus-castus
Amelanchier ovalis
Semi shrubs
Cistus salvifolius

Other ecophysiology criteria considered were the provision of shade, watering needs, and
resistance to drought, wind and lime. These characteristics are paired with easy management
to avoid excessive maintenance needs, reduce the effects caused by diseases, pathogenic
species or predators in the area, pruning, irrigation or special soil treatment needs.

Daphne gnidium

Diverse species are selected to create complexity in the variation of vegetation. That way, the
vegetation will attract different animals and offer a place where they are protected (leaf
structure, density, flowers, nectar, fragrance, colour etc.).
There has also been consideration for variations with flowering seasons, complementary colour
contrasts, differences in height and structure (vertical/horizontal) and the selection of a shape
that serves a purpose: barrier (density), accessibility (walkable), space aspects, views etc.
Connection with the small sustainable forest project in the same project by GrowGreen is also
considered. For this, several species used in that project were selected.
Species were selected for their good coverage and for creating a pleasant environment for
citizens. A leisure/recreation space has to be attractive for citizens, which is why the aesthetic
value of the species is considered to create a natural landscape.

Satureja thymbra

Erica multiflora
Lavandula dentata
Rosmarinus officinalis
Santolina rosmarinifolia
Thymus zygis
Ulex parviflorus

Grasses
Ampelodesma mauritanica

Vivaz

Nassella tenuisima

Acanthus mollis

Festuca glauca

Arum italicum

Climbers

Asphodelus albus

Hedera helix

Asphodelus fistolosus

Lonicera caprifolium

Groundcover plants

Lonicera implexa

Genista scoparius

Rubus ulmifolius

Phyla nudiflora

Smilax aspera

Thymus ciliatus

Annual

Vinca major

Meadow grass seeds (Lobularia maritima, Saponaria ocimoides, Verbena

The tables above list some of the species selected for the project
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O4.2.5. GREEN URBAN FURNITURE (PERGOLA)
This nature-based solution entails the use of biomaterials in outdoor street furniture. These solutions
can provide shade, mitigate the effect of heat stress and contribute to improving surface runoff.
Depending on the design, they can also offer additional benefits such as offering refuge for fauna. An
appropriate selection of plant species, such as evergreen species that offer shade in summer, can be
highly effective as a low-cost solution to improve comfort in public spaces.

DETAIL

In the specific case of GrowGreen, a wooden gabled pergola has been designed with four arches and
laminated wooden strips with an approximate dimension of 6x4.2x4.55 m. The pergola will have
benches and shelves and a climbing plant that will both serve as a shade structure and intertwine with
the wooden strips of the pergola. The pergola will be constructed based on the principle of co-creation
and co-building with the inhabitants of Benicalap who want to take part in the initiative, to make it a
highlight that marks the neighbourhood’s identity and a symbol of cooperation.

LOCATION PLAN
C22
7x7

C22
7x7

C22
7x7

C22
7x7

C22
7x7

C22
7x7
GL24h
12x24

GL24h
12x24

C22
7x7

C22
7x7

C22
7x7

C22
7x7

C22
7x7

C22
7x7

GL24h
12x24

C22
7x7

C22
7x7

4.20
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C22
7x7

GL24h
12x24

C22
7x7

2.76

2.36

C22
7x7

4.55

4.20

C22
7x7

DETAIL

O4.3. URBAN SPACES FOR PEDESTRIAN TRAFFIC (E.G. PAVEMENTS)
The urban spaces for pedestrian traffic such as pavements, boulevards, and pedestrian streets tend to
be linear spaces where people walk and move around the city. These spaces can include NbS such as
landscaped garden areas that can manage rainwater, tree lining to provide shade, channels for water
circulation etc.
The GrowGreen project entails working with a dense urban fabric that is already consolidated and totally
fragmented with underground infrastructure, which complicates the inclusion of solutions that
generate a major impact. There have been two basic operations: the reconversion of tree surrounds to
linear ones (linear bio-cells) with an improvement to the existing vegetation, and the opening of
channels towards the existing planted areas to convert them into spaces to manage rainwater and
improve vegetation.
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O4.3.1. DRAINAGE PAVING (Llosa Trama on 12cm gravel base)
Pervious surfaces allow rainwater to filter through the surface to underlying layers (susDrain,
2018). Some types of permeable paving allow water to infiltrate to the ground, which
contributes to groundwater levels, while others do not interact with groundwater, but regulate
the rate of runoff by storing rainfall and releasing it at a controlled rate (NWRM, 2015). These
solutions succeed in preventing floods and improving the quality of the water that enters
the public drainage system.
Permeable paving is particularly suited to surface car parks, pedestrian streets, spaces between
buildings, squares and playgrounds.
In this particular case, Llosa Trama stones were used as drainage paving. This type of paving
is suitable for heavy loads. It can be filled with gravel, or soil and grass for a more natural look.
In this case, it is filled with earth and seeds.

