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This GUD Lugo Catalogue of Sustainable Urban Solutions, which 
brings together innovative sustainable solutions at different scales of 
urban intervention, arises from the LIFE Lugo+Biodinámico project 
that we are promoting from the City Council of Lugo in our fi rm com-
mitment to lead a revolution towards sustainable urban development. 
Our objective is to improve the lives of citizens by taking measures to 
tackle climate change and to set an example that could be transferred 
to other medium-sized cities in the EU.

The City Council of Lugo took a big step on 18 January 2016 when 
this project was started under the European Union's LIFE Programme, 
which is the fi nancial instrument for environmental protection, focused 
on the fi ght against climate change in cities.

The City Council of Lugo was aware of the relevance of this initiative 
because the majority of the world's population lives in cities and this 
trend will likely increase in the future. This means that cities have a 
fundamental role to play in tackling the problems arising from climate 
change. We have decided to integrate this idea in the form of an Inno-

vative Urban Strategy for Municipal Planning and Intervention into our 
strategy. The objective is to take advantage of the natural resources of 
the territory of Lugo and to promote an effective adaptation to climate 
change.

We also saw an opportunity to promote a new production model ba-
sed on local timber. That is why we say that we laid the fi rst piece of 
timber when we talk about the fi rst day of the start of this project.  We  
are alluding to the piece of timber that is laid at the start of any major 
project. It has an important symbolic value since timber is a strategic 
sector in Galicia that should be a driving force for change towards an 
environmentally healthy and sustainable bioeconomy.

This GUD Lugo Catalogue of Sustainable Urban Solutions, using 
a blend of the English words wood and good and their pronunciation, 
includes sustainable measures at different scales, from individual 
buildings to the city as a whole, providing solutions for streets and 
neighbourhoods as well. From the local administration, we have 
already started to apply them to plan the Barrio Multiecológico in 

Lugo, the fi rst environmentally friendly neighbourhood in Spain, and in 
the fi rst public building to be built entirely out of timber sourced from 
Galicia: Impulso Verde. We have also created educational spaces for 
the scientifi c community and the general public with native tree and 
shrub species that demonstrate their potential for the development of 
sustainable urban planning and are useful in tackling climate change.
This catalogue, established as a national benchmark, is a key instru-
ment that is fully aligned with the 17 Sustainable Development Goals 
(SDGs) of the United Nations to improve the life of our planet Earth. It 
is also part of a set of urban agendas developed in recent years, from 
Habitat 111 to the Pact of Amsterdam and the Atlantic Axis.

We encourage you to advocate for adopting the solutions in this 
catalogue and to strongly support sustainable urban planning 
in your city to generate prosperity while protecting our environ-
ment and ourselves.

I also invite you to take a look at all the initiatives we have launched 
on our website: https://www.lugobiodinamico.eu.

FOREWORD

LARA MÉNDEZ LÓPEZ
Mayor the City Council of Lugo
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1 INTRODUCTION

Climate change is already an unavoidable phenomenon: its effects 
are already evident. In our environment, extreme weather phenomena 
are occurring more frequently and future scenarios anticipate further 
alterations, so it is urgent to turn to action and modify the develop-
ment routines to deal with the causes and effects of climate change, 
and therefore, advancing towards sustainable development.

The aim of this work is to offer citizens, local authorities and all actors 
involved at the local level in urban and environmental processes, a 
catalogue of coherent solutions to fi ght against climate change at 
different urban intervention scales of the city. Likewise, it is intended 
to increase the level of awareness and translate it into all our tasks, so 
their connection with all aspects that affect the life of the municipality 
is better understood.

The guidelines established for the drafting of this catalogue determine 
that the issue of sustainability is not tackled from an integrated pers-
pective. As a result, we have not specifi cally developed areas that are 
crucial. One of them is the social dimension of human settlements. 
The concept of sustainable development has a social dimension that 
is part of the nature of human settlements itself. If the social factor 
does not work, everything else collapses, since there can be no 
sustainable cities if there are unemployment, poverty and population 
excluded from basic goods and services (education, employment, 
access to housing, health). Social integration is one of the great 
objectives of municipal action and urban planning.

Social integration is a transversal concept. There`s a deep overlap 
between physical and social aspects and the sustainability goals and 
criteria also contribute to social consistency in different aspects: 
- The promotion of an integrative urban model without spatial and 
functional segregations;
- Sustainable mobility with equal orientation and without segregation 
not depending on the possession of a car;
- A friendly public space;
- The boost of intervention mechanisms in degraded and socially 
vulnerable neighbourhoods; 
- The preservation of an environment in suitable conditions of quality.

This catalogue does not includes specifi c solutions for a social 
approach, since the basic terms of this work prescribes quantifi able 
solutions related to pre-established indicators. However, all of the 
strategies included, have an indirect effect on social parameters such 
as economy, health or public spaces quality. Furthermore, includes 
procedures oriented to public participation that turn to be the best way 
to know the demands and issues that affect the community. 

Another issue that is not specifi cally discussed is restoration. The 
solutions listed here can be applied to intervention in the existing city 
or to new developments. Some can only be considered in new urban 
extensions. But at this point, we would point out that the repair and 
reuse of existing fabrics is more sustainable than any new land use.

The object of this project is climate change scenario and the con-

sequences that result for urban environments. This project aims to 
develop a planning strategy adapted to the consequences of climate 
change at different scales, from the building and the streets to the 
entire city.

The basic terms of this catalogue stablishes that the strategies must 
include quantifi able parameters that can help in the measure of a 
climate adaptation strategy in medium-size cities.

This Catalogue of Sustainable Urban Solutions GUD Lugo will be 
a key product of the Lugo Life + Biodynamic project and will be 
constantly expanded, adjusted and updated with the progress of the 
various proposed actions. 

And a very basic part of this project is to train the actors and stake-
holders affected in the urban process and make them part of its deve-
lopment. That’s the reason why this document is in a sheet format, in 
order to make an easy use of it.
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The core of this document is the catalogue of sustainable urban 
solutions. The solutions or strategies are classifi ed by thematic areas. 
Although, in the beginning, the terms of the work were related to the 
areas of water management (abstraction, infi ltration, storage or puri-
fi cation of water) and green spaces, the technical supervision team 
decided to open the focus to other aspects like bioclimatic urbanism 
and sustainable mobility strategies due to their relevance if the aim is 
to apply high-impact strategies.

These solutions are multifunctional because they are able to provide 
multiple benefi ts that can go far beyond the objective of adaptation 
to climate change, as they offer several collateral benefi ts in terms 
of environmental quality in the vectors of water, air, human health, 
comfort, urban regeneration, habitability conditions, land value and 
employment.

This document has been written with the support of of an extensive 
bibliography found in the corresponding annex. Although there are 
many guides for the application of sustainable solutions, this one fo-
cuses on the effort to quantify the improvements that can be obtained 
by applying the solutions. Therefore most of these have been selected 
because they are measured in terms of improvement achieved. 
Although some of them are strategic even if they cannot be easily 
measured.

In each of the thematic blocks there are two types of solutions:

1. ESTRATEGIC. These are previous actions to be implemented in 
order to create a framework that allows the application of the rest of 
the solutions. These are suitable at the city level and, without them, 
the rest of the solutions would have a limited effect. In most of the 
cases, it is not possible to quantify the improvement resulting from 
their application, as this will depend on the specifi c solutions adopted 
afterwards.

2. SPECIFIC. These are concrete solutions, at different levels (city, 
district, street and building), which can be applied individually or com-
bined. These ones allow for a prior evaluation of their infl uence in the 
improvement of the selected sustainable parameters.

Each solution sheet describes the scale of operation, although some 
may be applied to several. The following general scales have been 
adopted: 
city
district / neighbourhood
street 
building

This point is indicated by the corresponding icon. 

Since the ultimate purpose of this catalogue is to obtain an improve-
ment in the chosen sustainable indicators, the most important element 
of the solution sheets is the defi nition and the calculation process. 
Most of the solutions include a formula to calculate the improvement 
that their application would imply in terms of energy consumption, 
CO2 capture, etc.

In addition, useful information is included for each solution, such as 
the subjects affected, the agents involved in its implementation and 
the level of urban plan or design at which it can be applied.

2 THE CATALOGUE
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ISSUES AFFECTED

AIR QUALITY

CLIMATE

WATER QUALITY

EROSION

HEALTH

SAFETY

NOISE

FLOODING

ROAD SAFETY

ENERGY 
CONSUMPTION

CITIZENS'
AWARENESS

CITIZENS'
PARTICIPATION

ESCALAS DE INTERVENCIÓN

GROUPS OF SOLUTIONS

Solutions are organized by topic:

AG - Water cycle

EV - Green spaces

AC - Accesibility

UB - Bioclimatic Urbanism

EC - Circular Economy

PC - Public participation

TR - Cros-sectional solutions

BUILDING

STREET

NEIGHBOURHOOD

CITY



3 INDICATORS

The sustainability studies that serve as a reference, defi ne indicators 
in relation to the goals, to allow the evaluation and measurement of 
progress. In other words, they quantify the application as a percen-
tage or in relation to the number of inhabitants or dwellings. And 
minimum and desirable scenarios are proposed based on references 
to these units.

This document has taken these studies as its main reference, but it is 
not a guide to sustainable purpose but rather a catalogue of specifi c 
solutions aligned with sustainable goals. Therefore, there has been 
an effort to assign quantifi able indicators in understandable 
units that give an idea of their impact and help to raise aware-
ness about them.

In terms of indicators, we distinguish three types of solutions:

►Strategic solutions. They are not accompanied by an indicator or 
the indicator refers to sustainable scenario objectives as a percentage 
of compliance or per inhabitant or dwelling.

►Solutions with an indicator that can be calculated by a simple pro-
cess or measured afterwards.

► Solutions that require previous simulation because other parame-
ters take part to assess their effect.

In addition to quantifi able indicators, some solutions offer a secondary 
indicator as a recommendation, which in many cases correspond to 
those used in the majority of solution guides and catalogues. These 
indicators do not quantify the effects of the application of the solutions 
in terms of a measurable unit, but they are useful to value the fulfi l-
ment of some objectives.

4 USER MANUAL

As a consequence of the overlapping of the critical effects of the 
changing climate (water stress, heat island effect, reduction in air qua-
lity), the fl exible combination of different solutions will be able to offer 
integrated interventions in response to different situations.

The critical specifi c effect of climate change or the indicator that ne-
eds to be addressed in each case will dictate the selection of the most 
appropriate categories of urban solutions. In addition, the knowledge 
acquired about the site will lead to the selection of the places that can 
be considered strategic for the application of these urban solutions. 
On a residential neighbourhood scale, this tool can also be used as 
a panel to show the most appropriate options to the different local 
agents involved.

According to the practical approach of the catalogue, the solutions 
can be found in several approaches. They are ordered by thematic 
groups. For each area there is a set of solutions, actions or strategies 
properly numbered.

Within each group, the solutions are applicable at different scales. 
Also they can complement each other and together become an inte-
gral intervention. 

The selection of solutions, therefore, can be made according to diffe-
rent criteria:
1. Thopic
2. Scale
3. Issues affected

Once we have chosen the solutions that meet our criteria, the tool 
takes us to a description of each one of them, where we can see if 
they effectively fi t our context.

For the calculation of the indicators, the process will be done in two 
steps. The fi rst will be the selection of solutions, as already explai-
ned, and the second will be the proper application of the calculation 
instrument. This tool is an Excel book in which, once the solutions to 
be adopted have been selected, we can introduce the parameters of 
each of the formulas. The tool calculates the formulas and sum-
marizes the indicators. Sometimes, this process requires a previous 
calculation or simulation before entering the tool.

5 WEB BASED TOOLBOX

Associated to this document, a web toolbox has been developed to 
facilitate choosing solutions. In order to apply fi lters and help in the 
selection, the mentioned parameters according to different criteria 
should be considered. Once we have chosen those parameters, the 
toolbox reduces the options to a few number of solutions that meet 
our requirements. Each solution shows the aim, application, the op-
tions to combine with other solutions, the indicator and an explanation 
to measure the impact.

As in the document, the app includes a calculation form where the 
effects of different measures can be added together to obtain a 
quantifi able result that allows us to evaluate the effectiveness of the 
selection. This is a spreadsheet in which we can enter the parameters 
of each formula. The tool calculates the formulas and summarises the 
indicators. Sometimes, this process requires a previous calculation or 
simulation before using the tool.

6 TEST IN THE DEMONSTRATION AREA

In order to verify the operability of the catalogue, it has been tested in 
Lugo, in SR1 and SR9 sectors defi ned in the Urban Municipal Plan. In 
these areas the city council is preparing the development of a Strate-
gic plan for ecological infrastructures, within the LIFE project, in the so 
called, C2 action.

In these sectors, we propose a planning advance including a large 
number of the solutions. Then we gather the surface and consump-
tion data where we apply the appropriate indicators. The result is an 
estimation of the improvements that would be expected after applying 
sustainable solutions. This results can be compared to scenario 0, 
which represents a development of these sectors with traditional 
criteria and similar design to others developed in the surroundings. 
The description and explanation of this test is included in a separate 
document.
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CITY SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE FOR COMBINING WITH OTHER SOLUTIONS

MEASURE ELEMENTS

INDICATOR
Strategic action

SECONDARY INDICATOR
% of metres of separative network / metres of unitary sewerage 
network

UNIT

Percentage

MINIMUM GOAL

50% Separative Network Coverage

DESIRABLE GOAL

100% Separative Network Coverage

MEASURE METHOD / FORMULA

(I2) = [A / B] x 100
A: Separative network length
B: Total network length

NATURAL DRAINAGE NETWORK 

Rainwater drainage network through 
nature-based systems

AG
01

Because we need an integral management of resources, not their 
consumption. 

We must consider the effects of climate change starting with the 
design processes of urban planning, in order to moderate the rise in 
the planet's temperature and the waste of energy and water resources, 
developing a catalogue of multi-scale, fl exible and low-risk solutions.

The Spanish National Plan for Adaptation to Climate Change (PNACC) 
indicates a general trend towards higher temperatures and less rain, 
which will produce:

·General reduction of available water from 5 to 14% by 2030 conside-
ring a temperature increase of 1ºC and a drop in precipitation of 5%, 
which could increase to 20-22% by the end of the century.

· Hydrological variability, simultaneously increasing the risk of torrential 
episodes and fl oods, which will diminish the quality of raw water and 
generate risks for the quality of drinking water even with conventional 
treatment, due to the factors that interact: increased temperature; in-
creased loads of sediments, nutrients and pollutants due to heavy rains; 
greater concentration of pollutants during droughts; and interruption of 
the operation of treatment facilities during fl oods.

Aim
Improve the integral management of the water cycle.

Why?

How?
Through urban-hydraulic landscape infrastructure whose mission is to 
capture, fi lter, store, retain, transport and/or infi ltrate the water to the 
land, so that it does not suffer any deterioration and even allows the 
elimination/purifi cation, in a natural way, of at least part of the pollutant 
load that may have been acquired by previous urban runoff processes.

This approach attempts to reproduce, as faithfully as possible, the 
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EV
01

UGI
PRIMARY 
SYSTEM

TR
01

SOLUTIONS 
INTEGRATION

natural hydrological cycle prior to urbanization, so that we can better 
manage the problem of water scarcity (drought) or surplus (fl ooding) in 
urban environments.

This kind of strategies are named Sustainable drainage systems 
(SuDS). They operate on different parameters:

► Advantages for the user:

• Improvement of urban spaces for people and nature, helping to avoid 
the heat island effect.
• Reduction of energy consumption
• Improving air quality and health
• Increased value of land and property

► Advantages for the public administration:

• Control of runoff and fl ood risk
• Increase in the volumes of rainwater reused: less consumption in the 
treatment/supply of drinking water.
• Reduction of the load on WWTPs: less consumption in transport/
treatment.
• Improved quality of runoff: less consumption in treatment.
• Regeneration of degraded areas

► Advantages for the environment:

• Regulation of the hydrological cycle
• Better adaptation to climate change
• Prevention of surface water and groundwater pollution
• Increasing biodiversity
• Improved soil quality

AC
10

HEALTHY 
STREETS 
WITHIN SUPER-
BLOCKS



EDAR

AGENTS INVOLVED

WHAT SHOULD WE CONSIDER FOR ITS IMPLEMENTATION?

PLANNING LEVEL

EXAMPLES

Regional planning
Urban planning
Natural resource management plans

POSSIBLE ACTIONS PROMOTED BY THE ADMINISTRATION

Local government technicians
Province/General Administration Technicians
Managers of natural spaces or water resources.

• Turn public centres into places of "good practices", as an example of 
effi cient use of water for the rest of the citizenry.
• Replace as many m3 of drinking water as possible with water re-used with 
tertiary treatment.
• Develope a database on user characteristics, consumption and available 
facilities.
• Minimize breakdowns through good maintenance.
• To draft a regulation that incorporates items related to saving and effi cien-
cy in the use of water.

SEPARATE NETWORK DIAGRAM

GREEN URBAN INRASTRUCTURE IN VITORIA•GASTEIZ

WATER OUTSIDE THE WATER DISTRIBUTION NETWORK UTILIZATION 
PLAN IN SABADELL 

THINK•NATURE PLATFORM WHERE YOU CAN FIND NATURE BASED 
SOLUTIONS COMPILED

• The dimensions and characteristics of the existing unitary network
• The topography of the land (micro-basins)
• Soil composition (permeability index, existence of polluting elements - 
former urban/industrial landfi lls -, risk of landslides or modifi cation of the 
foundation conditions of the building or infrastructure, etc.).
• Watercourses, lakes, groundwater or other elements that may be recep-
tors of urban runoff.

Transformation of a single sanitation system into a separate one using 
SUD solutions.
Source: Marina del Prat Vermell Development Project. Barcelona. 
First Phase. ESTEYCO. 

Diagram of separative and recovery network of watercourses in Vito-
ria. Source CEA (Environmental Studies Centre of the Vitoria-Gasteiz 
Town Council)

Co-fi nanced by the EU through the LIFE Programme



BUILDING SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE FOR COMBINING WITH OTHER SOLUTIONS

MEASURE ELEMENTS

INDICATOR
I1: Reduction of energy consumption by rainwater harvesting (∆CE)
I2: Water self-suffi ciency 

UNIDAD

I1: m2 of collector areas -> ΔCE
I2: % reduction in invoiced water

MINIMUM GOAL

(I1) > 60% of m2 of collector covers
(I2) >5% of AH (> 35% of AH for non-consumptive uses)

DESIRABLE GOAL

(I1) > 95% of m2 of collector covers
(I2) >15% of AH (> 50% of AH for non-consumptive uses)

MEASURE METHOD / FORMULA

(I1) ΔCE = [A x B]
A: m2 of collector covers -> m3 collected
B: Energy consumption in MWh per m3 treated at the WWTP

(I2) AH = [A / B] x 100
A: potential for rainwater harvesting
B: total water consumption

WATER COLLECTION AND STORAGE IN 
BUILDINGS
Installation of water storage structures 
in buildings

AG
02

The progressive degradation and decrease of freshwater reserves 
worldwide makes it necessary to develop policies to increase the quality 
and quantity of available water resources.

The roofs of buildings can represent up to 50% of the impermeable 
surface area of a city, making them an element with great potential for 
collecting rainwater. The application of techniques to collect and store 
this water allows considerable volumes of water to be accumulated for 
reuse.

The benefi ts are diverse:
- The increase in available water resources, as the demand for drinking 
water supply decreases
- Water self-suffi ciency, using rainwater for non-consumptive uses 
(toilet fl ushing, washing machine, cleaning and watering the garden, 
etc.), reducing domestic consumption of drinking water and the cost per 
housing.
- Help to reduce the risk of fl ooding, by not pouring the accumulated 
volume of water on the treatment networks, reducing the fl ows to be 
evacuated and purifi ed.

Aim
In the design of the building, consider the potential for supporting the 
balance of the integral water cycle.

Why?

How?
Integrating structures into the building, both in dwellings (single-family 
or multi-family) and in public, industrial or service buildings. They can be 
integrated in new constructions or restorations.

We can distinguish different systems for rainwater accumulation in 
buildings:

01 TANKS. Closed containers where the water collected on the building 
roofs is stored and carried to them through a pipeline. They have the 
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advantage of being easy to install due to their size and low cost of 
construction and maintenance. They allow a multitude of designs and 
materials. Their size depends on the average precipitation in the area 
where they are located. Some can improve water quality through purifi -
cation systems, or be implemented with a control of the fi lling start (the 
fi rst 10 minutes of rain do not accumulate, cleaning the surface collector 
of pollutants). 

They can be:
- Buried tanks for capture by gravity and re-use by pumping (Aljibes, 
prefabricated tanks).

- Rainwater tanks on individual terraces (Barrels)

02 GREEN ROOFS. Multi-layer systems located on the fl oor slabs of 
the building, where the collection and storage surface is the roof itself. 
They are designed to retain rainwater, improve its quality and allow its 
reuse in non-consumptive uses, but also to favour the growth of vege-
tation, lowering the temperature in the building and improving the urban 
landscape (See EV09). The physical and climatic conditions of the 
location (temperature, humidity, sunshine hours, vegetation species), 
urban morphology, building type and construction pattern defi ne the 
green roof design.

They can be:
- Intensive vegetated roofs. Vegetation reaches a higher size, which will 
depend on the thickness of the substrate, and may be walkable. The 
roofs of underground garages can be used. Their storage capacity is on 
average 45% of their volume, producing fl ooding from 65%.

- Extensive vegetated roofs. Thin substrates (normally from 7 to 10 cm) 
that support low growth vegetation, sedum type, moss, aromatic and 
grass and any other vegetation that needs little or no maintenance. 
They are lighter, but not walkable. Their storage capacity is on average 
20% of their volume, producing fl ooding from 65%.

03 THE BLUE ROOFS. Plain surfaces that work as a tank that stores 
rainwater. The water sheet can be visible or hidden under an extensive 
vegetation cover system, which avoids losses due to evaporation.

AG
06

WATER INFIL-
TRATION IN 
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ROOFSEV

04
POCKET 
GARDEN



USE SUD DESCRIPTION AND BENEFITS PHYSICAL CHARACTERISTICS PURPOSE
BUILDING 01 WATER BUTTS

RAINWATER HARVESTINGS
▪ Water tanks attached to buildings and connected to their roofs, 
which store rainwater allowing their reuse in non-consumptive uses.
▪ Increase available water resources and involve the user in water 
management.

Ground or underground: effectiveness 
according to volume

RETENTION
REUSE

02 GREEN ROOFS ▪ Multi-layer systems installed on the building roofs, designed to retain 
rainwater, improve its quality and allow its reuse in non-consumptive 
uses. They can be intensive (with large vegetation) or extensive (of 
smaller size).
▪ They improve the landscape, lowering the temperature of the buil-
ding and involve the user in water management.

Intensive: average storage capacity of 
45% of its volume.
Weight: 10 kN/m2 approx.
Extensive: average storage capacity of 
20% of its volume.
Weight: 0.5 to 7 kN/m2 approx.

RETENTION
DEPURATION
REUSE

03 BLUE ROOFS ▪ Multi-layer system on plain roofs 
▪ They improve the landscape, increase water resources, lower the 
temperature of the building and involve the user in water manage-
ment.

Use of 100% of the rainwater received 
on the roof. For a water storage capacity 
of 100 l/m2 and a plant substrate of 6 
cm, its weight is approx. 2.3 KN/m2.

RETENTION
REUSE

Green roofs produce the following benefi ts:
- can retain up to 50% of the rainwater received, lengthening the runoff 
time and considerably reducing the harmful substances present in it, 
by accumulating rainfall over a period of time long enough to allow the 
removal of sediment and the purifi cation of pollutants by the action of 
vegetation.
- Improvement of the quality of the water masses by acting as fi lters, 
reducing the load of pollutants that reach the sewers.
- They lower the temperature of the roof favouring a lower consumption 
of energy in the building (around 10%, being able to reduce the con-

sumption of energy necessary for heating by 25% and 75% for cooling 
according to some studies).
-Mitigation of the heat island effect, providing natural cooling to the 
public space.
- Improvement of air quality by capturing atmospheric polluting plants 
(1m2 of green roof can absorb 5 kg of CO2 per year).
- Improve humidity levels and biodiversity in cities.
- Improving sociability, adding new meeting places and community use.
- Improved acoustic comfort, contributing to the reduction of urban 
noise.

AGENTS INVOLVED

WHAT SHOULD WE CONSIDER FOR ITS IMPLEMENTATION?

PLANNING LEVEL

Construction project

POSSIBLE ACTIONS PROMOTED BY THE ADMINISTRATION

Architecture, engineering and design teams

- Drawn up a catalogue of fl at roofs or roofs with an inclination range of 
less than 30 degrees by direct observation or geographical analysis of the 
cartography available for the identifi cation of suitable roofs.
-Social and/or economic bonuses to favour their implementation.

THE TECHNICAL LIMITATIONS OF BUILDING: 
- The type of building and roof. in rehabilitations consider the increase in 
loads (water + vegetation), which can reach up to 10 kN/m2 in the intensive 
and range between 0.5-7 kN/m2 in the extensive.
- They can be installed on any deck, although it is preferable that its slope is 
at least 2° to ensure runoff and at most 30°, requiring anchors from 10°.
- Ownership of buildings and possible restrictions if they are catalogued as 
heritage under municipal regulations.
- The roof should be checked once or twice a year.
- It is convenient to place a 400 mm wide strip of gravel on the perimeter 
of the roofs in order to collect excess water. Likewise, the openings and 
ventilation openings of the roof must be surrounded with non-vegetable ma-
terial (paving stones, concrete) in order to guarantee protection against fi re 
(according to the national building regulations). In addition, if the vegetated 
surface is very large, it is recommended to leave vegetation-free bands of 
between 200 and 400 millimetres that act as fi rewalls.
-The substrate layer must be composed of the nutrients necessary to 
ensure the growth of the chosen vegetation, as well as being porous and 
draining.

VEGETATION LIMITATIONS:
- Selection of the type of vegetation that has to adapt to the climatic condi-
tions and to local species. There are several planting methods that can be 
combined with each other: sowing, planting, pre-cultivated rolls.
- To guarantee the result and an adequate growth it is necessary to fertilize 
it and install an irrigation system.

CATALOGUE OF URBAN DESIGN SOLUTIONS GUD ▪ LUGO

Thermic behavior comparison in different types of roofs. 

Source: F. J. Neila, C. Bedoya, C. Acha, F. Olivieri, M. 
Barbero. Informes de la Construcción, Vol. 60, 511, 
15•24, julio•septiembre 2008. ISSN: 0020•0883. eISSN: 
1988•3234



Vegetación
Sustrato

Capa filtrante
Aljibe

Impermeabilizante
Aislante termico

Depósito subterráneo

Depósito 

EXAMPLES

DIAGRAM OF COLLECTING AND STORAGE ELEMENTS IN BUILDINGS PARIS CULTEURS PROGRAM

LEY DE TECHOS O TERRAZAS VERDES DE BUENOS AIRES

History Museum in la Vendée. Plan01 Architectes. Fuente: http://www.tectonica•online.com

Co-fi nanced by the EU through the LIFE Programme





BUILDING SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE FOR COMBINING WITH OTHER SOLUTIONS

MEASURE ELEMENTS

WATER RETENTION AND INFILTRATION IN 
THE PLOT 
Structures for water retention and infi ltra-
tion in the surrounding of the buildings. 

AG
03

The progressive degradation and decrease of freshwater reserves 
worldwide makes it necessary to take measures to increase the quality 
and quantity of available water resources.

The subsoil of the planet accumulates 93% of the freshwater accessible 
for human consumption. It is therefore its main reservoir. The adoption 
of measures to retain and infi ltrate rainwater in the plot, goes towards 
water management where it falls.

Its main benefi ts are:
► The increase of available water resources and their quality. It can 
retain up to 50% of the rainwater received, lengthening the runoff time 
and considerably reducing the harmful substances present in it, by 
accumulating rainfall over a period of time long enough to allow the 
elimination of sediments and the purifi cation of pollutants by the action 
of vegetation, improving the quality of water masses by acting as fi lters, 
reducing the load of pollutants that reaches the subsoil and aquifers.

►Signifi cantly decreasing runoff volumes and velocities and reducing 
the risk of fl ooding.

► The enhancement of climatic comfort and urban landscape by impro-
ving air quality through the effect of vegetation.

Aim
Add water retention and infi ltration structures in the building to support 
the balance of the integral water cycle.

Why?

How?

The most common types of structures for infi ltration of rainwater in the 
plot are:

01 INFILTRATION WELLS, small-scale vertical structures with a 
square or circular section that leads water to a soil layer where it can 

CATALOGUE OF URBAN DESIGN SOLUTIONS GUD ▪ LUGO

be fi ltrated easily than on the surface. Digged into the ground adjacent 
to buildings, either in gardens, courtyards or common areas of the buil-
ding, and fi lled with granular or synthetic draining material with at least 
30% hollow. They are designed to collect runoff water from adjacent 
impermeable surfaces or from roof downspouts, holding it in order to 
increase the time of concentration and thus be able to purify it, and then 
infi ltrate it into the subsoil, contributing to the recharge of aquifers. Due 
to their small dimensions, easy construction and maintenance, they 
are one of the elements of the most easily implemented sustainable 
drainage systems.

They are mainly used in residential plots, parking areas, industrial or 
service buildings, isolated or connected to each other or to infi ltra-
tion ditches. For safety reasons, a spillway connected to the general 
network or bottom drains must be provided in its construction to help 
emptying.

02 FILTER DRAINS are shallow linear structures, fi lled with granular 
material or debris. They are designed to collect runoff from adjacent 
impermeable surfaces or as receivers of a point source of water. Their 
main function is transport to other drainage systems.

They are normally located on the boundary of the plots or as a buffer or 
separation element between uses or types of surfaces, and can replace 
or work in combination with the traditional sanitation system.

The storage capacity will depend on the volume of voids in the trench 
and the speed at which the water circulates. They are usually fi lled with 
40 - 60 mm diameter granular material or geo-cellular modular blocks. 
For safety reasons, they must have a spillway connected to the general 
network in case the storage capacity is exceeded.
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INDICATOR
Reduction of energy consumption by rainwater harvesting (∆CE)

UNIT

I¡Reduction of energy consumption by rainwater harvesting (ΔCE)

MINIMUM GOAL

> 60% of fi ltering surfaces

DESIRABLE GOAL

> 95% of fi ltering surfaces

MEASURE METHOD / FORMULA

(I1) ΔCE = [A x B]
A: m2 of filtering surfaces -> m3 collected
B: Energy consumption in MWh per m3 treated at the WWTP



AGENTS INVOLVED

WHAT SHOULD WE CONSIDER FOR ITS IMPLEMENTATION?

PLANNING LEVEL

EXAMPLES

Building project
Project of plots and urbanization

POSSIBLE ACTIONS PROMOTED BY THE ADMINISTRATION

Design team
Private Owner
Communities of neighbours

- Social and/or economic bonuses to favour their implementation.
- To make a legal proposal that incorporates into the current urban regula-
tion, items related to savings and effi ciency in the use of water.

THINK-NATURE PLATFORM WHERE CASES OF SOLUTIONS BASED ON 
NATURE ARE COLLECTED.

-A permeable soil is required.
-They can be used in networks, connected to each other and/or to large 
drainage areas. It is not suitable in areas with contaminated soils, since 
they would produce a diffusion of the pollutants or harmful substances. In 
the case of being located in a place where harmful substances may exist, 
they must be waterproofed to avoid infi ltration, maintaining their function of 
retention, purifi cation and transport.
- Size will depend on the fi ltering capacity of the soil and the rainfall charac-
teristics of the site. It is recommended to estimate their volume, considering 
that they must be able to infi ltrate half of their volume in less than 24 hours 
in order to respond to a new rain.
- They must be at least 3 metres from the foundations of the buildings to 
prevent alteration of soil conditions (humidity, load capacity, etc.).

WATER RETENTION AND INFILTRATION ELEMENTS IN BUILDINGS

USE SUD DESCRIPTION AND BENEFITS PHYSICAL CHARACTERISTICS PURPOSE
EDIFICACIÓN 01 SOAKAWAYS ▪ Vertical underground structures that infiltrate runoff water 

from impermeable surfaces (pavements, roofs).
▪ They reduce soil temperature and the risk of flooding.

Depth: 1 to 3 m / Diameter: 1 to 2,m
Collection area <0.5 ha
Distance between the base of the well and the water 
table > 1m

RETENTION
INFILTRATION

02 INFILTRATION 
TRENCHES

▪ Longitudinal structures generally filled with granular mate-
rial, which infiltrate runoff water from impermeable surfaces 
(pavements, roofs), transporting it to places for infiltration.
▪reduce the temperature of the soil and the risk of flooding.

Depth: 1 to 2 m
Width: variable depending on rainwater collection area, 
approx. 0.5 to 1 m
Slope: 2 to 5 % / Collected area < 2 ha / Minimum 
porosity = 30%.

RETENTION
INFILTRATION

Well and infi ltration channel, as a water management system for a 
deck downspout. Source: http://sudsostenible.com

01 SOAKAWAYS02 INFILTRATION TRENCHES



BUILDING SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE FOR COMBINING WITH OTHER SOLUTIONS

MEASURE ELEMENTS

COMPACT WWTP
Biological WWTP in single-family homes 
without connection to the sewerage net-
work

AG
04

Untreated wastewater poses a risk to public health and the environment 
since it contains bacteria/viruses that bring excess nutrients to fres-
hwater bodies and the sea and can collapse the environment through 
eutrophication. European environmental legislation obliges wastewater 
treatment in Directive 91/271/CE of 21 May, and stresses the need for 
it in the Water Framework Directive (WFD), where the main objectives 
are defi ned as the protection of the environment and the improvement 
of aquatic ecosystems, the pollution decrease and the sustainable use 
of water.

Its main benefi ts are:
►Improvement in the quality of water bodies, preventing pollution of 
surface water and groundwater.
►Increase in available water resources by reducing the demand for the 
supply of drinking water for non-consumptive uses. 

Aim
Prevent the discharge of domestic wastewater into the subsoil or natural 
streams by installing biological treatment plants for those dwellings 
not connected to sewerage or as a solution of domestic wastewater 
treatment for reuse.

Why?

How?
Although the different brands have patented their own purifi cation sys-
tem, they share a common technological base: biological purifi cation, 
based on sedimentation and prior fi ltration, followed by treatment in 
stages based on natural purifi cation, in anaerobic media, from microor-
ganisms and aquatic plants that digest the pollutants in a small tank.

Some of the most common types are:
- Biological fi lter
- Total Oxidation
- Bio-discs
- Aerated bio-fi ltration

CATALOGUE OF URBAN DESIGN SOLUTIONS GUD ▪ LUGO

Once the water has been purifi ed, it can be combined with various 
sustainable drainage systems for storage, reuse or infi ltration into the 
ground.

►SOME REFERENCE DATA:

• Equivalent inhabitants: 1 - 8 HE

• Average daily load, [kg BOD5/day]: 0.4-0.8 max

• Daily water fl ow: 0.9 - 1.50 m³/day

• Maintenance: 1-2 times/year

• Depuration effi ciency from 80 to 95% in BOD5,COD,SS, NH4-
N and above 95% in Ntotal, Ptotal.

AG
02

WATER IN 
COLLECTION
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03

WATER RE-
TENTION IN
THE PLOT

ECODENA model, combined with Fat Separator and based on phyto-
depuration using algae, https://ecodena.com

INDICATOR
Reduction of energy consumption per m3 that does not go to the 
WWTP (ΔCE)

SECOND INDICATOR
Quality of surface and groundwater water

UNIT

(I1) m3 of treated water per year -> ΔCE
(I2) regulation indicators

MINIMUM GOAL

(I1) 100% treated wastewater
(I2) Compliance with the water quality required by the regulations

DESIRABLE GOAL

(I1) 100% treated wastewater
(I2) Zero discharge of polluted water into the environment

MEASURE METHOD / FORMULA

(I1) ΔCE = [A x B]
A: m3 of treated water
B: Energy consumption in MWh per m3 treated at the WWTP



AGENTS INVOLVED

WHAT SHOULD WE CONSIDER FOR ITS IMPLEMENTATION?

PLANNING LEVEL

EXAMPLES

Building project

POSSIBLE ACTIONS PROMOTED BY THE ADMINISTRATION

Private Owner
Neighbourhood associations

- Analysis of the water quality of the rivers (upstream and downstream of 
the municipal district)
- Localization of illegal discharges

THE TECHNOLOGICAL CENTRE FOR NEW WATER TECHNOLOGIES, 
CENTA, IS EQUIPPED WITH A COMPACT WWTP FOR THE TREATMENT 
OF WASTEWATER IN ONE OR TWO HOMES, WITH A QUALITY OF TREA-
TED WATER CERTIFIED AS REUSABLE IN THE IRRIGATION OF GARDENS OR 
RECHARGING OF CISTERNS.

- The number of inhabitants of the dwelling
- Applicable environmental regulations
- Daily fl ows and their load

DIAGRAM OF A BIOLOGICAL EDAR INSTALLATION IN DWELLINGS NOT CONNECTED TO THE SEWERAGE NETWORK OR FOR REUSE.

1 SBS® system, based on biological fi lters, installed in CENTA's R+D+i Centre. Source: http://www.tradesur.es/edar-compactas-viviendas-trata-
miento-aguas-residuales-urbanas.html
2 Certifi ed biological sewage treatment plant for a house of up to 6 equivalent inhabitants. Source: http://bioviana.com/
3 SIDAR model, based on total oxidation system: https://tienda.sidar.es/

Co-fi nanced by the EU through the LIFE Programme



STREET SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE FOR COMBINING WITH OTHER SOLUTIONS

MEASURE ELEMENTS

COLLECTION AND STORAGE OF RAINWATER IN 
THE STREET
Include surfaces and rain collector elements in 
urban designs

AG
05

To mitigate the effects of climate change through design, moderating 
the rise in the temperature of the planet and the waste of energy and 
water resources.

The percentage of the urban surface occupied by pavements, roads 
and parking areas, depending on the type of urban fabric, can range 
from 20-40%, in most cases impermeable. Turning the street into a 
place for collecting and storing runoff provides the following benefi ts:

►Improvement of the environmental comfort by regulating temperature 
and humidity.

►Reduction of the heat island effect due to the evaporation of water 
accumulated in the subsoil.

►Reduction of fl ooding due to torrential rains by increasing permeable 
surfaces.

►Decrease of the volumes of runoff and peak fl ows that end up in the 
network of collectors and the treatment plant to avoid overloading the 
sanitation infrastructure.

►Integration of rainwater treatment into the urban landscape.

►Protection of water quality, reducing the effects of diffuse pollution, 
reaching pollutant removal effi ciencies close to 70% for hydrocarbons, 
50% for phosphorus, more than 65% for nitrogen and more than 60% 
for heavy metals (Wilson, S et al., 2004).

Aim
Incorporate, both in new urbanizations and in renovations in public 
spaces, surfaces and elements that capture rainwater, with the aim of 
reversing the process of waterproofi ng the soil in urban areas.

Why?

How?

CATALOGUE OF URBAN DESIGN SOLUTIONS GUD ▪ LUGO

This means changing the current rainwater collection, which seeks the 
quick evacuation of urban runoff using a system of impermeable surfa-
ces and gutters connected to the sewers, into a network that retains and 
infi ltrates the water from urban runoff with permeable surfaces arranged 
on drainage structures that allow water to infi ltrate the terrain, leading 
the excess to other elements of sustainable drainage (fi ltering ditches, 
bio-retention areas, infi ltration wells) or ultimately to the sewerage 
network.

Usually the different uses of the street are distinguished by the kind 
of pavement and the urban features. The driveway and sidewalk are 
located at different heights and separated by kerbs, channelling runoff 
and directing water through the scuppers to the sewer. In order to 
transform the street from an "evacuation channel" into a water collection 
and storage place, there are a wide range of solutions and designs that 
can be used to increase the percentage of permeable surfaces and the 
homogeneous distribution of runoff from impermeable surfaces towards 
them. Some of these solutions and strategies are:

01 PERMEABLE PAVEMENTS
These are multi-layer pavements allowing rainwater to infi ltrate through 
the soil or to be captured and retained in subsurface layers for sub-
sequent reuse or evacuation. There are several classes of permeable 
surfaces that, according to their construction systems, can be classifi ed 
into:
- Modular or cobbled pavements (pieces of different permeable or im-
permeable materials that allow water to pass between them).
- Geocells pavements (reinforced grass)
- Continuous permeable pavements (any type of porous mix, asphalt, 
concrete, resins)

They are mainly used to reduce the volume of runoff up to 60%, 
allowing storage and recovery for watering landscaped areas or street 
cleaning. Depending on the nature and layout of the layers, permea-
ble pavements can also perform functions such as retention of runoff, 
infi ltration into the subsoil, transport and purifi cation.

EV
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INDICATOR
Reduction of energy consumption by infi ltration or capture of 
rainwater (∆CE)

SECOND INDICATOR
% of permeable pavement in public space / total m2

UNIT

(I1) m2 of permeable pavement in public space
(I2) %

MINIMUM GOAL

>60% 
DESIRABLE GOAL

>95%

MEASURE METHOD / FORMULA

(I1) ΔCE = [A x B]
A: m3 (captured)
B: Energy consumption in MWh per m3 treated at the WWTP
(I2) % = [A / B]
A: m2 of permeable pavement
B: total area

AC
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USE SUD DESCRIPTION AND BENEFITS PHYSICAL DATA PURPOSE
SIDEWALKS, PUBLIC SPACE, 
ROADS <30 KM/H

01 MODULAR PERMEABLE 
PAVEMENTS

▪ Surfaces that retain and infiltrate runoff water through the space 
between pieces.
▪ Decreases soil temperature and flood risk.

Thickness: about 40 cm.
Slope: 2 to 5 %.
Collected area <4ha

RETENTION
INFILTRATION

SIDEWALK, PUBLIC SPACE, RO-
ADS <30 KM/H, RECREATIONAL 
AREAS, SPORTS TRACKS.

02 CONTINUOUS PERMEA-
BLE PAVEMENTS

▪ Surfaces that retain and infiltrate runoff water through their pores.
▪ Decreases soil temperature and flood risk.

Thickness: 25 to 30 cm
Slope: 2 to 5 %.
Collected area <4ha

RETENTION
INFILTRATION

PARKING AND ROADS <30 
KM/H

03 GEOCELLS PERMEABLE 
PAVEMENTS

▪Surfaces that retain and infiltrate runoff water through the space 
between pieces. (decrease in runoff volume by up to 60%)
▪ Decreases soil temperature and the risk of flooding.

Thickness: 30 to 60 cm
Slope: 2 to 5 %.
Collected area <4ha

RETENTION
INFILTRATION

02 PERMEABLE/INTERMITTENT KERBS
The permeable or intermittent kerbs, is a strategy of easy implanta-
tion that is based on removing some of the pieces that separate the 
permeable zones of the impermeable ones, guiding the runoffs for their 

retention and infi ltration towards other Sustainable drainage systems 
(SuDS). Depending on the level of contamination of the runoff, due to 
the traffi c, they should be treated before infi ltrating the water (phytode-
puration or oil separators).

AGENTS INVOLVED

WHAT SHOULD WE CONSIDER FOR ITS IMPLEMENTATION?

PLANNING LEVEL

SIZING RECOMMENDATIONS

Urban planning
Public space renovation projects (parking spaces, roads)

POSSIBLE ACTIONS PROMOTED BY THE ADMINISTRATION

Local administration technicians
Technicians of the provincial/general administration
Architectural and engineering offi ces

- Edition of a cartography that catalogues the parking areas.
- Implementation in the urban maintenance system, streets and gardens, a 
replacement strategy of impermeable materials to permeables.

- The infi ltration capacity of the soil (a granular and permeable soil will have 
a much higher infi ltration capacity than a clayey and compact soil. A clay 
content of >30% is not recommended).
- The presence of underground infrastructures (gas, electricity, etc.), 
archaeological remains, underground constructions, especially in urban 
restorations.
- The water table must be at least 1 metre below the base of the pavement 
to avoid contamination, and its use is not recommended if there is a risk of 
groundwater contamination.
- The thickness of the storage layer (gravel fi ltering layer or geocellular 
blocks) will depend on rainfall conditions and the porosity of the material 
that composes it.

CATALOGUE OF URBAN DESIGN SOLUTIONS GUD ▪ LUGO

Classifi cation of permeable pavements systems by their function
Source: Rodríguez Rojas. I. Guía para la Integración de los Sistemas Urbanos de Drenaje Sostenible en el Proyecto Urbano. Granada, Editorial 
Universidad de Granada, 2017

Diagram and example of intermittent kerbing. Stormwater from impervious areas is collected in bioretention areas.
Source: Urban Street Stormwater Guide. National Association of City Transportation Offi cials.

THICKNESS OF THE STORAGE LAYER:

E = V /(P X AE)
V= STORAGE VOLUME

P = MATERIAL POROSITY

AE = POROUS PAVEMENT AREA



Niel Garden in Toulouse. Michèle&Miquel , 2011•2016
Toulouse, Francia
Fuente: http://tectonicablog.com/?p=108028

LIFE CERSUDS is an innovative permeable ceramic fl ooring that has its origins in the framework of an R&D project fi nanced by the Regional 
Government of the Valencian Community in 2010 "Reuse and recycling of obsolete products or manufacturing waste for the generation of new 
products". The permeable fl ooring is based on the use of ceramic tiles of low commercial value. The concept of the system consists of cutting the 
ceramic tiles into strips with a specifi c width, which are then grouped together to form permeable ceramic modules. The development of these 
modules provides speed and simplicity in the laying of the fl ooring.

