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1. Introduction

The global population is growing fast and tends to settle in the most urbanized area (United Nations 2018). 

For this reason, the 55% of the world’s population lives in urban areas. In Italy this percentage is even higher: 

the 70% of the national population lives in cities and most of it in the northern area, in the Po Valley (Bigi and 

Ghermandi 2014). As already identified in Deliverable D.2.1 an increase in population feeds two severe and 

complex environmental problems, affecting humans and ecosystems. These problems are represented by 

the Urban Heat Island (UHI), which aggravates heat waves and high air pollution concentrations. The two 

phenomena are strictly related and cause several negative effects on energy production and supply stress, 

on the health of people, particularly of elderly, poor, disabled and very young citizens. Dense urban areas 

increase the risk of the two above mentioned SLODs for several reasons: reduced evaporation, transpiration 

and shading due to limited green areas, increased surfaces temperatures with high thermal capacity, 

increased air stagnation decreasing the wind speed etc.. Facing urban heat waves and air pollution, spatial 

planning and urban governance play a particular role in adaptation and mitigation of adverse effects (Bicknell 

et al. 2012).  At the same time, urban areas in Italy are also subject to elevated seismic risk (Godey et al. 

2013) and, due to the presence of cultural heritage landmarks as well as high population density, it could be 

targeted by terrorists attacks (Cuesta et al. 2019). In this panorama, historical built environment (HBE) is 

particularly vulnerable to SLODs and SUODs, and suitable mitigation strategies should be identified and 

implemented to increase its resilience. The term “mitigation” is defined as the action or a sum of actions to 

reduce how harmful, unpleasant, or bad an event can be. 

Due to the complexity of the cities, integrated approaches to adaptation and mitigation considering people 

and built environment are urgently needed (Ruth and Coelho 2007). For this reason, the European 

Commission is asking each Member State to contrast the actual trend by implementing the available 

mitigation measures. Also, the EU finances several initiatives within the H2020 research programme to 

contrast the two SLODs. The purpose of this document is to collect and offer an inventory of solutions and 

strategies to mitigate both SLODs and SUODs, for moving towards a resilient BE.  

2. Inventory of solutions and mitigation measures for an already existing BE and related case

studies

The following section presents the most common mitigation measures to contrast SLOD and SUOD events. 

Mitigation measures can be categorized in three main areas: the first two, “morphological factors” and 

“physical and construction factors”, are strictly related to the features of the built environment while the 

third, “dedicated systems and behavior strategies” is more related to the users’ behavior. It is worth clarifying 

that the proposed strategies include a suite of approaches that must be implemented in a preventive and 

long-term perspective, in order to reduce the impacts of disasters on the subsequent stages of recovery, 

rehabilitation and reconstruction. 

Figure 1 – SUODs and SLODs mitigation strategies categories as previously defined in WP2 – D2.2.
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Figure 2 - Mitigation measures collection deconstruction and code allocation based on the established categories 
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2.1 Mitigation measures to reduce SLODs 

This section illustrates the most diffuse solutions to contrast the SLODs phenomena in an already existing BE. 

These solutions are the ones collected in Figure 2 with a code starting with SL (SLOD) and focus on Urban 

Heat Island (UHI) and air pollution reduction. 

The solutions follow the abovementioned categories and are resumed in Table 1. Also, for each solution, a 

practical example is shown. The description of each example is reported in the annex.  

Table 1 - SLODs mitigation measures inventory, detailing and supporting literature. 

Code Strategy Solution References Case studies Case studies 
references 

SL.A.1  Improve vegetation Trees (Janhäll 2015)(Pastore 
et al. 2020) (Abhijith et 
al. 2017)  
(Abhijith and Gokhale 
2015) 

Hamburg  
Milan 

(Hamburg.de) 
(Pastore et al. 2020) 

SL.A.2 Shrubs and hedges (Gromke et al. 2016) 
(Gallagher et al. 2015) 
(Gallagher et al. 2015) 
(Van Ryswyk et al. 
2019) 

SL.A.3  Green barriers (Al-Dabbous and Kumar 
2014) 
(Yin et al. 2007) 
(Chen et al. 2015) 

SL.A.4 Improve shaded areas Seasonal shadings (Hwang et al. 2011) Expo 2015 
Metrosol Parasol 
Seville 
Umbrella sky 
project 

(Majowiecki 2015) 
(Casella 2018) 
(Sampson 2021) 