LOCATION PLAN

LEGEND
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

GEOTEXTILE SUCH AS INBITEX
IMPERMEABLE FILM
KERB
METAL PLATE
TREAD LAYER e:60mm
BITUMINOUS ASPHALT BASE e:90mm
COMPACTED AGGREGATE e:200mm
HYDRAULIC TILE e:30mm
MORTAR e:30mm
DRIP IRRIGATION
NEW VEGETATION
TOP SUBSTRATE e:100mm
SUBSTRATE e:400mm
CONCRETE HM-15
LLOSA TRAMA e:120mm
SAND BASE (0-3 MM) e:30mm
GEOTEXTILE SUCH AS INBITEX

18.

SUB-BASE OF GRAVEL (2-32mm) e:250mm
DETAIL
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O4.3.2. BIO-CELLS
Green zones in cities can reduce temperatures by providing shade and improving evapotranspiration.
Equally, green zones that are properly designed can improve urban areas as they provide a range of
co-benefits, such as carbon sequestration (especially via trees), mitigation of surface runoff, which
reduces flood risk, regulation of air quality, as well as giving opportunities for recreation and contact
with nature, which in turn leads to improvements in health. They also contribute to maintaining
biodiversity by providing habitat and food.
The requirements for the selection of plant types were mainly the following: native species; low water
needs and low maintenance; biodiversity; space and aesthetic considerations.
LOCATION PLAN

In this case, the existing green areas presented little diversity in terms of species and layers. Moreover,
they were designed to collect surface water. Openings were made in the borders to make channels to
allow surface runoff to enter. In this way, these areas serve as sustainable drainage systems.
Additionally, the existing ground is improved and more vegetation is planted in layers. This enormously
improves the functionality of these landscaped zones and the quality of the surroundings.
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GEOTEXTILE SUCH AS INBITEX
IMPERMEABLE FILM
KERB
METAL PLATE
TREAD LAYER e:60mm
BITUMINOUS ASPHALT BASE e:90mm
COMPACTED AGGREGATE e:200mm
HYDRAULIC TILE e:30mm
MORTAR e:30mm
DRIP IRRIGATION
NEW VEGETATION
TOP SUBSTRATE e:100mm
SUBSTRATE e:400mm
CONCRETE HM-15

CALLE DEL FOC
The existing paving is maintained
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O4.3.3. LINEAR BIO-CELLS
Green zones in cities can reduce temperatures by providing shade and improving
evapotranspiration. Equally, green zones that are properly designed can improve urban areas
as they provide a range of co-benefits, such as carbon sequestration (especially via trees),
mitigation of surface runoff, which reduces flood risk, regulation of air quality, as well as giving
opportunities for recreation and contact with nature, which in turn leads to improvements in
health. They also contribute to maintaining biodiversity by providing habitat and food. The
requirements for the selection of plant types were mainly the following: native species; low
water needs and low maintenance; biodiversity; space and aesthetic considerations.
In this particular case, there are small tree surrounds in which trees are placed. They have a
poor quality of compacted earth and they don’t allow for the functionality of collecting water
and minimising surface runoff. The tree surrounds are linked to form linear vegetation strips
which collect surface water, and are planted with a diversity of species and layers. Walkways
are paved with drainage pavers such as Llosa Trama, and species are planted that resist being
walked on.
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TREAD LAYER e:60mm
BITUMINOUS ASPHALT BASE e:90mm
COMPACTED AGGREGATE e:200mm
HYDRAULIC TILE e:30mm
MORTAR e:30mm
DRIP IRRIGATION
NEW VEGETATION
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SUBSTRATE e:400mm
CONCRETE HM-15
LLOSA TRAMA e:120mm
SAND BASE (0-3 MM) e:30mm
GEOTEXTILE SUCH AS INBITEX

18.

SUB-BASE OF GRAVEL (2-32mm) e:250mm

CALLE PLAZA REGINO MAS
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O4.4.

PARKS AND GARDENS

Parks and gardens are green areas that form little natural oases in the city. These spaces offer many
environmental, health, social and other benefits to the inhabitants of a place.
In the case of the GrowGreen small sustainable forest, various NbS have been included such as
detention basins to minimise surface runoff, infiltration trenches, planted edges, green street furniture,
and the landscaping has been studied in great detail, as well as the species, to create a mini
Mediterranean forest in the city.
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Pervious surfaces allow rainwater to filter through the surface to underlying layers (susDrain,
2018). Some types of permeable paving allow water to infiltrate to the ground, which
contributes to groundwater levels, while others do not interact with groundwater, but regulate
the rate of runoff by storing rainfall and releasing it at a controlled rate (NWRM, 2015). These
solutions succeed in preventing floods and improving the quality of the water that enters
the public drainage system.

DETAIL

O4.4.1. DRAINAGE PAVING (compacted earth)

Permeable paving is particularly suited to surface car parks, pedestrian streets, spaces between
buildings, squares and playgrounds.
LOCATION PLAN

In this particular case, compacted earth was used as drainage. This type of surface is suitable
for parks and gardens, giving a natural look.

LEGEND
1.
2.
3.
4.
5.
6.