EXAMPLES

LIFE CERSUDS 

Co-fi nanced by the EU through the LIFE Programme





STREET SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE FOR COMBINING WITH OTHER SOLUTIONS

MEASURE ELEMENTS

WATER INFILTRATION IN THE STREET
Rainwater infi ltration systems applied to 
urban design

AG
06

To mitigate the effects of climate change through design, moderating 
the rise in the temperature of the planet and the waste of energy and 
water resources. They bring the following benefi ts:

- Improvement of the environmental comfort by regulating temperature 
and humidity. 
- Reduction of the heat island effect due to the evaporation of water 
accumulated in the subsoil.
- Reduction of fl ooding due to torrential rains by increasing permeable 
surfaces.
- Decrease of the volumes of runoff and peak fl ows that end up in the 

Aim
Incorporate solutions for rainwater retention and infi ltration both in new 
urbanizations and in renovations, for streets and other public spaces.

Why?

How?

CATALOGUE OF URBAN DESIGN SOLUTIONS GUD ▪ LUGO

TR
01

SOLUTION 
INTEGRATION

network of collectors and the treatment plant to avoid overloading the 
sanitation infrastructure.
Integration of rainwater treatment into the urban landscape.
- Protect water quality by reducing the effects of diffuse pollution.
- Improve the health of urban vegetation.
- They generate social benefi ts by creating attractive meeting and 
leisure spaces.

The solution means to transform current rainwater collection, which 
seeks the quick evacuation of urban runoff using a system of imper-
meable surfaces and gutters connected to the sewers, into a network 
that retains and infi ltrates the water from urban runoff through a group 
of elements based on nature that, when they work together, manage to 
infi ltrate signifi cant volumes of water into the subsoil.

USE SUDS DESCRIPTION AND BENEFITS PHYSICAL DATA PURPOSE
SIDEWALKS ,PUBLIC 
SPACE

01 RAINGARDEN ▪ Vegetable elements inserted into sidewalks that retain, treat, and 
infiltrate runoff water from the roadway.
▪ They regenerate the landscape, reduce soil temperature and the 
risk of flooding.

Width > 1,5 m
Depth: 1,3 m
Width/depth ratio: 2/1
Collection area: 90▪ 95% plus own collection
area

RETENTION
INFILTRATION
DEPURATION

ROADWAY 02 FILTER STRIPS/ 
FILTRATION 
TRENCHES

▪ Mixed granular soils with vegetation that retain and infiltrate runoff 
water from impermeable surfaces.
▪ Increases groundwater resources and decreases flood risk.

Depth <50 cm
Width>6 m Slope: 2 to 6
Max. length: 50 m

RETENTION
INFILTRATION

03 INFILTRATION 
TREE PITS

▪ Tree pits that retain and infiltrate runoff water. (Decrease runoff 
volume by up to 60%)
▪ Decreases soil temperature and the risk of flooding.

Thickness: 30 to 60 cm
slope: 2 to 5 %.
Collection area < 4 ha

RETENTION
INFILTRATION

EV
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SEASONAL SHA-
DING SYSTEMS

INDICATOR
Reduction of energy consumption by infi ltration or capture of 
rainwater (∆CE)

SECOND INDICATOR
% of permeable pavement in the street / total m2 of street

UNIT

m2 of permeable pavement on the street→ ∆CE

MINIMUM GOAL

>60%

DESIRABLE GOAL

>95%

MEASURE METHOD / FORMULA

(I1) ΔCE = [A x B]
A: m3 (infiltrated)
B: Energy consumption in MWh per m3 treated at the WWTP
(I2) % = [A / B]
A: m2 of permeable pavement
B: total area

AC
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BUS

AGENTS INVOLVED

WHAT SHOULD WE CONSIDER FOR ITS IMPLEMENTATION?

PLANNING LEVEL

EXAMPLES

Urban planning
Public space projects (parking spaces, roads)

POSSIBLE ACTIONS PROMOTED BY THE ADMINISTRATION

Local administration technicians
Provincial/general administration Technicians
natural spaces or water resources agents

- Replace as many m2 of impermeable soil as possible with permeable soil 
in the processes of urbanization and maintenance of the road and public 
space, through a urban restoration plan.
- To compile a database on the infi ltration characteristics of the terrain and a 
mapping of the most favourable sites for its implementation.
- Minimize loss of drainage capacity through good maintenance
- Develop a database of species and substrates best suited to local charac-
teristics

DIAGRAM OF WATER RETENTION AND INFILTRATION ELEMENTS IN THE STREET

LONDON SUSTAINABLE DRAINAGE PLAN

EL PAISAJE ANÁLOGO, SUSTAINABLE DRAINAGE. BARCELONA 

LOS JARDINES DE GRAN CAPITÁN, BARCELONA

- The presence of underground services, such as fi ber optics, electrical and 
telephone cables, or drainage pipes. 

- Maintenance and cleaning management of public space.

- Selection of suitable substrates and plant species is critical to the success 
of bio-retention facilities. Soil characteristics should be chosen to support 
drainage, considering contaminant removal rates, and plant viability. Planta-
tions should include a diverse community of native species.

SIDEWALKS 
(BETWEEN ROWS OF 
EXISTING TREES, ED-
GES OF SIDEWALKS 
OR BICYCLE LANES, 
CENTRAL RESERVA-
TIONS)

04 STORMWATER 
TREE

▪ Boxes that host a single tree or several trees, making a trench, 
surrounded by side walls and filled with a drainage substrate contai-
ning three layers: a filtration layer, a transition layer and a drainage 
layer.
Depending on the physical characteristics they are called:
▪ "Storm" Tree pits (Side Entrance)
▪ Storm Ears (front entrance)
▪ "Storm Tree" (lateral, punctual entrance)

Trees with a 3 m wide crown, collect 5 m3

Trees with a 6 m wide crown , collect 10 m3

Trees with a 10 m wide crown, collect 15 m3

RETENTION
INFILTRATION
DEPURATION

05 INFILTRATION 
TRENCHES

▪ Linear structures generally filled with granular material, which infil-
trate runoff water from impermeable surfaces (pavements, roofs...), 
transporting it to infiltration points.
▪ They reduce soil temperature and the risk of flooding.

Depth: 1 to 2 m
Width: 0.5 to 1 m
Slope: 2 to 5 %.
Collection area < 2 ha

INFILTRATION

06 FILTER STRIPS/ 
FILTRATION 
TRENCHES

▪ Mixed grain soils with vegetation that retain and infi ltrate runoff 
water from impermeable surfaces.
▪ Increases groundwater resources and decreases fl ood risk.

Depth < 50 cm
Width > 6 m
Slope: 2 to 6%.
Max. length: 50 m

RETENTION
INFILTRATION

ROADWAY 07 FILTER DRAIN ▪ Trenches made of granular material (they can be covered with 
geotextiles), which purify and infi ltrate runoff water from impermea-
ble zones.
▪ Groundwater resources increase and fl ood risk decrease.

Depth: 0.7 to 0.8 m
Width: 0.45 to 0.8 m
Slope: 2 to 5 %.
Collected area>2 ha

INFILTRATION
DEPURATION

08 SWALES ▪ Wide and shallow vegetated canals that infi ltrate and transport 
runoff water to infi ltration areas.
▪ Regenerates the landscape, increases groundwater resources and 
decreases the risk of fl ooding.

Depth < 55 to 7 cm
Width> 0.5 m (2 to 3 m)
Embankment: 25 to 35 %. 
Slope: 2 to 4%.
Min. length: 30 m
Collected area <2 ha

RETENTION
INFILTRATION

Co-fi nanced by the EU through the LIFE Programme



STREET SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE FOR COMBINING WITH OTHER SOLUTIONS

MEASURE ELEMENTS

RETENTION AND PURIFICATION
Rainwater retention and purifi cation 
systems applied to urban design

AG
07

To mitigate the effects of climate change through design, moderating 
the rise in the temperature of the planet and the waste of energy and 
water resources. They bring the following benefi ts:

► Improvement of the environmental comfort by regulating temperature 
and humidity. 
► Reduction of the heat island effect due to the evaporation of water 
accumulated in the subsoil.
► Reduction of fl ooding due to torrential rains by increasing permeable 
surfaces.
► Decrease of the volumes of runoff and peak fl ows that end up in the 

Aim
Incorporate solutions for rainwater retention, purifi cation and storage 
both in new urbanizations and in renovations, for streets and other 
public spaces.

Why? How?

CATALOGUE OF URBAN DESIGN SOLUTIONS GUD ▪ LUGO

network of collectors and the treatment plant to avoid overloading the 
sanitation infrastructure.
► Integration of rainwater treatment into the urban landscape.
► Protect water quality by reducing the effects of diffuse pollution.
► Improve the health of urban vegetation.

The solution means to transform current rainwater collection, which 
seeks the quick evacuation of urban runoff using a system of impermea-
ble surfaces and gutters connected to the sewers, into a network that 
retains and infi ltrates the water from urban runoff. 
They are suitable for those places where, due to the conditions of the 
land (low permeability, contamination of the land, existing underground 
infrastructures or installations, heritage remains, risk for the foundations 
of buildings, etc.), it is not appropriate to infi ltrate water directly into the 
subsoil.
The water stored favours the growth of vegetation or a combination with 
other storage elements and can be used for non-consumptive uses.

USE SUDS DESCRIPTION AND BENEFITS PHYSICAL DATA PURPOSE
ROADWAY 01 FILTER DRAIN ▪ Ditches made of granular material (covered with geotextiles and 

on the basis of cleaning concrete) which purify and filter the runoff 
water.

Depth: 0.7 to 0.8 m
Width: 0.45 to 0.8 m
Slope: 2 to 5 %.
Collected area >2 ha

RETENTION
DEPURATION

ROADWAY, PARKING 
AREAS, FREE SPACE 
FOR INDUSTRIAL 
AREAS

02 TREATMENT 
CHANNEL

▪ Compact retention, filtration and storage system for runoffs. They need little depth, down to 10 cm.
Proportion of gaps 95 %

RETENTION
INFILTRATION

03 OIL WATER 
SEPARATOR

▪ Compact prefabricated unit used to separate hydrocarbons from 
runoff water collected from surfaces such as roads or car parks.

Their size is calculated according to the fl ow 
to be received, from 1 to 30 l/sec, normally 
cylindrical linked to the scuppers, or linear 
for fl ows >100 l/s intercepting the fl ow 
transversally.

RETENTION
INFILTRATION

AG
08

WATER 
COLLEC-
TION AND 
STORAGE

EC
03

RECYCLED / 
DECONTAMI-
NANT MATE-
RIAL FLOORS

INDICATOR
Reduction of energy consumption by rainwater infi ltration or capture 
(∆CE)

SECONDARY INDICATOR
Percentage of retention areas in free space (roads, car parks)

UNIT

(I1) m2 of retention area → ∆CE
(I2) %

MINIMUM GOAL

>60%

DESIRABLE GOAL

>95%

MEASURE METHOD / FORMULA

(I1) ΔCE = [A x B]
A: m3 (retentioned and depurated)
B: Energy consumption in MWh per m3 treated at the WWTP
(I2) % = [A / B]
A: m2 of permeable pavements
B: total area

AC
11

INF. CICLISTAS 
DENTRO DE
SUPERMANZANASSS



BUS

P

DRAINAGE DIAGRAM: RETENTION FILTRATION IN THE STREET WITH OVERFLOW CHANNEL TO THE SEWAGE SYSTEM

AGENTS INVOLVED

WHAT SHOULD WE CONSIDER FOR ITS IMPLEMENTATION?

PLANNING LEVEL

EXAMPLES

Urban planning
Public space restoration plans (parking spaces, roads)
Mobility plans

POSSIBLE ACTIONS PROMOTED BY THE ADMINISTRATION

Local government technicians
Provincial / General administration technicians
Natural spaces or water resources agents

- In new developments or restoration in roads or public space, incorporate 
this prefabricated elements that are easy to install.
- Minimize the loss of drainage capacity through good maintenance

WANDA•ATLETICO METROPOLITANO ARENA URBANIZATION PROJECT, 
ROADS AND PARKING (PAG.12•15)

- The presence of underground services, such as fi bre optics, electrical and 
telephone cables, or drainage pipes.
- Maintenance of the public space.
- presence of archaeological or environmental elements in the subsoil.

WANDA•ATLETICO METROPOLITANO ARENA URBANIZATION PROJECT, 
ROADS AND PARKING

Co-fi nanced by the EU through the LIFE Programme



DISTRICT SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE FOR COMBINING WITH OTHER SOLUTIONS

MEASURE ELEMENTS

WATER COLLECTION AND STORAGE
Include rainwater collection and storage 
systems in public spaces

AG
08

To mitigate the effects of climate change through design, moderating 
the rise in the temperature of the planet and the waste of energy and 
water resources. 
They bring the following benefi ts:

- Improvement of the environmental comfort by regulating temperature 
and humidity. 
- Reduction of the heat island effect due to the evaporation of water 
accumulated in the subsoil.
- Reduction of fl ooding due to torrential rains by increasing permeable 
surfaces.
- Integrate rainwater treatment into the urban landscape.
- Protect water quality by reducing the effects of diffuse pollution, rea-
ching pollutant removal effi ciencies close to 70% for hydrocarbons, 50% 
for phosphorus, more than 65% for nitrogen and more than 60% for 
heavy metals (Wilson, S. et al., 2004).
- Increase in available water resources, as the demand for drinking 
water supply decreases.
- Water self-suffi ciency, using rainwater for non-consumptive uses (toilet 
cistern, washing machine, cleaning and watering the garden, etc.), 
reducing domestic consumption of drinking water and expenditure per 
dwelling.
- Improving sociability, adding new meeting places and community use.

Aim
Incorporate rainwater harvesting elements both in new urbanizations 
and in renovations, for streets and other public spaces. The collected 
water is retained and stored, either to be infi ltrated into the ground, ac-
cumulating in the subsoil, or to be transported to other places for re-use. 

This will allow a shared management of water as a resource, allowing 
neighborhoods to participate directly in the construction and maintenan-
ce of local water supplies.

Why?

¿Cómo?

CATALOGUE OF URBAN DESIGN SOLUTIONS GUD ▪ LUGO

The solution means to transform current rainwater collection, which 
seeks the quick evacuation of urban runoff using a system of impermea-
ble surfaces and gutters connected to the sewers, into a network that 
collects the water from urban runoff. The two main strategies related 
to volume management are to increase the permeable area or divert 
runoff from impermeable surfaces to the green infrastructure system for 
storage.

Some of these solutions and strategies are:

01 PERMEABLE FILTERING PAVEMENTS
There are numerous types of permeable fl ooring that have been deve-
loped in fi le AG05. As a strategy for capturing and storing water, we are 
interested in those pavements that act as fi lters, but do not infi ltrate the 
soil, but rather capture, retain in subsurface layers and take it to tanks 
for non-consumptive uses. They can collect 60% of the runoff.

02 EXTENSION OF CAPTING SURFACES
Redesign the evacuation of roof downspouts or impermeable elements 
annexed to the building (pergolas, canopies, etc.) in order to direct the 
volume of water towards the tanks.

03 COLLECTIVE TANKS
Closed structures where the water captured in the common spaces is 
stored. There are different designs with sizes according to the average 
precipitation of the area where they are located. 
Some can improve water quality by means of fi ltration/depuration 
systems, or be implemented with a control of the fi lling start (the fi rst 
10 minutes of rain do not accumulate, cleaning the surface to capture 
contaminants).

They can be:
- Buried tanks for gravity capture and use by pumping.
- Surface layers

AG
08

WATER 
COLLEC-
TION AND 
STORAGE

EC
03

RECYCLED / 
DECONTAMI-
NANT MATERIAL 
FLOORS

INDICATOR
Decrease in energy consumption through rainwater harvesting 
(∆CE)
SECONDARY INDICATOR
Water self-suffi ciency 

UNIT

I1: m2 of collector surfaces → ∆CE
I2: % reduction in invoiced water

MINIMUM GOAL

I1: >60% of m2 of collector roofs
I2: 5% Decrease in the volume of water invoiced
>35% AH for non-consumptive uses
DESIRABLE GOAL

I1: >95% of m2 of collector roofs
I2: 15% Decrease in the volume of water invoiced
>50% AH for non-consumptive uses

MEASURE METHOD / FORMULA

I1:∆CE: [ A x B]
A: m3 caught
B: Energy consumption in MWh per m3 treated at the WWTP
I2:AH (%): [A / B] x 100
A: Rainwater collection potential
B: total water consumption

AC
11

CYCLING 
INFRASTRUC-
TURE WITHIN
SUPERBLOCKS



AGENTS INVOLVED

WHAT SHOULD WE CONSIDER FOR ITS IMPLEMENTATION?

PLANNING LEVEL

EXAMPLES

Urban planning
public space restoration plans (parking spaces, roads)
Mobility plans

POSSIBLE ACTIONS PROMOTED BY THE ADMINISTRATION

Local government technicians
Provincial / General administration technicians
Natural spaces or water resources agents

- Social and/or economic bonuses to favour their implementation.
- Incorporate into regulations, rules relating to saving and effi ciency in the 
use of water.
- Converting public centers into places of "good practice", as an example of 
effi cient water use.
- Replace as many m3 of drinking water as possible with volumes of water 
reused with tertiary treatment.
- Create a database on the characteristics of users, their consumption and 
the facilities available.
- Minimize breakdowns, through good maintenance in drainage systems.
-In new developments or restoration in roads or public space, incorporate 
this prefabricated elements.

COOPELLUVIA: FACILITATING A NEW URBAN WATER COMMONS

DEPÓSITO PLUVIAL DEL PARC DE LES RIERES D’HORTA

- The water regime of the area
- Surface water reservoirs depending on the design may not be very attrac-
tive in the urban landscape.
- Maintenance and cleaning tasks are required

Canal Park, Washington, District of Columbia 
Fuente: https://www.landscapeperformance.org/case-study-briefs/canal-park

Georgetown University's Pedro Arrupe, 
S.J. Hall, 2016.

Can Cortada Urbanization, Barcelona
Fuente: www.GreenBlueManagement.com

Co-fi nanced by the EU through the LIFE Programme



DISTRICT SCALE INTERVENTION

ISSUES AFFECTED

COMMUNITY INFILTRATION SYSTEMS
Rainwater retention and infi ltration ele-
ments located in community spaces.

AG
09

To mitigate the effects of climate change through design, moderating 
the rise in the temperature of the planet and the waste of energy and 
water resources. 

They bring the following benefi ts:

- Improve environmental comfort regulating temperature and humidity. 
Reduction of the heat island effect due to the evaporation of water accu-
mulated in the subsoil.
- Reduce fl ooding due to torrential rains.

Aim
Incorporate retaining and infi ltrating rainwater elements in new or reno-
vated residential areas or public spaces.

Why?

How?

CATALOGUE OF URBAN DESIGN SOLUTIONS GUD ▪ LUGO

- Reduce volumes of runoff and peak fl ows that end up in the network 
of collectors and the treatment plant to avoid overloading the sanitation 
infrastructure.
-Integrate rainwater treatment into the urban landscape.
-Protect water quality by reducing the effects of diffuse pollution.
-Improve the health of urban vegetation.
-They generate social benefi ts by creating attractive meeting and leisure 
spaces.

DIAGRAM OF RAINWATER RETENTION AND INFILTRATION ELEMENTS LOCATED IN COMMUNITY SPACES

This involves transforming the current rainwater collection, which seeks 
the quick evacuation of urban runoff that is based on a system of im-
permeable surfaces and gutters connected to the sewers, into a system 
that retains and infi ltrates the water from urban runoff using a set of 

SUITABLE FOR COMBINING WITH OTHER SOLUTIONS

MEASURE ELEMENTS

AG
01

NATURAL 
DRAINAGE 
NETWORK

EV
01

UGI
PRIMARY 
SYSTEM

EV
02

URBAN
FOREST

INDICATOR
Reduction of energy consumption by infi ltration or capture of 
rainwater (∆CE)

SECONDARY INDICATOR
% of permeable pavement in the street

UNIT

m2 of permeable pavement on calle→ ∆CE

MINIMO GOAL

>60%

DESIRABLE GOAL

>95%

MEASURE METHOD / FORMULA

(I1) ΔCE = [A x B]
A: m3 infiltrated
B: Energy consumption in MWh per m3 treated at the WWTP
(I2) % = [A / B]
A: m2 of permeable pavement
B: total area



AGENTS INVOLVED

WHAT SHOULD WE CONSIDER FOR ITS IMPLEMENTATION?

PLANNING LEVEL

Urban plans
Reform of community spaces
Special plans (university campuses, hospitals)

POSSIBLE ACTIONS PROMOTED BY THE ADMINISTRATION

Local government technicians
Natural areas or water resources agents
Neighbourhood communities
Associations and cooperatives
Real estate developers
Maintenance companies
Design and planning team

- The presence of underground services, such as fi ber optics, electrical and 
telephone cables, or drainage pipes.
- Maintenance of community areas.
- The permeability of the soil, recommending the performance of relevant 
geotechnical tests to verify the fi ltering capacity of the soil.
- It is not recommended in areas with unstable soils or zones with risk of 
contamination (industry, etc.).
- It is necessary to check that the water table is at least 1.2 m below the 
base of the system.

- Mapping of available free soils with high infi ltration capacity
- Provide tools for the calculation of collection and reception volumes

USE SUDS DESCRIPTION AND 
BENEFITS

PHYSICAL DATA PURPOSE

FREE 
COMMUNITY 
SPACE

01INFILTRATION BASINS

MICRO-POND (PERMA-
NENT WATER VOLUME 
< 20%)

EXTENDED PONDS 
(PERMANENT WATER 
VOLUME>50%)

▪ Surface reservoirs that 
retain, infiltrate and purify 
runoff water from other 
areas.
▪ Regenerates the 
landscape, increases 
groundwater resources 
and decreases the risk of 
flooding.

Width: 3 to 5 m
Ratio of pond length to pond width: 3/1 or 5/1
Depth: 1,2 to 2m
Slope: 25 to 35 %,
Collected area>30 ha. For micro-ponds we recommend s>4 ha
Slope< 15%.
They must be designed to store a temporary and/or permanent volume that must be 
100% evacuated within 48 hours of precipitation.

►Sizing of a pond
Estimated volume to store the fl ood
V= 0,5 Tb (Qme - Qevac)
Tb (s) = base time of the input hydrograph
Qme (m3/s) = maximum fl ow rate of the input hydrograph
Qevac (m3/s) = maximum fl ow that can be evacuated by the discharge chamber

RETENTION
INFILTRATION
DEPURATION

FREE COMMU-
NITY SPACE, 
UNDER ROAD OR 
PARKING AREAS, 
ROUNDABOUTS, 
FOOTBALL 
FIELDS.

02 INFILTRATION BASINS ▪ Structures that infiltrate, 
retain and reuse runoff 
water.
▪ Increases groundwater 
resources, recharges 
aquifers, and decreases 
flood risk.

Depth: 1, 5m
25 < slope <35%.
Collected area > 10 ha
The base should be as fl at as possible. It must be verifi ed that they are able to 
infi ltrate 50% of their volume in 24 hours in order to receive new rain events.

►Sizing of a tank
Vafl  (t) = 0.001 C i A t Volume of accumulated effl uent in m3 (Vafl )
Vinf (t) = 0.001 f Cs Ae t Infi ltration volume in m3 (Vinf)
C= Runoff coeffi cient; A= surface m2; i= rain intensity (mm/h); t= accumulated time 
in hours.
f= infi ltration capacity (mm/h); Cs= safety coeffi cient (1-0,3).
Ae= pond area (m2).
The storage volume will be: Valm = Max (Vafl  (t) - V inf (t)
The average depth of the pond shall be: h = Valm/ Ae

RETENTION
INFILTRATION

nature-based elements that, working together, manage to infi ltrate 
signifi cant volumes of water into the subsoil.
In addition to the elements and techniques developed in AG06, there 
are two other structures which, due to their larger dimensions, are ideal 
for community spaces in residential areas, industrial or technological, 
educational or health areas, leisure and tourism complexes, parks and 
green areas.

01 RETENTION PONDS
Water retention and storage area for infi ltration, made up of artifi cial 
ponds with permanent layers of water and vegetation, both aerial and 
aquatic.

02 INFILTRATION TANKS
These are shallow, closed, irregularly shaped depressions or reservoirs 
in permeable soils designed to temporarily store, purify, and gradually 
infi ltrate rainfall runoff from nearby impermeable surfaces.

Usually constructed using high-strength geocellular systems, or plastic 
modules with a high void rate able to support road traffi c. If they are 
covered with vegetation, it must tolerate fl ooding.

CATALOGUE OF URBAN DESIGN SOLUTIONS GUD ▪ LUGO



EXAMPLES

JORNADAS SUDS 2017 OBSERVATORIO DEL AGUA. RETOS Y FUTU-
ROS EN ESPAÑA

SUDS , GESTIÓN URBANÍSTICA, AYUNTAMIENTO DE BARCELONA

Retention Ponds in Parque Joan Revéntos and infi ltration deposits in Parque de las Rieras de Horta.
Source: Gestión Urbanística, Ayuntamiento de Barcelona,SOTO FERNÁNDEZ, R. (2016),

Co-fi nanced by the EU through the LIFE Programme





DIAGRAM OF ARTIFICIAL WETLANDS AND TREATMENT PLANTS

DISTRICT SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE FOR COMBINING WITH OTHER SOLUTIONS

MEASURE ELEMENTS

COMMUNITY WWTS
Integration of rainwater retention and 
purifi cation elements in community 
areas

AG
10

- They reduce the risk of fl ooding by reducing the volumes of runoff.
- Increase groundwater resources through infi ltration, and improve their 
quality, avoiding contamination of aquifers.
- They help to recover, increase or create ecosystems and habitats, 
favouring biodiversity.
- Improve the urban landscape, increasing the value of the areas where 
they are inserted.

Aim
Include surfaces and elements able to infi ltrate rainwater into the terrain 
both in public or community areas in new or renovation projects.

Why?

How?

CATALOGUE OF URBAN DESIGN SOLUTIONS GUD ▪ LUGO

01 BIOLOGICAL TREATMENTS (PHYTODEPURATION)
Green fi lters or artifi cial wetlands
 
These are natural purifi cation systems for both runoff water and the 
drainage of small residential areas or camping sites (< 2000 inhab) 
and effl uents from installations such as purifying plants, livestock 
installations, warehouses, etc., based on "irrigation". Depending on the 
direction of the water they can be vertical or horizontal, but depending 
on the substrate and vegetation they are classifi ed into: surface and 
horizontal fl ow, with macrophytes in fl otation and fl oating species, or 
sub-surface fl ow.

02 WETLANDS
These are depressions in the ground or shallow reservoirs, covered with 
aquatic vegetation with a permanent sheet of water. They are designed 
to temporarily retain rainwater, allowing the sedimentation of suspen-
ded solids and the removal of contaminants through the intervention of 
vegetation (between 60-90% of contaminants).
Their high infi ltration capacity makes them appropriate where there are 
large volumes of runoff. They can be integrated both in new develop-
ments and in urban environments.

► AQUATIC PLANTS: 

EMERGING MACROPHYTES
• Typha spp. (FamilyTyphaceae) 
• Phragmites australis (Cav.) Trin. ex Steudel (= P. communis Trin.)

REEDS: SCIRPUS SPP
• Scirpus lacustris L. 
• Scirpus holoschoenus L. 
• Scirpus validus Vah. (= Schoenoplectus tabernaemontani C.C. Gme-
lin) Palla)

FLOATING PLANTS
• Eichhcornia crassipes (Martius) Solms (water hyacinth)
• Lemna spp. EV

02
URBAN
FOREST EC

01
LOCAL 
COMMUNITY 
GARDENS

INDICATOR
Reduction of energy consumption per m3 taken from the WWTP 
(∆CE)

SECONDARY INDICATOR
Quality of surface and groundwater masses

UNIT

(I1): Reduction of energy consumption per m3 that does not go to 
the WWTP (ΔCE)
(I2): Quality of surface and groundwater 

MINIMUM GOAL

(I1) 100% treated wastewater
(I2) Compliance with the water quality required by the regulations
DESIRABLE GOAL

(I1) 100% treated wastewater
(I2) Zero discharge of polluted water into the environment

MEASURE METHOD / FORMULA

(I1) ΔCE = [A x B]
A: m3 of treated water
B: Energy consumption in MWh per m3 treated at the WWTP

AC
10

HEALTHY 
STREETS 
WITHIN SUPER-
BLOCKS



AGENTS INVOLVED

WHAT SHOULD WE CONSIDER FOR ITS IMPLEMENTATION?

PLANNING LEVEL

EXAMPLES

Development urban plans
Renovation of community spaces
Special plans (university areas, hospitals)

POSSIBLE ACTIONS PROMOTED BY THE ADMINISTRATION

Neighbourhood Communities
Associations and cooperatives
Real estate developers
Maintenance companies, infrastructures, waste, etc.
Design and planning team

- It is recommended to guarantee the presence of a permanent sheet of 
water and a constant fl ow to ensure the good condition of the vegetation. 
This fl ow can sometimes come from other SUD systems or from the effl uent 
of a WWTP.
- Low runoff velocities are needed to allow enough time for purifi cation and 
infi ltration.
- In 24 hours they must evacuate 100% of the runoff water, and it is required 
to consider a spillway as a safety system in the design.
- Maintenance must guarantee the elimination of solids, the regular cleaning 
of the entrance and exit of the system and the control of vegetation.

LA GAVIA PARK, MADRID. TOYO ITO

HAMMARBY SJÖSTAD, SUSTAINABLE DISTRICT. SUECIA

ENSJØBYEN ECOLOGICAL DISTRICT

- List of contaminants and advice on plants that can purify them.
-Volume of wastewater inhab/day

USE SUDS DESCRIPTION AND BENEFITS PHYSICAL CHARACTERISTICS PURPOSE
FREE COMMUNITY SPACE 01 GREEN FILTERS ▪ Surface ponds with a permanent water reservoir that retain and 

purify sanitation water.
▪ They can be:
Surface fl ow: surface water fl ow, visible water and vegetation
Sub-surface fl ow: water fl ow under the surface, through an inert 
medium, sand and gravel of variable thickness, which act as 
substrate for vegetation. Non-visible water sheet.

A 120 m2 macrophyte fi lter can purify 
the water of 75 inhabitants.

RETENTION
DEPURATION
REUSE

FREE COMMUNITY SPACE, 
ROUNDABOUTS AND AREAS OF 
INFRASTRUCTURE EASEMENT, 
PUBLIC SPACES OR AS 
RECEIVING ELEMENTS OF OTHER 
SUD SYSTEMS.

02 WETLANDS ▪ Surface ponds with a permanent reservoir of water that retain, 
infiltrate and purify runoff water from other areas.
▪ Regenerates the landscape, increases groundwater resources 
and improves water quality.

Width> 5 m
Depth: variable max. 5m (height 
difference 0,9 to 1, 5m)
Surface area approx. > 10 ha

RETENTION
DEPURATION
INFILTRATION

TWO EXAMPLES OF ARTIFICIAL WETLANDS

The fi rst case is made of a surface detention tank where the grass 
Purifi es the runoff. In the second example, the purifi er consists of an 
anaerobic digester, a vertical subsurface fl ow wetland and 3 horizontal 
subsurface fl ow wetlands in parallel. 

Source: http://sedaqua.com

ENSJØBYEN ECOLOGICAL NEIGHBOURHOOD: DIAGRAM OF THE WETLAND WATER COLLECTION AND TREATMENT SYSTEM IN TIEDEMANNSPARKEN, OSLO

Co-fi nanced by the EU through the LIFE Programme



CITY SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE FOR COMBINING WITH OTHER SOLUTIONS

MEASURE ELEMENTS

WATER STORAGE AREAS
Include rainwater storage elements in the 
network of public and natural spaces

AG
11

To mitigate the effects of climate change, increasing the resilience 
capacity of the territory against water imbalances (increased periods 
of drought and torrential rains), minimizing the risks of erosion, subsoil 
pollution and waste of energy and water resources.

The progressive degradation and diminution of freshwater reserves 
worldwide makes it necessary to take steps to increase the quality and 
quantity of available water resources.

Transforming public spaces and river and natural corridors into a place 
of collection and storage of runoff has a high incidence:
- Decreasing fl ooding due to torrential rains
- Reducing energy consumption by not discharging the accumulated 
volume of water onto the sewerage networks, reducing the fl ows that 
have to be evacuated and purifi ed.
- Integrating rainwater treatment into the urban landscape.
- Protecting water quality by reducing the effects of diffuse pollution.

Aim
Many cities have natural elements (rivers, streams, ponds, wetlands, 
etc.) that can increase water collection and storage capacity, enriching 
the municipal natural heritage by re-naturalising their watercourses 
and/or linking water storage to the public space network and its future 
design.

Why?

How?
► 01 MANAGEMENT OF EXISTING WATER RESERVES 
Based on the restoration of existing water resources, the recovery of 
degraded or disappeared natural ecosystems and/or the creation of 
new ones through:
-Restoration of riverbanks and recovery of riparian systems

CATALOGUE OF URBAN DESIGN SOLUTIONS GUD ▪ LUGO

-Recovery of natural courses: opening of piped channels, elimination of 
channelling works or physical barriers, dams, etc. ("returning rivers to 
their natural space")
-Segregate fl ood areas from watercourses, controlling fl ood plains as a 
control and risk management. It is not a question of seeking no fl ooding 
at all, but of fl ooding in a controlled manner where the least harm is 
produced and where the greatest environmental benefi ts are generated.
- Topographical modifi cations that make it possible to value the existing 
geography as depressed places, small watercourses, places for storing 
runoff (green cords linked to watercourses, lamination ponds, bio-reten-
tion areas, etc.).

► 02 PLANNING THE PUBLIC SPACE AND THE WATER CYCLE 
TOGETHER
Redesign the city's network of public spaces, linking their design and 
management to the regulation of the water cycle. 

► 03 DESIGNING A SUPERFICIAL STORAGE NETWORK (TEMPO-
RARY AND PERMANENT)
Urban and periurban parks, sports fi elds and gardens are ideal places 
to consider temporary or permanent water storage, due to their size, 
public ownership and maintenance system to create ponds or lamina-
tionn basins.

► 04 DESIGN AN UNDERGROUND RESERVE NETWORK
For the storage and re-use of rainwater, formed by closed structures 
where the water collected in the common spaces is stored, both in 
permeable or impermeable layers.

They admit a wide range of designs and materials, based on their 
size according to the average precipitation of the area where they are 
located. Some can improve water quality through fi ltration/depuration 
systems, and can be implemented with a control of the fi lling start (the 
fi rst 10 minutes of rain do not accumulate, cleaning the surface to cap-
ture contaminants).

INDICATOR
Reduction of energy consumption per m3 taken from the WWTP 
(∆CE)
SECONDARY INDICATOR

Water Self-suffi ciency 

UNIT

(I1) m2 of retention area in public and natural space→ ∆CE
(I2) % reduction in invoiced water

MINIMUM GOAL

(I1) > 60% of m2 
(I2) >5% of AH (> 35% of AH for non-consumptive uses)

DESIRABLE GOAL

(I1) > 95% of m2 
(I2) >15% of AH (> 50% of AH for non-consumptive uses)

MEASURE METHOD / FORMULA

(I1) ΔCE = [A x B]
A: m3 caught
B: Energy consumption in MWh per m3 treated at the WWTP
(I2) AH = [A / B] x 100
A: rainwater harvesting potential
B: total water consumption
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AGENTS INVOLVED

WHAT SHOULD WE CONSIDER FOR ITS IMPLEMENTATION?

PLANNING LEVEL

EXAMPLES

Building project
Plotting and urbanization project

POSSIBLE ACTIONS PROMOTED BY THE ADMINISTRATION

Design team
Private Owner
Neighbourhood Communities

- Mapping the network of natural areas (Ramsar, Biosphere Reserve, etc.)
- Map the network of public spaces with storage capacity: peri-urban parks, 
fl oodable areas of urban watercourses, large urban parks or wooded areas, 
sports tracks, etc.

ENVIRONMENTAL RECOVERY OF THE RIGHT BANK OF THE RIVER ORIA, 
LASARTE-ORIA TOWN COUNCIL (GUIPÚZCOA) 

COPENHAGEN CLIMATE ADAPTATION PLAN, COPENHAGEN 
CLOUDBURST MANAGEMENT PLAN - 300 PROJECTS

BENTHEMPLEIN WATER SQUARE

- The water regime in the area
- The characteristics of the subsoil
- Coordination with the policies and plans of the hydrographic control 
authority
- The quality of surface waters and possible sources of pollution
- The existence of environmental precautions with respect to fl ora and fauna
- It is necessary to face tasks of maintenance and cleaning of the channels
- The high initial cost arising from the acquisition of land, the production of 
technical reports or the need for hydraulic engineering works.
- Confl icts between uses and sectorial policies (Hydrological Plans, urban 
plans).

LAGO
V= 300.000m3

Q200=6 m3/seg

Q=4,5 m3/seg15mQ=0,06 m3/seg

Q=1,5 m3/seg

LAGO
V= 300.000m3

Q200=6 m3/seg

Q=6 m3/seg

Q=0,06 m3/seg

DISMINUCIÓN DEL VOLUMEN DE LA PRESA
MEDIANTE ISLAS ARTIFICIALES

ACTUACIONES PAISAJISTICAS
EN EL TERRENO NATURAL
DE RETENCIÓN DE AGUA

EN CASO DE ROTURA DE PRESA
V =45.000m3

RESTAURACIÓN DEL RÍO EN EL ENTORNO URBANO, 
MEDIANTE LA CONSTRUCCIÓN DE UN PARQUE LINEAL

URBAN/LANDSCAPE PROJECT AND STRATEGIC PLAN FOR FLOOD PREVENTION THROUGH WATER MANAGEMENT AND RIVER RESTORATION IN THE PERI-
URBAN ENVIRONMENT OF KJØRBEKKDALEN, SKIEN. Source: Celia Martínez Hidalgo and Marja Skotheim Folde, Skien Council, Norway. 

EXAMPLES OF SURFACE AND UN-
DERGROUND STORAGE (TEMPORARY 
AND PERMANENT) LINKED TO THE 
NETWORK OF PUBLIC SPACES:

Skatepark in Roskilde, Denmark

White balance - COP15, SLA

Nørresundby Urban Garden, SLA

Co-fi nanced by the EU through the LIFE Programme



CITY SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE FOR COMBINING WITH OTHER SOLUTIONS

RETENTION AND INFILTRATION AREAS

Favour water retention and infi ltration into 
the network of natural spaces.

AG
12

To mitigate the effects of climate change, increasing the resilience of 
the territory against water imbalances (increased periods of drought and 
torrential rains), minimizing the risks of erosion, subsoil pollution and 
waste of energy and water resources. 
The progressive degradation and diminution of freshwater reserves 
worldwide makes it necessary to take measures to increase the quality 
and quantity of available water resources. 

Transforming public spaces and river and natural corridors into a place 
of catchment and storage of runoff has a high incidence:
- Reducing fl ooding due to torrential rains
- Protect water quality by reducing the effects of diffuse pollution.
- Improving the landscape
- Increasing biodiversity and ecological connectivity
- Improvement of the quality of the soil and groundwater to the terrain.

Aim
Encourage greater infi ltration of runoff waters in permeable areas, such 
as peri-urban agricultural or forest soils, river corridors and large parks.

Why?

How?
Surface water management is necessary wherever water erosion is a 
risk and where control of its fl ow is required by erosion of the bed or 
banks.

Water harvesting on agricultural land or on peri-urban slopes can be 
part of a schedule to protect against erosion of soils, aquifers and 
improve landscape quality.

MEASURE ELEMENTS

INDICATOR
Water self-suffi ciency (AH)

UNIT

%

MINIMUM GOAL

5% Decrease in the volume of water invoiced for irrigation

DESIRABLE GOAL

15% Decrease in the volume of water invoiced for irrigation

MEASURE METHOD / FORMULA

AH = [A / B] x 100
A: rainwater harvesting potential
B: consumption of irrigation water (agricultural-forestry)

CATALOGUE OF URBAN DESIGN SOLUTIONS GUD ▪ LUGO

LANDSCAPE ACTIONS THROUGH EARTHWORKS FOR THE CONTROL OF 
SURFACE WATERS.

Source: https://www.agric.wa.gov.au/water-erosion/surface-water-
management
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AGENTS INVOLVED

WHAT SHOULD WE CONSIDER FOR ITS IMPLEMENTATION?

PLANNING LEVEL

EXAMPLES

General and development urban plans
Supramunicipal, agricultural and natural resources plans

POSSIBLE ACTIONS PROMOTED BY THE ADMINISTRATION

Involved Agents
Local government technicians
Province/general Technicians
Agents of natural spaces, water resources, agriculture, etc...
Maintenance, infrastructures or waste companies.
Landscape and planning team
Agricultural and forestry engineering

- Social and/or economic bonuses to favour their implementation.

LANDSCAPE ACTIONS THROUGH SURFACE WATER EARTHWORKS IN THE 
LANDSCAPE, AUSTRALIA

WATER HARVESTING IN DRY ENVIRONMENTS

RAINWATER HARVESTING AND STORAGE. TECHNICAL OPTIONS FOR FAMILY 
FARMING IN LATIN AMERICA AND THE CARIBBEAN

- The rainfall regime and the watercourse fl ows.
- The physical characteristics of the land
- The level of the water table
- Irrigation requirements of crops and plantations
- A permeable soil is essential for its implantation.
- They can be used in networks, connected to each other and/or to large 
drainage areas. It is not advisable to use them in areas with contaminated 
soils, as they would produce a diffusion of waste or harmful substances.
- Its size will depend on the fi ltering capacity of the soil and the rainfall 
conditions of the site.

USE DUS DESCRIPTION AND BENEFITS PHYSICAL CHARACTERISTICS PURPOSE

FLUVIAL WATERCOURSES 01FARM DAMS Water retention zones that retain perma-
nent watercourses, enlarging the water 
sheet.

Dimensions according to geography.
They are built locating small elements of detention (dams, 
vegetal barriers, motes of earth).

RETENTION

POLICE AREAS OF 
WATERCOURSES, FOREST 
AREAS, LARGE PARKS

02 EXCAVATED TANKS Natural or artifi cial depressions that 
temporarily retain runoff until it becomes 
infi ltrated.

Dimensions depending on the river basin (micro-basins).
They are built using small topographical modifi cations and 
locating small elements of detention (dams, plant barriers, 
ground motes).

RETENTION

INFILTRATION

ON AGRICULTURAL LAND, 
FOREST LAND AND/OR 
NATURAL OR PUBLIC 
SPACES ON HILLSIDES

03 CONTOUR BANKS Shallow fi ltering ditches intercepting runoff 
from inclined slopes

Width>6m
Depth >1,5 m
Slope long.<10%

RETENTION

INFILTRATION

04 GRASSED WATERWAYS Large shallow fi ltering ditches intercept 
runoff from grassland-covered agricultural 
areas.

Width>6m
Depth >1,5 m
Slope long.<10%

RETENTION

INFILTRATION

RIVER CHANNELS RAVI-
NES AND RUNOFF AXES

05 COLLECTING RAINWATER 
ALONG A RUNOFF LINE

Actions in the landscape using fi ltering 
trenches following the contour lines

RETENTION

INFILTRATION

06 COLLECTING RAINWATER 
ON A SLOPE

Actions in the landscape using permeable 
stone dams, with lateral stone borders, 
perpendicular to the runoff line or river 
course.

RETENTION

INFILTRATION

RAINWATER HARVESTING AND STORAGE :
OPTIONS AND TECHNIQUES FOR AGRICULTURE AND FORESTRY. Source: see examples

Co-fi nanced by the EU through the LIFE Programme



CITY SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE FOR COMBINING WITH OTHER SOLUTIONS

MEASURE ELEMENTS

PURIFICATION OF RUNOFF IN RIVER CORRI-
DORS/WATERCOURSES
Inclusion of water purifi cation buffer 
spaces before river corridors

AG
13

To improve the quality of urban rivers and their fl ood plains. Favouring 
biodiversity and extending the community's natural heritage.

► Main benefits:
- Regulation of the hydrological cycle
- Better adaptation to climate change, improving fl ood control
- Prevention of surface water and groundwater pollution by reducing the 
effects of diffuse pollution and improving water quality.
- Increase in biodiversity
- Improvement of soil quality
- Improvement of river ecosystems
- Enhancing biodiversity and ecological connectivity
- Improvement of the perception of the landscape and of the city-rail 
relations.

Aim
Retain, sediment and purify solids and pollutants from urban runoff, 
agriculture and cattle farming before reaching natural watercourses.

Why?

How?

Llanura de inundación T=500 años

Espacios amortiguadores

CATALOGUE OF URBAN DESIGN SOLUTIONS GUD ▪ LUGO

USE DUS DESCRIPTION AND BENEFITS PHYSICAL DATA PURPOSE
MAIN WATERCOURSES 01 BUFFER ▪ Filtering buffer space along the 

channel
Stripes of riparian vegetation and fl uvial 
environments on both banks, with a 
minimum width overlapping with the 
hydraulic public domain and protection 
area.

RETENTION
INFILTRATION
DEPURATION

RIVERBEDS, RIVERBANKS, FLOOD PLAINS 
(T=500 YEARS) AND NATURAL URBAN 
RUNOFF LINES

02 WETLAND ▪ Elements designed to imitate the 
processes and vegetation of natural 
wetlands

They admit a multitude of designs, from 
re-naturalised spaces to urban gardens, 
located above the natural drainage lines 
of the basin, prior to their discharge 
into the natural riverbed and/or into the 
riverbed.