SL.A.5 Morphological 
configurations of OS 

New BE morphology (form, 
layout and orientation) 

(Andreou 2014) 
(Biao et al. 2019) 
(Ratti et al. 2005) 
(Giovagnorio and Chiri 
2012) 
(Hassan et al. 2020) 
(Kastner-Klein and 
Plate, 1999), (Wen and 
Malki-Epshtein 2018)  
(Yang et al. 2020) 

ENVI-met www.envi-met.com 
 

SL.B.1  OS surface 
temperatures reduction 

Urban surface and 
roughness / cool pavement  

(Synnefa 2007) Los Angeles 
white painting 
project 

(Abdallah 2018) 

SL.B.2 Permeable pavers (Bell et al. 2008) Derbyshire street (Susdrain 2014) 

SL.B.3 Permeable grass pavers (Bell et al. 2008) Lunix pavers www.ferraribk.it  

SL.B.4 Air cleaning solutions City trees (Green City Solutions 
2021) 

Green city 
solutions  

(Green City Solutions 
2021) 

SL.B. 11 Building surface 
temperatures reduction 

Cool façade (EPA 2008) Santorini (Akbari et al. 2006) 

SL.B.12 Reflective roof / cool roof  (Falasca and Curci 
2018) 

White roof 
project 

(Kptecki 2018) 

SL.B.13 Green walls (Vox et al. 2017) 
(Manso and Castro-
gomes 2015) 
(Viecco et al. 2018) 
(Ottelé et al. 2010) 
(Kohler 2006; Köhler 
2008) 

Vegetecture 
Park lane 

(Caro et al. 2016) 
(Sue-feng) 
 

SL.B.14 Green roofs (Shafique et al. 2018) 
(Sun et al. 2016) 

Madrid city hall 
Chicago city hall 
terrace 

(Caro et al. 2016) 
(MWH 2004) 

http://www.envi-met.com/
http://www.ferraribk.it/
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Code Strategy Solution References Case studies Case studies 
references 

(Karachaliou et al. 
2016) 
(Pérez et al. 2015) 
(EPA 2019) 
(Imran et al. 2018) 
(Berardi et al. 2014) 
(Yang et al. 2008) 
(Speak et al. 2012) 

SL.B.15 Air cleaning solutions Photocatalytic materials (Mo et al. 2009) 
(Pelaez et al. 2012) 
(Kolarik and Toftum 
2012) 
(Enea and Guerrini 
2010) 

Converse walls  
Volkswagen walls 
UK 

(Elassar 2020) 
(Casalgrande Padana 
2020) 

SL.B.16 Algal pbr (Nasution et al. 2016) Biq house, 
Hamburg 

(Loomans 2013) 

SL.C.1 Reduce vehicular traffic 
and emissions 

Public transportation (Shahmohamadi et al. 
2011) (European 
Environment Agency 
2008) (European Union 
Parliament 2008, 2009) 
(Fernyhough 2021) 

EnelX (Fernyhough 2021) 

SL.C.2 Shared mobility (Martinez and Viegas 
2017) 

Milan: GuidaMI, 
Car2go, Enjoy, E-
vai, SHARE’nGo. 
 

(Di Bartolo et al. 2020) 

SL.SU.C.3 Controlled/limited traffic 
zones 

(Grigoratos and Giorgio 
2014) 

Carpooling Bla 
bla car 
Uber 

(Setiffi and Lazzer 
2018) 
(Di Bartolo et al. 2020) 

SL.C.4 Electric and hybrid mobility (Grigoratos and Giorgio 
2014) 

Electric scooters: 
EM transit, Bird 
rides Italy, Voi 
technology Italia, 
Wind mobility, 
Bit mobility, 
Helbiz Italia and 
Lime technology 

(Comune di Milano 
2020). 

SL.C.5 Soft mobility (La Rocca 2010) 
(CIVITAS (Cleaner and 
better transport in 
cities) 2016) 

Call a bike system 
– Stuttgart  

(Di Bartolo et al. 2020) 

SL.C.11 Increase community and 
individuals’ awareness 

Energy efficiency education 
and dissemination activities 

(Alaidroos and Krarti 
2016) 
(Salvalai et al. 2013) 
(Engelmann et al. 2014) 
(Tévar et al. 2019) 
(Doubleday et al. 2019) 
(Kaya et al. 2019) 
(Zhu et al. 2020) 
(Zhu et al. 2020) 
(Blondeau et al. 1997) 
(Geros et al. 1999) 
(Hee et al. 2015) 

nZEB 
LEED 
certifications 

(U.S. Green building 
Council 2019) 