GEOTEXTILE 1.2 mm THICK
DRAINAGE GRAVEL PARTICLE SIZE: 4/20mm
TOPSOIL WITH PERENNIAL SEEDS
POWDERED STONE
L PROFILE IN GALVANISED STEEL AND BOLTED D:100X50X1mm
MASS CONCRETE

This project has received the financing of the Horizon 2020 Research and Innovation funding program under Grant Agreement ID nº 730283

DETAIL

This project has received the financing of the Horizon 2020 Research and Innovation funding program under Grant Agreement ID nº 730283

O4.4.2. DRAINAGE PAVING (paver on 12cm gravel base)
Pervious surfaces allow rainwater to infiltrate through the surface to underlying layers (susDrain, 2018).
Some types of permeable paving allow infiltration, which contributes to increasing groundwater levels
and/or flows, while others do not interact with groundwater, but regulate the rate of runoff by storing
rainfall and releasing it at a controlled rate (NWRM, 2015). These solutions succeed in preventing floods
and improving the quality of the water that enters the public drainage system.
Permeable paving is particularly suited to surface car parks, pedestrian streets, spaces between
buildings, squares and playgrounds.
In this case, self-locking pavers were used as drainage paving. This type of paving is suited to areas of
transit because of its self-locking function. It is very important for the gaps to be filled to ensure the
self-locking function works.

LOCATION PLAN

LEGEND
1.
2.
3.
4.
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6.

GEOTEXTILE 1.2 mm THICK
DRAINAGE GRAVEL PARTICLE SIZE: 4/20mm
L PROFILE IN GALVANISED STEEL AND BOLTED D:100X50X1mm
MASS CONCRETE
LEVELLING AREA
CERAMIC PAVER
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O4.4.3. DETENTION BASINS CONNECTED AS A CASCADE
Detention basins are shallow vegetated depressions designed to store and/or slow down runoff (NWRM,
2015). The sediment and other contaminants in the stored water can filter and absorb in the
surrounding ground, or they may degrade biochemically, whilst the stored water may be slowly drained
to a nearby watercourse, using an outlet control structure to control the flow rate. Detention basins do
not generally allow infiltration (NWRM, 2015). They are usually dry, except during and immediately after
a storm, and may serve a recreational function or other service installation function (Woods Ballard et
al., 2015).
The detention basins planned in the GrowGreen small sustainable forest are connected in cascade
design. That means that when they reach their limit, they flow to the next one and so on until the
connection to the existing public drainage system. The hydrological calculations contemplate this
occurring only in very extreme events. These basins define different green zones. Some include natural
furniture for playing (trunks), grandstands or even benches to sit on. The basins are covered in grasses
to replicate the feel of a wild Mediterranean meadow.
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LEGEND
1.
2.
3.
4.
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GEOTEXTILE 1.2 mm THICK
DRAINAGE GRAVEL PARTICLE SIZE: 4/20mm
SANDY TOPSOIL
TOPSOIL WITH PERENNIAL SEEDS
POLYETHYLENE PIT 500X500mm
POLYETHYLENE TUBE D315MM
MASS CONCRETE
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O4.4.4. PERIMETER INFILTRATION TRENCH
DETAIL

Infiltration trenches are wide, shallow channels, often with vegetation, which store and/or transport
runoff between the different stages of a sustainable drainage system (susDrain, 2018; Woods Ballard
et al., 2015). They can eliminate contamination through filtration. Infiltration trenches are often used
to drain roads, paths or car parks, or to re-route surface runoff, as a replacement for conventional
pipes (Woods Ballard et al., 2015).
These solutions succeed in preventing floods and improving the quality of the water that enters the
public drainage system.
In this case, the trench collects water from the park and transports it to the lower level, where it
connects to the public drainage system. The trench is planted with vegetation and constitutes a linear
aspect of the landscape.
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GEOTEXTILE 1.2 mm THICK
DRAINAGE GRAVEL PARTICLE SIZE: 4/20mm
SANDY TOPSOIL
TOPSOIL WITH PERENNIAL SEEDS
INLET KERB, (‘BUZÓN ARMADO’ MODEL)
LEAN CONCRETE
STAKED TREES (Ø8x155mm)
HALF STAKE
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O4.4.6. BIO-CELLS
Green zones in cities can reduce temperatures by providing shade and improving evapotranspiration.
Equally, green zones that are properly designed can improve urban areas as they provide a range of
co-benefits, such as carbon sequestration (especially via trees), mitigation of surface runoff, which
reduces flood risk, regulation of air quality, as well as giving opportunities for recreation and contact
with nature, which in turn leads to improvements in health. They also contribute to maintaining
biodiversity by providing habitat and food.
The requirements for the selection of plant types were mainly the following: native species; low water
needs and low maintenance; biodiversity; space and aesthetic considerations.
A higher percentage of native species and a lower percentage of exotic species were selected, to achieve
a contrast in the central area of the urban climate forest. The aim is to create a natural ecosystem or
landscape, where the species adapt well, to recreate the natural biotope and promote the reintroduction of local fauna.
The concept in the small sustainable forest has been to recreate different stages of Mediterranean
forests. The part closest to the urban area includes vegetation layers of a lesser height, whilst the
external part has a larger number of trees. This is the result of landscaping considerations as well as
to offer shade and views.
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