RETENTION
INFILTRATION
DEPURATION

Through the insertion of a buffer space along the main watercourses, 
which implies their re-naturalisation in the urban environment. It will be 
formed by a sequence of strips from the riverbed, of riparian vegetation 
and typical species from the fl uvial environments on both banks that will 
fi lter the water from the urban runoffs, just like "kidneys".

The protected area extends the width of the Public Water Domain with a 
strip of 100 m on each side, where land use and activities are regulated. 
It will favour reforestation and natural soil cushioning, creating a large 
buffer space for runoff, which like a "sponge" retains, fi lters and infi ltra-
tes the purifi ed water into the subsoil.

Within the riverbed, in the secondary riverbeds and in the runoff lines, 
naturalization will be supported with the addition of green fi lters and 
artifi cial wetlands that recreate the natural fl uvial systems, extending the 
buffer zone to the fl oodplain for a return period of 500 years.
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INDICATOR
Reduction of energy consumption per m3 taken from the WWTP 
(∆CE)
SECONDARY INDICATOR
Treated water

UNIT

(I1) m2 of buffer spaces → ∆CE
(I2) %
MINIMUM GOAL

(I1) Purify 100% of wastewater
(I2) Fulfi llment of water quality required by regulations
DESIRABLE GOAL

(I1) Purify 100% of wastewater
(I2) Achieve zero discharge of polluted water into the natural 
environment
MEASURE METHOD / FORMULA

(I1) ΔCE = [A x B]
A: m3 of treated water
B: Energy consumption in MWh per m3 treated at the WWTP
(I2) % = [A / B]
A: m3 treated water
B: m3 of rainwater



CAUCE AGUAS BAJAS

ACOLCHADO VEGETAL 
DUFF LAYER MÁXIMA CRECIDA ORDINARÍA

100 M

ZONA DE POLICIA

DOMINIO PÚBLICO HIDRÁULICO (D.P.H.)

RIBERA RIBERA

ZONA DE SERVIDUMBRE

5 M

100 M

ZONA DE POLICIA

ZONA DE SERVIDUMBRE

5 M

ACOLCHADO VEGETAL
DUFF LAYER

HUMEDALES 
ARTIFICIALES

HUMEDALES 
ARTIFICIALES

ESPACIOS AMORTIGUADORES (BUFFER)

AGENTS INVOLVED

WHAT SHOULD WE CONSIDER FOR ITS IMPLEMENTATION?

PLANNING LEVEL

EXAMPLES

General and development plans
Supramunicipal and natural resources plans

POSSIBLE ACTIONS PROMOTED BY THE ADMINISTRATION

Local government technicians
Province/ General administration technicians
Natural spaces or water resources agents.
Maintenance, infrastructure and waste companies. 
Design and planning team

- Defi ne the public hydraulic domain by the hydrological authority
- Acquisition of the necessary land along the channel, ensuring as a mini-
mum the space established as public domain hydraulic and police area
- Map runoff lines and points of discharge into urban and natural wastewater 
streams in the basin.

URBAN WETLANDS, HOLANDA

RIVER BUFFER ZONES, UNITED STATES

LOW IMPACT DEVELOPMENT (LID) CERTIFICATION FOR WETLANDS 
AND STREAMS

- The water regime
- Basin plans
- Flood plains (ordinary, 100 years old and 500 years old)
- The type of contaminants

DIAGRAM OF ELEMENTS FOR THE RETENTION AND PURIFICATION OF URBAN RUNOFF ALONG RIVER CORRIDORS.

Example of a wetland integrated into an urban park as a management system for contaminated runoff on the ground by industrial activity. Sour-
ce: http://www.hargreaves.com/work/chattanooga-renaissance-park/

Buffer in Rondout Creek, Accord, NY, 
Source: https://www.clearwater.org/green-cities/watershed-manage-
ment/rondout-creek-watershed-council/

Shanghai Houtan Park: Landscape as a Living System , wetland sys-
tem on terraces. Source: https://www.asla.org/2010awards/006.html

Co-fi nanced by the EU through the LIFE Programme
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CITY SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE TO BE COMBINED WITH OTHER SOLUTIONS

MEASURE METHOD

INDICATOR
Strategic action
(I1) Green area per inhabitant

UNIDAD

(I1) SvHab (m²/hab)

MINIMUM GOAL

(I1) SvHab > 10 m² / hab

DESIRABLE GOAL

(I1) SvHab > 15 m² / hab

MEASUREMENT METHOD / FORMULA

(I1) SvHab = [A / B]

A: Total green area (m²)

B: Number of inhabitants

URBAN GREEN INFRASTRUCTURE (UGI) 
PRIMARY SYSTEM
Planning of a basic and interconnected 
network of green spaces and elements

EV
01

Urban green infrastructure (UGI) aims to improve and enhance 
ecosystem services in the city. It includes urban green spaces (tree-
lined roads and streets, parks and gardens, green sports areas, 
urban orchards, etc.), other semi-natural or artifi cial elements (green 
facades and roofs, rain gardens, permeable pavements, etc.). It also 
incorporates new designs and more effi cient management models 
that emulate natural processes and improve urban biocapacity. Green 
Infrastructure is planning, and therefore it is based on objectives, taking 
as a reference the model developed in Vitoria-Gasteiz:

► Biodiversity: UGI aims to increase spatial connectivity.

► Ecosystem services: UGI boosts urban metabolism processes similar 
to natural ones, decreasing the consumption of natural resources.

► Ecosystem services: UGI seeks to create environments that favor the 
health, collective well-being and general liveability of cities.

► Climate change adaptation and mitigation: UGI aims to mitigate 
urban heat islands (UHI), favour CO2 capture through photosynthetic 
processes, increase the resilience of the urban environment and reduce 
its vulnerability.

► Sociality: UGI promotes the multifunctionality of public spaces, 
increasing opportunities for leisure and recreation, increasing 
accessibility and connections between urban and rural environments, 
preserving cultural heritage and traditional landscapes and fostering a 
sense of identity and belonging.

► Awareness: UGI establishes and communicates a certain relationship 
between nature-biodiversity and society, and particularly about 
ecosystem goods and services, including their economic valuation.

►Economy: UGI contributes to economic development through green 
employment.

Aim
To plan a primary and interconnected network of green spaces and 
elements acquiring an ecosystem functionality. This network will be 
transferable to urban planning and other instruments involved in the 
design and management of public space.

Why?
How?

Through the implementation of a primary system (PS) of urban green 
infrastructure (UGI) made up of the following features (Vitoria-Gasteiz 
case)

► Hubs (core elements): Areas with a high degree of wilderness and 
well preserved that are located on the periphery of a city (Urban Fringe 
or Peri-urban area).

► Nodes: Green spaces located in the inner city. These spaces are 
the structuring elements of the Urban Green System according to their 
location and/or size.

► Connectors (links): Linear element whose main function is to 
facilitate the connection between hubs (core elements) and nodes.

This Primary System, which would support and feed the rest of green 
spaces and the city itself, is proposed as a fi rst technical approach, 
allowing the incorporation of other visions and sectorial approaches 
to enrich it. The elements are those with the potential to fulfi l all or 
some of the ecosystem functions of the Primary System. In the city, all 
green areas, both urban parks and interstitial spaces associated with 
roads, streets or facilities, as well as empty plots (even those lacking 
vegetation with permeable soils), can be integrated into the Green 
Infrastructure.

The following table shows the components of the Primary System 
classifi ed by features.

N

N
N

EN

EN

EN

CATÁLOGO DE SOLUCIÓNS DE DESEÑO URBANO GUD-LUGO
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PEOPLE INVOLVED

WHAT SHOULD WE CONSIDER FOR ITS IMPLEMENTATION?

PLANNING LEVEL

EXAMPLES

Regional planning
Urban planning
Natural resource management plans

POSIBLE ACTIONS DEVELOPED BY THE ADMINISTRATION:

Local government technicians
Regional/General administration technicians
Water and natural resource managers, etc.

• Communication and awareness programme aimed at citizens and 
different social agents to foster their participation in defi ning the 
system and in establishing the means and urban transformations 
proposed in the city and in its districts
• Integration into the Urban planning system, taking into account its 
diversity of scales.
• Transformation and improvement of the elements contained in the 
system, through interventions adapted to each space in order to 
guarantee de whole functionality. 
• Periodic monitoring that provides information on the benefi ts 
afforded by the system and assessment of the effectiveness of the 
measures and actions carried out.

• It is an instrument for dealing with environmental problems 
through different solutions based on natural processes.
• Biodiversity is the backbone of the green infrastructure.
• It promotes the creation of ecological networks at different scales.
• It requires spatial and temporal planning and an adequate design.
• It is based on the collaboration between the different social 
agents: politicians, managers and the public.

CONAMA 2014, URBAN AND PERI-URBAN GREEN 
INFRASTRUCTURES

THE URBAN GREEN INFRASTRUCTRE OF VITORIA-GASTEIZ

HUBS, CORE ELEMENTS (EN) 
(NATURAL AND AGRICULTURAL GREEN BELT)

NODES (N) CONNECTORS (C)

Areas of largely undeveloped, wild, or agricultural land 
surrounding or neighboring urban areas (Urban Fringe 
or Peri-urban area).

Nodes are open spaces, located in the inner city, which 
can play a signifi cant structuring role in it, either by 
their size or by their location. When these nodes are 
selected, it is necessary to take into account not only 
their current characteristics and functional capacities, 
but also their potential.

They may be unbuilt spaces not intended for public 
use, but which may partially fulfi l some of the functions 
assigned to Green Infrastructure. The existence of 
vacant plots in developed land, especially in the new 
neighborhoods, offers the possibility of their temporary 
use as Urban Green Infrastructure. 

Linear elements whose main function is to serve as 
ecological corridors between the different hubs (core 
elements) and nodes that make up the Urban Green 
Infrastructure.

Many of these potential connectors are partially 
fragmented, so it is necessary to select sections to 
execute actions that favor their function of connection 
in the system.

(EN1) Green belt N1) PRIMARY NODES (C1) TREE-LINED STREETS

Natural or semi-natural environments, including green 
areas and the forms of water (e.g. those defined in the 
project 'Lugo + Biodinámico').

Large open spaces that are centrality references 
in a whole urban area and have a great ecological 
functionality. Some of these spaces make up the Open 
Spaces General System (according to Spanish techni-
cal terminology). [EV02 Solution]

Streets, urban roads with consolidated vegetation and a 
continuous tree-cover.
[EV03 Solution]

(EN2) AGRICULTURAL AREAS (N2) SECONDARY NODES (C2) CONECTORES FLUVIALES

Municipal agricultural lands are of great interest 
because they can promote conservation agriculture that 
favors biodiversity and ecological processes.

Open spaces that are neighborhood centrality 
references and have a lesser ecological functionality. 
Some of these spaces make up the Open Spaces Local 
System (according to Spanish technical terminology). 
[EV04 Solution]

Watercourses that cross the urban fabric at any point 
(in Lugo you can fi nd Rio Rato - da Chanca, Regueiro 
dos Hortos, Rego da Piteira, Rego Fervedoira...)
[Solutions AG01, AG11, AG12 and AG13]

(N3) DIFFUSE NODES (C3) NON-FLUVIAL CONNECTORS

Areas that do not have continuous and compact 
large green spaces, but in which there are (or can be 
introduced) green elements distributed in a dispersed 
manner, and therefore can fulfi ll the functions of the 
Green Infrastructure. [EV05 Solution]

Ring roads, avenues and railway routes.
[AC01 Solution]

EN1_River Rato - A Chanca (Lugo, Spain) N1_ Rosalia Park (Lugo, Spain) C1_Fingoi Ring Road (Lugo, Spain)

Co-fi nanced by the EU through the LIFE Programme
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CITY SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE TO BE COMBINED WITH OTHER SOLUTIONS

URBAN FOREST

Main node in the primary system of 
urban green infrastructure (UGI) 

EV
02

Since the creation of large urban parks throughout the 19th century, 
the continuous addition of landscaped areas has hardly left a mark on 
the urban landscape of cities. This neglect contrasts with the recent 
appreciation of peri-urban natural systems and the formation of large 
networks of connected public spaces with environmental quality. This is 
why historical models are currently being revised from a contemporary 
point of view. The ornamental and hygienic interest of the large parks 
is maintained in the powerful image of their valuable urban canopies, 
but the programmatic contents are updated giving these new spaces a 
democratic, revisionist and transforming vocation. Paradoxically, some 
historic parks have lost these qualities, going from being scenarios of 
an active urban life to becoming mere heritage references. 

The services intended by urban forests are:

► Urban landscape: The urban forest, as a revision of the historical 
urban park model, aspires to become a point of reference for the con-
temporary urban landscape.

►Liveability of public spaces: Vegetation, especially the trees, contribu-
tes to psychological well-being and reduces stress. If they are located 
close to sanitary facilities, they can become therapeutic spaces. The 
plant masses that make up these spaces can act as acoustic screens 
and filters, as well as protection against high wind. 

►Ecological connectivity: The tree cover constitutes the main stratum 
for the ecological connection in the urban complex. The continuity of 
canopies facilitates the free movement and dispersion of fauna, mainly 
birds and insects. Furthermore, vertical connectivity is ensured by the 
incorporation of the intermediate and lower strata. 

►Water Cycle: The existence of vegetation is necessarily associated 
with the presence of permeable surfaces, causing water infiltration and 
reducing runoff.

► Climate Change adaptation and mitigation: Vegetation captures CO2 
through the photosynthetic process. It also contributes to the mitigation 
of Urban Heat Island (UHI) phenomenon by being an effective buffer 
and fixes pollutant particles.

► Social cohesion: Urban parks are spaces conceived to be co-mana-
ged and for the involvement of users in their design, organisation and 
maintenance.

► Economy: The existence of trees and other types of vegetation im-
plies the generation of quality organic 'waste' for the production of other 
derived products such as compost or mulch. Vegetated surfaces allow 
these products to be incorporated into the soil as an improver or weed 
control mechanism. In the case of incorporating edible species, they 
contribute to the production of fresh and healthy food at the local level.

Aim
To create an urban green infrastructure (UGI) node in which plant ma-
terial and its social use acquire special relevance, so it must have the 
necessary means and facilities to combine both aspects.

Why?

How?
It will consist in the creation of vegetated areas with an extension of 
more than 0.5 Ha, with a tree cover of at least 70% of the free space 
of buildings, allowing a lower coverage due to the depth of the soil or 
other limiting factors. It will also include a high diversity of plant strata 
(understory, shrubs and ground cover).

However, during implementation it is necessary to propose participatory 
processes for its design, management and modifi cation, in order to link 
these spaces to their users and promote sociability in them.

CATÁLOGO DE SOLUCIÓNS DE DESEÑO URBANO GUD-LUGO

INDICATOR
(I1) CO2 Capture (CaCO2)

UNIT

(I1) T CO2 / year

MINIMUM GOAL

(I1) 24 T CO2/ha · year (minimum density 160 trees/ha)

DESIRABLE GOAL

(I1) Maximum possible tree density depending on the specifi c 
characteristics of the space.

MEASUREMENT METHOD / FORMULA

(I1) CaCO2 (T CO2·year) = [A x B]

A: number of trees in space

B: average capture value (0,15 T CO2/tree·year)

MEASURE METHOD
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Citizen Platform 'Bosque Urbano' 
Málaga (Spain)

BENEFITS OF URBAN FORESTS

HEALTHY SPACES Equipped with facilities that favor physical activity, such as pedestrian and cyclable paths.
CONNECTED SPACES Integrated in the urban context in which tthey are contained.
ACCESSIBLE SPACES Conceived under Universal Design criteria and DALCO requirements.
MULTIFUNCTIONAL SPACES Suitable for large events (concerts, shows, cultural performances, etc.)
GREEN SPACES Promotion of heterogeneity of plant masses in relation to strata (upper, middle, lower), species and ages. Diversifi cation of 

planting and sowing actions (basic reference for trees: 10-20-30 Rule for Tree Diversity by F. Santamour).
Incorporation of species resistant to urban atmospheric conditions (pollution, heat island effect, etc.); it is important to encourage 
the local production of plants in order to obtain varieties resistant to existing conditions. Exotic Invasive Species shall be discar-
ded, those catalogued or those potentially invasive.
Incorporation of edible species or species with traditional ethnobotanical uses, as well as spaces for community gardens (EC01).
Drafting of Tree Master Plans that address one or several urban parks and/or urban forests, including the corresponding mainte-
nance, conservation and management programs (risks, special trees, etc.).

BLUE SPACES Incorporation of Nature-based Solutions (NBS), including Sustainable Urban Drainage Systems (SuDS, particularly solutions 
AG10 and AG13) in order to reduce rainfall fl ows, reduce pollutants washed away by runoff, favor infi ltration and defi ne storage 
areas, while improving the landscape integration of these systems.
These solutions must cover a minimum area of 20% of the total permeable areas from which runoff is collected.

PEOPLE INVOLVED

WHAT SHOULD WE CONSIDER FOR ITS IMPLEMENTATION?

PLANNING LEVEL

EXAMPLES

Regional planning
Urban planning
Natural resource management plans

POSIBLE ACTIONS DEVELOPED BY THE ADMINISTRATION:

Local government technicians
Regional/General administration technicians
Water and natural resource managers.

• Specifi c master plan for each space within the framework of 
an urban tree master plan coherent with the management and 
planning instruments of the urban green infrastructure (UGI).
• Creation of a management body in partnership with the acting 
administration and the neighbourhood representative organisations.
• Creation of a nursery and community gardens (Forest Gardening)

• Urban forests are spaces designed to develop a complex ecosys-
tem function.
• When greening projects are carried out, including the promotion 
of the natural dynamics of vegetation, connectivity with natural and 
semi-natural spaces has to be studied.
• It is necessary to know the initial state, particularly with regard 
to soil conditions (soil quality: contamination, aquifers, absence of 
substrate...) and environmental pre-existence (vegetation, rocky 
outcrops, fauna...).
• Selection of the type of vegetation to be adapted to climatic condi-
tions and local species.
• It requires spatial and temporal planning and an adequate design. 
Maintenance is essential.

UNASYLVA 250: FORESTS AND SUSTAINABLE CITIES

FAO

CITIZEN PLATFORM 'BOSQUE URBANO MÁLAGA', MÁLAGA (SPAIN)

Surface > 0,5 Ha (5.000 m²)

Tree cover > 70 % space

Vegetable masses with continuous vertical stratification Incorporation of retention/infiltration solutions (AG10)

Multipurpose spaces
in clearings

10-20-30 Rule for Tree Diversity by F. Santamour Number of trees of the same species < 10% of the total

Number of trees of the same genus < 20% of the total

Number of trees of the same family < 30% of the total

Central Park, New York (USA)
(plan. 1857, F. Law Olmsted & Calvert Vaux)

Fund.Gulbenkian Garden, Lisboa (Portugal)
(plan. 1963-69, A. Viana & G. Ribeiro Telles)

Co-fi nanced by the EU through the LIFE Programme
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ISSUES AFFECTED

SUITABLE TO BE COMBINED WITH OTHER SOLUTIONS

INDICATOR
(I1) CO2 Capture (CaCO2)

UNIT

(I1) T CO2 / year

MINIMUM GOAL

(I1) 0,03 T CO2/m · year (minimum density 0,20 trees/m)

DESIRABLE GOAL

(I1) Maximum possible tree density depending on the specifi c 
characteristics of the road/street.

MEASUREMENT METHOD / FORMULA

(I1) CaCO2 (T CO2·year) = [A x B]

A: number of trees in the street

B: average capture value (0,15 T CO2/tree·year)

TREE-LINED STREET

Tree lines on streets/roads in continuous 
tree pits

EV
03

n terms of urban and landscape articulation, the tree-lined street is 
an archetype, a specifi c way to organise and qualify the urban fabric, 
providing the transition between the human scale and that of the built 
façades, visual connectivity and comfort. The services intended by tree-
lined streets are:

► Urban landscape: Its greatest recognition can be found in important 
urban models such as promenades, boulevards or avenues.

►Liveability of public spaces: The tree cover contributes to the 
mitigation of urban heat island (UHI) effect by being an effective buffer 
and fi xes pollutant particles.

►Ecological connectivity: The tree cover constitutes the main stratum 
for the ecological connection in the urban complex. The continuity of 
canopies facilitates the free movement and dispersion of fauna, mainly 
birds and insects. OFurthermore, vertical connectivity is ensured by the 
incorporation of the intermediate and lower strata. 

►Water cycle: The existence of vegetation is necessarily associated 
with the presence of permeable surfaces, continuous or isolated tree 
pits, causing water infi ltration and reducing runoff.

►Climate change adaptation and mitigation: Vegetation captures CO2 
through the photosynthetic process.

►Circular economy: The existence of trees implies the generation 
of quality organic waste (green waste) for the production of other 
derivatives such as compost or mulch. The pit surfaces allow the 
incorporation of these products to the soil as an improvement or as a 
weed control mechanism.

Aim
To integrate trees in the urban road system for the creation of 
connectors of the urban green infrastructure (UGI) primary system. 

Why?

How?
The tree-lined street is the area where most of the confl icts derived from 
the relationship between urban environment and nature take place. 
The integration of Grey and Green Infrastructure in the street requires 
a major effort of planning, design, implementation and management 
(maintenance).

In this solution, the tree appears as the basic structural element for 
the confi guration of the urban fabric. It is a shade tree, never a mere 
ornament.

It is important to emphasize that the tree is a complex living being, 
composed of an aerial system, trunks, branches and leaves, and 
an equally hierarchical subterranean system of roots and radicles. 
The root system tends to occupy an area similar or superior to the 
crown projection, interacting in the urban space with the bases of the 
surrounding pavements. The roots need access to the moisture and 
nutrients of the soil; the leaves to the aerial carbon without which the 
trees cannot survive.

► OVERGROUND: The planting of trees in connectors of the Urban 
Green Infrastructure (UGI) Primary System will be carried out in 
continuous tip strips (minimum width 1,20 m). The tree size and its 
relationship with the facade should be taken into account, seeking 
relationships of scale and balance. In addition, the non-interference of 
the tops in their adult state must be guaranteed. The following table 
establishes the minimum dimensions that must be met in order to obtain 
a connector depending on the size of the tree.

►UNDERGROUND: In addition to aerial development, in the 
arrangement of the tree-lined street it is necessary to check the 
compatibility of the pavement subbase with the root development. 
It must be a base that stabilizes the pavement, stimulates the deep 
growth of the roots and does not interfere with the urban service supply 
networks. The best option so far is Structural Soil, a mixture of gravel 
and topsoil forming a Soil-Stone system. The following table sets out 
the minimum dimensions of the pit cavity and the characteristics of the 
pavement subbase. 

CATÁLOGO DE SOLUCIÓNS DE DESEÑO URBANO GUD-LUGO

MEASURE METHOD



EXAMPLES

MASTER PLAN FOR BARCELONA’S TREES 
2017-2037

LISBON CITY COUNCIL, PUBLIC SPACE HANDBOOK

CAP.6 ARBORIZAÇAO

REFURBISHMENT OF PASSEIG DE SANT JOAN, BARCELONA 
(SPAIN),LOLA DOMÈNECH ARCHITECT

PEOPLE INVOLVED

WHAT SHOULD WE CONSIDER FOR ITS IMPLEMENTATION?

PLANNING LEVEL

Regional planning
Urban planning
Natural resource management plans

POSIBLE ACTIONS DEVELOPED BY THE ADMINISTRATION:

Local government technicians
Regional/General administration technicians
Water and natural resource managers.

• Urban tree master plan coherent with the management and 
planning instruments of the urban green infrastructure (UGI).
• Urban landscape ordinance referring to trees as an element for 
urban development.
• Municipal nursery.

• The selection of the type of vegetation has to be adapted to the 
specifi c conditions of each space (effi ciency, pollution capture, 
fl exibility, resilience and adaptation, etc.)
• Over and underground functional requirements cannot be ignored 
(space, infrastructure and materials).
• Safety in the use of roads/streets is paramount, ensuring the 
compatibility of the different modes of traffi c and the visibility of 
traffi c lights and signs.
• The passage of time must be taken into account to foresee formal 
and aesthetic results. The objective is to maintain a minimum 
balance between the natural structure of the trees, their age 
and the space available. Maintenance, particularly pruning, will 
infl uence the achievement of this balance.

SMALL TREES MEDIUM TREES  LARGE TREES
A PAVEMENT WIDTH 3,50 to 4,00 m 3,50 to 4,00 m More than 6,00 m 
hc BRANCH-FREE HEIGHT 

(MATURE TREE)
3,00 m 4,00 m 4,00 m

S CROWN DIAMETER 
(MINIMUM SPACING) 

Up to 4,00 m
(4,00 m)

4,00 m to 6,00 m
(6,00 m)

More than 6,00 m
(8,00 m)

RECOMMENDED SPECIES Amelanchier laevis
Crataegus laevigta
Malus baccata
Prunus cerasifera
Sorbus acuparia

Camellia japonica

Acer campestre
Acer x freemanii
Acer platanoides
Alnus cordata
Fraxinus angustifolia
Sorbus aria
Gleditsia tricanthos
Prunus serrulata

Fraxinus excelsior
Platanus x hispanica
Tilia cordata
Tilia platyphyllos
Tillia tomentosa
Umus sp. (var. Resista)
Aesculus hippocastanum
Ginkgo biloba
Magnolia grandifl ora

VARIABILITY In multi-specifi c alignments (advisable), alternate planting frames are recommended (type 4-6-12 m).
a MINIMUM TRENCH WIDTH (*) 1,20 m 1,50 m 2,00 m
P MINIMUM TRENCH DEPTH (*) 1,00 m 1,20 m 1,20 m

SOIL FILLING (*) STRUCTURAL SOIL (Soil-stone system) Trees are not to be planted directly in structural soil. Structural Soil is to be used as a base 
material under impermeable surfaces only. Exposed or permeable surfaces should be excavated and replaced with fresh topsoil 
meeting tree planting specifi cations. The CU Structural Soil patent can be taken as a reference.
CLAY LOAM: 17% (weight, dry), it should be of uniform composition, without admixture of subsoil, and free of stones greater than 
16 mm diameter, leaves, roots, debris, toxic materials, or lumps or clods over 25 mm in diameter. It shall have been obtained from 
naturally well drained areas which have never been previously stripped of topsoil and should have a history of supporting satisfactory 
vegetative growth. It should contain not less than 2% nor more than 5% organic matter.
 CRUSHED STONE: 83% (weight, dry) of stone with a diameter of 40-80 mm, preferably siliceous or ophytic, free of carbonates.

(*) In stormwater tree trench situations, these dimensions and conditions will be in accordance with AG06 solution.

Refurbishment of Passeig de Sant Joan
Barcelona (Spain), Lola Domènech Architect

SCHEME OF A CONTINOUS TREE PIT
s

hc

Soil/Stone System
Structural Soil

Continous Tree Pit
Topsoil filling

A

a

P

A.- Sidewalk width 
hc.- Branch-free height 
 (mature tree) 
S.- Crown diameter
a .- Minimum trench width
P .- Minimum trench depth 

Co-fi nanced by the EU through the LIFE Programme
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ISSUES AFFECTED

SUITABLE TO BE COMBINED WITH OTHER SOLUTIONS

POCKET GARDEN

Oasis spaces in the urban fabric
EV
04

The concept of pocket garden burst into the mid-20th century in the 
English-speaking countries as a response to the generalisation of parks 
that emerged under post-war urban planning. Parks are presented as 
volatile spaces, some are landmarks to neighbourhoods or cities, but 
most of them are not; according to Jane Jacobs (1989, The Death and 
Life of Great American Cities) 'too large, too frequent, too perfunctory, 
too ill- located, and hence too dull or too inconvenient to be used'. This 
situation can be extrapolated to the contemporary urbanism in the cities 
around us, although what emerges as an alternative model in America 
is naturally present in the historical urban fabric of European cities in the 
form of small landscaped squares and plazas. Pocket gardens are then 
an updates of a past model from a present perspective and provide the 
following advantages:

► Urban Landscape: The quality of urban environments are not only 
based on large actions. Their small scale is fundamental, so that 
urban design can be controlled by adapting it to each urban and social 
context.

►Liveability of public spaces: Vegetation, especially trees, contributes 
to psychological well-being and reduces stress. If these spaces are 
located close to sanitary facilities, they can become therapeutic spaces. 
The plant masses that make up these spaces can act as acoustic 
screens and filters, as well as a protection against high wind.

►Ecological connectivity: The tree cover constitutes the main stratum 
for the ecological connection in the urban complex. The continuity of 
canopies facilitates the free movement and dispersion of fauna, mainly 
birds and insects. 

►Water Cycle: The existence of vegetation is necessarily associated 
with the presence of permeable surfaces, continuous or isolated tree 
pits, causing water infiltration and reducing runoff.

► Climate Change adaptation and mitigation: Vegetation captures CO2 
through the photosynthetic process. It also contributes to the mitigation 
of Urban Heat Island (UHI) phenomenon by being an effective buffer 
and fixes pollutant particles.

► Social cohesion: Pocket Gardens are spaces conceived to be co-
managed and for the involvement of users in their design, organisation 
and maintenance.

Aim
To create small in size and well designed oasis spaces in the urban 
fabric, conceived as a local alternative to slow, complex and large-scale 
actions such as large urban parks and forests.

Why?

How?
It will consist of the creation of vegetated areas with an extension of 
less than 0.5 Ha, with a tree cover of at least 70% of the free space 
of buildings, allowing a lower coverage due to the depth of the soil or 
other limiting factors. It will also include a high diversity of plant strata 
(understory, shrubs and ground cover).

However, during implementation it is necessary to propose participatory 
processes for its design, management and modifi cation, in order to link 
these spaces to their users and promote sociability in them.

CATÁLOGO DE SOLUCIÓNS DE DESEÑO URBANO GUD-LUGO

INDICATOR
(I1) CO2 Capture (CaCO2)

UNIT

(I1) T CO2 / year

MINIMUM GOAL

(I1) 21,6 T CO2/ha · year (minimum density 270 trees/ha)

DESIRABLE GOAL

(I1) Maximum possible tree density depending on the specifi c 
characteristics of the space.

MEASUREMENT METHOD / FORMULA

(I1) CaCO2 (T CO2·year) = [A x B]

A: number of trees in space

B: average capture value (0,08 T CO2/tree·year)

MEASURE METHOD



PEOPLE INVOLVED

WHAT SHOULD WE CONSIDER FOR ITS IMPLEMENTATION?

PLANNING LEVEL

EXAMPLES

Urban planning
Public space renovation plans

POSIBLE ACTIONS DEVELOPED BY THE ADMINISTRATION:

Local government technicians
Regional/General administration technicians
Architecture and engineering teams

• Urban tree master plan coherent with the management and 
planning instruments of the Urban green infrastructure (UGI).
• Creation of a management body in partnership with the acting 
administration and the neighbourhood representative organisations.
• Plan for reuse brownfi elds sites.

• The selection of the type of vegetation has to be adapted to the 
specifi c conditions of each space (effi ciency, pollution capture, 
fl exibility, resilience and adaptation, etc.)
• Over and underground functional requirements cannot be ignored 
(space, infrastructure and materials).
• The passage of time must be taken into account to foresee formal 
and aesthetic results. The objective is to maintain a minimum ba-
lance between the natural structure of the trees, their age and the 
space available. Maintenance, particularly pruning, will infl uence 
the achievement of this balance.

'NEW YORK: THE REVITALISATION OF PUBLIC SPACE FROM 1960 
ONWARDS' DOCTORAL THESIS, ANA MORCILLO PALLARÉS (2016)

PALEY PARK, NEW YORK, PROJECT FOR PUBLIC SPACES (PPS)

PROJECT FOR PUBLIC SPACES (PPS), WHAT MAKES A SUCCESSFUL 
PLACE?

BENEFITS OF POCKET GARDENS

RECOGNIZABLE SPACES According to Jane Jacobs (1989) ‘Good small parks typically have a place somewhere within them commonly understood to be 
the centre –at the very least a main crossroads and pausing point, a climax. Some small parks or squares are virtually all centre, 
and get their intricacy from minor differences at their peripheries.’

CONNECTED SPACES Integrated in the urban context in which they are contained. They are more or less closed spaces, fl anked or surrounded by 
buildings. They have a defi ned perimeter that turns them into landmarks of the urban scene instead of being peripheral or residual 
corners.

WELL-DESIGNED SPACES The project work focuses on controlled size and dimensions, favoring the high quality of the design and the elements that 
compose it, as well as the intensive care and cultivation of the vegetation.

FLEXIBLE SPACES With the capacity to include minor activities (micro-spaces for games, cultivation... particularly fountains and water games) and to 
encourage the use of vulnerable groups (older people, children). They have to be spaces that allow seating, even through the use 
of mobile urban furniture.

ACCESSIBLE SPACES Conceived under Universal Design criteria and DALCO requirements.
GREEN SPACES The trees will assume the function of thermal regulation. It is recommended to plant deciduous species in sizes adapted to the 

volume of the spaces, providing sunshine in winter and shade in summer. The species must be resistant to demanding urban 
conditions: rolling, pollution, UHI phenomenon... (See species in Tree-lined Street EV03).
Vegetation may colonize side walls with climbing species (EV08).
The design will seek to create micro-spaces for minor vegetation, in the form of fences, borders or islands. They could be auto-
chthonous species, even edible or with traditional ethnobotanical uses. (See species in Green Boundary EV07).
Drafting of Tree Master Plans that address one or several pocket gardens, including the corresponding maintenance, conservation 
and management programs (risks, special trees, etc.).

BLUE SPACES Incorporation of Nature-based Solutions (NBS), including Sustainable Urban Drainage Systems (SuDS, particularly solutions 
AG05 and AG06) in order to reduce rainfall fl ows, reduce pollutants washed away by runoff, favor infi ltration and defi ne storage 
areas, while improving the landscape integration of these systems.
These solutions must cover a minimum area of 20% of the total permeable areas from which runoff is collected.

Paley Park, New York (USA)
(plan. 1967, Zion and Breene Associates)

Huerto de Orive Garden, Córdoba (Spain)
(plan 2011, Rafael Luís García Castejón, Architect and Jose Ignacio Montero Portabella)

Co-fi nanced by the EU through the LIFE Programme
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ISSUES AFFECTED

SUITABLE TO BE COMBINED WITH OTHER SOLUTIONS

URBAN GREENING

Intensive greening techniques
EV
05

The urban greening consists of promoting natural spaces through the 
recovery of autochthonous fl ora and fauna, increasing biodiversity. In 
recent years, there has been greater concern about urban voids and 
their potential for ecological connectivity in urban green infrastructure. 
That is why - regardless of the scale - actions of urban nature are 
carried out for the introduction of plant material favouring the natural 
dynamics of colonisation of spontaneous vegetation. This situation is 
typical of brownfi elds or land that has undergone alterations that have 
removed the previous vegetation cover. The intended benefi ts of urban 
greening are:

► Urban landscape: Intensive greening areas may form part of urban 
voids, spaces in transition, even consolidated gardens subjected 
to greening processes (diversification of plant strata, increase 
in biodiversity, elimination of exotic species and incorporation of 
autochthonous species).

►Liveability of public spaces: Vegetation contributes to psychological 
well-being and reduces stress. The green surfaces that make up 
these spaces improve the visual quality of the areas in which they are 
inscribed.

►Ecological connectivity: The vegetation cover contributes to the 
creation of nodes (N) that can be connected through tree-lined streets 
(Connectors, C) or greenbelts (Core Elements, EN). The incorporation 
of this stratum favours the presence of insects. 

►Water Cycle: The existence of vegetation is necessarily associated 
with the presence of permeable surfaces, causing infiltration and 
reducing runoff.

► Climate Change adaptation and mitigation: Vegetation captures CO2 
through the photosynthetic process. It also contributes to the mitigation 
of Urban Heat Island (UHI) phenomenon by being an effective buffer 
and fixes pollutant particles.

► Social cohesion: The use of brownfields by neighborhood projects is 
usually accompanied by processes of space greening. They are spaces 
that complement consolidated green areas, contributing to the reduction 
of stress and the improvement of environmental quality; however, they 
do not have to be destined for social use.

Aim
Creation of adapted urban green surfaces with minimum maintenance 
requirements through intensive greening techniques.

Why?

How?

► GREENING: It will consist of acting in spaces with an extension 
of less than 0.5 Ha, for this purpose it must have a support layer of 
vegetation (preferably topsoil) with a depth of not less than 15 cm.

Vegetation may be artificially incorporated by sowing (mixture of native 
seeds) and/or planting (individual specimens in alveolar containers), or 
by favoring the colonization of spontaneous vegetation on gravel beds 
(dry gardens), or directly on empty plots.

The selected species shall be autochthonous (adapted to climate, soil, 
low maintenance and integrated into ecosystem processes) and shall 
come from authorized nurseries, preferably from local production (in 
order to ensure genotypes and phenotypes).

The sowing procedure can be manual, with a seed drill or by 
hydroseeding, it will depend on the extension of the area to be 
intervened and the slope (hillside, banks). Plantings will be set up in 
irregular frames to provide a natural appearance. The recommended 
season is autumn, preferably, and spring.
.

CATÁLOGO DE SOLUCIÓNS DE DESEÑO URBANO GUD-LUGO

MEASURE METHOD

INDICATOR
(I1) CO2 Capture (CaCO2)

UNIT

(I1) kg CO2 / year

MINIMUM GOAL

(I1) That corresponding to an exclusively herbaceous vegetation 
cover (0.05 kg CO2/m²·year)

DESIRABLE GOAL

(I1) That corresponding to the maximum possible development 
within the process of plant succession. 

MEASUREMENT METHOD / FORMULA

(I1) CaCO2 (kg CO2·year) = [A x B]

A: m² of surface to be acted on
B: average capture value 
(1 kg CO2/m²·year for woody plants; 0,05 kg CO2/m²·year for 
herbaceous plants)
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• The selection of the type of vegetation has to be adapted to the 
specifi c conditions of each space (effi ciency, pollution capture, 
fl exibility, resilience and adaptation, etc.)
• Over and underground functional requirements cannot be ignored 
(space, infrastructure and materials).
• The life of these projects must take into account the succession 
process. The maintenance will be continuous and constant, based 
on a deep knowledge of the species that are developed and the 
dynamics of colonisation and competition. If the period of service 
is long, it will be possible to achieve high levels of stratifi cation. 
If it is short, management will be based on conservation of initial 
stages (predominance of perennial ruderal vegetation). User 
collaboration is fundamental in the conception of the projects and in 
the understanding of the formal and aesthetic results.

PIONEER VEGETATION PERSISTENT RUDERAL VEGETATION TALL HERBACEOUS VEGETATION SPONTANEOUS WOOD

Time shortened by the revegetation process (controlled sowing and maintenance)r

Initial 3-year fallow period: 
 Open fragmentary ruderal pioneer populations 

with short-lived, annual species

Fallow period of 10-50: 
Mainly persistent species, ruderal tall forbs, bushes, 

single groves higher than 10 m

Fallow period of more than 50 years:  
 Dense grove, If not completely covered

 highly growing herb layer,characteristic wood

Fallow period of 3-10 years:
 Encroaching vegetation, increasing persistent

 ruderal vegetation, single bushes 

PEOPLE INVOLVED

WHAT SHOULD WE CONSIDER FOR ITS IMPLEMENTATION?

PLANNING LEVEL

EXAMPLES

Urban planning
Public space renovation plans
Reform of community spaces

POSIBLE ACTIONS DEVELOPED BY THE ADMINISTRATION:

Local government technicians
Regional/General administration technicians
Water and natural resource managers, etc.
Architecture and engineering teams
Associations and cooperatives
Neighborhood communities

• Specifi c master plan for each space within the framework of 
an Urban tree master plan coherent with the management and 
planning instruments of the Urban green infrastructure (UGI).
• Creation of a management body in partnership with the acting 
administration and the neighbourhood representative organisations.
• Plan for reuse of brownfi elds sites.

BENEFITS OF NATURALISED AREAS

CONNECTED SPACES Integrated in the urban fabric in which they are contained. They make possible the link and immersion with the nearby nature, 
favoring the creation of a recognizable landscape.

MULTIPURPOSE SPACES Healthy, accessible, socializing, educational and recreational spaces, when they are linked to neighborhood projects or social use.
‘WILDERNESS’ SPACES Through the promotion of heterogeneity of plant masses in terms of strata (middle, low), species and ages; and the diversifi cation 

of planting and sowing actions.
Incorporating autochthonous species or favoring the dynamics of succession that occurs in natural environments. Invasive and 
exotic species must be discarded (catalogued or those with invasive potential). 
Maintaining fl oristic and faunistic richness and promoting the presence of secondary fauna due to habitat conservation and 
management. 
Drafting of Master Plans that address the valorization, management and use of urban voids, brownfi elds, transitional spaces or 
consolidated green areas under naturalization processes, including environmental education and outreach programs on urban 
biodiversity and its role in ecosystem services.

BLUE SPACES Increasing the permeable surfaces in the urban fabric and improving the processes of retention and infi ltration of runoff.

Left, Jardins d'Éole, Paris (France)
(plan. 2007, Michel Corajoud) 

► MAINTENANCE: it will be oriented to the consolidation of the 
vegetation (mainly the root system development) and, once established, 
different treatments will be established depending on the uses.

The main management objective is to define the frequency (1-2 times/
year), height and mowing time. In abandoned plots, it will be oriented 
towards the management of existing spontaneous vegetation and/or the 
promotion of the planting of native species. 

STAGE OF ECOLOGICAL SUCCESSION ON URBAN BROWNFIELDS

Right, Abandoned agricultural area
(advanced ecological succession, 

consolidated plant stratifi cation)
O Carme - Regueiro dos Hortos, Lugo (Spain)

Co-fi nanced by the EU through the LIFE Programme
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GREEN SLOPES AND RETAINING WALLS

Incorporation of plant material on slopes 
and retaining walls 

EV
06

Earthmoving is a basic work, almost indispensable in any intervention 
in the urban fabric. However, topographical modifi cations often require 
specifi c solutions for soil stabilisation. This situation becomes an 
opportunity for the introduction of living material in the design and 
execution process, even assuming engineering functions. The active 
presence of vegetation in stabilisation techniques acts on different 
points:

► Urban Landscape: The option of a living material such as vegetation 
- as opposed to other inert materials - enables the integration of 
interventions and the introduction of elements from the surrounding 
landscape into the urban fabric.

►Ecological connectivity: The continuity of the vegetal cover in 
the urban fabric is the main way for ecological connection in urban 
complexes. 

►Water cycle: Vegetation on a slope reduces runoff speed and 
intervenes in processes such as rainwater interception, root flow, 
evapotranspiration and infiltration.

►Mechanical: Vegetation increases the strength and competence of the 
soil in which it is planted, contributing to its stability, it also retains soil 
particles minimising the effects of erosion.

► Climate Change adaptation and mitigation: The vegetal cover 
produces the capture of CO2 through the photosynthetic process.

►Economy: Soil stabilisation through living materials or combined with 
other inert materials is less costly than solutions based solely on inert 
materials, although this choice may be conditioned by the availability of 
space.

If the formation of a planted slope (Green Slope) is impossible, the 
gabion wall becomes a good alternative, as this stabilisation solution 
acts on these points:

► Landscape: According to the Guide for the characterization and 
landscape integration of walls (Galicia Regional Government), the 
gabion technique becomes one of the best contemporary alternatives to 
traditional dry stone walls, as it enables the incorporation of local stone 
materials.

►Ecological Connectivity: This modern dry-stone wall facilitates the 
refuge of small insects and amphibians, as well as the growth of 
fungi, mosses and other vegetable species planted or spontaneous, 
contributing to the improvement of the biodiversity.

►Water Cycle: They offer excellent drainage conditions and durability; 
they are even used in combination in specific infiltration solutions. They 
can intercept rainwater, just like dry stone walls.

►Mechanical: They are gravity walls, and because of their good 
environmental adaptation and drainage they are one of the most used 
retaining systems, especially in terraced solutions. They do not require 
foundations and are flexible, able to withstand significant movements 
from undercutting or landslippage.

► Climate Change adaptation and mitigation: Its use is based on the 
reuse of by-products from rock extraction. As a GUD solution, it will 
require the use of local materials.

► Economy: These types of walls are easy to design and execute, they 
do not require specialized labor since their assembly is fast. According 
to the aforementioned Guide, this is a low-cost technique.

Aim
To incorporate vegetation into earth-retaining structures that stabilise 
slopes by offering a viable alternative to ordinary ‘hard’ construction 
solutions (walls, sheet poling, wire mesh...) depending on soil 
availability.

Why?

How?
Biotechnical Stabilisation (BS) and Soil Bioengineering (SB) 
techniques will be used for the creation of Green Slopes, as well as 
Gabion Walls with or without vegetation.

CATÁLOGO DE SOLUCIÓNS DE DESEÑO URBANO GUD-LUGO

INDICATOR
(I1) CO2 Capture (CaCO2)

UNIT

(I1) kg CO2 / year

MINIMUM GOAL

(I1) That corresponding to an exclusively herbaceous vegetation 
cover (0.05 kg CO2/m²·year) 

DESIRABLE GOAL

(I1) That corresponding to a cover with predominance of woody 
plants (1 kg CO2/m²·year)

MEASUREMENT METHOD / FORMULA

(I1) CaCO2 (T CO2·year) = [A x B]

A: m² vegetated sloped surface and berm
B: average capture value
(1 kg CO2/m²·year for woody plants; 0,05 kg CO2/m²·year for 
herbaceous plants)

MEASURE METHOD
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STABILISATION TECHNIQUE

SOFT APPROACH SOIL BIOENGINEERING (SB) USE SOLUTION [GREEN SLOPES]
LIVE MATERIALS A set of techniques that refers to the use of whole plants or 

stems, fractions of stems, roots or branches with the capacity 
to root and develop a complete adult plant, all of them as main 
stabilizing elements.

Slope ≤ 45º A variety of solutions are available (see NTJ 12), among 
which they stand out:
• Fascines 
• Brush layering / Stakes
• Palisades

SOFT APPROACH BIOTECHNICAL STABILISATION (BS) USE SOLUTION [GREEN SLOPES]
LIVE MATERIALS 

+
 HARD MATERIALS

Combines living plant materials and inert mechanical or 
structural components. Inert components include a wide range 
of materials such as concrete, geotextiles, geogrids or metal 
meshes.

 Slope ≤ 70º • Geogrids
• Living Reinforced Earth (Geogrids + Brush layering)

90 > Slope > 70 • Geogrids with structural reinforcement in steel mesh

HARD APPROACH TRADITIONAL STABILISATION IN GABION USE SOLUTION

HARD MATERIALS The gabion is a hard technique, included in the Traditional or 
Structural Stabilisation Techniques (breakwater, mass concrete 
and reinforced concrete walls). Its porosity allows the integration 
of vegetation.

h ≤ 5 m • Terraced gabion walls
(over 5 m it is not competitive due to increase of material)

h > 5 m • Reinforced gabions (Gabions + Reinforced Earth Fill)

PLANT MATERIAL HERBACEOUS WOODY

Herbaceous species are used in stabilisation and slope 
restorations (greening techniques, EV05) 

Can stabilize 2-2.5 m depth. Common native species used: Salix atrocinera, Salix 
viminalis, Betula pendula, Cornus sanguinea and Corylus avellana

PEOPLE INVOLVED

WHAT SHOULD WE CONSIDER FOR ITS IMPLEMENTATION?

PLANNING LEVEL

Development projects and public works
Public space renovation plans

POSIBLE ACTIONS DEVELOPED BY THE ADMINISTRATION:

Local government technicians
Regional/General administration technicians
Water and natural resource managers

• It is necessary to promote the availability of specifi c plant material 
for the use of bioengineering techniques.
• Creation of a local waste management system for stone materials 
and concrete to be reused as gabion fi ller.

• Soil and water conservation should be considered as a starting 
point. In earthworks, the destruction of soils and vegetation should 
be minimised, as well as the diversion of watercourses.
• Stabilisation solutions must be previously justifi ed and calculated.
• For steep slopes it is necessary to design berms for tree planting. 
On very steep slopes it is advisable to plant shrubs to reduce wind 
force.
• Living plant material should preferably be collected from native or 
naturalised plants near the area in which the action is to be taken 
(or reasonably near).
• It is necessary to take care of the provision of soil in the external 
face of the slope (compaction and improvement, if necessary).
• It is necessary to carry out a specifi c control of the post-
implantation phase.

Dormant poles

Stakes

SHORELINE STABILIZATION
(specific solutions)

TERRACED GABION WALLS

REINFORCED GABIONS 
(Gabions + Reinforced Earth Fill)

BERM

LIVING REINFORCED EARTH 
(GEOGRIDS + BRUSH LAYERING)

GEOGRIDS WITH STRUCTURAL REINFORCEMENT IN STRUCTURAL STEEL MESH GABIONS + BRUSH LAYERINGS / STAKES

FASCINES BRUSH LAYERING / STAKES PALISADES

Dormant poles / Stakes

SOIL BIOENGINEERING (SB) BIOTECHNICAL STABILIZATION (BS) TRADITIONAL STABILIZATION IN GABION

NORMA TECNOLÓGICA DE JARDINERÍA (NTJ) 12, LANDSCAPE 
RESTORATION

CAMINOS NATURALES, BUILDING HANDBOOK. MINISTRY OF 
AGRICULTURE - SPAIN

AGROS DE RAMÍREZ PARK, EZCURRA E OUZANDE ARCHITECTS

EXAMPLES

STABILISATION SOLUTIONS FOR GREEN SLOPES AND RETAINING WALLS

Co-fi nanced by the EU through the LIFE Programme
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BUILDING SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE TO BE COMBINED WITH OTHER SOLUTIONS

GREEN BOUNDARY

ncorporation of plant material as a total 
or partial structure for closing plots or 
separating uses

EV
07

The limitation of access to sites and plots is a required operation for 
land partition, allowing for the organisation of the urban fabric. In this 
context, the division between public and private space is traced in a 
precise and visible way, becoming a key element in the shaping of 
urban landscape, especially in suburban growth areas. The use of plant 
closures in the urban environment allows the city to be naturalised 
and promotes ecological connectivity between the rural and urban 
environments through the extensive peri-urban transitional zones. 
These boundaries are also used for delimiting of uses in public space 
and influence these parameters:

► Urban landscape: The use of plant material becomes the best 
strategy for landscape integration in peri-urban areas and in urban 
areas visually exposed to the surrounding territory.

►Ecological connectivity: This type of boundary favours the refuge 
of small mammals, avifauna, insects and amphibians, as well as 
the growth of fungi, mosses and other spontaneous plant species 
contributing to biodiversity. The continuity of this type of separation 
plays a major role in the environmental management of public water 
networks and roads. 

►Water cycle: The vegetation in boundaries intervenes fundamentally 
in rainwater drainage.

►Mechanical: They are compatible with other specific access control 
solutions such as fences, as well as opaque walls with limited height. 
It is a good solution for hiding views towards enclosures and achieving 
a screening effect that - as has been said - can become a landscape 
integration strategy.

► Bioclimatic Urban Desgin: They have been systematically used as 
airflow buffers. Depending on their size, they can reduce solar radiation 
and provide shade.

► Climate Change adaptation and mitigation: Its use is based on the 
introduction of very vigorous woody plant material so they help mitigate 
CO2 emissions by capturing this gas through the photosynthetic 
process.

►Economy: These boundary types are easy to design and implement. 
Its conservation is inexpensive, and are often used species, which once 
consolidated, require little maintenance.

Aim
ITo incorporate vegetation into enclosure formations, both in street 
alignment boundaries and in the separation of uses in public space

Why?

How?
 A green boundary is a strip in considerable width that is profusely 
vegetated. It can assume the functions of property limit, or those 
of protection and separation in public space. The minimum width 
considered is 1.00 m and in the case of private property, it will be placed 
inside the plot.

The design possibilities are very diverse, but those solutions that 
incorporate autochthonous vegetation, biodiversity (variation of 
species) and incorporate elements that favor its function as a beneficial 
fauna reservoir, will be promoted. The intervention will tend towards a 
naturalised appearance.

In public spaces and in the absence of property conflicts, medium and 
tall tree species may be introduced. 

CATÁLOGO DE SOLUCIÓNS DE DESEÑO URBANO GUD-LUGO
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INDICATOR
(I1) CO2 Capture (CaCO2)

UNIT

(I1) kg CO2 / year

MINIMUM GOAL

(I1) That corresponding to an exclusively herbaceous vegetation 
cover (0.05 kg CO2/m²·year) 

DESIRABLE GOAL

(I1) That corresponding to a cover with predominance of woody 
plants (1 kg CO2/m²·year)

MEASUREMENT METHOD / FORMULA

(I1) CaCO2 (kg CO2·year) = [A x B]

A:m² vegetated boundary surface
B: average capture value 
(5 kg/CO2/m²·year for trees+woody plants/shrubs; 
1 kg CO2/m²·year for woody plants; 
0,05 kg CO2/m²·year for herbaceous plants)

MEASURE METHOD



GUIDE FOR THE CHARACTERIZATION AND LANDSCAPE INTEGRATION OF 
WALLS, GALICIA REGIONAL GOVERNMENT (SPAIN)

JARDIM GULBENKIAN, FUNDACIÓN CALOUSTE GULBENKIAN, LISBON 
(PORTUGAL)

PLANNING LEVEL

EXAMPLES

RECOMMENDED SPECIES
SHRUBS SMALL TREES MEDIUM TREES LARGE TREES

Buxus sempervirens
Prunus spinosa
Rosa canina
Rosa sempervirens
Rubus.spp

Amelanchier ovalis 
Cornus sanguinea 
Corylus avellana 
Crataegus monogyna 
Frangula alnus
Illex aquifolium 
Laurus nobilis
Malus sylvestris
Pyrus cordata
Salix atrocinera
Salix viminalis
Sambucus nigra

Acer campestre 
Alnus glutinosa
Carpinus betulus
Fraxinus angustifolia
Prunus avium
Pyrus communis
Sorbus acuparia

Acer pseudoplatanus
Betula pendula
Castanea sativa
Fagus sylvatica
Fraxinus excelsior
Juglans regia
Quercus robur

The functional, spatial and material references are those contained in the EV03 Tree-lined street solution.

EXAMPLES OF BOUNDARY SOLUTIONS

Li
m

it

Li
m

it

Continuous strip Continuous strip

> 1,00 m > 3,00 m

Edge Solution (Minimum Width 3.00 m)

Vertical distribution (stratification) 
and maximum diversity

Fence Solution (Minimum Width 1.00 m)

Vertical stratification and diversity limited 
by soil availability

Development projects and public works
Public space renovation plans
Building project

PEOPLE INVOLVED

Local government technicians
Regional/General administration technicians
Architecture and engineering teams

POSIBLE ACTIONS DEVELOPED BY THE ADMINISTRATION:

• Urban landscape ordinance relating to vegetation as a specifi c 
closing element or combined with other elements
• Green boundaries guide adapted to local conditions, valuing 
traditional solutions and developing planting models for wide edges 
and fences.

WHAT SHOULD WE CONSIDER FOR ITS IMPLEMENTATION?

• The selection of the type of vegetation has to be adapted to the 
specifi c conditions of each space (effi ciency, pollution capture, 
fl exibility, resilience and adaptation, etc.)
• Over and underground functional requirements cannot be ignored 
(space, infrastructure and materials).
• Safety in the use of roads/streets is paramount, ensuring the 
compatibility of the different modes of traffi c and the visibility of 
traffi c lights and signs. The overhang tolerance over public space 
shall be defi ned on every case.

Project for the Integration of green areas in 
the surroundings of the Main Roadway of the 
Port Of Algeciras (Spain), green boundaries 
towards road and plot fences. (2014-2018)

Green boundary in Fund. Gulbenkian Garden, 
Lisbon (Portugal), 

complex, diverse and stratifi ed plantation. 
(plan. 1963-69, A. Viana and G. Ribeiro Telles; 
'Boundary study, 1968' F. Gulbenkian Archive) 

Co-fi nanced by the EU through the LIFE Programme



BUILDING SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE TO BE COMBINED WITH OTHER SOLUTIONS

MEASURE METHOD

INDICATOR
(I1) CO2 Capture (CaCO2)
(I2) % of green walls

UNIT

(I1) g CO2/year
(I2) %

MINIMUM GOAL

(I1) 1 g CO2/m² of wall
(I2) 5% of walls

DESIRABLE GOAL

(I1) 2 g CO2/m² of wall
(I2) 10% of walls

MEASURE METHOD / FORMULA

∆g CO2 = A x B x C

A: % green wall surface
B: total walls in the area involved
C: Capture capacity CO2/m2 (depends on the plant species) 
To consider the façade as effective, the minimum value for the 
capture capacity should be 20g CO2 / m2 of façade / year

GREEN WALLS

Building façades as vertical garden

Affect to different issues:
• Overheating. Green façades help to reduce the heat island phenome-
non as plantations are an effi cient temperature buffer.

• Green spaces and biodiversity: Vertical gardens can operate as 
connectors in an intermittent grid of green spaces and support birds 
movements in the city.

• Building energy efficiency: A green façade reduces the external 
surface temperature and improves the thermal and acoustic indoor 
insulation.

• Climate change mitigation: green surfaces help to mitigate CO2 emis-
sions by fixing this gas through the photosynthetic process.

Aim
Increase the thermal performance of the building and the green surface 
able to counteract polluting emissions due to its CO2 retention capacity 
with plant based façade.

Why?

How?

CATÁLOGO DE SOLUCIÓNS DE DESEÑO URBANO GUD-LUGO

is a wall partially or completely covered with greenery that includes a 
growing medium, such as soil, water or a substrate. Most green walls 
include an integrated water delivery system. The system is suitable to 
facades, dividing walls or only inside open balconies. In the case of 
building facades in strict alignment, it is necessary to verify, through the 
building council regulations, the conditions in which it is allowed to move 
forward the front façade. There is also street furniture available made 
up with vertical frames as a support for vegetation.

Depending on the support method and location, we can choose from a 
variety of vertical facade systems.

According to the soil:
• with ground planting

• with organic substrate
• hydroponics

According to the support system:
• as facade cladding
• in superimposed structure with maintenance access

Depending on the laying system:
• with modular panels
• non-modular

According to the soil there are several systems:
• Soil only at the base of the wall. Used for climbing plants on the face 
of the wall to create the green, or vegetated, facade. Growth is suppor-
ted by grids, tensors or frames attached to the facade. This system is 
usually called green façade.
• With organic substrate. The roots grow in a granular medium with 
organic material, which gives them the capacity of water retention, 
aeration and drainage. Nutrients can be provided through irrigation 
in a greater or lesser percentage but are not essential for short-term 
operation.
• With hydroponic soil. It does not have an organic substrate as a 
nutrient. The plants absorb the essential minerals from inorganic ions 
dissolved in the water via irrigation. In these systems the roots grow 
in an inert medium: non-woven felt, rock wool or technical foams. The 
standard system is usually formed by a metal frame, to which an expan-
ded PVC sheet is fi xed with a polyamide felt. The frame, self-supporting 
or anchored to the wall, can leave an air chamber of a few centimeters 
to prevent the effect of the roots in the wall. The PVC sheet provides 
tightness and stiffness to the felt, which has high capillarity and water 
retention capacity. Irrigation operates with a perforated pipe in the upper 
part of the facade.

The support system is usually in a layer attached to the façade with 
a more or less simple substructure, but it may be necessary for this 
structure to serve as well, as an climbing frame to the different levels of 
the facade through stairs to be able for the necessary maintenance and 
control of the irrigation and disposal of fertilizers.

The laying system can be with modules or pots, although the ground 
based type do not need it. The modules or pots can be made of diffe-
rent materials and measurements available, usually made of polyethyle-
ne provided with a water circuit or reservoir. 
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The maintenance cost must be considered, so is basic a careful se-
lection of the plant species that may be used. Likewise, the remaining 
water not absorved or retained by the soil, must be reused returning to 
the pipe circuit, avoiding uncontrolled fall trough the façade, as it may 
cause structural damages (by humidity or insects).

The structure calculation, must consider the total load value, which 
includes the plants weight, the structure itself, the wind and the snow 

PEOPLE INVOLVED

WHAT SHOULD WE CONSIDER FOR ITS IMPLEMENTATION?

PLANNING LEVEL

EXAMPLES

Development plan
Building construction project

POSIBLE ACTIONS DEVELOPED BY THE ADMINISTRATION

Design team 
Administration technicians
Developers
Owners

• Gather a façades index suitable for this strategy through direct 
observation or geographic analysis on available cartography.

• Social and / or economic bonuses to promote this solution

• Rewriting of the building regulations to allow this kind of façades, 
if there are limitations for the increase of the wall thickness.

THE BUILDING TECHNICAL CONDITIONS:
• The building typology, property issues or regulations conditions in 
terms of heritage or security.

PLANTS CHARACTERISTICS:
• Climate conditions. Consider local species as fi rst option.
• Fertilization and irrigation maintenance.

PALACIO DE CONGRESOS EUROPA. VITORIA-GASTEIZ

load. And the maintenance access loads if it's necessary.

Depending on the façade size, it may be cost-effective to study the 
irrigation system in combination with the rainwater collect system or a 
grey water reuse in the buiding.

Rainwater reuse as green wall irrigation in Palau de Con-
gressos Europa of Vitoria-Gasteiz. Source: www.vitoria-
gasteiz.org, caixaforum.es, drystonegarden.com

Vertical garden in Plaza del CaixaForum in Madrid.

Drew School. San francisco California.

Depósito de fachada

· Cobertura de tradicional de plantas trepadoras

· Cables
· Enrejados modulares
· Fachada vegetal invernadero
· Fachada deslizante

Depósito de pluviales

Captación de
agua de cubierta

Fertirrigación

SISTEMA DE PLANTACIÓN EN TIERRA / FACHADA VERDE

Fachada verde (doble piel)
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Doble piel

JARDÍN VERTICAL (Living walls/green walls)

Sustrato orgánico

Sustrato hidropónico

Sistema  de geotextiles

Fachada vegetal de ‘baja tecnología’ Fachada vegetal de ‘alta  tecnología’

Sistema  modular
(plástico rígido)

· Instalada sobre una subestructura rígida separada de la fachada

Sistemas pasivos
· Sistema de geotextiles·
· Sistema de paredes modulares (incluso preplantado)
· Macetas
· Gavión 
· Hormigón vegetal

Sistemas activos
· Sistemas de biofiltración
· Sistemas de aprovechamiento de pluviales

Bi
of

ilt
ra

do

GREEN WALL TECHNIQUES

Co-fi nanced by the EU through the LIFE Programme



BUILDING SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE TO BE COMBINED WITH OTHER SOLUTIONS

MEASURE ELEMENTS

INDICATOR
(I1) CO2 Capture (CaCO2)
(I2) % of green roofs

UNIT

(I1) g CO2/year
(I2) %

MINIMUM GOAL

(I1) 5 g CO2/m² of roof 
(I2) 10% of roof

DESIRABLE GOAL

(I1) 15 g CO2/m² of roof 
(I2) 30% of roof

MEASURE METHOD / FORMULA

∆g CO2 = A x B x C

A: % green roof surface
B: total roof in the area involved
C: Capture capacity CO2/m2 (depends on the plant species) 
To consider the roof as effective, the minimum value for the caputu-
re capacity should be 20g CO2 / m2 of roof / year

GREEN ROOFS

Vegetation with a growing medium, plan-
ted in building roofs

This strategy allows rainwater retention, improve its quality and allows 
to reuse it in gray reuse systems. Require minimal maintenance and low 
water requirements and affects in different parameters that deal with 
sustainable criteria:

► Biodiversity: Green roofs create natural urban habitat. Even in high-
rise urban settings green roofs can attract beneficial insects, birds, bees 
and butterflies. Rooftop greenery complements wild areas by providing 
stepping stones for songbirds, migratory birds and other wildlife facing 
shortages of natural habitat.

► Energy efficiency: Improves the thermal and acoustic insulation of 
the building, and leads to cost savings in heating or cooling systems. In 
winter, for a 0°C air temperature, the surface layer of the roof with con-
ventional materials reaches 0.2°C while laying a green roof system sts 
to 4.7°C. In summer, for 18.2°C air temperature, conventional surface 
can increase to 32°C as green roof can protect and reduce it to 17.1°C. 
(A green roof policy guidance paper for Dublin, 2008)

► Water management: The green roofs surfaces can be completed with 
a treatment process system that can be also applied for the grey water 
from the building, allowing the storage and recycling for new uses, 
closing the water cycle.

► Rainwater retention: retention affects at least 40% of water, delaying 
draining depending on the slope and thickness of the substrate. As an 
example, a 12cm layer delays up to 12 hours the evacuation of the sto-
red water during a rain event and continues slowing down the process 
for about 21 hours.

► Social effects: The green roofs can be used in agricultural produc-
tion and, therefore, bring community activities and relations among the 
inhabitants within the buildings and contribute to the approach of the 
productive processes to the citizens.

► Compost: Green roofs developments raise the city areas suitable 
for compost use when a cycled system is operating in the inmediate 
surroundings of the buildings.

► Climate change mitigation: Green roof surfaces help mitigate CO2 
emissions by fixing this gas through the photosynthetic process. The 
average catch is 50g CO2 / m2 / year depending on the species and 
substrate thickness.

►Air quality. The green roofs contribute to the mitigation of the heat 
island phenomenon due to the plants capacity as an effi cient tempera-
ture buffer.

Aim
Increase the thermal performance of the building roof with a green layer 
able to counteract polluting due to its CO2 retention capacity.

Why?

How?
There ared types of green roofs systems: 
- Intensive: parks and gardens including Urban Agriculture.
- Semi-intensive: garden green roofs.
- Extensive: natural low maintenance green roofs
- Blue-green roofs: that combing green roof and blue roof technologies 
to maximise water storage.
- Biosolar green roofs: where solar energy and green roofs are combi-
ned to provide renewable energy and deliver biodiversity.

The support features leads to the species that can be used: from small 
species such as Sedum, in the extensive systems, with a substrate 
thickness up to 10 cm, to bushes, in semi-intensive coverings of thick-
nesses over 10 cm, and even larger species such as trees and shrubs 
in the intensive cases. Under the substrate there's a draining/retention 
layer, which maintains a certain degree of humidity. 

In either cases, anti-root protection should be used. In conventional 
solutions, any kind of insulation can be used with no more limitation 
than compressive resistance higher than 2 Kp / cm². In the inverted roof 
solutions, in which the insulation is located above the waterproof layer, 
the thermal insulation to be used must have a low absorption of water, 
so the indicated materials are extruded polystyrene (XPS) and cellular 
glass (CG).

CATÁLOGO DE SOLUCIÓNS DE DESEÑO URBANO GUD-LUGO
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Itis recommended to use a strip of gravel 400 mm wide in the peri-
meter zone of the roofs, in order to collect the excess water and also, 
surround the ventilation or heat system pipes on the roof with non-green 
material (paving stones, concrete ...), in order to guarantee the protec-
tion against fi re (according to buiding spanish regulations). In addition, 
if the vegetated surface is very extensive, it is recommended to leave 
bands without vegetation of between 200 and 400 millimeters that act 
as fi rewalls. In retrofi t interventions it must be verifi ed that the roof is 
able to resist the loads produced by the substrate layer.

As in many rainy cities, in Lugo most of the roofs are inclined and without 
easy access for maintenance. So this strategy sounds inappropriate 
although it can be located in low inclination roofs. But also its suites to 
many fl at roofs in block courtyards or industrial buildings. The USC Es-
cuela Politécnica in Lugo Campus has developed an specifi c research to 
evaluate suitable species for roofs in Galicia using local species.

EXTENSIVE GREEN ROOF WITH ISOLATION LAYER IN INVERTED SITUATION.THERMAL EFFECT OF THE GREEN ROOF ON THE 
BUILDING ENVELOPE

Walter Reed Community Center in Arlington. Green Roof at Vendée Historial, les Lucs

PEOPLE INVOLVED

WHAT SHOULD WE CONSIDER FOR ITS IMPLEMENTATION?

PLANNING LEVEL

EXAMPLES

Development plan
Building construction project

POSIBLE ACTIONS DEVELOPED BY THE ADMINISTRATION

Design team 
Administration technicians
Developers
Owners

• Gather a roof index suitable for this strategy through direct obser-
vation or geographic analysis on available cartography.

• Social and / or economic bonuses to promote this solution

• Rewriting of the building regulations to allow this kind of roofs.

THE BUILDING TECHNICAL CONDITIONS:
• The building typology, property issues or regulations conditions in 
terms of heritage or security.

PLANTS CHARACTERISTICS:
• Climate conditions. Consider local species as fi rst option.
• Fertilization and irrigation maintenance.

RESEARCH ON AN EXTENSIVE GREEN ROOF SYSTEM ADAPTED TO 
GALICIA

SEVERAL PROJECTS

SCANDINAVIAN GREEN ROOF INSTITUTE

-

Sedum o especie vegetal alternativa

Sustrato

Lámina antiraices
Capa drenante
Capa separadora geotextil
Aislamiento térmico de baja absorción
Capa separadora geotextil
Impermeabilización

Soporte + formación de pendiente

1

2

3
4
5
6
7
8

9
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CITY SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE FOR COMBINING WITH OTHER SOLUTIONS

MEASURING ELEMENTS

STRATEGIC SOLUTION

Works as a base to apply the rest of the solutions of the catalogue.

STREET CATEGORIZATION
Classifi cation of the street network ba-
sed on the desired function of each 
road: through, distributor or access

AC
01

The streets user's driving task is made easier by a recognizable, conti-
nuous and predictable streetscape. One way to achieve this is to divide 
the entire network into different categories with different functions. Most 
accidents are caused by a combination of conflict points and excessive 
speeds. Therefore, the main goal must be to eliminate conflicts and, if 
this is impossible, to reduce speed. 
The design of these streets is also important for the behaviour of diffe-
rent users on them. If users easily recognise the category of a street, 
they will be able to adapt its behaviour automatically and, if necessary, 
this behaviour can be conditioned by the design.

Aim
To achieve a balance between accessibility, safety and liveability in the 
public space. Facilitate the use of streets by different users and achieve 
the objectives of sustainable road safety, i.e. that infrastructures are 
designed according to human capacities and limitations.
To create a scenario in which the rest of the measures in this catalogue 
can be applied in a coherent manner.

Why?

CATALOGUE OF URBAN DESIGN SOLUTIONS GUD ▪ LUGO

How?
We propose here to divide the streets on the basis of their main 
function:
• Trough road: The communication between distant points is the main 
function of this way, and the fl uidity of the traffi c a basic premise. There 
are no level intersections (highways).
• Distribution roads/streets: They connect the residential areas with the 
trough roads or two non-adjacent residential areas with each other. Di-
fferent type of users fl ow between intersections, where they interact with 
each other. These would be the streets that demarcate the Superblocks.
• Access streets: These are the roads that provide access to properties, 
services, etc. In these streets the different traffi cs interact not only at in-
tersections but also along the streets themselves (shared street). These 
are the streets within Supermanzanas.

The user must be able to differentiate the different types of roads in all 
cases.

The way in which roads of different categories relate to each other is 
key to road safety and the level of service. For example:
• Trough roads should not have direct access or level intersections, nor 
should they be within the urban area.
• On access streets the traffi c function is of secondary importance, and 
interactions between different traffi cs can occur at any point, i.e. there 
will be no pedestrian crossings, but pedestrians will be able to walk in 
any area.
• The distributor streets are integrated into an intermediate category, 
since the through traffi c can use them, but you will fi nd level intersec-
tions.
 
Obviously, this is the ideal, and in in the real world we will fi nd situations 
in which it will not be possible to fulfi l all the requirements of a category. 
For example, in some cases access to public transport will confl ict with 
the function of access on a shared street. In that case, a decision will 
then have to be made as to which functions should take precedence on 
the street.

With regard to the recognition of streets, it must be decided how to 
design, signpost, etc., each of the categories so that the designers 
involved in the projects have clear instructions on how to proceed.
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DISTRIBUTOR 
(30 KM/H)

ACCESS 
(20 KM/H)

ACCESS 
(10 KM/H)

On-coming traffi c? YES YES YES
Level intersections? YES YES YES
Crossing traffi c on road 
sections?

YES YES YES

Slow traffi c on carria-
geway?

YES YES YES

Bicycles on carria-
geway?

NO DEPENDS SHARED STREET

Maximum speed? 30 20 10

CHARACTERISTICS FOR EACH CATEGORY ON URBAN LAND ON THE BASIS 
OF DESIRED BEHAVIOUR



PEOPLE INVOLVED

WHAT SHOULD BE CONSIDERED FOR ITS IMPLEMENTATION?

PLANNING LEVEL

EXAMPLES

General Planning
Development Planning
Urbanization Detailed Design

POSIBLE ACTIONS DEVELOPED BY THE ADMINISTRATION:

Local Offi cials
State/regional government offi cials
Planning and design team

∙ Modify signposting in already developed areas
∙ Require that all developments follow the general hierarchy
∙ Develop a design, signage and street furniture guide to unify the different 
types of streets.

∙ Location of the major communication hubs (Accesses, Bridges, train and 
bus stations, etc.)
∙ Location of trip generation nodes

Superblocks in Barcelona Source: Ajuntament de Barcelona

SUPERBLOCKS IN BARCELONA 
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SUPERBLOCK SCHEME, RELATING DIFFERENT TRAFFICS AND THE PUBLIC SPACES NETWORK

Superblocks in Barcelona Source: Source: in-house/Google
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CITY SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE FOR COMBINING WITH OTHER SOLUTIONS

MEASURING ELEMENTS

TRANSIT ORIENTED DEVELOPMENT

Planning a city integrated with public 
transport

AC
02

Most of the world's cities continue to grow and be built according to 
principles and strategies contrary to TOD. Cities continue to be centri-
fuged, new roads and streets built, resulting in more impervious surface 
area, more congestion and more pollution, but also more segregation 
and social isolation, increasing inequality and inequity.
It is therefore urgent to consider an inclusive TOD that integrates not 
only land use and transport, but also people, activities and opportuni-
ties.

Aim
To plan the city in such a way that the inhabitants can have comforta-
ble and safe access to activities, buildings and public spaces through 
pedestrian and cycle ways. To this end, pedestrian and cyclist networks 
must be integrated with a quality and cheap public transport service that 
avoids dependence on the car.

Why?

CATALOGUE OF URBAN DESIGN SOLUTIONS GUD ▪ LUGO

How?
Although TOD has been mostly implemented in developing countries 
and the Americas, its goals are equally valid for developing cities 
everywhere. It is important to bear in mind that this type of planning 
should not only consider the situation of public transport stations, but 
should address planning in an integrated manner. 

Thus, the following objectives should be pursued:

► WALK: Develop neighbourhoods that promote walking through a 
safe, comprehensive and accessible pedestrian network for all.

► Cycle: Prioritise non-motorised mobility networks through compre-
hensive and safe cycle routes and secure bicycle parking areas.

► CONNECT: Create street and dense route networks where pedes-
trian and cycle routes are shorter than those dedicated to cars.

► TRANSPORT: Quality public transport must be accessible from the 
entire development on foot (< 500 m).

► MIX: Plan neighborhoods where inhabitants are from different de-
mographics and income ranges. There must be services within a short 
walking distance from where people live and work, and public space 
must be active most of the day.

► DENSIFY: Optimize residential and labor density to improve the 
efficiency of public transportation.

► COMPACT: Create developments with short travel times, planning 
them within or adjacent to existing ones.

► CHANGE: Manage the use of streets and parking, modifying the use 
of the space dedicated to the car in order to dedicate it to other, more 
sustainable uses.

Most of these goals are common to all the solutions included in this 
catalogue but, like road hierarchy, TOD is a prerequisite to any of the 
others, as it creates a scenario that facilitates the success of those 
measures.
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Works as a base to apply the rest of the solutions on accessibility of the 
catalogue.

Integrated transport network of Curitiba



PEOPLE INVOLVED

WHAT SHOULD BE CONSIDERED FOR ITS IMPLEMENTATION?

PLANNING LEVEL

EXAMPLES

POSIBLE ACTIONS DEVELOPED BY THE ADMINISTRATION:

Local Offi cials
State/regional government offi cials
Planning and design team

∙ Design of a coherent and efficient public transport network
∙ Attractive pricing policies. For example: free for minors and students, or 
completely free for everyone.

∙ Intermodality with other sustainable modes to feed public transport lines
∙ An essential preliminary step is the road categorization

CURITIBA INTEGRATED TRANSPORT NETWORK

Integrated transport network of Curitiba and the densifi cation around it. Source: Google General Planning
Development Planning
Urbanization Detailed Design

Co-fi nanced by the EU through the LIFE Programme



CITY SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE FOR COMBINING WITH OTHER SOLUTIONS

MEASURING ELEMENTS

INDICATOR
Main: C02 reduction by switching from private vehicle to bus trips
Secondary: % of trips from PV to bus

UNIT

g CO2
% of trips from PV to bus

MINIMUM GOAL

5 % of trips from PV to bus

DESIRABLE GOAL

10% of trips from PV to bus 

MEASURE METHOD / FORMULA

Anual Mobility Survey
∆g CO2=A x [B – C] x D

A: % of trips from PV to bus
B: PV CO2 Emission Factor (g CO2/km)
C: Bus CO2 Emission Factor (g CO2/km)
D: Total km travelled
The formula may vary depending on available data.

INTEGRATED MANAGEMENT OF PUBLIC 
TRANSPORT
Integrated management of all sustaina-
ble modes of transportation in order to 
improve their competitiveness

AC
03

The personal choice of which mode of transport to use on each trip is 
generally based on objective aspects such as travel time or parking 
availability at destination. But it is also based on subjective judgements, 
such as the perception of waiting time at a bus stop, discomfort, attracti-
veness or social perception in one way or another.

Attempts to convince users to use public transport, or other sustainable 
modes, collide head-on with:
• The huge amount of money invested in improving the private vehicle 
infrastructure, always at the expense of other modes.
• The lack of reliability and comfort of public transport lines, which have 
been abandoned in favour of private vehicles.
• Lack of public transport line integration with other modes (sustainable 
or not).

The integration of the different types of public transport would have the 
following benefits:
• It would increase the reliability of the transport chain.
• It would allow to know in advance the total travel time.
• It offers an ideal mode of transportation for each type of trip.
• Reduces congestion by reducing private vehicle trips.
• Increases the radius of trips by bicycle or on foot (combined with other 
modes).
• The social dimension of public transport is reinforced.

If we think that in the same space and time 2 people can be transpor-
ted by car, 12 people by bicycle and 9 people by bus, we can see the 
advantages of achieving a more efficient integrated transport.

Aim
Develop a real integration both physically and in the management of the 
different types of public transportation: train, bus, taxi. This, along with 
other measures favouring intermodality between this public transport 
and cycling or walking, will increase the competitiveness of these mo-
des over the private vehicle.

Why?

A

B

CATALOGUE OF URBAN DESIGN SOLUTIONS GUD ▪ LUGO

How?
Depending on the modes of transport available in each city, different 
measures can be taken. In a typical Spanish city where trains, buses 
and taxis are available, the following could be adopted:

• Single ticket: A single ticket is valid for all public transport, so that the 
transfer between them is free.
• Real time information: Install panels at bus stops with information on 
bus status, delays, etc. The same information, as well as warnings, 
should be available in a mobile application.
• Route planner: Develop a mobile application that allows you to plan a 
trip between two points in different modes.
• Traffi c light priority: Using GPS detectors or on demand, traffi c lights 
must change to give priority to buses.
• Facilities that provide effective intermodality: Secure storage facilities 
for bicycles at train and bus stations. Bicycles storage in selected bus 
stops, so that the bicycles can be used as a feeding system for buses, 
etc.
• Install bicycle racks in taxis and buses, as a minimum, on lines that 
serve travel attraction centers that require a steep route.

When calculating the reduction in emissions due to the change of mode 
of transport, the best emission factors available at the time should be 
used, depending on the modes to be evaluated. For a fi rst approxima-
tion, you can use the following (see next page):
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PEOPLE INVOLVED

WHAT SHOULD BE CONSIDERED FOR ITS IMPLEMENTATION?

PLANNING LEVEL

EJEMPLOS

Local Offi cials
State/regional government offi cials
Planning and design team

POSIBLE ACTIONS DEVELOPED BY THE ADMINISTRATION:

∙ Integration of all mobility services in a single application that allows travel 
planning (MaaS).
∙ Attractive fare policies. For example: Free public transport for minors and 
students, or completely free for everyone.

∙ Measures to promote and improve public transport are necessary, but not 
enough to increase its use, it is necessary to reduce the availability of other 
unsustainable modes of transportation.

Bicycle racks in taxis (Copenhagen). Source: Copenhaguenize

BICYCLE RACKS ON MADRID BUSES 

BICYCLES ON PUBLIC TRANSPORT IN DENMARK 

IIntegration of bicycles on the train in Denmark 

General Planning
Development Planning
Urbanization Detailed Design
Construction Detailed Design

TIPO DE VEHÍCULO EMISSION FACTOR

Co-fi nanced by the EU through the LIFE Programme

(ECF)

Urban Rural Outside built area
Gasoline Automobile (g CO2/km) 231 145 153
Diesel Automobile (g CO2/km) 204 130 146
Urban Bus (g CO2/pasajero*km) 85
Bicycle (g CO2/km) 21 21 21



CITY SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE FOR COMBINING WITH OTHER SOLUTIONS

MEASURING ELEMENTS

INDICATOR
Main: C02 reduction by switching from private vehicle to bus trips
Secondary: % of trips from PV to bus/bicycle/walk

UNIT

g CO2
% of trips from PV to bus/bicycle/walk

MINIMUM GOAL

50 % of trips from PV to bus/ bicycle/walk

DESIRABLE GOAL

70 % of trips from PV to bus/ bicycle/walk

MEASURE METHOD / FORMULA

Anual Mobility Survey
∆g CO2=A x [B – C] x D

A: % of trips from PV to bus/bicycle/walk
B: PV CO2 Emission Factor (g CO2/km)
C: Sustainable mode CO2 Emission Factor (g CO2/km)
D: Total km travelled
The formula may vary depending on available data.

PARKING MANAGEMENT

Shrinking the number of street parking 
spaces

AC
04

Managing parking in a city means managing the use of the private 
vehicle and congestion and, consequently, the management of public 
space. It is the most powerful tool a city has to improve its public space 
performance. 
A signifi cant part of the time that we spend in the car is dedicated to fi nd 
a place to park, which means wasted time and fuel, but also increases 
traffi c agitation and reduces road safety.
On the other hand, in most areas of the city, peak demand occurs only 
for a few hours a day (or even a week). It is more effi cient to reduce 
peak demand than to increase supply.
Studies around the world show that consumers who walk or cycle to 
shops spend more than those who arrive by car, and that the elimination 
of street parking increases the sales of street shops.
The demand for parking in areas with free street parking corresponds 
to the demand at zero price, but parking is never free. We all pay for it, 
rather than those who use it. This free and open parking encourages 
excessive use of the car and stops other users from using public space.

Aim
To reduce the area occupied by standing cars and to recover that space 
for the street functions: stay, movement and social relations.

Why?

P

CATALOGUE OF URBAN DESIGN SOLUTIONS GUD ▪ LUGO

How?
Parking management must be approached from different scales and 
scopes, and the solutions in each of them must be different.
► City:
• Hierarchising the streets network.
• Eliminate parking spaces located in the basic network (distributor ro-
ads) that affect the operation of other transportation networks. The rest 
of the spaces must be regulated.

• Implement park and ride facilities connected to the bicycle and public 
transport networks to compensate for the elimination of places on the 
basic network. Users who leave their car in the park and ride will recei-
ve in exchange a 24-hour public transport/bike pass, renewable for a 
longer period at a reduced fare. These car parks can be used at origin, 
in which case they will have no infl uence on the car park in the city of 
origin, but will have an infl uence on traffi c in general if they are properly 
connected to other mobility networks.
• Use the parking fee to manage demand, charging more in the areas 
with the highest demand, and using that revenue to provide alternatives 
to the private vehicle. 
• Use dynamic pricing, adapting the rate according to the area, time, 
vehicle size, duration of parking, etc. This must be combined with 
application-based charging so that the user can know the cost in each 
situation beforehand.

► Neighbourhood or Superblock:
• Eliminate surface parking spaces in the inner streets of superblocks 
(access streets) that interfere with other mobility networks. The rest of 
the spaces will be regulated by means of a "residential area" system.
• The elimination of parking spaces within the superblocks may be com-
pensated for by constructing underground car parks.

► Building in new developments:
• Taking the legal parking provision requirements as a maximum and 
not a minimum.
• Include parking for all modes of transport in the spaces required by the 
legislation in the street, including bicycles and motorcycles.
• Build the car parks separate from the building, in order to even public 
transport and private vehicles in the fi rst stage on foot.
• Limit to a minimum the entrances and exits of private car parks, 
forcing shared access between buildings to reduce interference with the 
pedestrian and cyclist network.
• The accesses to public car parks will always be on the distribution 
streets or at the supermanzana entrances, never on access roads. In 
the case of private car parks, the number of accesses from the street 
must be limited.
• Public car parks should be multistorey or underground, rather than on 
the street.
• There should be no parking at building entrances to avoid confl icts 
with pedestrians.
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PEOPLE INVOLVED

WHAT SHOULD BE CONSIDERED FOR ITS IMPLEMENTATION?

PLANNING LEVEL

EXAMPLES

General Planning
Development Planning
Urbanization Detailed Design
Construction Detailed Design

POSIBLE ACTIONS DEVELOPED BY THE ADMINISTRATION:

Local Offi cials
Planning and design team
Real estate developers
Neighbourhood communities

∙ Reduce parking space in official buildings
∙ Increase enforcement against illegal parking
∙ Promote PARK(ing) Day like events

∙ The management of the parking offer is one of the most unpopular measu-
res in this catalogue
∙ Thorough Studies and persuasive arguments will be needed to convince 
users and traders
∙ At the same time as the provision of parking is reduced, it is necessary to 
increase the supply of sustainable modes of transport

PARKING MANAGEMENT IN GRAZ

CAMBRIDGE PARKING AND TRANSPORT DEMAND MANAGEMENT 
ORDINANCE

• Parkingspaces linked to the dwellings should be sold separately from 
the dwelling. As a result, buyers could decide whether or not to buy 
them.

► Legal measures:
• Modify the minimum standards for parking spaces in the General 
Plans, eliminating them if possible. This would force to separate the 
cost of the parking spaces from the cost of the housings, reducing the 
demand of those, especially in the street. If this is not possible, esta-
blish maximum and not minimum standards.
• Limit the time of use of loading and unloading parking spaces, avoi-
ding them to become industrial car parks. 
• Establish a maximum number of parking spaces per zone. If new par-
king spaces are built outside the carriageway, they must be eliminated 
in the same number from the carriageway.

• Use the benefi ts of regulated parking to improve sustainable transport 
networks or to subsidise their use by certain groups.
• Charge more taxes to companies that offer free parking to their emplo-
yees.
• Collect taxes on private driveways in relation to the parking spaces 
they serve.

► Technological measures
• Implement a parking search and payment application. 
• Manage the reservations of loading and unloading spaces so that 
delivery vehicles do not have to circulate looking for parking. This type 
of traffi c, one of the most important in the city, and in constant growth, is 
dealt with in an independent solution in this catalogue.

PARK(ing) Day. Source: airbus777 / Flickr Parking lots in Pontevedra. Source: Google

Proposal for new developments in Lugo's SUMP

Co-fi nanced by the EU through the LIFE Programme



CITY SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE FOR COMBINING WITH OTHER SOLUTIONS

MEASURING ELEMENTS

IINDICATOR
Main: C02 reduction by switching from private vehicle trips to walk
Secondary: % of reduction of PV trips

UNIT

g CO2
%

MINIMUM GOAL

5 % of reduction of PV trips

DESIRABLE GOAL

10 % of reduction of PV trips

MEASURE METHOD / FORMULA

Anual Mobility Survey
∆g CO2=A x B x C

A: % of reduction of PV trips
B: PV CO2 Emission Factor (g CO2/km)
C: Total km travelled

PEDESTRIAN ROUTES

Safe, continuous and attractive network 
of pedestrian itineraries

AC
05

Most of the urban developments carried out in the 20th century have 
been planned by putting the automobile at the centre of all decisions, 
ruling out other more efficient modes of transport in the city. This has led 
to a vicious circle in which the design of hostile cities to pedestrians and 
cyclists and the abandonment of public transport has created a situation 
in which it is almost compulsory to move around the city by car.
Even so, in European cities, the percentage of journeys made on foot 
is very high despite the fact that most of the public space is dedicated 
to the car. But on many occasions, walking is hampered by dangerous 
crossings, discontinuity on sidewalks, street furniture, etc.

Aim
To connect all transport infrastructures, equipment, leisure spaces, etc., 
through a pedestrian network that guarantees accessibility on foot to all 
services and daily activities.

Why?

CATALOGUE OF URBAN DESIGN SOLUTIONS GUD ▪ LUGO

How?
As in many processes of change in aspects that affect society, the fi rst 
thing must be a change of mentality on the part of the decision-makers 
whose decisions affect the public space. 
Two premises must be clear:
• We must guarantee people's access to services and activities, but not 
their cars. 
• The function of streets is to allow the movement of people, not to store 
cars.

In short, it would be a question of replacing the car with the pedestrian 
in all decisions in public space, so it is much better understood. No one 
would think of a city without a continuous network for cars, where many 
intersections do not have continuity in level, for example.
Although the majority of the population would agree with these premi-
ses, putting them into practice would be a major change in our cities, 
as virtually all decisions that continue to be taken go in the opposite 

direction.

Once that change in mentality has taken place, the steps to follow to 
achieve a continuous, safe and attractive pedestrian network would be 
as follows:
• Hierarchizing the road network
• Reduce speed in urban areas below 30 km/h.
• Plan a network of continuous pedestrian routes throughout the city.
• Increase single-platform areas on access streets.
• Maintain level continuity of sidewalks at junctions.

Once the pedestrian network has been planned, we must ensure that it 
meets the following conditions:
• Connectivity: it must connect the different neighbourhoods with the 
main destinations of the population, and not only with green spaces 
or leisure areas. It must be ensured that the itineraries are complete, 
without obstacles. If appropriate, these pedestrian itineraries will be 
combined with cyclists or public transport.
• Accessibility: these itineraries must allow their use by all types of 
users. If necessary to overcome obstacles, mechanical ramps, lifts, etc. 
will be installed.
• Diversity: The public space must be socially and functionally diverse. It 
must have variety in the type of construction, in the type of activity, etc.
• Safety: Both objective and subjective road and citizen safety must be 
ensured. In order to achieve this, the speed of cars will be reduced, 
continuity and preference will be given to pedestrians at crossroads, 
any type of vehicle will be forbidden to circulate on sidewalks, it will be 
conveniently illuminated, etc. In addition, an attempt will be made to en-
sure that itineraries run through areas where there is activity at all times.
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PEOPLE INVOLVED

WHAT SHOULD BE CONSIDERED FOR ITS IMPLEMENTATION?

PLANNING LEVEL

EXAMPLES

General Planning
Development Planning
Urbanization Detailed Design
Construction Detailed Design

POSIBLE ACTIONS DEVELOPED BY THE ADMINISTRATION:

Local Offi cials
Planning and design team

∙ Promote and encourage the development of plans such as "Safe routes to 
school" or Corporate Mobility Plans

∙ Just as important as the design of public space is the activity of the premi-
ses and buildings located in them
∙ You have to consider both objective and subjective security

METROMINUTO PONTEVEDRA 

VITORIA URBAN PATHS NETWORK

have a clear idea of how to behave on them. In addition, information 
will be available online and in the streets where these itineraries can be 
seen in combination with cycling itineraries, public transport, etc.
- Continuity: All the above conditions will be maintained along all the 
itineraries.

Pontevedra seafront promenade Barrio de San Martín (Vitoria)

Metrominuto from Pontevedra

- Health: Ensure that pedestrian routes run through uncontaminated 
areas. Traffi c or its speed will be reduced, these routes will coincide with 
the city's green infrastructure, etc.
- Attractive: In addition to trying to make these itineraries run through 
areas that are already attractive, the urban furniture, signposting, pave-
ments, etc. will be designed in such a way that the whole is harmonious. 
Special attention will be paid to vertical signposting in order to avoid 
obstacles.
- Legibility: Itineraries must be designed in such a way that all users 

Co-fi nanced by the EU through the LIFE Programme

Street with pedestrian priority in Hungary



CITY SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE FOR COMBINING WITH OTHER SOLUTIONS

MEASURING ELEMENTS

INDICATOR
Main: CO2 reduction by switching from private vehicle to bike trips
Secondary: % of trips from PV to bicycle

UNIT

g CO2
% 

MINIMUM GOAL

2 % of trips from PV to bicycle

DESIRABLE GOAL

6 % of trips from PV to bicycle 

MEASURE METHOD / FORMULA

Anual Mobility Survey
∆g CO2=A x [B – C] x D
A: % of trips from PV to bicycle
B: PV CO2 Emission Factor (g CO2/km)
C: Bike CO2 Emission Factor (g CO2/km)
D: Total km travelled
The formula may vary depending on available data.

CYCLING WAYS IN DISTRIBUTOR ROADS

Cycling routes and solutions on distribu-
tor roads, with level intersections

AC
06

Across Europe the increase in traffi c in city centres leads to chronic 
congestion, with many negative consequences in terms of loss of time 
and damage to the environment, health and the economy. Every year, 
the European economy loses around one hundred thousand million 
euros, or 1% of the EU's GDP. Urban traffi c accounts for 40% of CO2 
emissions and 70% of emissions of other pollutants from road transport. 
The risk of respiratory diseases has increased by around 50% among 
children living near arteries with heavy traffi c (WHO 2000 data). The 
health cost of pollution caused by road transport in Spain is estimated 
at around 5000 million euros per year (TRUE Initiative).

However, recent studies in the UK show that the health benefi ts of 
cycling 3 days a week for one year can be as high as £670. From an 
analysis of 16 studies that analysed transport (infrastructure or policy) 
actions economically, and included data on bicycle use or walking, im-
pressive data are obtained: the benefi t/cost ratios were 5:1 on average.

Aim
Create a bicycle ways network that should be: Safe, Direct, Cohesi-
ve, Attractive and Comfortable; the first three criteria being the most 
important.

Why?

CATALOGUE OF URBAN DESIGN SOLUTIONS GUD ▪ LUGO

How?
Depending on the city's cycling development, one or the other of the 
above criteria must be emphasised.
Most cities in Spain (and Europe) are considered to be in a start-up 
phase, so the main emphasis should be on safety and encouraging 
people to use bicycles.

The main network will be that which links major nodes of trip attrac-
tion and should therefore have characteristics of capacity, priority and 
comfort superior to secondary. This main network will be made up of 
bicycle lanes protected by parking strips or services, or separated by 
kerb or lane separators. Except for justifi ed exceptions, they shall be 
one-way and shall always have priority over cars in the absence of tra-
ffi c lights. In new developments, when separate lanes are considered, 
it is recommended that they be placed at an intermediate level between 
carriageway and pavement.
The solutions along these itineraries may be different depending on the 
street on which they run, but the bicycle must always be given priority 
over cars and an attempt will be made to provide the bicycle lane with 
the greatest safety and separation.

On distribution routes, cycle paths will always be separated, although 
it is not compulsory for cycle routes to follow the same trace as the 
streets. In the event that the Main Network runs along access roads, 
it will not be essential to separate the traffi c. On the other hand, the 
crossing of the main network through shared or pedestrian zones must 
be exceptional.

The secondary network connects secondary poles, or residential areas, 
generally coinciding with access or shared streets. It will also serve as a 
connection between main itineraries. It will not generally be necessary 
to separate the traffi cs as the speed will be limited to 10-20 km/h. If 
necessary, contrafl ow bike lanes will be provided on one-way roads to 
facilitate bicycle movement, versus car movement.
This urban network must be linked to leisure or sports itineraries outside 
the city centre.

Minimum design criteria will be used when proposing solutions. In any 
case, it is important to point out that sometimes it is better not to design 
anything than to design a solution that produces a false sense of secu-
rity. Therefore, when proposing solutions, the safety criterion will always 
prevail.
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PEOPLE INVOLVED

WHAT SHOULD BE CONSIDERED FOR ITS IMPLEMENTATION?

PLANNING LEVEL

EXAMPLES

General Planning
Development Planning
Urbanization Detailed Design

POSIBLE ACTIONS DEVELOPED BY THE ADMINISTRATION:

Local Offi cials
State/regional government offi cials
Planning and design team

∙ To change municipal fleet vehicles for bicycles
∙ Create a police force that patrols on bicycles

∙ Complete itineraries should always be considered, and not stretches
∙ Special consideration will be given to the design of intersections
∙ The maintenance of cycle paths must have the same or higher priority 
than that of roads for motor vehicles

COPENHAGEN CYCLING STRATEGY 

CYCLING POLICY IN AMSTERDAM 

In general, the recommendations of the latest edition of the Dutch 
cycleway design manual (CROW, 2016) will be followed. Only the 
following typologies are recommended, in order of priority:
• Unidirectional cycle path at different level/protected
• Bi-directional cycle path at different level/protected
• Solitary cycle path (completely separated with no relation to other 
roads or streets)

Example in which a lane is replaced by a separate cycle path

• Separated Cycle path (completely separated along trough roads)
• Cycling street/access roads (20 km/h). It can be a service road.

When calculating the emission factors of the different modes of trans-
port considered, we will use those that best characterise the modes 
used in the study area. The following can be taken as a basis:

Cycle paths at different level in a roundabout 
(Houten, Netherlands) (Source: Google)

Level cycle paths in a roundabout (Amster-
dam, Netherlands) (Source: Google)

Cycling streets as service streets (Houten, 
Netherlands) (Source: Google)

TYPE OF BICYCLE INFRASTRUCTURE MINIMUM WIDTH (M)

Unidirectional cycle path 1,90

Bi-directional cycle path 3,00 

Solitary cycle path 2,50

Separated Cycle path 2,50

TYPE DE VEHICLE

EMISSION FACTOR

Urban Rural Interurban

Gasoline Automobile (g CO2/km) 231 145 153

Diesel Automobile (g CO2/km) 204 130 146

Urban Bus (g CO2/pasajero*km) 85

Bicycle (g CO2/km) 21 21 21

Co-fi nanced by the EU through the LIFE Programme



CITY SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE FOR COMBINING WITH OTHER SOLUTIONS

MEASURING ELEMENTS

INDICATOR
Main: CO2 reduction by switching from motor vehicles to more 
sustainable modes
Secondary: % of reduction in km travelled in motor vehicles

UNIT

g CO2
% 

MINIMUM GOAL

50 % of trips from MV to sustainable modes in designated zones

OBJETIVO DESEABLE

70 % of trips from MV to sustainable modes in designated zones

MEASURE METHOD / FORMULA

Anual Mobility Survey
∆g CO2=A x [B – C] x D
A: % of reduction in km travelled in motor vehicle
B: MV CO2 Emission Factor (g CO2/km)
C: Non polluting vehicle CO2 Emission Factor (g CO2/km)
D: Total km travelled
The formula may vary depending on available data.

MANAGEMENT OF URBAN DELIVERY

More sustainable and safe urban delivery 
in the city

AC
07

The distribution of goods is one of the most important activities within 
a city's mobility system. Most of the goods consumed in a city come 
from outside the city. Although it is not one of the fi rst systems to be 
considered when dealing with a city's mobility problems, its importance 
is capital, and is growing rapidly due to changes in consumer habits, as 
e-commerce increases.

This increase in the demand for this type of service, and the lack of 
measures to adapt cities to it, is a major challenge due to the serious 
impacts it generates: noise, pollution, occupation of public space and 
road safety problems.

Aim
Adapt to the increase in this type of transport in cities, achieving a more 
sustainable and safer last mile transport.

Why?

CATALOGUE OF URBAN DESIGN SOLUTIONS GUD ▪ LUGO

How?
A few examples of measures to improve the sustainability of freight 
transport in the city are proposed here, but all of them must start from 
one fi rst and indispensable: ensuring the participation of transport 
companies and traders. Without this premise it has proved impossible to 
achieve results, as there are multiple confl icting interests and different 
scenarios.

On the other hand, like any other problem related to mobility, no single 
measure can have results, but it is necessary to combine different 
solutions.

Measures affecting the distribution of goods are usually classifi ed into 
three groups: normative, technical and logistical. It is a combination 
of these three types that will achieve results, but each of them corres-
ponds to an actor within the system.

► Preliminary measures: commitment of the different actors:
• Create working groups between the administration and the different 
stakeholders to propose solutions.
• Organise information days or forums to raise awareness of the propo-
sed solutions.

► Legal measures:
• Restrictions on access time to certain areas for loading and unloa-
ding. An example of a measure could be night-time delivery with silent 
vehicles. 
• In businesses or areas where night-time delivery is not possible, time 
restrictions on daytime delivery should be considered.
• Different permits and standards for less polluting or noisy vehicles.
• Supports for the purchase of more sustainable vehicles for last mile 
delivery.
• Oblige to have storage areas in commercial premises.

► Management of parking for loading and unloading:
• Pre-booking of spaces for loading and unloading. 
• Limitation of the time of use of the spaces.

► Logistical measures:
• Courier lockers. Oriented to the private market and mainly to online 
commerce, these are areas where different courier companies leave 
small packages in lockers that can then be collected by individuals. 
These consignments will be in designated zones according to their 
access and parking facilities. Unlike Pick-up centres, which are usually 
shops, these lockers will be placed in a way that is consistent with the 
other measures for parking management, road hierarchization, pedes-
trian itineraries, etc., and will therefore serve to increase the effective-
ness of these other measures.
• Proximity distribution areas. Installation of a transfer platform on which 
goods are unloaded from heavy vehicles and placed on trolleys, wheel-
barrows, electric vehicles or bicycles for last mile distribution. It can also 
function as a short-term storage and courier locker 
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PEOPLE INVOLVED

POSIBLE ACTIONS DEVELOPED BY THE ADMINISTRATION:

PLANNING LEVEL

EXAMPLES

General Planning
Development Planning
Urbanization Detailed Design
Construction Detailed Design

Local Offi cials
Planning and design team
Traders and Shop Owners
Neighbourhood communities
Associations and cooperatives

∙ Collaboration and support from distribution companies and retailers is 
crucial
∙ The location of loading and unloading areas, or proximity distribution 
areas, is critical.

DHL PACKSTATION 

BENTOBOX BERLÍN 

FREILOT PROJECT IN BILBAO

ESPACES DE LIVRAISON DE PROXIMITÉ EN ROUEN 

URBAN DELIVERY AREA OF BARCELONA

AMAZON LOCKER

Different distribution systems in vehicles without engine. Source: see link of the examples

Operation of courier lockers and proximity delivery areas

Co-fi nanced by the EU through the LIFE Programme



ISSUES AFFECTED

OTHER SOLUTIONS SUITABLE TO COMBINE WITH

MEASURE ELEMENTS

INDICATOR
Decrease of CO2 emission by changing travels in private vehicle to 
pedestrian, bicycle or bus.

UNIT

% of students who change their travel mode.

MINIMUM OBJECTIVE 
20 % 

DESIRABLE OBJECTIVE

50 %

MESURE METHOD / FORMULA

Anual Mobility survey
∆g CO2=A x [B-C] x D 
A: % travels changed to bicycle/walking
B: car CO2 emissions factor (g CO2/km) 
C: bicycle/walking CO2 emissions factor (g CO2/km) 
D: total km travelled

SAFE PUBLIC SPACES / SCHOOL ROUTES
Introducing the gender perspective in 
the urban process / Development of safe 
school routes

AC
08

Urban planning has been dominated by men controling the decision-
making processes. For this reason, the city and the growth model have 
prioritized productive tasks and economic activities, over the reproduc-
tive and care tasks of society. The enjoyment and safety aspects of 
public spaces (streets, squares, itineraries in general) have been con-
sidered a secondary issue. The most affected by this situation are the 
most vulnerable groups because they are far from that power structure: 
women and the childhood, even as principal users of the public space. 
Changing this scenario requires involving women in the decision-ma-
king phases in urban planning. 

Some of the main aspects that are underlined with the incorporation of 
the feminine perspective are the following:

• The design of safe spaces that prevent dangerous situations for them 
and children.
• Prioricing pedestrian uses, accessibility and suppression of architectu-
ral barriers.
• The diversity of functions that avoid unnecessary travel.
• Adaptation of public transport to the specifi c needs of women.

Another group affected by this situation are young people and children. 
We have come to believe that the optimal mode of travel is the individual 
in own vehicle because the city has been designed to favor this transport 
mode. Besides, there's a growing feeling of fear, as we turn to believe that 
the city is increasingly insecure. However, this perception is fed back with 
the maintenance of that dominant mobility structure.

The sustainable strategy addressed in this sheet is that of the school path 
as an example of a safe path because it is more quantifi able in terms of 
impact on the urban environment due to pollution and energy consumption, 
without forgetting its sociological benefi ts. The school path projects study 
the mobility needs for children in order to create adequate conditions for 
their daily movements, in particular to schools.

Implementing this measure affects many aspects related with sustanibi-
lity and social relations and childhood development:
• Increase child autonomy.
• Increase the number of children who come walking or cycling to 
school.
• Reduce the number of private vehicles reaching the school surroun-
dings.
• Transfers trips from private vehicles to public transport when distances 
are large.
• Encourage children to come in the company of friends or classmates.

Aim
►Generic: think, plan, project and maintain cities counting with women 
by focusing on those tasks traditionally assigned to women that have 
not been taken into account either by policies or urban planning. Consi-
der the women tasks at the same level as those of production.

►Specific of the school path: 
Create a network of safe routes so that children can move around on 
foot or by bicycle in their daily journeys, especially to school.

Why?

CATALOGUE OF URBAN DESIGN SOLUTIONS GUD ▪ LUGO

How?
The so called, safe school rutes Safe Routes to School programs aim 
to make it safer for students to walk and bike to school and encourage 
more walking and biking where safety is not a barrier. Transporta-
tion, public health and planning professionals, council politics, school 
communities, law enforcement offi cers, community groups and families 
all have roles to play using education, encouragement, engineering 
(changes to the physical environment). A safe school route project may 
have focus on different mobility problems depending on school urban 
situation.

There are different planning guides that explain the managing process 
of safe school routes and show the different options (pedestrian / cyclist 
/ public transport) and real examples around the world. The script of the 
process is structured in the following phases:

► Phase 1. First studies.
• Definition of the project and objectives.
• Creation of a technical commission.
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PEOPLE INVOLVED

WHAT SHOULD BE CONSIDERED FOR ITS IMPLEMENTATION?

EXAMPLES

POSIBLE ACTIONS DEVELOPED BY THE ADMINISTRATION:

Individuals
School staff
parents associations
Council politics and technicians

∙Raising of awareness campaigns.
∙Urban improvements in the hot spots in the safe routes.

∙ Involvement of the largest possible number of agents: administration, 
parents, schools, associations.
∙ Involvement of technicians who analyze the itineraries to confi gure an 
optimal network.

The planned itinerary of the safe school route can be pedestrian, by 
bike or in public transport. Source: www.streetfi lms.org

UN WOMEN WEB REFERENCES

FRANCESCO TONUCCI'S WEB REFERENCES

CONCELLO DE OURENSE

► Phase 2. Diagnosis.
• Analysis of mobility routines.
• Drawing of maps with possible routes.
• Pointing of the problems and their origin.

► Phase 3. Development of the plan and action proposal.
• Propositions to improve the mobility conditions in the itineraries.
• Proposition to organize the itineraries.
• Calendar and resources.

► Phase 4. Monitoring and evaluation

The main task can be the selection of some routes that can bring 
together a good number of schoolchildren from a certain neighborhood 
to the school. Once the route is chosen, it's necessary to identify points 
of possible road safety confl icts. If the council or other administration 

Walking School Bus. 
Source: University of Salford Press Offi ce

levels are involved in the project they may carry with the cost of some 
urban improvements. You can also count on other agents, such as 
people who run businesses located along the route, following the expe-
riences inspired by the work of Francesco Tonucci.

The main obstacle is that we live in a fear or distrust dominated society. 
There is a widespread perception that the street is a dangerous place for 
the childhood and, although the traffi c is responsible for a signifi cant part 
of this fear, but not only. In a perverse process citizens lost the sense of 
belonging to the public spaces so the street is perceived, increasingly, 
as a residual space where all kinds of dangers can appear and where 
nothing good can happen. However, the real statistics does not reinforce 
this fear.

Co-fi nanced by the EU through the LIFE Programme
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CITY SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE FOR COMBINING WITH OTHER SOLUTIONS

MEASURING ELEMENTS

INDICATOR
Main: CO2 reduction by switching from motor vehicles to more 
sustainable modes
Secondary: % of reduction in km travelled in motor vehicles

UNIT

g CO2
% 

MINIMUM GOAL

20 % of reduction of trips in MV 

DESIRABLE GOAL

40 % of reduction of trips in MV 

MEASURE METHOD / FORMULA

Anual Mobility Survey
∆g CO2=A x [B – C] x D
A: % of reduction in km travelled in motor vehicle
B: MV CO2 Emission Factor (g CO2/km)
C: Non polluting vehicle CO2 Emission Factor (g CO2/km)
D: Total km travelled

ACCESSIBLE CITY

Plan the city to ensure access while 
reducing transport

AC
09

The purpose of transport and mobility is to access destinations, activi-
ties, services and products. In other words, the goal of all transport is 
access, not travel itself. By achieving access without the need to travel, 
by means of more effi cient modes, or with shorter journeys, we will 
succeed in signifi cantly reducing the negative impact of transport.

Aim
Ensure that all people have access to the services and activities they 
need while reducing the need for transport. In addition, access to quality 
and affordable public transport and safe spaces for walking and cycling 
is guaranteed.

Why?

CATALOGUE OF URBAN DESIGN SOLUTIONS GUD ▪ LUGO

How?
When it comes to improving the accessibility of a city, there are multiple 
measures at different levels, some of which are the subject of other 
solutions in this catalogue. We will focus here on general aspects of 
planning, but above all on solutions that are more specifi c, cheaper and 
achievable in the short term.

In general, city planning should focus on the following fi ve aspects in 
order to improve access: 

• Increasing density
• Increasing the diversity of land use, housing and transport options
• Design the city and its street network in such a way that it promotes 
the most effi cient modes of transport.
• Increase accessibility to jobs or places of interest by reducing travel 
time or eliminating travel altogether.
• Decrease the distance to public transport.
• Plan public transport based on the recognition of the different needs of 
women related to their roles, needs and experiences, since, statistica-
lly, they are the ones who most frequently use this type of transport. 
Likewise, the design of infrastructures and vehicles must be done with a 
gender perspective.

Most of these aspects are dealt with in other solutions, but here the 
emphasis will be on reducing the need for transport. The main goal 
must be to ensure that people have access to services and places of 
interest without having to travel. This can be achieved through relatively 
inexpensive measures that are easy to implement in the short term. 

Because most forced trips in a city are related to work, studies and 
sporting or leisure activities, this is where efforts must be concentrated. 
Any measure that reduces this type of regular travel will have a major 
impact. To this end, the following measures should be considered, with 
administrations being responsible for leading by example:

• Promotion of telecommuting. Firstly, administrations should lead by 
example, offering the possibility of some work being carried out from 
home or from nearby places. In addition, public centres should be ope-
ned in which temporary cubicles can be reserved for those who do not 
have infrastructure at home. Each neighbourhood should be equipped 
with this type of facilities.
• Schools and, above all, kindergartens should be located in densely 
populated areas and not on the periphery of cities. Regulations should 
require that every neighbourhood or development, as well as large 
workplaces from a number of workers, have a nursery.
• Each neighbourhood should have sports facilities, libraries and other 
public facilities, so as to reduce the number of people travelling to them 
from distant areas.
• Require large work centres (>100 workers) to carry out a mobility 
study generated prior to obtaining a licence. This study will evaluate 
the impact of the work centre on the different transport networks in the 
city and propose measures to reduce it. In addition, it should study the 
mobility patterns of employees and propose measures to reduce trips or 
make them more effi cient.
• Encourage the implementation of company mobility plans or personal 
mobility plans through exemptions in taxes or fees to companies that 
take these measures.
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PEOPLE INVOLVED

WHAT SHOULD BE CONSIDERED FOR ITS IMPLEMENTATION?

PLANNING LEVEL

EXAMPLES

General Planning
Development Planning

POSIBLE ACTIONS DEVELOPED BY THE ADMINISTRATION:

Local Offi cials
Planning and design team

∙ Lead by example by developing a Workplace Mobility Plan in their work 
centres and implementing the measures described here.
∙ Fund or reduce fees for work centres that implement some of these 
measures.

∙ If administrations force companies to take measures of this kind, they 
must start by leading by example.
∙ The implementation of most of the measures described here depends 
upon the previous implementation of others (Hierarchization, TOD, creation 
of a cycling and pedestrian network, etc.).

NO CAR COMMUNITY VAUBAN (GERMANY) 

CURITIBA (BRASIL). 

CATALUÑA MOBILITY ACT

SUPERILLES BARCELONA

LE PARIS DU QUART D'HEURE

Curitiba (Brazil). Densifi ed and transit oriented city. Source: Google No car community in Vauban. Source: Google

Different mobility patterns when the city 
is decentralized
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STREET SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE FOR COMBINING WITH OTHER SOLUTIONS

MEASURING ELEMENTS

INDICATOR
Main: CO2 emissions reduction
Secondary: % of reduction in km travelled in PV within superblocks

UNIT

g CO2
% 

MINIMUM GOAL

50 % of reduction of PV trips within superblocks

DESIRABLE GOAL

70 % of reduction of PV trips within superblocks 

MEASURE METHOD / FORMULA

Anual Mobility Survey
∆g CO2=A x B x C
A: % of reduction of PV trips
B: PV CO2 Emission Factor (g CO2/km)
C: Total km travelled

HEALTHY STREETS WITHIN SUPERBLOCKS

Streets designed for pedestrians, 
cyclists and public transport users

AC
10

For a good part of the 20th century, cities have been planned and built 
with the car at the centre of all decisions. This has led to the creation of 
cities where their inhabitants are almost completely dependent on the 
automobile. 
As a result, cities have become unequal, segregated, hostile, dange-
rous and unhealthy places. 
In addition, the massive use of private vehicles contributes to a great 
extent to climate change, as transport is one of the main sources of CO2 
emissions.

Aim
The goal of this measure is twofold:
• Getting city dwellers to use the car less and to walk, ride a bicycle or 
use public transport instead.
• Create a safer, healthier, fairer, more inclusive and attractive public 
space.

Why?
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CATALOGUE OF URBAN DESIGN SOLUTIONS GUD ▪ LUGO

How?
Removing the through traffi c inside the Superblocks, being that interior 
space mainly pedestrian, coexisting with resident and service vehicles. 
The vehicles' speed adapts to the pedestrian's (10 km/h). 
This measure is completely conditioned to the prior hierarchization of 
the city streets. Without such a hierarchy it is impossible to achieve.
There are many manuals, guides and recommendations that pre-
sent solutions to achieve a public space where the automobile loses 
prominence (some of them are included in the bibliography section). 
Although each city has its own particularities, the basic premise in all of 
them must be to put people, their safety and health at the centre of all 
decisions. Once we start from that premise, there are multiple solutions 
to achieve a safer, healthier, fairer, more inclusive and attractive public 
space.
Most of the measures proposed in this catalogue for a street could be 
included in this solution, as the whole catalogue is aimed at achieving 
the same goals. When selecting measures, it must be ensured that the 
result is a public space in which the following conditions are met:

The environment is diverse and 
inclusive
The streets are attractive for all 
types of users

People walk and use bicycles 
or public transport
This will only happen if the volu-
me of car traffi c is reduced and 
the experience of pedestrians 
and cyclists is improved

The environment is safe
The whole community must feel 
safe on the street and not perceive 
risk in the use of any mode of 
transport

The air is clean
Improving air quality is a univer-
sal benefi t and reduces health 
inequality

The streets are easy to cross
Diffi culties or barriers in following 
safe, direct pedestrian routes 
keep people from walking. Streets 
should allow to be crossed at any 
point

The atmosphere is quiet
Reducing traffic noise produces 
direct health benefits and impro-
ves the attractiveness of streets, 
while favouring the use of active 
modes of transport

Shade and sheltered areas exist
The existence of sheltered and 
protected from the sun areas 
allows the use of the streets 
throughout the year

There are areas to rest and 
stop
The lack of places to stop or 
rest constrains certain groups of 
people, and reduces the likeli-
hood of them spending time on 
those streets

There are things to see and 
experience
More people will use the streets 
and walk through them if their 
journey is stimulating and interes-
ting, with different elements, other 
people walking, etc

The atmosphere is relaxed
If there is no risk and the public 
space is properly maintained, 
illuminated, etc., a wide range of 
people will feel comfortable on 
the streets
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PEOPLE INVOLVED

PLANNING LEVEL

EXAMPLES

Development Planning
Urbanization Detailed Design
Construction Detailed Design

Local Offi cials
Planning and design team

PEDESTRIAN ZONE IN PONTEVEDRA

MADRID CENTRAL 

SUPERILLES BARCELONA

LE PARIS DU QUART D'HEURE

If we think of specific measures to reduce traffic and its speed on those 
streets, there are a number of measures. Some of them could be:
• One way only streets to avoid through traffic
• Contraflow cycle paths
• Creation of chicanes
• Continuity of the sidewalks on the carriageways
• Elevated Intersections

• Speed breakers
• Reduction in roadway width
• Narrowing streets
• Use of planters or tree pit to create a feeling of narrowness
• Introduce linear green zones on the roadway

Co-fi nanced by the EU through the LIFE Programme

Source: Ciudades más seguras mediante el diseño (WRI)



NEIBORHOOD SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE FOR COMBINING WITH OTHER SOLUTIONS

MEASURING ELEMENTS

INDICATOR
Main: CO2 reduction by switching from private vehicle to bike trips
Secondary: % of trips from PV to bicycle

UNIT

g CO2
% 

MINIMUM GOAL

2 % of trips from PV to bicycle

DESIRABLE GOAL

6 % of trips from PV to bicycle 

MEASURE METHOD / FORMULA

Anual Mobility Survey
∆g CO2=A x [B – C] x D
A: % of trips from PV to bicycle
B: PV CO2 Emission Factor (g CO2/km)
C: Bike CO2 Emission Factor (g CO2/km)
D: Total km travelled
The formula may vary depending on available data.

CYCLING INFRASTRUCTURE WITHIN SUPER-
BLOCKS
Cycling solutions for access streets and 
inside superblocks

AC
11

For the same reasons given in the fact sheet regarding the network of 
cycle paths. Furthermore, it should be stressed in this case that all the 
studies carried out have shown that shoppers who arrive at shops by 
bicycle or walking spend more on local commerce, which favours com-
merce in the neighbourhoods, and with it the dynamism, the presence 
of people on the streets and, therefore, their safety.

Aim
Provide the areas within the Superblocks with cycling infrastructure and 
facilities so as to facilitate the use of the cycle path network and conse-
quently reduce car use

Why?

P

P

P

P

P

P

CATALOGUE OF URBAN DESIGN SOLUTIONS GUD ▪ LUGO

How?
The access roads are streets with residential, commercial and relation-
ship functions, within Superblocks, and in general should be limited to 
10-20 km/h. If the treatment of these streets is appropriate, and there is 
little road and bicycle traffi c, it is not necessary to implement separate 
bicycle paths. However, the typical section to be adopted should be 
carefully analysed. 

A very strict section is recommended, in which it is not possible for a 
car to overtake a bicycle, but it is possible to cross a bicycle and a car, 
even if it is reducing both speeds, if it is one-way. This contributes to a 
reduction in speed, but it is also recommended that additional measures 
such as elevated crosswalks be taken to give continuity to pedestrian 
itineraries. The level street solution can also be adopted if they are not 
part of a main cycling route. In the case of two-way streets, the central 
line should not be painted.

If there are no separate bicycle paths and a utility strip or parking space 
is required, a protection strip of at least 50 cm shall be provided if the 
parking space is longitudinal. If angled parking is available, it should 
have a rear entrance.

In the event that these access roads are part of a main cycle route, the 
cycle street solution should be adopted, with a 20 km/h limit. In this type 
of street, the bicycle has priority and this will be stated in the design and 
signposting. For this purpose, parking and through traffi c will be limited 
to a minimum, using the one-way direction for automobiles. 

It is not recommended to adopt the single platform on this type of road, 
since, as it forms part of main cycling itineraries, limiting the speed of 
the single platform would make the bicycle uncompetitive compared to 
the car, even if the car is obliged to travel longer itineraries.

If the DAI of cars is greater than 2500, it will be necessary to adopt 
measures to separate the traffi c, but not before trying to reduce this 
value through other measures of road and parking management.

It is essential to install safe bicycle parking areas in trip attraction zones. 
These parking areas should have different characteristics according to 
their use and the duration of the stay, but in any case the location is the 
most important characteristic. If the location is not suitable, they will not 
be used.

In general, the basic requirements will be as follows:

• The area where they are located must be visible and recognisable.
• Each individual station should be designed so that it does not cause 
damage to the bicycle. It should be possible to park the bicycle with only 
one hand and, in general, to secure a wheel and the frame to the rack.
• It is important that the bike rack has a clean and tidy image. It is the-
refore necessary that they are robust, require little maintenance and the 
area is easy to clean. The elements that are anchored to the fl oor in a 
few points are easier to place and clean.
• The racks must always be placed on the carriageway, not on the 
pavement.

Some types of bicycle racks can be recommended depending on their 
use:

• Short duration in busy commercial streets: butterfl y support.
• Study centres: covered and enclosed areas, sheds, with inverted U-
type or butterfl y support.
• Offi ce buildings or large work centres: closed premises in garage with 
double height supports.
• Libraries, health centres, administration offi ces: inverted U-type at the 
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PEOPLE INVOLVED

PLANNING LEVEL

EXAMPLES

General Planning
Development Planning
Urbanization Detailed Design
Construction Detailed Design

POSIBLE ACTIONS DEVELOPED BY THE ADMINISTRATION:

Local Offi cials
Planning and design team

∙ Fund bicycle racks for communities or companies that have reduced the 
use of the car in their activity

BICYCLE PARKING AT UTRETCH TRAIN STATION (NETHERLANDS) 

BICYCLE RACKS ON SHOPPING STREETS IN ODENSE (DENMARK) 

entrance.
• Train or bus stations: lockers or closed parking with double height 
supports.
• In the street: inverted U-type supports.

Bicycle parking at Houten train station (Nether-
lands)

Event Temporary Parking Shopping streets in Odense (Denmark) (Sou-
rce: Google)

Examples of bicycle parking on access roads (Source: The Danish Cyclists Federation)

• Bus stops: inverted U-type supports in a shed or bike storage units if 
the area is not frequented.
• Events: temporary portable bars in supervised areas.

Co-fi nanced by the EU through the LIFE Programme
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DISTRICT SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE FOR COMBINING WITH OTHER SOLUTIONS

MEASURING ELEMENTS

INDICATOR
Housing density. Impact on other indicators.

UNIT

dwellings/ha

MINIMUM GOAL

60 dwellings/ha

DESIRABLE GOAL

80 dwellings/ha

MEASURING METHOD / FORMULA

Number of dwellings per hectare = A / B

A: Number of dwellings
B: Surface area of work in hectares excluding general systems that 
may exist in the fi eld of work. In retrofi t interventions of an existing 
city, it can be measured by neighbourhood.

Note: Dwellings per hectare should be considered as net density after deducting the 
general systems (not the local ones) of a residential development. General systems are 
facilities at the service of all or most of the local community, as opposed to local systems 
— or facilities — that are at the predominant service of a specifi c intervention area.

DENSITY / TYPE OF BUILDING

Choosing the building type according to 
sustainability parameters

UB
01

In new urban developments, the choice of building types has direct 
consequences on the following variables:
• Land use: The more land occupied by the same population, the less 
effi cient the use of land as a resource, the more expenditure on the 
implementation and maintenance of networks and infrastructures.
• Mobility: Compact settlements are less dependent on transport sys-
tems. Sprawling urban developments generate a massive use of private 
vehicles for everyday activities and complicate effective management of 
public transport networks.
• Complexity: A heterogeneous group of buildings favours the occu-
rrence of singularities or landmarks. It also fosters the coexistence of 
diverse populations in social terms. Scattered monofunctional areas or 
areas with only one type of buildings become vulnerable, homogeneous 
and not very diverse.
• Facilities: A scattered population does not allow effective use of faci-
lities and, when the population mass is reduced, the area is diffi cult to 
properly manage and use.
• Use of public space: In the public space of densely populated areas, a 
greater social life is developed. In the sprawl areas the use of the public 
spaces is more dependent on transport.
• Economic activity: A suffi cient population provides an adequate market 
for a variety of economic activities.

Aim
Selecting the appropriate type of building is crucial to determining the 
resulting density and an effi cient network of urban facilities to service 
the living units. The result must be an appropriate concentration of 
people in the area to stimulate the exchanges and relations between 
people and activities. This concentration simplifi es and makes the 
necessary infrastructures more effi cient.

Why?

How?

CATALOGUE OF URBAN DESIGN SOLUTIONS GUD-LUGO

Many authors establish in 60–80 dwellings per hectare, (about 200–250 
inhabitants per hectare) as the optimal threshold of density to meet the 

advantages of a compact city. Others, following specifi c sustainability 
parameters (such as the Agencia de Ecología Urbana de Barcelona), 
recommend raising the density to the range of 80–100 dwellings per 
hectare.
Urban planning should be designed with some complexity and with a 
variety of forms and types. Diversity of building types is an attribute of 
sustainability as it implies:
• variety of architectural forms that help to structure the space, provide it 
with references and internal singularities;
• variety of dwellings, since combining types allows a better adaptation 
to the conditions of the place and of the relief, especially in uneven 
territories; 
• variety of individuals in terms of their income and possibilities of pur-
chasing certain types of housing; and
• a variety of uses to avoid excessively monofunctional arrangements 
by combining residential use with tertiary, commercial and even indus-
trial uses always within the limits of regulatory compatibility.

In cold climates, where heating is the main requirement for conditioning, 
reducing the ratio of façade surface to volume is recommended, resul-
ting in a compact building confi guration and minimised energy losses. 
Detached single family homes consume twice as much energy as 
residential units in apartment buildings. Despite having more limited 
possibilities of solar energy gains, the proportion is maintained because 
losses are also minimised.

For newly developed areas, planning should refl ect a preference for 
reduced building depths with dual aspect fl ats to eliminate north-facing 
dwellings and favour cross ventilation. Block orientation should give 
the south, south-east or south-west façade maximum length whenever 
possible. If they are not dual aspect fl ats, the north orientations should 
be for ancillary non-residential uses and the patios will be conditioned to 
illuminate and ventilate the habitable parts.

This measure, for the same values of development potential and added 
to the criterion of access to direct sunlight of all buildings, can lead to a 
decrease in the density of urban developments and, therefore, conside-
rably increase urban sprawl. Likewise, if we add to this the consequent 
increases in energy consumption generated by the increase in the sur-
face area of the façade, it will be necessary to fi nd a balance between 
advisable densities and widespread use of dual aspect fl ats.

For selecting the proportions of the volume to be built, it is necessary to 
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AGENTS INVOLVED

WHAT SHOULD WE CONSIDER FOR ITS IMPLEMENTATION?

PLANNING LEVEL

EXAMPLES

Master Plan, Development Plan

POSSIBLE ACTIONS PROMOTED BY THE ADMINISTRATION

Planning Design team
Council arquitect
Real estate developers

Drafting of building regulations in accordance with this strategy. 
Consider the example of other bioclimatic ordinances such as that 
of Tres Cantos in Madrid.

Balancing optimum density with a variety of types to result in open 
spaces adapted to the site climate and enabling combination with 
compatible uses.

Scattered settlement. 
Source: Google maps

HAMMARBY SJÖSTAD

LLEVANT DE FIGUERES

take into account the relationship between the height of the building and 
the shade cast, and its effect on the surface of the surrounding open 
spaces. Walter Neuzil's studies, collected in a good part of specialised 
manuals, establish that the increase in free surface area due to an 
increase in the number of storeys keeping the same buildable volume 
is ineffective from the fourth storey upwards because of the shadow it 
causes on the free space and, therefore, its use. Moreover, the shape 
of the building is also critical: for instance, the area of shadow that does 
not receive direct sunlight all year round is larger in a longitudinal block 
than in a tower with the same volume.

BUILDING TYPE INTERACTION WITH CLIMATE INTERACTION WITH LAND INTERACTION WITH PLANTS ON POLLUTION
Tradicional old quarter Increase in air temperature Overheating Harsh conditions for plant species, the 

weakest disappear.
Congestion

Air pollution No moisture retention Dense traffi c
Low solar gain Intensive land use Pollution 

Closed block Low evapotranspiration Overheating Decline and disappearance of pollution-
sensitive species

Dense traffi c
Air pollution Very low moisture retention Pollution 
Wind tunnels Intensive land use

Open block Alteration of wind fl ow patterns More control over soil Variety of species and diversity of open 
spaces

Less congestion

Differentiated areas of sunshine 
and shade

Terraced single-family 
house

Wind fl ow blocking Excessive land use Variety of species Increase in intra-neighbourhood 
traffi cAlteration of wind fl ow patterns Additional water supply

Detached single-family 
house

Favourable local microclimate, 
as there is more greenery

Waste of land Variety of species Increase in neighbourhood and 
external traffi c

Additional water supply Pollution

BIOCLIMÁTIC URBANISM. ENVIRONMENTAL EFFECT RELATED WITH THE BUILDING TYPOLOGY. Font: Esther Higueras

Compact planning. Hammarby Sjöstad Hans Kylberg.
https://sv.wikipedia.org/

Hammarby Sjöstad. 
https://sv.wikipedia.org/

Co-fi nanced by the EU through the LIFE Programme



DISTRICT SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE FOR COMBINING WITH OTHER SOLUTIONS

MEASURING ELEMENTS

INDICATOR
Heating demand reduction by optimizing the building orientation.
SECONDARY INDICATOR
Percentage of dwellings with adequate orientation.

UNIT

(I1) MWh/º deviation from north
(I2) %

MINIMUM RECOMMENDATION

50 % of dwellings with a predominant (> 25 %) orientation of 
façades and windows to the south between a SE, S, SO arch (with 
a possible deviation of up to 45 º east and 45 º west).

DESIRABLE RECOMMENDATION

80 % of dwellings with a predominant (> 25 %) orientation of 
façades and windows to the south between a SE, S, SO arch (with 
a possible deviation of up to 45 º east and 45 º west).

MEASURING METHOD / FORMULA

Simulation of a building's requirements with specifi c software 
applications.
ΔMWh/year = A-B
A: Requirement in scenario 0
B: Requirement in scenario 1

ORIENTATION OF BUILDINGS
Orientation of buildings in new urban 
developments following bioclimatic 
criteria

UB
02

In new urban developments, bioclimatic urban planning strategies 
are determining factors in the search for sustainable solutions. These 
decisions taken in the planning phase of the development condition the 
energy performance of the individual buildings and the outcome of the 
measures that can be taken in later phases at the building level. Some 
measures to consider are the following:

• Local climate study: In order to improve climate adaptation by 
analysing temperatures, rainfall, humidity and the hours of direct solar 
radiation per day available for gains.

• Location: Locations in shade, with high levels of humidity or exposed 
to wind should be avoided.

• Orientation: Optimising access to direct solar radiation should always 
be the main criterion for deciding the most appropriate orientation.

• Treatment of the environment: Using vegetation, water and clear ma-
terials alters the absorption of solar radiation. (see sheet UB06)

Aim
To study the arrangement of buildings and the relationship between 
them, which must take into account the path of the sun to optimise 
the situation of the openings capable of receiving direct light gains in 
winter inside the building, so as to reduce the need and, therefore, the 
consumption of energy for heating.

Why?

How?

30º 
SE

30º 
SW

CATALOGUE OF URBAN DESIGN SOLUTIONS GUD-LUGO

According to Köppen's climate classifi cation, Lugo's climate is a tempe-
rate oceanic climate (with mild summer) of the Cfb type with infl uences 
from a Mediterranean climate and a slight continental drift. The annex 
included in this catalogue includes detailed climate data, both collected 
and projected climate data. According to the detailed data, conditions 
are below comfort temperature for most of the year. In order to reach 
thermal comfort inside buildings, it is necessary to provide heating for 

six months of the year, which can be reduced if buildings get direct solar 
radiation gains through windows. Obviously, in warmer months, some 
protection should be used to reduce those gains. This sheet includes 
a graph that compares the amount of direct solar radiation received 
depending on the orientation and clearly shows the advantage of a 
south orientation because it receives a large amount in winter when it is 
necessary and less in summer when it must be reduced.

The orientation of buildings determines the number of hours available 
with access to direct sunlight in indoor spaces. At our northern latitude, 
the SE, S, SO arc is considered optimal (with a possible deviation of up 
to 30 º east and 30 º west). However, this principle should be quali-
fi ed by the effect of the early morning fogs in Lugo, which can reduce 
access to direct sunlight from the southeast depending on the situation 
in relation to the river. 

The table below shows the importance of orientation in reducing heating 
requirements. The data relate to a simulation of a typical dwelling of 
100 m2 projected complying with the Passivhaus standard, considered 
here as a reference of the normative horizon foreseeable in the coming 
years when the actual regulations (CTE) assumes the prescriptions for 
near zero energy consumption buildings (NZEBs). What is shown is the 
variation of energy requirement for heating depending on the dominant 
orientation of a dwelling. 

Although the great impact is striking, it should be made clear that on the 
regulatory horizon, the need to reduce the requirements (which leads 
to a major leap in improvement in insulation, infi ltrations and ventilation 
systems) is so strong that the contribution of each parameter, especially 
access to direct sunlight, becomes increasingly relevant.

For newly developed areas, planning should refl ect a preference for 
reduced building widths with dual aspect fl ats to eliminate only north-
facing dwellings and favour cross ventilation.

Block orientation should give the south, south-east or south-west façade 
maximum length whenever possible. When it is not possible to create 
dual aspect fl ats, the north orientation should be used for ancillary non-
residential uses (service or distribution areas). 

When selecting the type of building (isolated block, closed block, tower, 
detached house, etc) the interaction between dwellings must be studied 
in order to avoid some of them being badly affected by the shadows 
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AGENTS INVOLVED

WHAT SHOULD WE CONSIDER FOR ITS IMPLEMENTATION?

PLANNING LEVEL 

EXAMPLES

Master Plan
Development Plan

POSSIBLE ACTIONS PROMOTED BY THE ADMINISTRATION

Planning Design team
Council arquitect

Drafting of building regulations in accordance with this strategy. 
Consider the example of other bioclimatic ordinances such as that 
of Tres Cantos in Madrid.

Plan the position of the building in relation to the open spaces 
generated between them so that these are also properly oriented. 

Comparative graph showing solar radiation per month depending on 
different orientations. In-house production for Lugo.

TRES CANTOS BIOCLIMATIC ORDINANCE

MÓSTOLES HOUSING

cast by the surrounding buildings.

In order to quantify the objectives, three housing confi guration scenarios 
are compared in a new arrangement by means of an energy simulation 
of the heating requirement, considering dwellings that comply with the 
Passivhaus standard regarding their south orientation:

- Scenario 1: planning in which there are the same number of dwellings 
in each of the 8 orientations.

- Scenario 2: planning in which 40 % of dwellings with mostly south 
facing windows are oriented facing an SE, S, SO arc (with a possible 
deviation of up to 45 º east and 45 º west).

- Scenario 3: planning in which 60 % of dwellings with mostly south 
facing windows are oriented between a SE, S, SO arc (with a possible 
deviation of up to 45 º east and 45 º west).

Passivhaus Institute building in Darmstadt
Source: Passivhaus Institut. https://passiv.de

ORIENTATION

HEATING DEMAND  OVERHEATING RATE 
WITHOUT SUMMER SUN 

PROTECTION (> 25 °C)                       

OVERHEATING RATE WITH 
SUMMER SUN PROTECTION 
(> 25 °C)                       

OVERHEATING HOURS 
PER YEAR WITHOUT 
SUMMER SUN PRO-
TECTION

OVERHEATING HOURS 
PER YEAR WITH SUMMER 
SUN PROTECTION

 KWH/(M²A) % HOURS/YEAR % HOURS/YEAR HOURS HOURS

North 23,9 8,2 1,1 718,3 96,36
Norh-east 21,7 12,5 1,2 1.095,0 105,12
East 18,0 19,7 1,9 1.725,7 166,44
South-east 14,0 18,7 1,9 1.638,1 166,44
South 11,8 13,3 1,3 1.165,1 113,88
South-west 14,5 16,4 1,3 1.436,6 113,88

Comparative table of orientations for a 100 m2 model dwelling designed in compliance with the Passivhaus standard located in Lugo. The glas-
ses have a 0.5 g solar factor. 

Co-fi nanced by the EU through the LIFE ProgrammeCo-financed by the EU through the LIFE Programme

Co-fi nanced by the EU through the LIFE Programme



STREET SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE FOR COMBINING WITH OTHER SOLUTIONS

MEASURING ELEMENTS

INDICATOR
Percentage of sunny area of the area delimited as a public space, 
projected as a place to stay in winter in which at least four hours of 
direct solar radiation are available during the central hours of the 
day in the most unfavourable situation (winter solstice). Maximum 
solar height occurs at 12 noon (solar time), so having access to 
direct sunlight at least from 10 am to 2 pm is considered suffi cient. 
This guarantees 75 % of the possible solar radiation.

UNIT

% of the area

MÍNIMUM GOAL

50 % of the whole area designed for winter use.
DESIRABLE GOAL

100 % of the whole area designed for winter use.

MESURE METHOD / FORMULA

It should be supported by shadow visualization software applications 
such as Sketchup, Dynamic Overshadowing or any CAD or BIM pro-
gram, in which weather data can be cross-referenced and sunshine 
hours verifi ed for each day of the year.
% = [A / B] x 100
A: Area with access to direct solar radiation in m2
B: Total area in m2

DIRECT SUNLIGHT IN OPEN SPACES
Confi guration of open spaces to 
optimise thermal comfort 

UB
03

Living in adequate spaces has repercussions on health, effi ciency and 
productivity. On the one hand, thermal conditions in public areas also 
have an impact on climate change mitigation by adjusting temperatures. 
In winter, it reduces the growth of heating systems installed in outdoor 
hostelry activities. To a lesser extent, in a small city like Lugo, if urban 
spaces do not foster the emergence of an urban heat island in summer, 
there will be a reduction in the heat emitted to the atmosphere. On the 
other hand, the external conditions are a starting point in the calculation 
of the thermal conditioning systems inside the buildings. 

This solution is not easily quantifi able by means of immediate indicators 
such as energy consumption or greenhouse gas emissions due to the 
infl uence of a number of variables. However, it affects social and habitabi-
lity issues that this catalogue does not dealt with, but which are essential 
if we approach urban developments from sustainability criteria.

Aim
To improve users' thermal comfort in public spaces. Indirectly, the need 
for conditioning systems is reduced and so are greenhouse gas emis-
sions and energy consumption.

Why?

How?

CATALOGUE OF URBAN DESIGN SOLUTIONS GUD-LUGO

UB
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► Climate and shape of public space

The fi rst step is to fi nd out the parameters of the site. The conditions 
for comfort in a given public space — square, street or park — depend 
on the shape of the volumes surrounding it, its orientation and how 
these parameters relate to the climatic variables of the area. Of all of 
them, considering those that can be corrected and those that are more 
relevant for the case of Lugo, we can study the temperature and wind 
values and, consequently, make decisions in the design phase (Annex I 
contains an approximation to the study of climate).

• Exposure to solar radiation is the determining factor above the rest 
and, in many cases, it will be the factor that will establish the best loca-
tion for open spaces and their greatest use.

• Use of removable sun screens or deciduous vegetation for shading in 
summer months, especially if we consider a climate change scenario. It 
may also be desirable to have specially prepared areas for each season 
(see sheet UB04).

• The radiating temperature of vertical walls that emit the heat accumu-
lated during sunshine hours should be used (see sheet UB05).

• Public spaces should be sheltered from high wind in winter, but, in 
summer, wind should be tapped to cool these spaces. A detailed analy-
sis of wind data, wind patterns and the infl uence of the surrounding 
buildings for the exact location should be done.

• The effect of morning fogs should be assessed to select the best 
orientation.

For the analysis of the shape of the highly-frequented areas, there are 
appropriate software applications that can defi ne the space and simula-
te the shadows cast for each day of the year in a precise location.

► Comfort
But in addition to the climatic conditions and the configuration of the 
space, when talking about well-being or comfort in outdoor spaces, 
there are three determining factors, which are the types of users, the 
activities they are engaged in and their clothing insulation, the degree of 
protection or exposure to the climate afforded by the clothes they wear. 
The three variables qualify the degree of adaptation.
Most tools for approaching the study of well-being in outdoor spaces 
take these parameters into account.
Activity determines the degree of metabolism or heat dissipation, which 
is greater the more vigorous the activity we are engaged in, from 15 W 
consumed while sitting, 160 W while walking up to 440 W while doing 
hard work.
Clothing insulation considerations should be taken into account to 
differentiate winter, spring, summer, and autumn comfort zones. 
Clothing insulation may be expressed in clo units. 1 clo is the amount 
of insulation that allows a person at rest to maintain thermal balance 
in an environment at 21 °C in a normally ventilated room (0.1 m/s air 
movement). Common values are 1.5 clo for winter, 1 clo for spring and 
autumn and 0.5 clo for summer.
These considerations establish the relative differences depending on 
the seasons of the year, so that there will be a winter comfort zone, a 



AGENTS INVOLVED

WHAT SHOULD WE CONSIDER FOR ITS IMPLEMENTATION?

PLANNING LEVEL 

EXAMPLES

Building construction project 
Urban construction project

POSSIBLE ACTIONS PROMOTED BY THE ADMINISTRATION

Planning Design team
Council arquitect

Drafting of building regulations in accordance with this strategy. 
Consider the example of other bioclimatic ordinances such as that 
of Tres Cantos in Madrid.

Plan the position of the building in relation to the free spaces gene-
rated between them so that these are also properly oriented.

TRES CANTOS BIOCLIMATIC ORDINANCE

summer comfort zone, and an intermediate comfort zone for autumn 
and spring. Each comfort zone determines what are the specific 
requirements for the comfort in that season and the urban planning 
strategies necessary to achieve a more appropriate future development 
that fits the natural and climatic environment of the place.

►The tools
Annex I describes several tools for analysing outdoor climate, comfort 
and shadow visualisation. For climate analysis and strategy proposals, 

the simplest ones show climograms based on spreadsheets. Olgyay's 
or F. Javier Neila's Bienestar Adaptado are applicable to studies of 
outdoor spaces, while Givoni's is more oriented to the interior of buil-
dings.
To visualize the effect of shadows there are also simple approximation 
applications for the early phases of projects. For more in-depth analysis, 
there are more advanced tools on the market.

Chart of isopleths for the city of Lugo in the scenario of climate change 
estimated for the year 2050 that suggests the strategies to apply by 
hours in the day-type of each month. Climogram of Bienestar Adapta-
do by F. Javier Neila

BAT results graphic. Víctor Armando Fuentes Freixanet and Julio 
César Rincón Martínez. UAM.

Aplicación: Dynamic Overshadowing.  
Source: http://andrewmarsh.com/software/#processing

Courtyard in housing block. Ningbó. China. 
Source: José Manuel Martínez.

Co-fi nanced by the EU through the LIFE Programme



STREET SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE FOR COMBINING WITH OTHER SOLUTIONS

MEASURING ELEMENTS

INDICATOR
Shaded area in outdoor recreation areas

UNIT

ISest (%)

MINIMUM GOAL

Shading index in outdoor recreation areas ≥ 80 % 
of the whole area

DESIRABLE GOAL

Shading index in outdoor recreation areas ≥ 100 % 
of the whole area

MESURE METHOD / FORMULA

Please, fi nd details in the text of this sheet. In addition, the adequacy 
of the shade density index must be verifi ed. 
Shading index in outdoor recreation areas = (A / B) 100
A: Shaded area in m2
B: Total area in m2

SEASONAL SHADING

Open-air sunlight shading in warm 
months

UB
04

Comfort in public or private open spaces should be seen as a value in 
favour of sustainability, since people's well-being contributes directly 
to improving their quality of life, productivity and social relations. The 
forecast scenario for the coming years shows an increase in maximum 
temperatures that will make it increasingly diffi cult to use public space on 
certain days of the year due to climate change.

Achieving thermal comfort in public spaces has a direct impact on the 
mitigation of climate change by lowering temperatures at street level. 
This means that as a city increases the number of comfortable urban 
spaces, there will be a reduction in the heat emitted into the atmosphere. 
However, the thermal conditions of urban spaces affect the environmen-
tal conditions of buildings, the energy consumption of their air-conditioned 
systems and the corresponding greenhouse gas emissions.

Aim
To ensure a minimum shading in outdoor recreation areas or transit in 
the warm months. This strategy contributes not only to mitigating the 
effects of heat islands by minimising the direct incidence of solar radia-
tion, but also favours the use of public space by improving its comfort 
conditions.

Why?

How?

CATALOGUE OF URBAN DESIGN SOLUTIONS GUD-LUGO
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DIRECT 
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For these purposes, the shadows cast by the building itself, the tall 
vegetation and all the elements designed for this purpose, such as 
awnings and pergolas, should be considered. It should be noted that 
although shading is prioritised in the hottest months of the year, it 
should not hinder access to direct sunlight in the coldest months. At our 
latitude, this is very important, so the most effective systems for the sta-
ted objectives are those that can be assembled or dismantled or those 
that work naturally with that premise, such as deciduous trees.

The most common systems are:
• deciduous trees that provide shading in hot weather but not in winter,
• pergolas, arbours and trellises of climbers or other species that need 

support to develop,
• textile sheets tensioned with ETFE, PES/PVC, GLASS/PTFE,
• roller shutters,
• mobile horizontal awnings,
• metallic or wooden mobile, removable or fixed slat panels,
• plant or wooden elements forming a slightly dense surface and
• lightweight roofs made of low albedo materials (see sheet UB06).

The best seasonal shading system is the one naturally offered by 
deciduous trees which we enjoy in squares and avenues and which 
can also be combined with other sustainable solutions. If solutions with 
textile elements are used, it is necessary to select the material and the 
colour appropriately, as in certain climatic conditions, because of the 
rather high average humidity level, these may hard to maintain.

►Mesure method / Formula

This is determined by the percentage of shaded area in relation to the 
total outdoor recreation and transit areas:

ISest = (Shaded area / Total area) · 100

Shaded area = Shaded area of open space
Total area = Total area of open space.

This should be estimated for the central hours (12 noon to 5 pm, solar 
time) of the hottest days of the year (June, July, August and Septem-
ber). This time interval should be extended according to the use of the 
public space under analysis.

If we take into account pedestrian itineraries, this is determined by 
calculating the percentage of shaded pedestrian itinerary relative to the 
total pedestrian itinerary per street:

ISip = (length of shade in metres/ length of street in metres) · 100 (%)

length of shade in metres = linear metres of shaded itinerary
length of street in metres = the length of the street measured along its 
axis. The shadow width should be at least 1.20 metres or, on narrower 
pavements, the total width of the pavement.

The shade density index must be taken into account to ensure that 
the shading elements chosen produce sufficient shade in both outdoor 
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AGENTS INVOLVED

WHAT SHOULD WE CONSIDER FOR ITS IMPLEMENTATION?

PLANNING LEVEL 

EXAMPLES

Construction project 
Urban planning project

POSSIBLE ACTIONS PROMOTED BY THE ADMINISTRATION

Planning Design team
Council arquitect

Drafting of building regulations in accordance with this strategy.

Creating open spaces adapted to the climate of the place is closely 
related to the position of the building. Therefore, it is essential to 
study the ordinance considering optimising the position of buildings 
with that of open spaces at the same time.

Avenida de Ramón Ferreiro, Lugo, in summer.

PORTIMÃO PLAYGROUND

XARANCA PAVILION

POP UP PARK GROTEKERKPLEIN

ENDESA WORLD FAB CONDENSERAvenida de Ramón Ferreiro, Lugo, in winter. 
Fuente: http://lugo.gal

recreation areas and itineraries.
The shade density index is determined by calculating the optical trans-
mittance for artificial elements or by the leaf area index (LAI) for trees.

Optical transmittance expresses the fraction of incident light of a speci-
fic wavelength which passes a sample:

Optical transmittance = (Incident power / Resulting power)  x 100 (%)

Incident P is the solar radiation that strikes the material and resulting 
power is the radiation that this emits to the covered area.

Optical transmittance values must be supplied by manufacturers of 
materials or, failing this, calculated or estimated by design teams. The 
most common value ranges by material are included in the annex.

The leaf area index (LAI) describes the total area of superimposed lea-
ves of a plant projected on the ground (m2/m2). A list of average values 
for a wide range of plant species is provided in the annex.

Target values:

Cover elements should reach a shade density index ≤ 0,20 to be con-
sidered as a shadow artefact for the calculation of the shading index in 
outdoor recreation areas and the shading index in pedestrian routes.

Trees should reach an leaf area index ≤ 4 to be considered as a sha-
dow artefact for the calculation of the shading index in outdoor recrea-
tion areas and the shading index in pedestrian routes.

Removable installation.
 www.cancerfonden.se

Proposal for seasonal shading between Vello Carcere and the Semi-
nario Mayor. 2004. Architects: A. González, M. López, J. Salvador, J. 
Bouza and M. Cortón. 

Co-fi nanced by the EU through the LIFE Programme



STREET/BUILDING SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE FOR COMBINING WITH OTHER SOLUTIONS

MEASURING ELEMENTS

INDICATOR
Reduction of heat gain from surfaces exposed to direct solar radia-
tion in the warmer months and increase of heat gain in the cooler 
months.

UNIT

Albedo = Per cent of refl ected radiation / Per cent of incident 
radiation
MINIMUM GOAL

For summer locations:
Surfaces in direct sunlight for more than 6 hours: albedo ≥ 0.30
Surfaces in direct sunlight for 2 to 6 hours: albedo ≥ 0.15
For winter locations:
Surfaces in direct sunlight only: albedo < 0.30
DESIRABLE GOAL

For summer locations:
Surfaces in direct sunlight for more than 6 hours: albedo ≥ 0.40
Surfaces in direct sunlight for 2 to 6 hours: albedo ≥ 0.20
For winter locations:
Surfaces in direct sunlight only: albedo < 0.20
MEASURE METHOD / FORMULA

A: Albedo. The values   of albedo must be provided by the manufactu-
rer material or, if not, calculated or approximated by the design team 
through specifi c manuals.

MATERIALS AND FINISHES FOR FLOORS 
AND EXTERIOR WALLS
Selection of materials by thermal and 
water balances

UB
05

40 % of the materials used in the European Union are intended for 
the construction and maintenance of built environments. It is therefore 
essential that they are durable, need little maintenance, can be reused, 
recycled or recovered, are non-toxic or harmless, have less energy 
incorporated in their production and come from areas close to the place 
of use, so that the energy and pollutants associated with their transport 
are reduced. To do this, their technical documentation and product 
declarations must be verifi ed.

In addition, the materials used in horizontal and vertical surfaces depen-
ding on the characteristics of their fi nish or cladding have an effect on 
urban microclimates and specifi cally infl uence both the thermal balance 
and the water balance of the urban space.

Urban climates are an example of artifi cial mesoclimates. In cities, this 
phenomenon is called heat island because of variations in temperatu-
re, wind speed and pollution compared to the immediate environment. 
Some of the reasons for this have to do with: the roughness of the 
urban area, which reduces natural convection; the reduction in the 
average albedo of surfaces, the heating of urban roads, the emission 
of pollutants by traffi c and air-conditioning systems, the reduction in the 
percentage of green cover and the increase in the average impermeabi-
lity of grounds, which alter water cycles and deprive the city of a natural 
cooling factor.

Although no direct data are available for medium-sized cities, compari-
sons can be made with the climate of rural areas surrounding the urban 
nucleus (Landsberg, 1970) as shown in the table in this sheet.

Aim
To select materials, fi nishes and claddings to be used in the fl ooring and 
in the exterior vertical walls considering the effect they may have on 
the immediate environment due to their albedo, absorption-emissivity, 
permeability and texture.

Why?

How?

CATALOGUE OF URBAN DESIGN SOLUTIONS GUD-LUGO
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► Thermal balance
Short-wave solar radiation (direct and diffuse) reflected by the hard 
surfaces (pavement and building façades) and long-wave radiation from 
the sky reach urban spaces. Albedo or reflectivity is the percentage 
of solar radiation that any surface reflects compared to the radiation 
that it receives. Being a percentage, it is a non-dimensional parameter 
and is measured as a number per one. Since the three coefficients 
that characterise a surface from the point of view of radiation reception 
(reflectivity, absorptivity and transmissivity) add up to one, the albedo 
value makes it possible not only to know the capacity of a material to 
reflect solar radiation, but also, discounting the energy transmitted, the 
amount of heat energy it is capable of absorbing.

The overall albedo of an urban area also depends on the overall texture 
of the urban fabric. Some urban configurations involve a greater number 
of multiple reflections and absorptions which, although the surfaces 
involved are reflective, can result in a low global urban albedo (ERELL 
et al, 2010).

Therefore, materials should be selected taking into account their ability 
to reflect the incident radiation. Thus, these general recommendations 
can be made:

• In spaces where comfort is desired in situations of underheating in 
winter, using materials with a lower albedo is recommended to accumu-
late energy or increase surface temperature.

• If adequate spaces are required for situations of overheating in sum-
mer, materials with a higher albedo should be selected to avoid heat 
accumulation on urban surfaces, mainly those in direct contact with 
citizens.

• When the parameter to be handled is exclusively the colour of the ma-
terials, please note that materials with darker colours have a lower albe-
do than materials with lighter colours. That is, dark materials reflect less 
incident radiation, so they absorb more energy and accumulate heat 
within, absorbing it and transferring it to the surrounding environment 
depending on the temperature of the material and the air. In contrast, 
lighter colour materials reflect a higher proportion of the incident radia-
tion. Thus, their surface temperature will be lower because they absorb 
less energy. Therefore, the colours of the materials should be guided by 
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WHAT SHOULD WE CONSIDER FOR ITS IMPLEMENTATION?

PLANNING LEVEL 

EXAMPLES

Building construction project 
Urban planning

POSSIBLE ACTIONS PROMOTED BY THE ADMINISTRATION

Planning Design team
Council arquitect
Real estate developers

Drafting of building regulations in accordance with this strategy.

Creating open spaces adapted to the climate of the place is closely 
related to the position of the building. Therefore, it is essential to 
study the ordinance considering optimising the position of buildings 
with that of open spaces at the same time.

HEAT ISLAND GROUP.
 LABORATORIO NACIONAL LAWRENCE BERKELEY

EUROPEAN COOL ROOFS COUNCIL FOR SCIENTIFIC KNOWLEDGE AND 
RESEARCH IN "COOL ROOF" TECHNOLOGY

the analysis of climatic needs for heat gains or for their reduction.

• The colours of the materials should be chosen in terms of their emis-
sivity and absorption. Thus, dark materials absorb most of the incident 
solar radiation, while lighter-coloured materials absorb less because 
they reflect a large part of the incident solar radiation.

• Urban spaces with very rough surface finishes are warmer because 
the materials are more capable of absorbing energy. Besides, rough 
materials decrease wind speed and urban areas with protruding surfa-
ces and rough materials decrease natural convection.

• Therefore, depending on the need for natural ventilation or reduction 
of the influence of the wind determined by the climatic study in each 
case, more or less smooth materials and surfaces should be chosen.

• If there is no direct sunlight in winter and no shade in summer, mate-
rials with low thermal inertia are recommended. However, when there 
is direct sunlight in winter and shade in summer, materials with high 
thermal inertia are recommended, as they will accumulate heat in winter 
and coolness in summer, working as a buffer against temperature fluc-
tuations when heat is exchanged by convection with the air.

►  Water balance
Sealing the ground alters the natural characteristics of the land because 
it interrupts the natural water cycle by reducing the moisture content in 
the urban environment. It also causes an increase in ambient tempera-

ture and a decrease in air quality. Dry urban surfaces, such as asphalts 
on roads and streets, channel excess radiant energy during the day by 
storing that heat or exchanging it with the environment by convection 
and increasing the air temperature. When there is a supply of moisture 
on surfaces, that excess energy, instead of becoming a noticeable heat 
that heats the air, it will be latent heat that is not transferred to the air, 
since the energy is used to evaporate the water. This is what happens 
with natural grounds, they are more humid than water-proof surfaces, 
which makes cooling the surrounding air possible due to evaporation.

In the warm summer months, water can be used to reduce the surface 
temperature of the walls. This cooling can be approached in two diffe-
rent ways: by favouring the evaporation of water on surfaces or incre-
asing the transfer of heat to the ground under the fl oors by circulating 
water underneath.

By combining the use of water with porous materials, the reduction in 
the transfer of heat from the materials to the air is due to the evapo-
ration of the water, which will remain in the materials for a longer time 
than if they were compact.

Permeable materials hold water when it seeps into the ground for a 
longer period of time. This increases humidity in urban environments 
(HERNÁNDEZ, Agustín: Manual de diseño bioclimático urbano).

ROOF COLOR BLACK WHITE

Air temperature rise 38% 10%

City-air temperature rise 52% 8%

Solar refl ectance (albedo or 
refl ectance)

5% 80%

Radiation absorbed by roof 4,50% 1,50%

Comparison between the performance of a black 
roof (T = 80 ºC) and a white roof (T = 44 ºC) in 
a summer afternoon at 37 ºC when exposed to 
direct sunlight. (LBNL Heat Island Group)

ELEMENT URBAN AREAS COMPARED TO SURROUNDING COUNTRYSIDE

Pollutants
Condensation nuclei and particles 10 times more
Gases 5 to 25 times more

Relative humidity

 
Winter 2% lower
Summer 8% lower

Radiation

Global 15 to 20% less
Ultraviolet (winter) 30% less
Ultraviolet (summer) 5% less
Hours of sunlight 5 to 15% less

Temperature
Yearly average 0,5 to 1K higher
Winter mínimum (average) 1K to 2k higher

Wind speed
Yearly average 20 to 30% lower
Calm 5 to 20% more

Heat island effect in urban areas compared to the surrounding countryside. (Landsberg, 1970), 
quoted in: Gómez Muñoz, G., de Luxán García de Diego, M., & Reymundo Izard, A. (2011): Guía 
para el diseño de edifi cios de viviendas sostenibles y energéticamente efi cientes en el ámbito del 
Principado de Asturias. FECEA.

Co-fi nanced by the EU through the LIFE Programme
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BUILDING SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE FOR COMBINING WITH OTHER SOLUTIONS

MEASURING ELEMENTS

INDICATOR
Energy self-suffi ciency

UNIT

AUe (%) 

MINIMUM GOAL

50%

DESIRABLE GOAL

90%

MEASURE METHOD / FORMULA

Energy self-suffi ciency (%) =A / B
A: Production of renewable energies
B: Energy consumption

DISTRICT HEATING 
Concentrate thermal generation infras-
tructure with renewable energy to servi-
ce several buildings

UB
06

One of the main goals in the search of sustainable cities is the raising 
of the effi ciency in heat generating systems with renewable energies 
that serve and supply the inhabitants and the activities in a given area. 
Technological advances have made it possible to overcome many 
drawbacks of centralised systems.

Advantages:
• Better performance
• Savings in space taken by equipment
• Access to an energy source with an economically competitive cost
• Reduced investment in equipment
• Reduced management
• More effi cient equipment that reduces environmental impact
• More time and cost effective centralised management and maintenan-
ce
• Monitoring of environmental impact
• Makes the use of renewable energies and waste heat possible
• Makes it possible to use non-polluting refrigerants
• Diversifi ed energy supply

Aim
To effi ciently implement heat generation infrastructures that serve and 
supply inhabitants and their activities. The concentration of energy sys-
tems lead to an optimum management of both production and makes 
the necessary infrastructures more effi cient.

Why?

How?

CATALOGUE OF URBAN DESIGN SOLUTIONS GUD-LUGO

District heating is produced in a power plant and distributed through an 
urban network to serve several buildings. Hot water from a heat pro-
duction plant is distributed by thermally insulated pipes to the building 
sub-plants where, with a heat exchanger, the water is prepared with the 
characteristics (pressure and temperature) of the building installation.

The advantage of large heat-producing systems is that they have much 
higher yields than small ones, which means a great reduction in green-

UB
02

ORIENTA-
TION OF
BUILDINGS

house gas emissions. There is also a system of frequent maintenance 
and servicing and, as power plants consume a large amount of fuel, 
lower fuel prices can be negotiated with suppliers.

Renewable energy systems, such as geothermal energy or residual 
energy from thermal processes in industry or from the generation 
of electricity (cogeneration), should be used as heat sources. The 
technical disadvantages (leaks and pumping) are within an acceptable 
range, approximately 8 % in terms of the overall energy efficiency of the 
system.

The space for heat accumulation is another matter related to centralised 
systems to be taken into account in urban planning. In the two preced-
ing decades, seasonal accumulation (summer–winter) has been proven 
to be viable. It should be noted that accumulating cooled or heated 
water in tanks is one of the methods widely applied to reduce peak 
demand. It has multiple uses: it can be used to reduce the installed 
power in equipment, to obtain continuous operation of the equipment 
without sudden fluctuations and at optimum performance levels; this 
means higher average efficiency and longer equipment life. In cogen-
eration equipment, it maximises the production of electricity; in electric 
refrigeration machines, electricity consumption can be increased in the 
off-peak rate period and reduced in the peak rate period.

The structure of a biomass system can be broken down into three 
distinct parts:
• fuel supply / geothermal capture system,
• power plant and
• distribution network and supply of heating to buildings.

All components of the distribution piping system must meet the techni-
cal requirements for the following standards:
• EN 253. Pre-insulated piping systems for underground hot water 
networks.
• EN 448. Pre-insulated fittings for underground hot water networks..
• EN 488. Pre-insulated steel valves for underground hot water net-
works.
•EN 489. Assembly of gaskets for pre-insulated district heating pipes.
Pipes must be of St. 37.0 BW quality steel compliant to DIN 1626 or 
equivalent and their dimensions must conform to ISO/DIN 2458. Foam 
insulation must meet the requirements of EN 253. The outer shell must 
meet the technical requirements of EN 253.
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AGENTS INVOLVED

WHAT SHOULD WE CONSIDER FOR ITS IMPLEMENTATION?

PLANNING LEVEL 

EXAMPLES

Master Plan
Development Plan
Building construction project 
Urban planning

POSSIBLE ACTIONS PROMOTED BY THE ADMINISTRATION

Planning Design team
Council arquitect
Real estate developers

• Financial bonuses to favour their implementation
• Amendment of regulations to authorise these systems

• Pressure losses if ductwork is not properly isolated
• Planned maintenance management
• Perfectible design: planning in such a way as to enable subse-
quent network improvements such as system support through new 
renewable energy generation systems such as photovoltaics.

LUGO

GALICIA

VITORIA-GASTEIZ

There is a connection box at the main entrance to each building that 
is being served. These connection boxes must be equipped with the 
necessary means for isolating circuits, automatically regulating the flow 
of the water supplied and controlling temperature and pressure. These 
dynamic regulation systems are essential so that each unit of the instal-
lation works according to the parameters for which it has been designed 
and guarantees thermal comfort while curbing energy consumption.

In short, with automatic balancing, the aim is to achieve a constant flow 
of the hydraulic circuits that compensates for the varying differential 
pressures and fluctuations in those pressures at all times during the op-
eration of the installation, thus avoiding circuits with excess or deficien-
cy of flow that would have a negative impact on the comfort of buildings 
and on the pumping pressure in the production centre.

The municipality of Lugo has already completed the implementation 
of a thermal energy distribution network in municipal buildings on the 
grounds that FRIGSA used to occupy. This is a centralised thermal 
energy production facility running on biomass; energy is distributed by 
means of a district heating network to the buildings owned by the mu-
nicipality in the Parque da Milagrosa in Lugo to supply heating systems, 
production of sanitary hot water (AQS) and air conditioning.

Thermal energy distribution network in municipal buildings on the former FRIGSA site.
Source: http://lugo.gal/es

Co-fi nanced by the EU through the LIFE Programme
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DISTRICT SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE FOR COMBINING WITH OTHER SOLUTIONS

Ecological community gardens 
integrated into the urban fabric

EC
01

The urban development has systematically excluded horticultural 
activity. The permanence of crops in the interior of cities has been 
perceived as an obstacle to development, even as a degradation 
symptom. This perception has begun to change, at present we are 
witnessing a process of generalized implantation of community leisure 
gardens. However, this process has taken place in opportunity sites, 
usually peripheral urban dispersed areas, fragmented and undefi ned 
landscapes. This vision is limited, since urban agriculture can be 
compared to other purely urban uses that are present in the heart of 
cities. According to David Arredondo (2014, see reference), urban 
agriculture allows:

► Contact with the food chain (Food Sovereignty): The promotion of 
urban agriculture projects enables a significant number of citizens to 
connect with these uses. Horticulture and gardening have the capacity 
to temporarily slow down the lives of busy citizens, most of whom are 
not involved in these kinds of activities, and make them think about the 
importance of a good connection with nature and food production. The 
simple knowledge of the projects can encourage people to buy in local 
markets, to grow small gardens on balconies (patios, roofs…), to partici-
pate in community gardens or to be interested in the origin of the food.

► Revitalize urban areas: Urban agriculture can become an engine 
of economic development in certain contexts (Detroit, Urban Agricul-
ture Workgroup). In cities with an adequate physical environment and 
socio-economic context, food production within the city can be a real 
business possibility. This business concept is transferred to the creation 
of alternative food networks.    

► Complete the functions of urban green spaces: The monofunctional 
vision of urban parks, oriented to leisure and sport does not have to 
be unique or continuous. Where suitable conditions exist, horticultural 
uses can be incorporated temporarily or permanently. These activities 
increase urban diversity and activate healthy and beneficial uses for the 
community (integration and rehabilitation therapies...).

► Bringing the initiative of administration and activism together: Political 
action must foster a context of inclusion that makes urban agricultu-
re feasible. Space is a limited resource in cities, situations such as 
indiscriminate extensions of grass, brownfields, invaded by weeds…, 
are reconvertible with the supervision of the administration, avoiding 
conflicts that may arise from their use as orchards.
 

Aim
Integration of Urban Agriculture into the urban fabric. 

Why?

How?

Through the following modes of implementation, designed for full 
integration into the urban fabric and as an essential use in reviewing the 
services of green spaces in the city. 

► Urban community gardens in public space, on land belonging to 
the system of public open spaces.

►Urban community gardens in vacant urban plots, in 'intermediate 
spaces', public land property (municipal land property or similar), 
although also in private domain under concerted actions and supervised 
by the administration.

► Self-managed community gardens, based on community activism, 
they are spaces created by organized citizen groups and are carried 
out without the intervention of the administration or with minimal 
collaboration.

► Spontaneous or unregulated private orchards, they arise under 
the agreement of beneficial and legal owners, or because of the 
occupation of abandoned plots. They are common in the outskirts of 
large cities.

Taking into account these management modalities, the following steps 
can be followed for their implementation:

CATÁLOGO DE SOLUCIÓNS DE DESEÑO URBANO GUD-LUGO

I
Area of community gardens in the Open-Space System or  
Municipal Land Property per inhabitant (ShHab) 

U
m² / hab

M  
0,40 m² /hab or at least the expressed demand 

D  
0,70 m² /hab

M   / F
ShHab (m²/hab) = [A / B]

A: m² community gardens in  Open-Space System or  Municipal 
Land Property
B: inhabitants by neighborhood/district
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AGENTS INVOLVED

WHAT SHOULD BE CONSIDERED FOR ITS IMPLEMENTATION?

PLANNING LEVEL

EXAMPLES

POSIBLE ACTIONS DEVELOPED BY THE ADMINISTRATION:

•  Master Plan consistent with the management and planning 
instruments of Urban Green Infrastructure (UGI).
• Creation of a management body in partnership between the 
acting administration and the neighborhood organizations,  also 
responsible for the demand and allocation of plots.
•  Plan for reuse of brownfi elds sites

Prior to the fi rst implantation it is necessary to evaluate the 
availability of soil in suffi cient quality for a sustained production and 
without risks for consumption:
• Investigation of the initial state, particularly the existence of 
industrial ruins
• Soil analysis, soil and groundwater sampling, risk assessment 
(hazard and/or toxicity) and need for amendments
• Soil decompaction 
• Initial planting, consisting of sowing and subsequent turning of 
weed species (biofumigation and green manure, mainly grasses, 
legumes and crucifers: Ornithopus sativus, Sinapis alba, Vicia 
sativa, etc.)
• Organic amendment, consisting of the addition and mixture of 
compost

'A    C . F  U   P -
C ', D  T , D  A  
G  (2014)

M  P   A  I  P

1 ORGANIZATION

MANAGING BODY Self-management • Assembly
Participatory/representative co-management • Assembly + Municipal Commission
Administration •  Municipal Commission (Public Manager)

Urban Planning
Public space renovation plans
Reform of community spaces

Local Government Technicians
Regional/General Administration Technicians
Water and natural resource managers, etc.
Associations and cooperatives
Neighborhood communities

2 DESIGN

OBJECTIVES Community activity
Therapeutic / rehabilitative activity
Didactic / research activity

PLANNING / PROGRAM Access / Roads • Promotion of accessibility. Incorporation of Universal Design criteria and DALCO 
requirements

Plots • Orchards separated by Green Boundaries (EV 07)
•  Plots adapted to the surrounding topography, use of Green Slopes and/or low height 
Gabion Walls (EV06)
• Plots of 30 - 150 m² (according to individual or shared use)
• Raised and accessible plating beds for people with reduced mobility 
(width not exceeding 1.50 m)

Equipment / storage • Containers for the collection of non-green waste
• Shade area
• Storage area for materials and tools
• Separate toilets
• The orchards with didactic functions will have training plots and specifi c facilities (growing 
tables, small greenhouses, classrooms...)
• The buildings will be self-suffi cient and integrated into the landscape 

INFRASTRUCTURE 
(BLUE SPACE)

Water collection and storage system (including 
water treatment)

• Optimization of the water cycle, Collection + storage, Retention + infi ltration (AG08, 
AG09) and - if possible - elements of Purifi cation (AG10).
• Promotion or recovery of traditional irrigation systems. Adaptation of fl ood irrigation from 
storage points (similar to wells and dams)

Water retention and infi ltration
Water distribution / irrigation
Green waste treatment (mulch and compost) • Recycle of waste produced by the operation of orchards and composting of waste produ-

ced by nearby housing (EC02)
PLANT MATERIAL Species selection • The selection shall respond to the climatic and physiological characteristics of the 

environment, as well as to the adapted associations
• Species coming from nearby traditional orchards
• Species coming from agricultural research institutes or germplasm banks

Planting organization • The woody (fruit) and horticultural species will be combined, and the specifi c associations 
will also be chosen
• It is recommended to plant in an irregular shape, not reticulated, with a naturalized 
aspect.
• In case of being located in a traditional orchards area, it is recommended to study and 
identify solutions that allow the best landscape integration

Production system / maintenance • Organic production, or similar

Co-fi nanced by the EU through the LIFE Programme



How?
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GREEN WASTE RECYCLING SYSTEM

MEASURING ELEMENTS

CITY SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE FOR COMBINING WITH OTHER SOLUTIONS

Management of waste produced by the 
maintenance of landscaped areas

EC
02

Maintenance work in landscaped areas generates a large amount of 
green waste, all of which is caused by man's control of shape and 
growth in the adaptation of a living material such as plant material to the 
urban environment. These wastes must be reused in the same areas 
in which they are produced, either in the form of crushed -mulch- or as 
oxidized aggregate of different organic materials -compost. The use of 
these materials is very beneficial in gardening work, and intervenes in 
the following aspects: 

► Water Cycle and soil: Mulch prevents the evaporation of water in 
superficial soil layers and favors aeration, soil structure (aggregation of 
soil particles and protection against erosion) and, over time, drainage. 
Compost is a soil improver, produces the increase of organic matter and 
the sequestration of CO2, the reduction of the use of peat as topsoil 
and the increase of soil porosity, decreases the risk of erosion and the 
loss of moisture.

► Biodiversity: Both products increase the useful microfauna for soil 
life (pedofauna). Mulch provides good habitats for insects in the urban 
fabric.  

► Root protection against extreme temperatures:  Mulch acts as a 
natural surface temperature accumulator and frost protector. The 
compost allows the global control of edaphic temperature through the 
significant contribution of organic matter.

► Urban Metabolism: Both products are conceived to reintroduce 
organic matter into the soil. The aim is to reproduce and accelerate 
natural processes such as decomposition, oxidation, polymerization, 
humification and mineralization, through anthropic action.

►Economy: Both products have sales channels in case of generating 
surpluses (substrate sacks, mulch or other biomass derivatives). Public 
management can take over private waste through green employment.

Creating a green waste reuse system that allows its reincorporation into 
the soil as organic matter. This system will be applied in the following 
ways:

► Dry, in the form of mulch, as dead coverings of the pruning remains 
(it is also recommended to collect the crop remains from the Agricultural 
Greenbelt, mowing of pastures, brush clearings, etc.).
 
► Processed, in the form of compost.

This system shall be applied on uncontaminated waste, absent from 
plant phytosanitary products. The evaluation and classification of waste 
is a very important operation: the application in the form of mulch is 
more sensitive to the original conditions of the material; in composting 
-during the thermophilic phase- pathogenic bacteria and parasites 
present in the original waste can be destroyed. The use of mulch from 
the pruning of species with phytotoxicity or very high fibre content 
(palms) is not recommended.

Although some substantial areas are managed on a semi-natural basis, 
where green waste can be left to biodegrade naturally, in most of the 
public space (parks, squares...) it is necessary to remove significant 
quantities. Leaf litter can create problems in the use of space (safety). 
Shrubberies and bedding displays, as well as senescent and dying 
specimens generate a substantial waste volume.

Below is a diagram describing the reuse of green waste, the mix is 
indicative:

Aim
Recycling of waste produced in the maintenance of landscaped areas 
through its conversion into mulch and compost.

Why?

CATÁLOGO DE SOLUCIÓNS DE DESEÑO URBANO GUD-LUGO

I
Reintegration of uncontaminated green waste produced into the 
Open-Space System (RvR) 

U
%

M  
80% of uncontaminated  green waste produced

D  
100% of uncontaminated green waste produced
(elimination of chemical fertilizers and peat) 

M   / F
RvR (%) = [A / B]

A: volume of uncontaminated green waste treated and reintroduced 
into the Open-Space System
B: inhabitants by neighborhood/district
(waste produced in public open spaces from 9 to 35 m³ / ha·year)



AGENTS INVOLVED

WHAT SHOULD BE CONSIDERED FOR ITS IMPLEMENTATION?

PLANNING LEVEL

EXAMPLES

POSIBLE ACTIONS DEVELOPED BY THE ADMINISTRATION:

• Integration of green waste management in the Master Plans for 
the management and planning of Urban Green Infrastructure (IVU).
• Coordination with the urban waste management bodies.
• Creation of a sales and distribution network for the surplus 
product.
• Communication and awareness-raising actions.
• Elimination of chemical fertilizers and peat.

•  It is necessary to have a specifi c treatment plant for green 
waste that should be installed in some space of the Urban Green 
Infrastructure (UGI).
• The costs of implementing this type of plant are high, but 
profi table in the long term.
• Simpler and less expensive techniques require greater space 
availability (aerated static piles versus vertical reactors).
• The treatment of green waste forms part of the integrated 
management of urban vegetation, assuming sustainable 
maintenance models.

G  W  R    C  L  
R  P

O  M , CONAMA 11 B

C  / M  F , N  Y  (USA)

Urban green space management

Local Government Technicians
Regional/General Administration Technicians
Water and natural resource managers, etc.
Urban green space managers

ORIENTATIVE MIX FOR THE REUSE OF GREEN WASTE

PRUNING WASTE 40% RAMIAL CHIPPED WOOD (RCW)
Shredded on site (not transported)

On-site mulching

VALUATION

20% PRUNING WASTE MULCH

In-plant shredding and drying
Medium grain size (15-25 mm)

Mulching of uncovered areas where direct mulching is not possible
(Product for sale)

40% WOODCHIP FOR COMPOSTING

In-plant  shredding and drying
Small grain size (8-15 mm)

LEAVES (CLEARED 
FOR ENVIRONMENTAL, 
LANDSCAPE, SAFETY 
OR SECURITY 
REASONS)

100% SHREDDING AND COMPOSTING

Large leaves need twice shredding
(no woodchip required)

COMPOST
Up to 1 year process
(Product for sale)

Mulching during fertilization season

BEDDING PLANTS 100% COMPOSTING

Mixing with woodchip, ratio 1:3

CUT GRASS SHORT (LAWNS) 100% COMPOSTING

Mixing with woodchip, ratio 1:3

LONG (LONG MEADOW 
GRASS)

100% STRAW MULCH

In-plant turning and drying
Community Gardens mulching

Sketch of a plant for green waste composting
Catalan Waste Agency, Catalonia (Spain)

Kensington Gardens, London (United Kingdom)
Green waste treatment plant integrated in a historic and protected landscape

Co-fi nanced by the EU through the LIFE Programme



STREET SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE FOR COMBINING WITH OTHER SOLUTIONS

MEASURING ELEMENTS

I
(I1) NOx reduction for decontaminating hard surfaces
(I2) % of decontaminant / recycled hard surfaces

U
(I1) gr/m2 
(I2) %

M  
341 gr/m2/year
R
50 % of the surface paved with decontaminating materials and more 
than 30 % of their composition obtained from recycled materials.

D  
683 gr/m2·year.
R
80 % of the surface paved with decontaminating materials and more 
than 50 % of their composition obtained from recycled materials.

M   / F
Surface measurement.
Degraded ΔNOx = A x B
A: % of paved surface on which decontaminating elements are laid
B: degradation rate of NOx/m2/year 
(to fi nd out B, consult the gr/m2/hour specifi cation of the product).

HARD SURFACES MADE OF RECYCLED / 
DECONTAMINANT MATERIALS
Hard surfaces that reduce 
environmental impact

EC
03

Using recycled materials in hard surfaces or urban furniture in construc-
tion products and systems or materials that counter pollution through 
photocatalysis reduces the environmental impact of works to be carried 
out.

The standard level of emissions of materials is given by conventional 
construction systems and, according to various studies, is between 
600 and 750 kg CO2/m2. An improved low emissivity system should be 
capable of reducing emissions by 50 % by setting an average value of 
300 kg CO2/m2.

Aim
To foster the use of construction systems or products that contain 
recycled materials or material with decontaminating properties that 
contribute to circular economy tenets.

Why?

How?

CATÁLOGO DE SOLUCIÓNS DE DESEÑO URBANO GUD-LUGO

Compared to the standard level mentioned above, the improved level 
can be achieved by using systems based on renewable natural mate-
rials (such as wood) or by using only recycled and recyclable industrial 
materials. However, an optimised scenario of levels below 200 kg 
CO2/m2 can be achieved by adding the continuous management of 
resources throughout the entire life cycle of materials. Overall, the most 
important measures are as follows:

► From the outset of planning, consideration should be given to the life 
cycle of materials, encouraging the acceptance of new materials based on 
the CO2 embedded in them. Environmental databases and specifi cations 
of construction products should be considered in order to take into account 
the eff ect of emissions resulting from the transport and on-site use of ma-
terials. There are certifi cations accrediting the adequacy of materials to this 
goal such as the Cradle to Cradle certifi cation or the AFNOR certifi cation.             

► Operational measures should be established to encourage using 
recycled or recyclable materials and using construction techniques that 

make it possible to recycle, dismantle and reuse waste, thus reducing 
the quantities transported to landfills. Local building materials (natural, 
renewable) should be used and high environmental impact materials 
that contribute to increased emissions should be avoided. The use 
of local gravel pits and reservoirs for on-site construction should be 
permitted, exclusively on a local basis, reducing the need for transport 
of stone materials. 

► Reducing emissions from the design of the building configuration or 
development is also possible. For example, the decision not to build ba-
sements results in a reduction in emissions because of what this means 
in the overall weight of the energy demand for the construction process.

In some Dutch cities, bicycle lanes have been paved with materials alig-
ned with this strategy: composites consisting of wood fi bres and natural 
resin, concrete without cement, recycled paper, recycled glass, etc.

There are also materials on the market such as paving materials made 
from high-strength concrete which, in addition to fulfi lling their architec-
tural function, actively contribute to the elimination of pollutants from 
the atmosphere by means of a process similar to the chemical process 
carried out by plants. These convert harmful gases into compounds that 
are harmless to health and the environment by means of a natural oxi-
dation process that is free of chemical agents and has an inexhaustible 
eff ect over time. It is very eff ective in removing nitrogen oxides (NOx), 
volatile organic compounds (VOCs) and particulate matter (PM). They 
are manufactured, among others, with materials coming from recycling, 
especially from the construction and industrial sectors. Paving the sur-
face equivalent to a football fi eld with decontaminating products would 
degrade as much NOx as that produced by 4,000 cars in a year. 

This criterion can be applied to other construction systems, besides 
hard surfaces, and can be included in instructions or ordinances. For 
example, in the technical instruction for the application of sustaina-
bility criteria in the works and projects of the Barcelona City Council, 
criteria supporting the circular economy are defi ned for the drafting 
of public space and infrastructure projects. The contracting authority 
may establish environmental criteria relating to construction products 
and materials in the tender documents for the drafting of development 
projects, such as, for example:

• using aggregates and other construction materials incorporating a 
percentage of recycled material;
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AGENTS INVOLVED

• using photo-catalytic building materials to reduce NOx in the air;

• using construction materials, such as horizontal signalling materials, 
which meet the criteria laid down in one of the type I eco-labels;

• excluding surface treatments or phytosanitary treatments with a high 
environmental or health impact;

• valuing grey energy from building materials included in the ITEC 
BEDEC database; and

• using criteria related to durability and maintenance, including selecting 
materials on the basis of use, appropriate sizing or reusability.

The LIFE CERSUDS project proposes an innovative permeable 
ceramic paving that has its origins in the framework of an R&D project 
fi nanced by the Regional Government of Valencia in 2010: Reutilización 
y reciclado de productos obsoletos o deshechos de fabricación para la 
generación de nuevos productos. Permeable paving relies on the use of 
ceramic tiles of low commercial value. The system concept consists of 
cutting the ceramic tiles into strips with a specifi c width, which are then 
grouped together to form permeable ceramic modules. The develop-
ment of these modules off ers speed and simplicity in the laying of hard 
surfaces. http://www.lifecersuds.eu/es LIFE CERSUDS is fi nanced by 
the LIFE 2014-2020 Environment and Climate Action Programme of the 
European Union with reference LIFE15 CCA/ES/000091.

WHAT SHOULD BE CONSIDERED FOR ITS IMPLEMENTATION?

PLANNING LEVEL

EXAMPLES

The Grupo Integrado de Ingeniería Civil y Geomática (Giceo), belon-
ging to the Escola Politécnica Superior de Enxeñaría de Lugo studies 
the application of co-products resulting from the use of eucalyptus wood 
in the panel industry for civil engineering applications, such as road and 
railway construction, in the bituminous mixture used in the rolling layer 
of roads.

The most ambitious scenario is the Cradle to Cradle certifi cation, which 
is based on the idea contained in the book Remaking the Way We 
Make Things published in 2002 by Michael Braungart and William Mc-
Donough, which proposes a new way of interpreting environmentalism. 
Traditionally, the main slogan of environmentalism has been to reduce, 
reuse and recycle. The authors suggest a new approach: reducing the 
impact on the environment would lead to a slowdown, but, sooner or 
later, we would be coming to the same end. 

They suggest tackling problems at their root: from the very outset of the 
design phase and conception of any product; strategies or policies must 
take into account all the phases of the products in such a way that not 
even energy costs are necessary and that even the balance of expen-
ses and contributions is positive. In the planet's ecosystems, there is no 
such thing as waste. The aim would be to design all products in such 
a way that the materials are recycled for the same use or are recycled 
upwards, i.e. that the next use has more value than the current one. 

Urban development project
Building project

POSIBLE ACTIONS DEVELOPED BY THE ADMINISTRATION:

Equipo de diseño y planifi cación
Promotores inmobiliarios
Técnicos de la administración

• A regulatory proposal incorporating articles relating to the conside-
ration of the life cycle of materials should be made.

The choice of this type of materials does not usually condition 
conventional construction processes.

Decontaminant hard surfaces. Calle El Acebo, en Piedras Blancas, Asturias. 
Source: http://numaco.blogspot.com

Recycled hard surfaces.
LIFE CERSUDS

C  C   C

   

Co-fi nanced by the EU through the LIFE Programme



CITY SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE FOR COMBINING WITH OTHER SOLUTIONS

MEASURING ELEMENTS

I
Main: CO2 reduction by switching from private vehicle to bike trips
Secondary: % of trips from PV to bicycle or PMV

U
g CO2
% 

M  G
2 % of trips from PV to bicycle or PMV

D  G
6 % of trips from PV to bicycle or PMV

M   / F
Anual Mobility Survey
∆g CO2=A x [B – C] x D
A: % of trips from PV to bicycle
B: PV CO2 Emission Factor (g CO2/km)
C: Bike or PMV CO2 Emission Factor (g CO2/km)
D: Total km travelled
The formula may vary depending on available data.

SHARED BICYCLES AND PMV

Public provisions to encourage the use of 
shared bicycles and personal mobility vehicles

EC
04

The reasons behind this type of measure are the same as those used 
in other measures in this catalogue relating to sustainable modes of 
transport. But this type of solution will also reduce the carbon footprint 
of the production of these vehicles. 

Implementing bicycle systems or other public PMVs has several advan-
tages:
• It reduces the purchase of these types of vehicles, optimising their use 
and reducing their carbon footprint.
• It increases the use of this type of vehicle, becoming a catalyst for the 
use of bicycles or other modes, provided that measures are taken to 
increase the users' safety.
• Add one more last mile option, at a lower cost than other types of 
public transportation.
• It can contribute to an increase in the use of public transport if the two 
systems are integrated, by increasing their coverage.
• It reduces congestion.
• It allows to manage the demand of transport, increasing the accessi-
bility.
• It increases the city' s attractiveness for tourism.
• Creates opportunities for advertising and the city branding.
• In the case of bicycles: health benefi ts. 
• Creates local jobs.

Aim
To reduce the carbon footprint of cycling in the city by optimising its use. 
Promote the use of bicycles and other VMPs on last mile and tourist 
journeys instead of cars. Encourage occasional users who do not need 
a bicycle or other PMV on a daily basis to use them on some of their 
trips. Increasing public transport coverage

Why?

How?

CATÁLOGO DE SOLUCIÓNS DE DESEÑO URBANO GUD-LUGO

As with all measures that represent a major change in the city, political 
leadership and broad support are needed. Long-term action and inves-
tment will be needed to make the system effi  cient. In any case, the fi rst 
step will be to set the objectives of the system and carry out a feasibility 
study, since depending on the type of system and management, the re-
sults can be very diff erent. The size of the city also has a great infl uence 
on the choice of the system and its management. If the system is based 
on base stations, it will be necessary to defi ne the network of stations, 
which must be integrated with the other transport systems. If the system 
allows picking up and dropping off  units anywhere (dockless), it will be 
necessary to consider the conditions under which companies will be 
able to operate in the city.

For a system to be successful it must meet the following conditions 
(ITDP, 2013):
• A dense network of stations, with a distance between them up to 300 
m.
• Comfortable vehicles, with special elements that discourage theft or 
resale, as well as anti-vandalism.
• If you are using bases, a fully automatic system for fi xation to them, 
allowing easy and quick removal and delivery.
• A vehicle location system that identifi es both the vehicle and the user.
• Real-time management of station occupancy, relocating units when 
necessary.
• Real-time information on diff erent platforms.
• Price structure that encourages short trips, so as to maximize the 
number of trips per unit and day.
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AGENTS INVOLVED

WHAT SHOULD BE CONSIDERED FOR ITS IMPLEMENTATION?

PLANNING LEVEL

EXAMPLES

General Planning
Development Planning
Urbanization Detailed Design

Local Offi cials
Planning and design team

• PMVs with throttle have no signifi cant health benefi ts
• Measures will have to be taken to ensure that electric PMVs do 
not replace foot travel.
• It is necessary to regulate the use of bicycles and VMP in pedes-
trian spaces.
• The possible abusive use of public space by these parked 
vehicles.
• Dockless systems can cause discomfort to people with disabilities 
if they occupy the sidewalks.
• It is necessary to regulate the use of VMPs and their interference 
with pedestrian routes.
• The management system, with transfers between bases and 
collection for battery charging can lead to higher emissions than 
those reduced by mode switching.

velib´

bicing

BiciMAD

Classifi cation of PMVs. Source: Spanish Traffi  c Department (DGT)

CHARACTERISTICS A B C0 C1 C2

Max speed 20 km/h 30 km/h 45 km/h 45 km/h

Mass < 25 kg < 50 kg < 300 kg <300 kg

Max. Capcity (pers.) 1 1 1 3

Max  witdh 0.6 m 0.8 m 1.5 m 1.5 m

Max turnning radio 1 m 2 m 2 m 2 m

Frontal superfi cial hazard 1 3 3 3

Max height 2.1 m 2.1 m 2.1 m 2.1 m

Max length 1 m 1.9 m 1.9 m 1.9 m

Bell no yes yes yes

Brakes no yes yes yes

Urban delivery no no no no yes

Transport for money no no no yes no

PMVs are classifi ed according to height 
and dangerous angles that can cause injury 
to a person in a hit and run. Dangerous 
angles are defi ned as those less than 110° 
oriented in the direction of advance of the 
VMP, or towards the driver or passengers.



CITY SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE FOR COMBINING WITH OTHER SOLUTIONS

MEASURING ELEMENTS

I
Main: CO2 reduction by reducing private vehicle trips
Secondary: % of trips from PV to other sustainable modes

U
(I1) g CO2/year
(I2) %

M  
(I2) 5 % of reduction in trips by VP

D  
(I2) 10 % of reduction in trips by VP

M   / F
Mobility survey

∆g CO2=A x B x C

A: % of reduction in trips by VP
B: CO2 emission factor of a private vehicle (g CO2/km)
C: Total number of km travelled

SHARED CARS / CARPOOLINGEC
05

The reasons for favouring carpooling or rental systems are clearly 
shown in the graph accompanying this text. The annual average cost of 
using a car for a European household is around 9000 euros per year, 
including congestion costs and externalities. Around 25% of greenhou-
se gas emissions in Europe are due to transport. Around 50% of the 
surface area of public space in cities is dedicated to cars, but at peak 
traffi  c levels only 10% is occupied. The cost of congestion can reach 
2% of GDP in large cities.

And all of that to use a mode of transport that is stationary 92% of the 
time, whose weight is about 12 times the weight of the passengers it 
transports and whose engines do not convert more than 20% of the fuel 
into movement. This means that only 2% of the energy consumption is 
actually used to move people.

As you can see, the current use of automobiles in cities is far from 
effi  cient.

Aim

Why?

How?

CATÁLOGO DE SOLUCIÓNS DE DESEÑO URBANO GUD-LUGO

Bearing in mind the main objective of this measure, which is the optimi-
zation of the use of the car in the city, and always after favoring the use 
of other more sustainable modes, there are several ways in which you 
can act.

► Car Pooling or sharing
Multiple platforms are already in place that link users with the intention 
of increasing vehicle occupancy, especially on city-to-city journeys. 
This has been done informally since time immemorial, and a useful 
approach is to identify meeting areas in order to be able to take actions 
that favour intermodality in sustainable modes, seeking to prevent fi rst 
and last mile journeys being made by car. Some measures that can be 
taken from the municipalities are:
- Install comfortable and safe public transport stops in these areas, 
including some other service such as lockers, wifi , vending, etc, which 
makes waiting more comfortable.
- Install bike racks so as to encourage the use of bicycles to reach this 
area, and therefore avoid travel by car fi rst or last mile.
- Develop applications that allow users to contact each other.
- Promote corporate and personal mobility plans in large workplaces to 
optimize employee travel through this type of solutions.

Favour the effi  cient use of the diff erent modes of transport rather than 
the ownership. Reduce the carbon footprint of car use in cities.

EC
04
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Public facilities to encourage the use of 
shared, rented or high-occupancy cars
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AGENTS INVOLVED

PLANNING LEVEL

EXAMPLES

General Planning
Development Planning
Urbanization Detailed Design

POSIBLE ACTIONS DEVELOPED BY THE ADMINISTRATION:

Local Government Technicians 
Planning and design team
Neighbourhood communities
Associations and cooperatives
Developers
Owners

Encouraging carpooling among its workers

Uber

Cabify

ZITY

ShareNow

BlaBlaCar

zipcar

Carpooling in Toulouse managed by the city coun-
cil

Carpooling in Perugia for City Council and Univer-
sity employees

► Electric rental vehicles
Although electric cars are a less sustainable solution than bicycles or 
public transport, it is true that they are more effi  cient and less polluting 
than combustion cars, so their use should be encouraged.

This measure would consist of requiring buildings or neighbourhoods 
to be equipped with areas for recharging electric vehicles that could be 
used on demand. This could work for both private and rental vehicles. 

The latter could be done in the same way as rental bicycles, either 
directly by the municipality or by private companies.

This solution complements perfectly the integral management of public 
transport. The integration of the diff erent modes of transport makes it 
possible to choose the most effi  cient route on each trip.

Belmont Park-and-ride in Durham Safe lockers for bicycles

Co-fi nanced by the EU through the LIFE Programme
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DISTRICT SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE TO COMBINE WITH OTHER SOLUTIONS

MEASURE METHOD

INDICATOR
1.- Existence of appropriate organized participation channels, 
through which it is possible to be part of the decision-making pro-
cess concerning urban projects.

2.- Number of people / institutions involved in the process

UNIT

1.- Existence of the participation channel
2.- Number of people/entities participating in the process

MINIMUM GOAL

1.- Fulfi lled
2.- According to project type

DESIRABLE GOAL

1.- Fulfi lled
2.- According to project type

MEASUREMENT METHOD / FORMULA

1.- Existence yes / no
2.- Counting

PUBLIC PARTICIPATION
Citzens participation management in 
urban transformation processes

PC
01

Sustainable urbanism requires close collaboration between administra-
tions, technicians and citizens to implement sustainability policies. The 
incidence of citizens is a basic condition so that they can make it their 
own, identify and be involved in tasks and actions, and thus multiply its 
transforming potential.

It is basic in the sustainable development to evolve into a improved 
democracy model towards a new system that has its maximum possibi-
lities of expression at the municipal level. 

Aim
Guarantee the people infl uence in the city transformation.

Why?

How?

CATALOGUE OF URBAN DESIGN SOLUTIONS GUD-LUGO

Although in the urban regulations, the public participation in certain 
processes is already established, this does not guarantee its effectivity. 
The administration should make easy every interaction between the 
different actors during the participation process: experts, administration 
or individual citizens. So there must be crearly defi ned theobjective of 
the participation and to provide a space for each one, but allowing their 
relationship during the process, instead of segregating them in different 
channels.

These are some guidelines that should rule the processes:

► Promote transparency in management
- Provide access to information
- Create channels to allow the fl ow of information in both directions

► Favouring the training of citizens
- produce specifi c information resources, workshops and debates on 

town planning
- Promote environmental education and awareness

► Integrate participation into planning
- In the diagnosis process and in strategic decision making
- Integrate Agenda21 into planning

► Integrate all social perspectives
- Give special value to the gender perspective
- Count on other vulnerable groups (elderly, immigrants, unemployed)

Terms, goals and limits of the participation process

- Objectives should be set that can be perceived as a reply to the gene-
ral interest, not to justify particular interests or as part of an administra-
tive protocol.

- Objectives must be defi ned in a way that explains the need for co-
responsibility, avoiding paternalism.

- Whoever promotes the process has to convince of the capacity and 
willingness to make them a reality, setting goals to be achieved from the 
beginning and the resources to achieve them.

- Both urbanism technicians and participation specialists must be 
present from the beginning of the participatory processes, and have 
contact with the citizens from these fi rst stages, not only to break the ini-
tial mutual mistrust, but also to become familiar with the ways in which 
the citizens express the urban discourse and for the citizens to become 
familiar with the urban language.

- The celebration of the sessions in the site of the intervention is highly 
recommended, especially when it comes to vulnerable environments, it 
is a sign of respect and empathy for the affected population.

- The good choice of the date and hour of the meetings is essential to 
ensure attendance, which requires a detailed knowledge of the cultural 
patterns of those affected.

- Given that urban planning involves the unavoidable use of graphic do-
cuments, when it comes to representing the proposals, the right choice 
of graphics that can be understood by all citizens is very important.

THE PURPOSE IS THE APPLICATION OF ANY OF THE STRATEGIES



ACTORS INVOLVED

PLANNING LEVEL

EXAMPLES

General and development planning

Private Owners
Associations
Social participation experts
Design and planning team
Real estate developers
Administration Technicians

elCASC. Villena
Fuente: http://elfabricantedeespheras.com

CODISEÑO DEL PARQUE COLABORATIVO

- The permanent feedback of the mid-term and fi nal results of the pro-
cesses must be public: it should not only be available for those involved 
in the events, but any citizen affected.

- It should include explicit recognition of the work of all participants in 
the event.

- It should include guidelines for the continuity of the process, clearly 
explaining the next steps to be taken.

- The results evaluation phase should be planned from the beginning 
and throughout the entire process, linking as far as possible the objecti-
ves to measurable indicators.

Workshop Smart-Cities /// Instituto Tecnológico de la cerámica
Source: http://elfabricantedeespheras.com

- Self-criticism and the ability to learn from successes and mistakes is a 
substantial part of the evaluation process and must be taken on board 
by all the actors involved.

- The more accurate the initial diagnosis of aspirations and needs is and 
the better the intervention adapts to that diagnosis, the more citizens will 
be willing to accept and positively assess the results, even if they do not 
exactly meet their expectations.

Co-fi nanced by the EU through the LIFE Programme



DISTRICT SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE TO COMBINE WITH OTHER SOLUTIONS

MEASURE METHOD

INDICATOR
Number of actions

UNIT

Number of actions per neighbourhood

MINIMUM GOAL

5 per neighborhood / year

DESIRABLE GOAL

10 per neighborhood / year 

MEASUREMENT METHOD / FORMULA

Registration of licenses
A: number of interventions/neighbourhood

CITIZEN INTERVENTION IN PUBLIC SPACE

Direct intervention of citizens in the de-
velopment of sustainable solutions

PC
02

Sustainable Urban Solutions are not restricted to the administration or 
the promoting agents. The improvement of the urban space for people, 
from communities, cooperatives, associations, social dynamizers and/or 
with certain municipal collaboration, creates participation, involvement 
and feedback processes with the needs, preferences or demands of the 
population.

They provide multiple benefi ts that can go far beyond the scope and 
goal of adaptation to climate change for which they were originally 
designed and offer various collateral benefi ts in terms of environmental 
quality, health and welfare, urban regeneration capacity or improved 
habitability conditions.

Aim
The Involvement of Citizens in Sustainable Urban Strategies in the Face 
of Climate Change. Interventions can be related to the communication 
of concepts through demonstrative activities, development of a series of 
workshops that carry out small built performances and low-cost artistic, 
heritage or social-cultural activities.

Why?

How?

CATALOGUE OF URBAN DESIGN SOLUTIONS GUD-LUGO

Urbanism promoted by citizens seeks an approach to the participative 
construction of the urban environment that offers some special charac-
teristics as opposed to the conventional process:

- Development of individual ideas for planning challenges
- Short-term commitments and realistic expectations
- Low risk, with a high benefi t in terms of involvement and disclosure
- Development of social capital among citizens
- Creation of organized structures between public institutions, citizen 
communities and individuals

There is a wide range of examples with different approaches and 
objectives.

A basic procedure model is that part of an organisation that encourages 
residents to build temporary facilities that turn underused public spaces 
into community places where they can perform some sustainable 
leisure activity or promote low-cost sustainable actions. Projects start 
with citizens with ideas for their neighbourhoods, but look for adminis-
trations, businesses or civic groups that can provide funding and other 
forms of support (such as design services). This grassroots process 
helps simplify management processes while building community bonds 
and optimizing governance.

The municipal administration can launch intervention processes such 
as the Paris Council permis de vegetaliser project that invites residents 
to become gardeners in their neighbourhoods. It offers them to choose 
open spaces close to where they live, for example the doors of their 
houses or the streets, so that they can plant vegetation and thus be 
part of the process of making their environment more sustainable. After 
selecting the planting points, they must request a three-year renewable 
licence that allows them to plant in the public spaces of their neighbou-
rhoods. It also gives them the opportunity to get guidance on which 
are the most suitable plants or formats for certain places, which can be 
fruit trees, vines or gardeners. When the council licenses a new "citizen 
gardener," it also gives him a planting kit and asks him to sign a letter 
of commitment which is what makes the difference to the program as 
compared to carrying out this initiative individually. It means commit-
ting not to use pesticides and to ensure the maintenance of the plants, 
fl owerpots and structures involved.

In some cases, the commemoration of a special day such as the Eu-
ropean Mobility Week in the street is used to claim it as the setting for 
sustainable mobility and, above all, as a public space for social mixing 
and exchange, solidarity, culture, trade, accommodation, learning and 
play. The Europeanmobilityweek campaign also has resources that can 
be made available in if it fi ts its methodology.

THE PURPOSE IS THE APPLICATION OF ANY OF THE STRATEGIES



AGENTS INVOLVED

PLANNING LEVEL

Planning regulations should consider the benefi t of this interven-
tions and encourage their development.

POSSIBLE ACTIONS PROMOTED BY THE ADMINISTRATION

Private Owners
Associations
Design and planning team
Real estate developers
Administration Technicians

These actions can be launched from the administration or from 
independent groups. But in the latter case, the administration 
can provide technical means, technical advice or fi nancing.
- drawing up a catalogue of courtyards or common areas suita-
ble for nature by direct observation or geographical analysis of 
the available cartography.
- Conditions of ownership and possible normative restrictions or 
of patrimonial character.
- Establishment of management and maintenance conditions.

Villena Socio-Cultural Activation Festival
Source: http://elfabricantedeespheras.com

Parking Day NYC. 
Source: https://nyc.streetsblog.org

Map of the event "La calle es tuya" (The stret is yours) organised by various groups in Granada during the European Mobility Week.
Source: https://caminagranada.com/

Le permis de végétaliser (Permission to Plant) 
City Council of Paris

EXAMPLES

PASEOS DE JANE JACOBS

LA CALLE ES TUYA / CAMINA GRANADA

PERMISO PARA PLANTAR EN EL ESPACIO PÚBLICO

CERTAMEN DE ACTIVACIÓN SOCIO-CULTURAL DE VILLENA

Co-fi nanced by the EU through the LIFE Programme



DISTRICT SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE TO COMBINE WITH OTHER SOLUTIONS

MEASURE METHOD

INDICATOR
Depending on the solution adopted

UNIT

Depending on the solution adopted

MINIMUM GOAL

Depending on the solution adopted

DESIRABLE GOAL

Depending on the solution adopted

NATURALIZATION OF PRIVATE SPACES

Interventions in private common spaces 
through the owners cooperation

PC
03

Sustainable Urban Solutions are not exclusive activities for the public 
space. There is a considerable surface area of land, properties at 
ground level or the interiors of block courtyards, suitable for any of the 
proposed interventions.

They provide multiple benefi ts that can go far beyond the scope and 
the goal of adaptation to climate change for which they were originally 
designed and offer various collateral benefi ts in terms of environmental 
quality (in the vectors of water, noise, air and soil), human health and 
well-being, urban regeneration capacity, improved habitability condi-
tions, increased land value or job creation.

Aim
Apply one or more Sustainable Urban Solutions, in private properties 
but specifi caly in common areas where several owners can coordinate. 
It promotes social interaction, increases the spaces available in the city 
for enjoyment and, depending on the solution applied, acts on some of 
the issues related to sustainable strategies.

Why?

How?

CATALOGUE OF URBAN DESIGN SOLUTIONS GUD-LUGO

There are many examples of cohousing. In a neighbourhood communi-
ty, there are different degrees of privacy that can be defi ned. Underused 
areas can be used, such as unoccupied portions of the plot, community 
patios or even some practicable roofs to implement common servi-
ces, a living area or to generate economic activities to fund part of the 
interventions.

In blocks of buildings of various properties, the block courtyard is a 
surface that can give rise to different interventions. It will depend on the 
confi guration of the accesses and the distribution of common spaces. 
If the entry has direct communication with the courtyard it makes the 
intervention easier. In some cases there are fl oor levels used as shared 

for the neibourhood or storage rooms that allow this communication. 

Another alternative is to enable a corridor on the ground fl oor through 
commercial properties. This may result in linking the intervention with 
some commercial activity, such as simply obtaining light or views 
through that space, its partial or complete enjoyment, or participation in 
the use of its facilities, if there is water collection or renewable energy.
There are examples where ground-fl oor commercial establishments 
have the leading role, which are the ones that activate the project.

There are also experiences of intervention in disused plots, through 
the organization of short-term activities with naturation criteria. These 
spaces of opportunity allow the establishment of natural solutions of 
different types, such as landscaped areas, urban orchards, comfortable 
leisure spaces but always with the aim of low maintenance demand. 
The creation of these disused spaces requires the involvement of the lo-
cal population in their implementation and maintenance, contributing to 
the social interaction, comfort and natural regeneration of these areas. 
Previously it will be necessary to manage the ownership permission.

Beyond their direct benefi ts in terms of adaptation to climate change, 
the interventions in abandoned spaces can contribute to security in the-
se areas and therefore to reduce the risk of criminality and increasing 
the feeling of belonging in the neighbourhoods.

► The possible interventions in common or solar areas are:
- Community gardens
- green areas or leisure gardens
- installation of shading systems
- installation of photovoltaic or wind panels for energy generation
- collection and storage of water for community use
- development of common areas for recreation, sport or economic 
activities
- improvement of walls using green façade systems in courtyard or main 
façades
- combination of solutions or mixed uses

► Standard procedure:
1. Approach to the proposed occupation or intervention.

2. Identifi cation of neighbours interested in being involved.

3. Search for funding, if necessary. If the use has a certain public cha-
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AGENTS INVOLVED

WHAT SHOULD WE CONSIDER FOR ITS IMPLEMENTATION?

PLANNING LEVEL

EXAMPLES

Construction Project
Urbanization project

POSSIBLE ACTIONS PROMOTED BY THE ADMINISTRATION

Private Owners
Associations
Design and planning team
Real estate developers
Administration Technicians

Urban orchard in St. Charles Health Centre hospital Kensington and 
Chelsea, London. source: www.agrohuerto.com

LAKUA: PROYECTO DE NATURACIÓN DE ESPACIOS VERDES Y PARCELAS 
VACANTES

COOPERACIÓN ENTRE PROPIETARIOS PARA ALMACENAMIENTO DE AGUA

racter, it can be negotiated with the city council. It may also be useful to 
a company as a sponsor if it can make the investment profi table.

4. Defi nition of roles in process management:
- negotiations between interested and non-interested neighbours
- procedures in the city council, fi nancing
- Recruitment of technicians to draft the proposal
- maintenance management
- adjustment of the legal status of the intervention by contract, if requi-
red.

Roof naturalization (http://www.cartademexico.com/)

These actions can be launched from the administration or from 
independent groups. But in the latter case, the administration 
can provide technical means, technical advice or fi nancing.
- drawing up a catalogue of courtyards or common areas suita-
ble for nature by direct observation or geographical analysis of 
the available cartography.
- Conditions of ownership and possible normative restrictions or 
of patrimonial character.
- Establishment of management and maintenance conditions.

- Property conditions and possible regulations or patrimonial 
restrictions.
- Establishment of management and maintenance conditions.

Cadastral map showing a good approxi-
mation to unbuilt spaces within blocks. A 
Milagrosa. Lugo.

Source:
http://www.sedecatastro.gob.es/
Own elaboration

5. Routine planning of organizational meetings, discussion and evalua-
tion of the process

6. Drafting of the intervention project by a qualifi ed technician.

7. Execution of the work.

8. Management of the use.

9. Maintenance

Co-fi nanced by the EU through the LIFE Programme



TR
01

SOLUTIONS 
INTEGRATION TR

02
MUNICIPAL 
ENERGY EFFI-
CIENCY

TR
04

MONITO-
RING AND 
ASSESSMENT 
METHODS

TR
03

SUPPORT 
TOOLS

CROSS-SECTIONAL
SOLUTIONS

Promoted by:

Project partners:Financed by:

Co-financed by the EU through the LIFE Programme

At the forefront of sustainable urbanism





SOLUTIONS INTEGRATION
To integrate the solutions on the different networks. 
How an intervention in a new development is related to 
the existing urban environment.

TR
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Aim
Any intervention that seeks to be sustainable cannot be a 
construction alien to the existing immediate environment. The 
implementation of solutions that have to do with infrastructures 
or service networks must set a guideline for the transformation 
of the city, so that they must recognise the problems and advan-
tages of the pre-existing and nearby spaces in order to prepare 
for their integration and continuity. 

For this reason it must be in accordance with the historical de-
velopment of the city, adapting to the urban fabric and the natu-
ral spaces of its surroundings. Its form and structure cannot be 
determined solely by the technical requirements of sustainable 
technology, but must be sensitive to the history and structure 
of the city, reinterpreting its growth patterns and adapting to its 
networks. It is an added value to have any intervention as part 
of a network of interventions in the city.
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BIOCLIMATIC URBANISM

P

Existing city

Building orientation 
SE-SO

Seasonal shading

Heat networks

Cycling network
Public transport net-
work (Bus-Metro)
Parking

Sport areas

Pedestrian areas

Surface runoffs
Retention and street infl tration
Retention in public spaces
Water storage
Permeable pavements in 
pedestrian zones
Permeable pavements
Floodplain

Tree-lined pedestrian 
itineraries
Tree-lined street
Green walls
Green boundaries
Greening
Green roofs
Urban forest

ISSUES AFFECTED

How?

In order to achieve a growth of the city in accordance with the 
physical pre-existence, both on a geographical scale (morpho-
logy of the soil and subsoil, riverbed and river basins, aquifers, 
vegetation cover, contaminated soil, etc.) and on a crystallised 
scale throughout the historical construction of the city (urban 
morphology, sanitation networks, public transport system, land 
use, facilities, green areas, etc.), it is necessary to have a 
precise knowledge of the existing in the place of action and the 
requirements of the population, as well as to have an overall 
view.

CATALOGUE OF URBAN DESIGN SOLUTIONS GUD-LUGO



PPP

P

P

PP

P

P P

P

P P

P

P P

P

PP
P

P P

P

P

P

P

Existing city

Building orientation 
SE-SO

Seasonal shading

Heat networks

Cycling network
Public transport net-
work (Bus-Metro)
Parking

Sport areas

Pedestrian areas

Surface runoffs
Retention and street infl tration
Retention in public spaces
Water storage
Permeable pavements in 
pedestrian zones
Permeable pavements
Floodplain

Tree-lined pedestrian 
itineraries
Tree-lined street
Green walls
Green boundaries
Greening
Green roofs
Urban forest

ACTION 1

ACTION 2

ACTION 3

ACTION 4

The graph shows some possible coordinated actions to relate 
an intervention in a new development with the existing ones:

► Action 1: Redevelopment of historic areas
The pedestrianisation of a central axis within the consolidated 
city, where squares, inner streets of blocks are concatenated, 
makes it possible to jointly propose solutions linked to the 
water cycle ( permeable pavements, water tanks, recovery of 
underground runoff as elements of the urban space, etc.) and 
to the conditioning of green spaces (landscaped terraces, green 
walls).

► Action 2: Construction and re-urbanisation of pedestrian 
routes. Safe school routes
The location of school facilities, in relation to the existing ones 
and to the natural structure of the terrain, the rearrangement 
of the traffi c of the existing networks, allows for the construc-
tion of continuous pedestrian itineraries. These routes can be 
the object of consecutive projects of permeable paving and 
recyclable materials, revegetation, plant fences and slopes of 
school equipment, or the implementation of water collection and 
accumulation systems.

► Action 3: Recovery of riverbeds as part of public space 
systems. Coordinated design of the green space network, the 
rainwater drainage network and clean mobility itineraries (pe-
destrian, cyclist, electric buses and tram).

► Action 4: Hierarchisation of the existing road and design of 
the public transport network. 
Jointly designing the network of spaces and public transport 
(existing and new), allows to propose coordinated solutions 
of multimodal stops (bicycles, bus, metro) in relation to the 
green structure spots (urban forests, river parks, pedestrian 
itineraries), and the existing uses. By planning them together, 
for example, bus stops can be suitable areas to locate water 
reservoirs for cleaning and maintenance of gardens, or tracks in 
sports areas and educational centres to retain water from runoff 
in relation to cycling/pedestrian and transport itineraries.

Co-fi nanced by the EU through the LIFE Programme



CITY SCALE INTERVENTION

ISSUES AFFECTED

SUITABLE FOR COMBINING WITH OTHER SOLUTIONS

MEASURING ELEMENTS

INDICATOR
Cross-sectional solution. Each of the services or infrastructures will 
be evaluated using a different indicator. Many of these are included 
in the individual solution fact sheets.

MUNICIPAL ENERGY EFFICIENCY
Assessment and improvement of infras-
tructures and municipal urban services' 
energy effi ciency

TR
02

The energy consumption of municipalities has been increasing in recent 
decades, with an average in Spain of approximately 2.5% of its budget. 
On the other hand, local authorities have a legal obligation to rationalise 
public expenditure.

This energy consumption has a direct translation in GHG emissions, 
and depending on the origin of this energy, these emissions will be 
higher or lower. Due to the fact that energy consumption is present in 
all the municipal processes, equipment, buildings and installations, its 
planning and management is a key factor in reducing GHG emissions.

Aim
Save energy in the services and infrastructures managed by municipal 
administrations. By carrying out energy audits and planning improve-
ments, the aim is to reduce the negative impact on climate change.

Why?

How?
In order to achieve a signifi cant reduction in energy consumption, it 
is essential to have a Sustainable Energy Action Plan (SEAP). This 
SEAP is an initiative of the European Commission's Directorate-General 
for Energy, which was based on the 20/20/20 strategy. Through this 
initiative, municipalities committed themselves to reducing emissions by 
more than 20% by 2020, but the same Plan serves to reduce emissions 
beyond 2020. This SEAP should include the following elements:

► Emissions Inventory
The fi rst step will be to carry out an inventory of emissions, identifying 
the systems or services which consume more energy, to help planning, 
concentrating efforts on them. Public lighting is generally the service 
that consumes the most energy, and also where there are more impro-
vement opportunities, but there are other services or infrastructure that 
involve signifi cant consumption: schools, sports centers, administrative 
buildings, etc.. If there are facilities such as water treatment plants and 

EDAR
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CATALOGUE OF URBAN DESIGN SOLUTIONS GUD-LUGO

waste processing centres, energy consumption increases considerably. 
Another service that also involves considerable energy consumption is 
public transport, although it is also possible to reduce emissions easily.

► Energy Diagnosis
The inventory and energy fl ows of the municipality identify the main 
energy-consuming and GHG-emitting sectors and activities. This identi-
fi es areas for improvement in order to reduce energy consumption and 
emissions.

► Action Plan
This is where the actions to be implemented will be collected. For each 
one of the actions the effective reduction and its cost will be calculated, 
and the agents involved and the timeframe for implementation determi-
ned. Each action must have an indicator that allows the quantifi cation of 
its effectiveness.

► Monitoring
A monitoring programme should be considered for each action accor-
ding to the indicators defi ned.

► Participation
SEAP should be a participatory and transparent process, so it should 
have a participatory process. Due to the areas affected, participation 
should be different for municipal service workers and the general public.

► Communication
The communication plan should achieve two main objectives: To increa-
se participation and to disseminate the measures and their objectives.

Although the selection of the measures to be taken should be made 
after the inventory, some of the most useful measures in cities like Lugo 
can be cited. Some of them are described below by sector. This only 
includes measures in the area of municipal services, as many of the 
measures for the domestic sector are included in other fact sheets. 

ALL OF THEM



PEOPLE INVOLVED

PLANNING LEVEL

EXAMPLES

General Planning
Development Planning
Urbanization Detailed Design
Construction Detailed Design

Local offi cials
Planning and design team

Pneumatic collection (ENVAC)

ONE NEW YORK: THE PLAN FOR A STRONG AND JUST CITY

HAMMARBY SJÖSTAD (ESTOCOLMO)

Bus fueled by biogas in StockholmSolar street lights Bike patrol (Honolulu)Hammarby Sjostad (Stockholm)

OPTIMISE YOUR ELECTRICITY BILL

• To adapt the installations to the power really demanded, avoiding the surcharges, 
sometimes substantial, in concept of power excesses.
• Reactive Compensation
• Determine the load curve, and even the transfer of consumption to off-peak hours
OUTDOOR LIGHTING

• Install LED lamps
• Adjust lighting levels to suit needs
• Install control elements to prevent undesired starts.
• Incorporate more effi cient lamps
• Incorporate reducer-stabilizer equipment
PUBLIC BUILDINGS

• Perform audits and target defective equipment
• Improve insulation
• Take advantage of free cooling
• Recovery of extraction heat
• Use heat pumps
• Modify the types of glass and carpentry in windows and doors
• Install solar protection
• Install renewable energy production systems
• Take measures to save on lighting
STREET FURNITURE

• Minimize material quantity
• Use recyclable or recoverable materials
• Use local or regional materials to reduce transport
• Assessing the eco-effi ciency of materials
• Selecting durable elements
MUNICIPAL FLEET

• Fleet renewal for more effi cient vehicles
• Introduction of electric vehicles
• Replacement of municipal vehicles by motorcycles or bicycles
• Police bicycle patrol
• Introduction of electric or alternative fuel city buses

HEATING AND COOLING

• Use of alternative fuels in DHC systems
• Landfi ll and WWTP biogas recovery
TRANSPORT

• Reduce the transport need (see fact sheet AC03)
• Intensify the use of eGovernment
• Improving the attractiveness of public transport
WWTP
• Install Frequency Inverters
• Use diffusion aeration systems
• Replacing medium-pressure UV lamps with high-performance low-pressure 
lamps
• Automate deodorization systems
• To take advantage of the residual energies produced by the WWTP
WASTE COLLECTION

• Introduction of intelligent collection systems
• Implement containerized collection systems by fraction, with container spaces 
inside the buildings.
• Use of alternative fuels in the collection fl eet.
• Study the possibility of pneumatic collection
UTILITIES NETWORKS

• Utility tunnels should be implemented to facilitate operation and maintenance and 
avoid interference between networks.

Co-fi nanced by the EU through the LIFE Programme



CITY SCALE INTERVENTION

ISSUES AFFECTED

SUPPORT TOOLS 
Software tools and calculate templates 
as support in urban sustainable design

TR
03

This is an updated list of different non-commercial tools 
to help designers or stakeholders in urban planning 
decision-making process.

GENERIC
►http://www.ecourbano.es/tools.asp
This website includes various types of instruments: tech-
nical solutions, methodologies, indicators and calculation 
applications. There are different tools designed to help, 
both by individuals and collectives, in order to move 
towards more sustainable scenarios.

WATER CYCLE
► https://www.berlin.de/senuvk/umwelt/landschaftspla-
nung/bff/en/bff_berechnung.shtml
Evaluation of soil permeability developed by the De-
partment of Environment, Transport and Climate Protec-
tion of the City of Berlin.

► https://www.rainproof.nl/toolbox/maatregelen
Amsterdam toolkit for technicians and individuals to 
make decisions in rain management.

► http://tool.life-aquaenvec.eu/en
Tool to work the eco-effi ciency of the urban water cycle.

► https://www.giswater.org/
Free software to help in the whole water cycle manage-
ment.

► https://www.berlin.de/senuvk/umwelt/landschaftspla-
nung/bff/en/bff_berechnung.sh 
 "biotype area factor" (BAF) tool made by Berlín Senate 
Department for the Environment, Transport and Climate 
Protection

► https://www.regjeringen.no/globalassets/upload/sub-

CATALOGUE OF URBAN DESIGN SOLUTIONS GUD-LUGO

nettsteder/framtidens_byer/klimatilpasning/2014/bgf_vei-
leder_byggesakhoveddelen2014.01.28.pdf
Oslo, " BLÅGRØNN FAKTOR (BGF)" (BGF) blue/green-
factor calculator:
► https://www.epa.gov/water-research/green-infrastruc-
ture-modeling-toolkit
Green Infrastructure Modeling Toolkit. United States 
Environmental Protection Agency

GREEN SOLUTIONS
► https://www.miteco.gob.es/es/cambio-climatico/temas/
mitigacion-politicas-y-medidas/proyectos-absorcion-co2.
aspx
CO2 absorption 'ex ante' tool, referring to tree plantations 
(forestry) suitable for urban areas.

► http://hdl.handle.net/10803/6124
Vegetation for climate control: Ochoa de la Torre, José 
Manuel. Universitat Politècnica de Catalunya. Departa-
ment de Construccions Arquitectòniques.

► http://www.tdag.org.uk/species-selection-for-green-
infrastructure.html
Guide for tree selection in green urban planning. Trees 
and Design Action Group (TDAG).

ACCESIBILITY
► http://civitas.eu/tool-inventory
Online database with more than 100 tools and methods 
that help local authorities.

► https://tfl .gov.uk/corporate/about-tfl /how-we-work/
planning-for-the-future/healthy-streets
"Healthy Streets" is a we toolkit developed by the Greater 
London Authority. Contains resources to help apply the 

Strategies graphic from "Healthy Streets" by the Greater Lon-
don Authority.

EXAMPLES

Streetmix online tool.



► http://energy-design-tools.aud.ucla.edu/climate-con-
sultant/request-climate-consultant.php
Graphic-based computer program that helps architects, 
builders, contractor, homeowners, and students unders-
tand their local climate. It uses Yearly 8760 hour EPW 
format climate data for thousands of weather stations 
around the world. Climate Consultant translates this raw 
climate data into dozens of meaningful graphic displays.

► http://www.energy.soton.ac.uk/ccworldweathergen/
The climate change world weather fi le generator 
(CCWorldWeatherGen) allows you to generate climate 
change weather fi les for world-wide locations ready for 
use in building performance simulation programs. It uses 
Intergovernmental Panel on Climate Change (IPCC) 
Third Assessment Report model summary data of the 
HadCM3 A2 experiment ensemble which is available 
from the IPCC Data Distribution Centre (IPCC DDC) 
(1,2). 

► http://www.andrewmarsh.com/software/shading-box-
web/
This interactive web app lets you move a point of interest 
in and around a site and see its shading mask update 
in real-time. When it fi rst starts, the app displays some 
simple block obstructions that you can interactively 
manipulate. However, you can also load in your own 3D 
design models and examine their overshadowing in the 
same way. 

► http://comfort.cbe.berkeley.edu/ 
Hoyt Tyler, Schiavon Stefano, Piccioli Alberto, Cheung 
Toby, Moon Dustin, and Steinfeld Kyle, 2017, CBE 
Thermal Comfort Tool. Center for the Built Environment, 
University of California Berkeley, 

There are different climograms developed in academic 
settings by teachers and researchers. To get the fi les it is 
advisable to contact the developers:
• Climograma de Bienestar Adaptado de Francisco Javier 
Neila: fjavier.neila@upm.es. Universidad Politécnica de 
Madrid
• Climograma BAT by Victor Armando Fuentes Freixanet: 
ffva@azc.uam.mx. Universidad Autónoma Metropolitana 
de Mexico.
• Bioclimarq de Gómez-Azpeitia, G. (2016): ggomez@
ucol.mx. Spreadsheet. Universidad de Colima, México.

Screen capture of Dynamic Overshadowing and Andrew Marsh 
Weather Data.

Bioclimarq. Gómez-Azpeitia, G. (2016)

"healthy streets" approach. They cover the entire process 
from the initial analysis, to the implementation and 
evaluation.

► https://sutp.org/fi les/contents/documents/resources/F_
Reading-Lists/GIZ_SUTP_RL-Tools-for-Sustainable-
Urban-Transport_EN.pdf
Specifi c tools to support the mobility planning by the 
Deutsche Gesellschaft für Internationale Zusammenar-
beit (GIZ) GmbH

► http://www.eltis.org/resources/tools/streetmix
Streetmix is an open-source, interactive tool which can 
be used to design streets and street networks. It visuali-
ses the street design process and can be used by urban 
planners to design sustainable urban environments.
It also allows the public to become involved in the street 
design process, making it an effective means of public 
stakeholder engagement. Users can share the street 
networks they create with others on social media.

BIOCLIMATIC URBAN PLANNING
► https://energyplus.net/weather
Weather data for more than 2100 locations are now 
available in EnergyPlus weather format — 1042 locations 
in the USA, 71 locations in Canada, and more than 1000 
locations in 100 other countries throughout the world. 
The weather data are arranged by World Meteorological 
Organization region and Country.File formats: txt, ddy, 
epw, stat.

► EnergyPlus Weather Converter
The utility translates and extends typical weather data 
into the E/E format. The processor makes the calcula-
tions necessary for supplying data and calculates the Ho-
rizontal Infrared Radiation Intensity values – not typically 
currently an observed value reported by the meteorologi-
cal offi ces through the world.

► https://drajmarsh.bitbucket.io/data-view2d.html
► http://www.andrewmarsh.com/software/weather-data-
web/
Online tool thats helps to show the climate fi les data in 
Suitable for EPW and CSV. It does not propose strate-
gies.
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MONITORING AND ASSESSMENT METHODS FOR THE IMPLE-
MENTATION OF SOLUTIONSTR

04
SOLUTION INDICATORS UNIT FORMULA MINIMUM GOAL DESIRABLE GOAL MEASURE METHOD MEASURING FREQUENCY

AG01 NATURAL DRAI-
NAGE NETWORK

(I1): --
(I2): % separative network

(I1) --
(I2) %

(I1) --
(I2) = [A / B] x 100
A: Separative network length
B: Total network length

--
50%

--
100%

(I2) Topographic 
measurement

(I2) At design phase 
an after every new 
development

AG02 WATER CO-
LLECTION AND 
STORAGE IN 
BUILDINGS

(I1): Reduction of energy consump-
tion by rainwater harvesting (∆CE)
(I2): Water self-suffi ciency (AH)

(I1) m2 of collector 
areas → ΔCE
(I2) % reduction in 
invoiced water

(I1) ΔCE = [A x B]
A: m2 of collector Roofs → m3 collected
B: Energy consumption in MWh per m3 treated at the WWTP
(I2) AH = [A / B] x 100
A: potential for rainwater harvesting
B: total water consumption

(I1) > 60% of m2 of 
collector Roofs
(I2) >5% of AH (> 
35% of AH for non-
consumptive uses)

(I1) > 95% of m2 of 
collector Roofs
(I2) >15% of AH (> 
50% of AH for non-
consumptive uses)

(I1) Topographic 
measurement
(I2) Topographic 
measurement and 
fl owmeters in buidings

(I1) At design phase 
an after every new 
development
(I2) Instant measu-
rements and Yearly 
summary

AG03 WATER RE-
TENTION AND 
INFILTRATION IN 
THE PLOT

(I1): Reduction of energy consump-
tion by rainwater harvesting (ΔCE)

(I1) m2 of fi ltering 
surfaces → ΔCE

(I1) ΔCE = [A x B]
A: m2 of filtering surfaces → m3 collected
B: Energy consumption in MWh per m3 treated at the WWTP

(I1) > 60% of fi ltering 
surfaces

(I1) > 95% of fi ltering 
surfaces

(I1) Topographic 
measurement

(I1) At design phase 
an after every new 
development

AG04 COMPACT 
WWTP

(I1): Reduction of energy consump-
tion per m3 that does not go to the 
WWTP (ΔCE)
(I2): Quality of surface and ground-
water water

(I1) m3 of treated 
water per year → 
ΔCE
(I2) regulation 
indicators

(I1) ΔCE = [A x B]
A: m3 of treated water
B: Energy consumption in MWh per m3 treated at the WWTP

(I1) 100% treated 
wastewater
(I2) Compliance with 
the water quality 
required by the 
regulations

(I1) 100% treated 
wastewater
(I2) Zero discharge of 
polluted water into the 
environment

(I1) Flowmeter in 
WWTP

(I1) Instant measu-
rements and Yearly 
summary

AG05 COLLECTION 
AND STORAGE 
OF RAINWATER 
IN THE STREET

(I1): Reduction of energy consump-
tion by rainwater harvesting (ΔCE)
(I2): % of permeable pavements in 
public spaces

(I1) m2 of permeable 
pavements in public 
spaces → ΔCE
(I2) %

(I1) ΔCE = [A x B]
A: m3 (captured)
B: Energy consumption in MWh per m3 treated at the WWTP
(I2) % = [A / B]
A: m2 of permeable pavements
B: total area

>60% of the area >95% of the area (I1) Topographic 
measurement

(I1) At design phase 
an after every new 
development

AG06 WATER INFIL-
TRATION IN THE 
STREET

(I1): Reduction of energy consump-
tion by infi ltration or capture of 
rainwater (ΔCE)
(I2): % of permeable pavements in 
public spaces

(I1) m2 of permeable 
pavements in public 
spaces → ΔCE
(I2) %

(I1) ΔCE = [A x B]
A: m3 (infi ltrated)
B: Energy consumption in MWh per m3 treated at the WWTP
(I2) % = [A / B]
A: m2 of permeable pavement
B: total area

>60% of the area >95% of the area (I1) Topographic 
measurement

(I1) At design phase 
an after every new 
development
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SOLUTION INDICATORS UNIT FORMULA MINIMUM GOAL DESIRABLE GOAL MEASURE METHOD MEASURING FREQUENCY

AG07 RETENTION AND 
PURIFICATION

(I1): Reduction of energy consump-
tion by infi ltration or capture of 
rainwater (ΔCE)
(I2): % of retention surfaces in the 
free space

(I1) m2 of retention 
surfaces → ΔCE
(I2) %

(I1) ΔCE = [A x B]
A: m3 (retentioned and depurated)
B: Energy consumption in MWh per m3 treated at the WWTP
(I2) % = [A / B]
A: m2 of permeable pavements
B: total area

>60% of the area >95% of the area (I1) Topographic 
measurement

(I1) At design phase 
an after every new 
development

AG08 WATER CO-
LLECTION AND 
STORAGE

(I1): Reduction of energy consump-
tion by rainwater harvesting (ΔCE)
(I2): Water self-suffi ciency (AH)

I1: m2 of collector 
surfaces → ∆CE
I2: % reduction in 
invoiced water

(I1) ΔCE = [A x B]
A: m3 caught
B: Energy consumption in MWh per m3 treated at the WWTP
I2:AH (%): [A / B] x 100
A: Rainwater collection potential
B: total water consumption

I1: >60% of m2 of 
collector roofs
I2: >5% of AH
>35% AH for non-
consumptive uses)

(I1) > 95% of m2 of 
collector roofs
(I2) >15% of AH (> 
50% of AH for non-
consumptive uses)

(I1) Topographic 
measurement
(I2) Topographic mea-
surement and fl owme-
ters in dwellings

(I1) At design phase 
an after every new 
development
(I2) Instant measu-
rements and Yearly 
summary

AG09 COMMUNITY 
INFILTRATION 
SYSTEMS

(I1): Reduction of energy consump-
tion by infi ltration or capture of 
rainwater (ΔCE)
(I2): % of permeable street pave-
ments 

(I1) m2 of permeable 
street pavements 
→ ΔCE
(I2) %

(I1) ΔCE = [A x B]
A: m3 infi ltrated
B: Energy consumption in MWh per m3 treated at the WWTP
(I2) % = [A / B]
A: m2 of permeable pavement
B: total area

>60% of the area >95% of the area (I1) Topographic 
measurement

(I1) EAt design phase 
an after every new 
development

AG10 COMMUNITY 
WWTS

(I1): Reduction of energy consump-
tion per m3 that does not go to the 
WWTP (ΔCE)
(I2): Quality of surface and ground-
water water

(I1) m3 of treated 
water per year → 
ΔCE
(I2) regulation 
indicators

(I1) ΔCE = [A x B]
A: m3 of treated water
B: Energy consumption in MWh per m3 treated at the WWTP

(I1) 100% treated 
wastewater
(I2) Compliance with 
the water quality 
required by the 
regulations

(I1) 100% treated 
wastewater
(I2) Zero discharge of 
polluted water into the 
environment

(I1) Flowmeter in 
community systems

(I1) Instant measu-
rements and Yearly 
summary

AG11 WATER STORA-
GE AREAS

(I1): Reduction of energy consump-
tion per m3 that does not go to the 
WWTP (ΔCE)
(I2): Water self-suffi ciency (AH)

(I1) m2 of retention 
area in public and na-
tural space→ ∆CE
(I2) % reduction in 
invoiced water

(I1) ΔCE = [A x B]
A: m3 caught
B: Energy consumption in MWh per m3 treated at the WWTP
(I2) AH = [A / B] x 100
A: rainwater harvesting potential
B: total water consumption

(I1) > 60% of the area 
(I2) >5% of AH (> 35% 
AH for non-consumpti-
ve uses)

(I1) > 95% of the area
(I2) >15% de AH 
(> 50% AH for non-
consumptive uses)

(I1) Topographic 
measurement

(I1) At design phase 
an after every new 
development

AG12 RETENTION AND 
INFILTRATION 
AREAS

(I1): Water self-suffi ciency (AH) (I1) % (I1) AH = [A / B] x 100
A: rainwater harvesting potential
B: consumption of irrigation water (agricultural-forestry)

(I1) 5% Decrease in 
the volume of water 
invoiced for irrigation

(I1) 15% Decrease in 
the volume of water 
invoiced for irrigation

(I1) Topographic 
measurement and 
fl owmeters in farms/
plantations

(I1) Instant measu-
rements and Yearly 
summary

AG13 PURIFICATION 
OF RUNOFF IN 
RIVER CORRI-
DORS/WATER-
COURSES

(I1): Reduction of energy consump-
tion per m3 that does not go to the 
WWTP (ΔCE)
(I2): % of treated water

(I1) m2 of buffer 
spaces → ΔCE
(I2) % 

(I1) ΔCE = [A x B]
A: m3 of treated water
B: Energy consumption in MWh per m3 treated at the WWTP
(I2) % = [A / B]
A: m3 of treated water

(I1) Purify 100% of 
wastewater
(I2) Fulfi llment of 
water quality required 
by regulations

(I1) Purify 100% of 
wastewater
(I2) Achieve zero 
discharge of polluted 
water into the natural 
environment

(I1) Flowmeter in 
treatment systems and 
rain gauge

(I1) Instant measu-
rements and Yearly 
summary
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SOLUTION INDICATORS UNIT FORMULA MINIMUM GOAL DESIRABLE GOAL MEASURE METHOD MEASURING FREQUENCY

EV01 URBAN GREEN 
INFRASTRUC-
TURE (UGI) PRI-
MARY SYSTEM

(I1) Green area per inhabitant (I1) SvHab (m2/hab) (I1) SvHab = [A / B]
A: Total green area (m²)
B: Number of inhabitants

(I1) >10 m²/hab (I1) >15 m²/hab (I1) Topographic mea-
surement y padrón

(I1) At design phase 
an after every new 
development

EV02 URBAN FOREST (I1) CO2 Capture (CaCO2) (I1) T CO2/year (I1) CaCO2 (TCO2/year)= [A x B]
A: number of trees in space
B: average capture value (0,15 T CO2/tree·year)

(I1) 24 T CO2/ha·year (I1) Maximum possible 
tree density

(I1) Tree count (I1) At design phase 
an after every new 
development

EV03 TREE-LINED 
STREET

(I1) CO2 Capture (CaCO2) (I1) T CO2/year (I1) CaCO2 (TCO2/year)= [A x B]
A: number of trees in space
B: average capture value (0,15 T CO2/tree·year)

(I1) 0,03 T Co2 /
ml·year

(I1) Maximum possible 
tree density

(I1) Tree count (I1) At design phase 
an after every new 
development

EV04 POCKET GAR-
DEN

(I1) CO2 Capture (CaCO2) (I1) T CO2/year (I1) CaCO2 (TCO2/year)= [A x B]
A: number of trees in space
B: average capture value (0,08 T CO2/tree·year)

(I1) 26,1 TCO2/
ha·year

(I1) Maximum possible 
tree density

(I1) Tree count (I1) At design phase 
an after every new 
development

EV05 URBAN GREE-
NING

(I1) CO2 Capture (CaCO2) (I1) kg CO2/year (I1) CaCO2 (kg CO2/year)= [A x B]
A: m² of surface to be acted on
B: average capture value 
(1 kg CO2/m²·year for woody plants; 0,05 kg CO2/m²·year for 
herbaceous plants)

(I1) 0,05 kg CO2/
m²·year, exclusively 
herbaceous vegetation 
cover

(I1) Maximum possible 
development within 
the process of plant 
succession

(I1) Topographic 
measurement

(I1) At design phase 
an after every new 
development

EV06 GREEN SLOPES 
AND RETAINING 
WALLS

(I1) CO2 Capture (CaCO2) (I1) kg CO2/year (I1) CaCO2 (kg CO2/year)= [A x B]
A: m² vegetated sloped surface and berm
B: average capture value
(1 kg CO2/m²·year for woody plants; 0,05 kg CO2/m²·year for 
herbaceous plants)

(I1) 0,05 kg CO2/
m²·year, exclusively 
herbaceous vegetation 
cover

(I1) ≥ 1 kg CO2/
m²·year, cover with 
predominance of woo-
dy plants (bushes)

(I1) Topographic 
measurement

(I1) At design phase 
an after every new 
development

EV07 GREEN BOUN-
DARY

(I1) CO2 Capture (CaCO2) (I1) kg CO2/year (I1) CaCO2 (kg CO2/year)= [A x B]
A:m² vegetated boundary surface
B: average capture value 
(5 kg/CO2/m²·year for trees+woody plants/shrubs; 
1 kg CO2/m²·year for woody plants; 
0,05 kg CO2/m²·year for herbaceous plants)

1 kg CO2/m²·year, 
cover with predomi-
nance of woody plants 
(bushes)

5 kg CO2/m²·year, 
continuous, strategic 
and diverse coverage

(I1) Topographic 
measurement

(I1) At design phase 
an after every new 
development

EV08 GREEN WALLS (I1) CO2 Capture (CaCO2)
(I2) % of green walls

(I1) g CO2/year
(I2) %

(I1) Δg CO2 = [A x B x C]
A: % green wall surface
B: total walls in the area involved
C: Capture capacity CO2/m2 (depends on the plant species) (> 20 
g CO2/m2·year)

(I1) 1 g CO2/m² of wall
(I2) 5% of walls

(I1) 2 g CO2/m² of wall
(I2) 10% of walls

(I1) Topographic 
measurement

(I1) At design phase 
an after every new 
development

EV09 GREEN ROOFS (I1) CO2 Capture (CaCO2)
(I2) % of green roofs

(I1) g CO2/year
(I2) %

(I1) Δg CO2 = [A x B x C]
A: % green roof surface
B: total roof in the area involved
C: Capture capacity CO2/m2 (depends on the plant species) (> 20 
g CO2/m2·year)

(I1) 5 g CO2/m² of roof 
(I2) 10% of roof

(I1) 15 g CO2/m² of 
roof 
(I2) 30% of roof

(I1) Topographic 
measurement

(I1) At design phase 
an after every new 
development
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SOLUTION INDICATORS UNIT FORMULA MINIMUM GOAL DESIRABLE GOAL MEASURE METHOD MEASURING FREQUENCY

AC03 INTEGRATED 
MANAGEMENT 
OF PUBLIC 
TRANSPORT

(I1) CO2 emissions reduction
(I2) % of trips from PV to Bus

(I1) g CO2/year
(I2) %

(I1) Δg CO2 = A x [B - C] x D
A: % of trips from PV to bus
B: CO2 emission factor of a private vehicle (g CO2/km)
C: CO2 emission factor of a bus (g CO2/km)
D: Total number of km travelled

(I1) --
(I2) 5% of trips from 
PV to bus

(I1) --
(I2) 10% of trips from 
PV to bus

(I1) --
(I2) Mobility survey

(I1) --
(I2) Yearly

AC04 PARKING MANA-
GEMENT

(I1) CO2 emissions reduction
(I2) % of trips from PV to any other 
sustainable mode within the zone

(I1) g CO2/year
(I2) %

(I1) Δg CO2 = A x [B - C] x D
A: % of trips from PV to sustainable modes
B: CO2 emission factor of a private vehicle (g CO2/km)
C: CO2 emission factor of a sustainable mode (g CO2/km)
D: Total number of km travelled

(I1) --
(I2) 50% of reduction 
in trips by VP

(I1) --
(I2) 70% of reduction 
in trips by VP

(I1) --
(I2) Mobility survey

(I1) --
(I2) Yearly

AC05 PEDESTRIAN 
ROUTES

(I1) CO2 emissions reduction
(I2) % of trips from PV to walking

(I1) g CO2/year
(I2) %

(I1) Δg CO2 = A x B x C
A: % of trips from PV to walking
B: CO2 emission factor of a private vehicle (g CO2/km)
C: Total number of km travelled

(I1) --
(I2) 5% of trips from 
PV to walking

(I1) --
(I2) 10% of trips from 
PV to walking

(I1) --
(I2) Mobility survey

(I1) --
(I2) Yearly

AC06 CYCLING WAYS 
IN DISTRIBUTOR 
ROADS

(I1) CO2 emissions reduction
(I2) % of trips from PV to Bicycle

(I1) g CO2/year
(I2) %

(I1) Δg CO2 = A x [B - C] x D
A: % of trips from PV to Bicycle
B: CO2 emission factor of a private vehicle (g CO2/km)
C: CO2 emission factor of a Bicycle (g CO2/km)
D: Total number of km travelled

(I1) --
(I2) 2% of trips from 
PV to Bicycle

(I1) --
(I2) 6% of trips from 
PV to Bicycle

(I1) --
(I2) Mobility survey

(I1) --
(I2) Yearly

AC07 MANAGEMENT 
OF URBAN 
DELIVERY

(I1) CO2 emissions reduction
(I2) % of reduction in km travelled 
by polluting vehicles

(I1) g CO2/year
(I2) %

(I1) Δg CO2 = A x [B - C] x D
A: % km reducidos
B: CO2 emission factor of a polluting vehicle (g CO2/km)
C: CO2 emission factor of a non polluting vehicle (g CO2/km)
D: km travelled in baseline stage

(I1) --
(I2) 50% of reduction 
in km travelled

(I1) --
(I2) 70% of reduction 
in km travelled

(I1) --
(I2) Companies data

(I1) --
(I2) Yearly

AC08 SAFE PUBLIC 
SPACES / 
SCHOOL ROU-
TES

(I1) CO2 emissions reduction
(I2) % of trips from PV to school 
route

(I1) g CO2/year
(I2) %

(I1) Δg CO2 = A x [B - C] x D
A: % of trips from PV to Bicycle
B: CO2 emission factor of a private vehicle (g CO2/km)
C: CO2 emission factor of a Bicycle/PMV/walking (g CO2/km)
D: Total number of km travelled

(I1) --
(I2) 20% of trips from 
PV to SR

(I1) --
(I2) 50% of trips from 
PV to SR

(I1) --
(I2) Mobility survey

(I1) --
(I2) Yearly

AC09 ACCESSIBLE 
CITY

(I1) CO2 emissions reduction
(I2) % of reduction in km travelled 
by polluting vehicles

(I1) g CO2/year
(I2) %

(I1) Δg CO2 = A x [B - C] x D
A: % km reducidos
B: CO2 emission factor of a polluting vehicle (g CO2/km)
C: CO2 emission factor of a non polluting vehicle (g CO2/km)
D: km recorridos en estado inicial 

(I1) --
(I2) 20% of reduction 
in km travelled

(I1) --
(I2) 40% of reduction 
in km travelled

(I1) --
(I2) Companies data

(I1) --
(I2) Yearly

AC10 HEALTHY 
STREETS 
WITHIN SUPER-
BLOCKS

(I1) CO2 emissions reduction
(I2) % of reduction in trips by PV

(I1) g CO2/year
(I2) %

(I1) Δg CO2 = A x B x C
A: % of reduction in trips by VP
B: CO2 emission factor of a private vehicle (g CO2/km)
C: Total number of km travelled

(I1) --
(I2) 50% of reduction 
in trips by VP

(I1) --
(I2) 70% of reduction 
in trips by VP

(I1) --
(I2) Mobility survey/
Traffi c Count

(I1) --
(I2) Yearly
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SOLUTION INDICATORS UNIT FORMULA MINIMUM GOAL DESIRABLE GOAL MEASURE METHOD MEASURING FREQUENCY

AC11 CYCLING 
INFRASTRUC-
TURE WITHIN 
SUPERBLOCKS

(I1) CO2 emissions reduction
(I2) % of trips from PV to Bicycle

(I1) g CO2/year
(I2) %

(I1) Δg CO2 = A x [B - C] x D
A: % of trips from PV to Bicycle
B: CO2 emission factor of a private vehicle (g CO2/km)
C: CO2 emission factor of a Bicycle (g CO2/km)
D: Total number of km travelled

(I1) --
(I2) 2% of trips from 
PV to Bicycle

(I1) --
(I2) 6% of trips from 
PV to Bicycle

(I1) --
(I2) Mobility survey

(I1) --
(I2) Yearly

UB01 DENSITY / TYPE 
OF BUILDING

(I1) Housing density (I1) dwellings/ha (I1) dwellings/ha = [A / B]
A: Number of dwellings
B: Surface area of work in hectares excluding general systems that 
may exist in the fi eld of work

(I1) 60 dwellings/ha (I1) 80 dwellings/ha (I1) Dwelling count 
and topographic 
measurement

(I1) After every new 
development

UB02 ORIENTATION 
OF BUILDINGS

(I1) Heating demand reduction by 
optimizing the building orientation.
(I2) Percentage of dwellings with 
adequate orientation.

(I1) MWh/º deviation 
from north
(I2) %

(I1) Simulation of a building's requirements with specifi c software 
applications.
ΔMWh/year = A-B
A: Requirement in scenario 0
B: Requirement in scenario 1
(I2) % = [A / B]
A: Dwellings with adequate orientation (see solution UB02)
B: Total number of dwellings

(I1) --
(I2) 40%

(I1) --
(I2) 75%

(I1) Simulation with 
specifi c software
(I2) Dwellings count

(I1) At design phase 
an after every new 
development
(I2) After every new 
development

UB03 DIRECT SUN-
LIGHT IN OPEN 
SPACES

(I1) % of sunny area of the zone 
defi ned as a public space projected 
as a place to stay in winter (see 
solution UB03)

(I1) % (I1) % = [A / B] x 100
A: Area with access to direct solar radiation in m2
B: Total area in m2

(I1) 50% (I1) 100% (I1) Simulation with 
specifi c software

(I1) At design phase 
an after every new 
development

UB04 SEASONAL 
SHADING

(I1) % of shaded area in outdoor 
recreation areas

(I1) ISest (%) (I1) ISest = [A / B] x 100
A: Shaded area in m2
B: Total area in m2

(I1) ISest > 80% (I1) ISest > 100% (I1) Simulation with 
specifi c software

(I1) At design phase 
an after every new 
development

UB05 MATERIALS 
AND FINISHES 
FOR FLOORS 
AND EXTERIOR 
WALLS

(I1) Albedo. Reduction of heat gain 
from surfaces exposed to direct 
solar radiation in the warmer months 
and increase of heat gain in the 
cooler months.

(I1) Albedo (I1) Albedo = [A / B]
A: % of refl ected radiation
B: % of received radiation

For summer locations:
Surfaces in direct 
sunlight for more than 
6 hours: albedo ≥ 0.30
Surfaces in direct sun-
light for 2 to 6 hours: 
albedo ≥ 0.15
For winter locations:
Surfaces in direct 
sunlight only: albedo 
< 0.30

For summer locations:
Surfaces in direct 
sunlight for more than 
6 hours: albedo ≥ 0.40
Surfaces in direct sun-
light for 2 to 6 hours: 
albedo ≥ 0.20
For winter locations:
Surfaces in direct 
sunlight only: albedo 
< 0.20

(I1) The values   of 
albedo must be 
provided by the 
manufacturer material 
or, if not, calculated or 
approximated by the 
design team through 
specifi c manuals.

(I1) At design phase 
an after every new 
development

UB06 DISTRICT HEA-
TING

(I1) Energy self-suffi ciency (AUe) (I1) % (I1) AUe = [A / B] x 100
A: Production of renewable energies
B: Energy consumption

(I1) 50% (I1) 90% (I1) Meters at pro-
duction sites and in 
dwellings

(I1) Instant measu-
rements and Yearly 
summary

EC01 LOCAL COMMU-
NITY GARDENS

(I1) Area of community gardens per 
inhabitant (ShHab)

(I1) m2/hab (I1) ShHab (m²/hab)= A / B
A: m² community gardens in Open-Space System or Municipal Land 
Property
B: inhabitants by neighbourhood/district

(I1) 0,40 m2/hab (I1) 0,70 m2/hab (I1) Topographic 
measurement

(I1) At design phase 
an after every new-
plantation/building

Co-fi nanced by the EU through the LIFE Programme



SOLUTION INDICATORS UNIT FORMULA MINIMUM GOAL DESIRABLE GOAL MEASURE METHOD MEASURING FREQUENCY

EC02 GREEN WASTE 
RECYCLING 
SYSTEM

(I1) % of reintegration of unconta-
minated green waste produced into 
the Open-Space System (RvR)

(I1) % (I1) RvR (%)= A / B
A: Volume of non-polluting green waste treated and reintroduced 
into the open space system
B: Volume of uncontaminated green waste produced

(I1) 80% (I1) 100% (I1) Records of deli-
veries to free space 
managers

(I1) Yearly

EC03 HARD SURFA-
CES MADE OF 
RECYCLED / DE-
CONTAMINANT 
MATERIALS

(I1) NOx reduction for decontamina-
ting hard surfaces
(I2) % of decontaminant / recycled 
hard surfaces

(I1) gr/m2 
(I2) %

(I1) DNOx = A x B x C
A: % of paved surface on which decontaminating elements are laid
B: degradation rate of NOx/m2/year
C: Total surface affected in m2

(I1) 341 gr/m2·year
(I2) 50 % of the surfa-
ce paved with decon-
taminating materials 
and more than 30 % 
of their composition 
obtained from recycled 
materials.

(I1) 683 gr/m2·year
(I2) 80 % of the surfa-
ce paved with decon-
taminating materials 
and more than 50 % 
of their composition 
obtained from recycled 
materials.

(I1) Topographic 
measurement + certifi -
cados materiales
(I2) Topographic 
measurement

(I1) At design phase 
an after every new 
development
(I2) At design phase 
an after every new 
development

EC04 SHARED 
BICYCLES AND 
PMV

(I1) CO2 emissions reduction
(I2) % of trips from PV to Bicycle 
o PMV

(I1) g CO2/year
(I2) %

(I1) Δg CO2 = A x [B - C] x D
A: % of trips from PV to Bicycle
B: CO2 emission factor of a private vehicle (g CO2/km)
C: CO2 emission factor of a Bicycle (g CO2/km)
D: Total number of km travelled

(I1) --
(I2) 2% of trips from 
PV to Bicycle/PMV

(I1) --
(I2) 6% of trips from 
PV to Bicycle/PMV

(I1) --
(I2) Mobility survey

(I1) --
(I2) Yearly

EC05 SHARED CARS/
CARPOOLING

(I1) CO2 emissions reduction
(I2) % of trips from PV to other 
sustainable modes

(I1) g CO2/year
(I2) %

A: % of reduction in trips by VP
B: CO2 emission factor of a private vehicle (g CO2/km)
C: Total number of km travelled

(I1) --
(I2) 5% of reduction in 
trips by VP

(I1) --
(I2) 10% of reduction 
in trips by VP

(I1) --
(I2) Mobility survey

(I1) --
(I2) Yearly

PC01 PUBLIC PARTICI-
PATION

(I1) Existence of appropriate organi-
zed participation channels
(I2) Number of people / institutions 
involved in the process

(I1) Yes/No
(I2) Nº of people / 
institutions involved 

(I1) --
(I2) --

(I1) Yes
(I2) --

(I1) Yes
(I2) --

(I1) Counting
(I2) Counting

(I1) At every event
(I2) At every event

PC02 CITIZEN INTER-
VENTION IN 
PUBLIC SPACE

(I1) Number of actions (I1) Nº of actions per 
neighbourhood

(I1) Registration of licenses (I1) 1 per neighbou-
rhood

(I1) 1 per street (I1) Registration of 
licenses

(I1) Yearly

PC03 NATURALIZA-
TION OF PRIVA-
TE SPACES

(I1) Depending on the solution (I1) Depending on 
the solution

(I1) Depending on the solution (I1) Depending on the 
solution

(I1) Depending on the 
solution

(I1) Depending on the 
solution

(I1) Depending on the 
solution

SOLUTION INDICATORS UNIT FORMULA MINIMUM GOAL DESIRABLE GOAL MEASURE METHOD MEASURING FREQUENCY
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This annex contains an approach to the study of climatic data in ge-
neral and the climate of the city of Lugo in particular that helps to the 
application of some of the solutions in the catalogue. It also includes 
an overview of the climate change scenario, which reinforces the 
reasons that justify this project. It also describes tools that help in the 
study of comfort parameters in relation to these climate data.

These are simple approaches developed with free or reduced-cost 
applications. For more detailed studies, the LIFE Lugo+Biodinamico 
project, in its action C3, focuses on the study of the Residential 
Climate Comfort Zones (ZCCR). In this action there will be applied 
simulation advanced systems.

1 INTRODUCTION

2 CLIMATE AND COMFORT

Climate is the collection of meteorological phenomena that typify the 
average state of the atmosphere at a point on the earth's surface. This 
means that it is defi ned by the most frequent atmospheric state.

Comfort is the physical and mental state in which people express 
satisfaction (well-being) with the surrounding environment. And it is 
referred to a state of momentary (almost instantaneous) environmen-
tal perception, determined by the state of health of the individuals, but 
also by many other factors that can be generically divided into two 
groups:

- Internal factors that affect comfort: age, sex, physical and biological 
characteristics, physical or mental health, mood, degree of metabolic 
activity or even experience.

- External factors that defi ne comfort: degree of warmth, type and co-
lour of clothing, environmental factors such as air temperature, radiant 
temperature, air humidity, radiation, wind speed, light levels, acoustic 
levels, air quality, odours, noise and visual elements.

Among these external factors, those determined by the climatic 
conditions of the location can be modifi ed by conditioning systems 
that involve energy consumption and emissions. But they can also be 
adjusted by solutions based on what is known as bioclimatic urbanism 
(for outdoor spaces) and bioclimatic architecture (for indoor spaces) 
using passive strategies. To take a sustainable approach, the opti-
mum procedure is to start with the latter in order to reduce the need 
for conditioning systems.

Designing public spaces with bioclimatic criteria is an appropriate 
approach to achieve a double objective: on one hand, to favour 
recreational uses with better thermal comfort conditions that lead to 
public health, social cohesion and productivity and, on the other hand, 
to generate a microclimate with favourable temperature, humidity and 
wind control to help the thermal basic conditions for nearby buildings.

A proper bioclimatic design and solar use in public spaces requires 
information about the microclimatic conditions of the city. One of the 
methods used in the analysis of thermal comfort in urban spaces is 
the one proposed by the Urban Ecology Agency of Barcelona (authors 
of the Mobility and Public Space Plan of Lugo). The Urban Sustaina-
bility Indicators Plan of Vitoria-Gasteiz aims to evaluate the potential 
comfort of an outdoor space based on climatic conditions, formal 
characteristics and materials. In that model, they apply the formula:

Q = (M+Rabs-Remit-C-E)

M = Metabolic Heat Released (W/m2)
Rabs Absorbed solar radiation = Incident Q*(1-α) (W/m2)
Remit Absorbed and emitted terrestrial radiation = (δ*ε* Tc4) (W/m2)
C = Convection Heat (W/m2)
E = Evaporation Heat (W/m2)

This formula represents the energy balance of a person in outer spa-
ce. The state of comfort is defi ned when the balance is between 50 
and -50 W/m2, as the body maintains an equilibrium between energy 
gains and losses.

3 OBSERVATION DATA 

For the preliminary study, before the selection of strategies, the spe-
cifi c climatic data of the intervention site can be obtained in different 
degrees of defi nition. From raw data from weather stations, to climate 
fi les to enter into advanced applications.

In the case of the city of Lugo, information is available from AEMET 
or Meteogalicia that summarises data in a given range of years. 
However, in order to introduce these data in advanced application 
programs, climate-specifi c fi les are available in different formats de-
pending on the analysis app used. The Spanish regulations applicable 
to building projects, the CTE, determine the climate fi le to be used. 
However, this fi le is not considered very accurate, especially when 
applied to outdoor spaces.

More complete fi les can be built using tools such as Meteonorm, 
which provides data from many meteorological stations and allows to 
add data that does not come from its own database.

4 CLIMATE DATA ANALYSIS

There are several tools for analysis. From the simplest spreadsheet-
based applications to sophisticated simulations with advanced com-
putational fl uid dynamic software. On one side, there are tools that 
just present climate information in graphical format (Andrew Marsh's 
WeatherData) and, on the other, tools that, from the data, suggest 
adaptation strategies to these climatic conditions (ClimateConsultant). 
Other tools such as EnviMet or certain BIM software extensions bring 
a more advanced approach.

5 OLGYAY CLIMOGRAM

In outdoor spaces, studying climatic data by using climograms that 
show the temperature and humidity data of the place in relation to the 
comfort zone is quite useful. Olgyay's climogram or F.Javier Neila's 
Adapted climogram are applicable to outdoor studies, while Givoni's 
climogram is mainly oriented to buildings.

For simulations with advanced software such as Energy+, creating 
a specifi c fi le for the city is recommended. In the images that follow 
this text, we present output reports to display the climatic parameters 
of Lugo from an EPW fi le generated from Meteonorm, corrected with 
data from the Lugo Campus meteorological station with a previous 
work to calibrate and add the wind direction data.

With ClimateConsultant we can show the dominant wind data for a 
certain month and at specifi c hours of the day to consider its effect on 
squares or streets. In this case, it is January between 12 noon and 6 
pm.

From any energy simulation application, we can fi nd out the direct 
incident radiation that a building receives in each orientation on an 
average day per month and we can appreciate the relevance of the 
south orientation, taking advantage of winter radiation and receiving 
less in summer.
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6 CLIMATE DATA FILES AND THEIR 
APPLICATION



ILUSTRATION 1. CLIMOGRAM CBA 2050 IN SUMMER

ILUSTRATION 2. BIOCLIMARQ 2050 SCENARIO WARM MONTHS

ILUSTRATION 3. BAT 2050 SCENARIO IN AUGUST

ILUSTRATION 4. SUMMARY OF DATA IN SPREADSHEET APPLYING VISUALISATION TOOLS FOR BETTER UNDERSTANDING.

DESCRIPTION:
N: CLOUDINESS DEGREE

GHHOR: AVERAGE IRRADIANCE OF GLOBAL HORIZONTAL RADIATION, WITH HIGH HORIZON

BHHOR: AVERAGE IRRADIANCE OF DIRECT NORMAL RADIATION WITH HIGH HORIZON

DHHOR: AVERAGE IRRADIANCE OF HORIZONTAL DIFFUSE RADIATION, WITH HIGH HORIZON

LG: GLOBAL LUMINANCE LD:
TA: AIR TEMPERATURE

RH: RELATIVE HUMIDITY

TD: DEW POINT TEMPERATURE

DD: DIRECTION FF: WIND SPEED

P: ATMOSPHERIC PRESSURE

RADIATION [W/M²]
TEMPERATURE [°C]
WIND

PRESSURE [HPA]
WIND SPEED [M/S]
UNCERTAINTY OF ANNUAL VALUES: GH = 4%, BN = 7 %, TA = 2.4 °C
TREND OF GH / DECADE = 0.1 %.
VARIABILITY OF GH / YEAR = 4.6 %.

ILUSTRATION 5 AND 6. OUTPUT REPORTS FROM ANDREW MARSH'S WEATHERDATA WEB APPLICATION
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ILLUSTRATION 7 AND 8. DRY BULB TEMPERATURE AND HORIZONTAL GLOBAL RADIATION DATA

ILLUSTRATION 9. WIND ROSE ACCORDING TO CLIMATECONSULTANT

ILUSTRATION 10. SOLAR RADIATION INCIDENT PER MONTH IN LUGO.
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The climate of Lugo is located in the continental Oceanic domain, 
type Cfb, according to the Köppen climatic classifi cation. As a general 
characterisation, we can summarise some of the parameters:

∙ Cold average temperatures in winter and mild in summer but with 
high maximums.
∙ Predominance of the cold months.
∙ Large daily thermal oscillation between minimum and maximum 
especially on clear warm days.
∙ High humidity during the whole year, lower in summer.
∙ High levels of cloud cover and rainfall, higher in autumn and winter.
∙ Infl uence of morning fogs that especially affect lower altitude neigh-
bourhoods reducing the impact of solar gains.
∙ Winds of variable intensity that blow especially from south-southwest 
and north-northeast.

8 LUGO CLIMATE

9 THE CLIMATE CHANGE SCENARIO

The Intergovernmental Panel on Climate Change (IPCC), establis-
hed in 1988 by the United Nations Environment Programme and the 
World Meteorological Organization, summarises the conclusions of its 
studies on the effects of climate change:
∙ Practically certain increase in warmer and cooler days and nights; 
greater frequency of hot days and nights in most land areas
∙ Very likely increase in the frequency of heavy rainfall phenomena in 
most areas of the planet
∙ Likely increase in areas affected by drought
∙ Likely increase in intense tropical cyclonic activity.

The PRUDENCE project (http://prudence.dmi.dk), studied the climate 
change effects for Europe. These predictions were made by diffe-
rent European meteorological institutions using different regional 
climate models that predict an average annual temperature increase 
of between 1.5 and 4 °C, 2 and 4.5 °C and between 0.5 and 3.5 °C 
depending on the model.

On a local level, A. Martínez de la Torre and G. Miguez Macho (Non-
Linear Physics Group of the University of Santiago de Compostela) 
developed the study Modelling a scenario of future climate change in 
Galicia, published by the Environmental Information System of Galicia 
(SIAM). For the mid 21st century, results indicate:

- A warming of around 1.5°C higher than the current climate, much 
more pronounced in spring and summer than in the autumn and 
winter.
- The temperature increase affects both maxima and minima, and 
there is a much higher frequency of hot nights and hot days in the 
summer, with a more moderate frequency rise in the other seasons.
- In terms of rainfall, both the global and regional model indicate a 
remarkable reduction in spring and summer, and an increase, very 
important as well, in the autumn and winter.

Another approach is to get the local climate fi le to introduce in energy 
simulation applications. Using the CCWorldweathergen app, deve-
loped by the Sustainable Energy Research Group at the University 

ILUSTRATION 11. TMAXIMUM TEMPERATURES PER MONTH IN DIFFERENT CLIMATE CHANGE SCENARIOS ESTIMATED FOR LUGO.
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of Southampton, a climate fi le can be generated containing different 
climate change scenarios for 2020, 2050 and 2080. For this docu-
ment we have applied it to the EPW fi le for Lugo, mentioned above, 
and here we include a comparison of the maximum and minimum 
temperatures in the three scenarios. As can be seen, according to this 
approach, the increase in maximum temperatures is quite remarka-
ble. From 2020 to 2050 there is an expected increase of 3.7 ºC in the 
maximum temperatures.
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As mentioned in the introduction to the White Paper on Sustainability 
in Spanish Urban Planning, drafted by the Ministry of Housing, the 
challenge is developing urban areas able to continue contributing to 
economic progress, without forgetting the requirements of sustainable 
urban development, i.e. understanding land, not only as an economic 
resource, but also as one of the most valuable natural elements we 
have.

Most of the measures proposed in this catalogue come from a new 
approach to urban planning. Many of the precepts contained in the 
current regulations are based on practices settled in Spanish urban 
planning which, until now, have not prioritised the requirements of 
sustainable urban development. In addition, planning procedures 
have periods of applicability that make it diffi cult to check or update 
planning criteria.

On the other hand, the policies that rule the economy market are not 
in conformity with these principles, for example, by not taking into 
account their costs and the environmental and social impact of their 
operations. Therefore, a planned development, with a new approach 
in relation to resources and the environment is needed (IHOBE, 
2005).

A key element in relation to sustainable development is the integration 
of different public policies. In other words, there must be effective 
coordination between the different services or areas of a municipality 
(horizontal integration) as with other administrations (vertical integra-
tion) in order to prevent misguided decisions or mistakes.

Therefore, as a previous step, an adjustment of certain planning fi gu-
res and regulations, at municipal and regional level, which would allow 
their full application should be considered. The following are some of 
the changes that would be necessary in municipal regulations in order 
to adapt them to the aims of this catalogue.

2 ACCESIBILITY
 ►MINIMUM CAR PARK REQUIREMENTS IN PLANNING LEGISLATION

The patterns and ratios used to defi ne car park requirements in town 
planning do not have scientifi c basis. They have been copied from 
one city to another without critical review. This procedure is based on 
standard practice in the United States, based on the ratios recommen-
ded by the Institute of Transportation Engineers (ITE, 2010). But this 
document is not based on any scientifi c theory either and has always 
been based on a planning approach in which car use is massive. 
This leads to a vicious circle in which the supply of parking space 
is based on the priority use of cars, which leads to a growing use of 

1 INTRODUCTION cars, without any consideration on how these standards affect mobility 
management in sustainable terms. In addition, the establishment of 
minimum car park standards in new developments is a benefi t to the 
use of private vehicles, rather than other more sustainable alternati-
ves, often resulting in empty streets waiting for cars.

Car park management, and therefore those ratios, should be justifi ed 
on a sustainable balanced system. As with other transport infras-
tructures dedicated to the automobile, car park management should 
forget about the demand approach and focus on the supply approach, 
and use this availability of space and infrastructure more effi ciently. 
For all these reasons, we suggest that municipal and regional regula-
tions include the following conditions:

∙ Parking standards in new residential developments should prescribe 
a total number of parking spaces, both outdoors on streets and in-
doors, not exceeding the number of housings. In addition, they should 
prescribe a number of bicycle parking spaces twice the number assig-
ned to cars both on streets and inside buildings.

∙ Most of the parking spaces should be built outside streets and 
should not be linked to dwellings. Having a parking space in the same 
building as the residence favours comfort over sustainability and 
favours using private vehicles rather than other options. Moreover, 
there is no need to associate the ownership of a dwelling with that of 
a parking space.

∙ New non-residential developments should include strategies to re-
duce car use. This means carrying out studies on companies mobility 
plans and their regular evaluation.

 ►BICYCLE AND OTHER VMP MANAGEMENT IN TRAFFIC REGULATIONS

Although many Spanish cities have already modifi ed their traffi c or 
circulation regulations, there are still cities where bicycles or VMPs 
are considered as toys. This has led to many measures implemented 
in Spain with the supposed aim of promoting the use of the bicycle, 
only considering it as a vehicle for leisure, not as a mode of transport. 
In fact, it is not enough to consider them as a vehicle, but, due to the 
benefi ts it represents for society, it must be given privileged treatment 
in cities.

For this reason, and as a fi rst step in order to be able to take other 
measures, it is necessary to ensure that the corresponding ordinan-
ces include the following general proposals:
∙ Using bicycles and other personal mobility vehicles leads to the 
same rights and duties as any other vehicle.
∙ Cyclists on the road should be able to occupy the central part of 

the lanes and should enjoy the transit priorities of vehicles according 
to current traffic regulations. If there is any type of cycle path, they 
should preferably use it, being able to use the road as long as they 
are not travelling at low speed.
∙ On roads where there is no cycle path, bicycles may travel at slow 
speed. Other vehicles may not overtake or approach them unless the 
general overtaking conditions are satisfied.
∙ On streets where speed is limited to 30 km/h or less, the municipal 
authority may allow bicycles to travel in the opposite direction, using 
the appropriate signals.
∙ Adopt a maximum permitted speed of 30 km/h in all streets of one 
lane per direction, 20 km/h in residential streets, which will be sign-
posted as such, and 10 km/h in pedestrian zones.
∙ Cyclists and users of other personal mobility vehicles should not ride 
on sidewalks, pedestrian crossings or restricted areas.
∙ On one-way roads where the speed limit is 30 km/h or less, passing 
cars over cyclists should be prohibited.
∙ Allowing buses to stop in line, without having to move to specific bus 
stop areas.
∙ Do not require helmets to be worn on urban roads or on separate 
interurban cycle paths.
∙ Traffic lights which do not regulate traffic at intersections and which 
only indicate a pedestrian crossing may be passed by bicycle drivers, 
always at a moderate speed and respecting the pedestrian crossing 
priority.
∙ At crosses regulated by traffic lights, cyclists intending to make a 
right turn will take the red disc as a sign of "give way". This may be 
replaced by a panel indicating this option at the traffic light.
∙ They also may ride in zones 30, 20, 10 and pedestrian zones, unless 
expressly prohibited.
∙ Should be allowed to drive through the lane reserved for public 
transport.
∙ Drivers of motorcycles, bicycle and other personal mobility vehicles 
may go ahead until they reach the stop line, circulating with caution 
between the rest of the stopped vehicles and if there is a stop zone 
approaching it in the same conditions.
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3 URBAN PLANNING

From the general or development planning or through specifi c 
ordinances it is necessary to guide its contents towards sustainable 
targets. 

The following are some of the issues mentioned in the White Paper 
on Sustainability in Spanish Urban Planning (National department for 
Architecture, Housing and Land. (2010) directed by José Fariña Tojo 
and José Manuel Naredo.

Reduce land consumption. The growing consumption of urban land 
per inhabitant is not only produced by the increase in the built surface 
area, but also has to do with the increase in the urbanised surface 
area necessary to provide services to housing, particularly for commu-
nications infrastructures and other services. 

Check standards and densities. One of the most accentuated 
traditions in planning is that of standards that basically try to limit 
congestion. However, a point has been reached at which the setting 
of a single limit has led to perversions and squandering of resources, 
leading to the creation of inadequate and underused spaces and 
infrastructures. The same applies to densities. It is essential to have 
dimensioned services and infrastructures so that citizens can develop 
their capacities, but also so that neither land nor resources are was-
ted. It will be necessary for standards and densities to have a range 
of values and not exclusively one of minimum values as has been the 
case up to now. 

Rehabilitation. It is often argued that the costs of rehabilitation are 
always higher than those of new creation but this statement does not 
take into account higher fuel consumption or increased pollution. But 
it is no longer possible to rehabilitate as before, simply with effi ciency 
criteria, but rather to impose a rehabilitation with sustainability criteria. 
It is also necessary to increase the quality of the urban environment. 
The urban environment is as an extension of the private inhabited 
space and one of the most relevant concerns affecting public space is 
citizen safety.

Renovate parts of the city. In some cases, rehabilitation is not the 
most appropriate solution and subsequent demolition and recons-
truction is appropriate. Even so, it is consolidated urban land, totally 
anthropized, whose cost of return to the natural environment, in 
general, is very high. In these cases it will be necessary to demolish 
and rebuild with sustainability criteria. 

Favouring rented housing. Investment in real estate products 
means that part of the real estate stock is made up of unoccupied 
and closed dwellings. The introduction on the market of an impor-
tant part of these dwellings, if possible on a rental basis, would 
diminish the pressure on very important sectors of the territory, now 
in the sight of builders and urbanisers. The need to increase the 
percentage of rented housing is basic, from a sustainable perspec-
tive, not only because of the load placed on all urban areas, but 
also because of the problems of territorial fi xation that ownership of 
housing entails. The discrepancy between mobility in employment 
and residential immobility inevitably brings with it an increase in the 
number of trips, many of them in private cars. 

Designing with bioclimatic criteria. The approval of the Technical 
Building Code or of Bioclimatic Ordinances in different City Councils 
distributed throughout the national geography, are aligned with this 
requirement. Also, in this case, Bioclimatic Design should not be 
exclusive to buildings, but should reach urban spaces. 

Reduction of the underground surface. It is necessary to avoid 
the construction of large underground volumes that imply a large 
consumption of concrete, as well as the movement and transport 
of the soil coming from the excavation. This criterion is related to 
the settled practice in our planning of easing and encouraging the 
use of the automobile through the establishment of high standards 
of parking spaces for private vehicles. As mentioned in the mobility 
sections of this document, it is not sustainable to maintain these 
standards and, instead, the use of the car should be disincentivised.

For a detailed defi nition of the measures to be proposed in this sense, 
it is essential to carry out a previous and detailed analysis of the 
climatological conditions of the place, the topographical conditioning 
factors and the existing urban networks. In the case of Lugo, the 
analysis contained in the Plan for Mobility and Public Space in Lugo 
drafted by the Barcelona Urban Ecology Agency in 2009 is remarka-
ble. It contains very detailed studies on the quality of public space in 
terms of thermal and acoustic comfort, habitability, compactness and 
air quality.
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