Health education about heat 
wave hazard 

(Ma et al. 2016) Health care 
education for 
elders - 
Guangzhou, 
China 

(Ma et al. 2016) 

Air pollution awareness 
education 

(Dorevitch et al. 2008; 
Guo et al. 2020) 

PM risk self-
awareness in 
vulnerable 
groups 

(Guo et al. 2020) 
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Code Strategy Solution References Case studies Case studies 
references 

SL.C.12 Waste management Waste management to avoid 
production of pollutants – 
education and dissemination 
activities 

(CIVITAS (Cleaner and 
better transport in 
cities) 2016) (Pei 2019) 

Sweden example (OECD) 

 

2.1.1 Morphological factors (A) 

Improve Vegetation - SL.A.1 | SL.A.2 | SL.A.3 

Vegetation helps to cool the environment, reducing UHI. Vegetative cooling can be applied to create more 

shaded spaces reducing air temperature or to create shaded walkable paths where the user can benefit of a 

lower perceived temperature. Also, vegetation performs an important mitigation action against atmospheric 

pollutants (ozone, nitrogen oxides, sulphur oxides, heavy metals, benzene, atmospheric particulate) working 

as natural filters (Janhäll 2015). When integrating greenery in the urban environment, it is important to select 

the proper vegetation according to the SLODs that needs to be mitigated. Increasing the spacing between 

trees and reducing the cross-sectional area occupied by tree canopies (through increased pruning and 

selecting smaller trees) can usually reduce street-level personal exposure through increased ventilation 

(Buccolieri et al. 2009).  

Usually, traffic pollution tends to accumulate at street level, causing high exposure for pedestrians. In this 

context, solid and porous structures in urban street canyons (low boundary walls, shrubs, hedges), which 

affect flow and dispersion are increasingly discussed (Gromke et al. 2016) (Gallagher et al. 2015). Low 

vegetation can be applied with proficiency to filter out the particulate matter due to his proximity to the 

source. Studies observed considerable pollutant removal through designing vegetation barriers closer to the 

pollutant source and plume’s maximum concentration (Al-Dabbous and Kumar 2014). 

Improve shaded areas - SL.A.4  

If vegetation cannot be integrated in the built environment, another solution can be the seasonal shading. 

By using temporary shading sails, or structures supporting climbing plants, seasonal shading can help mitigate 

summer heat waves and make public space accessible during the hottest hours of the day. The temporariness 

of shading systems can also ensure the maximised solar gain in winter season.  

New BE morphology (form, layout, orientation) – SL.A.5 

The correct design and construction of new buildings can contribute to low down the urban heat island 

phenomenon. Simple precautions must be taken into consideration during the design phase such as: height 

of buildings, distances between them, orientation and position of building and pedestrian path or common 

space in the outdoor of the BE (Andreou 2014). Narrow streets can create the canyon effect for which 

temperature increase of 2-4°C (Biao et al. 2019). Another aspect to take in consideration is the ventilation 

inside street canyons: a poor ventilation leads to an accumulation of pollutants. Architects, planners must 

consider different urban strategies to limit the pollution risks from vehicular emissions using air pollutant 

dispersion in order to promote outdoor air quality (Hassan et al. 2020). When the street is narrow (H/W>0.7), 
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the resulting flow regime is skimming flow, which is characterized by recirculating air flow within the street 

and is adverse for ventilation (Oke 1988).  

When designing blocks, recreational spaces such as open squares, parks, and green spaces should be upwind 

to the prevailing wind direction in summer to ensure good ventilation conditions. At the intersections of the 

main and secondary roads of the city, buildings should be somewhat receded, and open plazas or green 

spaces should be created to facilitate the diversion and distribution of wind flows of different directions, thus 

avoid the formation of vortex zones that impair the dispersion of air pollutants (Yang et al. 2020). Several 

software can help designers in the determination of best shape for a new building.  

2.1.2 Physical & construction factors (B) 

This category is related to surfaces and materials that can characterize the BE. There are different mitigation 

measures depending on the possibility of covering surfaces with greenery or finishing paint. 

Reduce surface temperatures – SL.B.1 | SL.B.2 | SL.B.3 | SL.B.11 | SL.B.13 | SL.B.14  

Buildings can contribute to the UHI effect: coating surfaces can absorb of reflect heat. Thus, properties of 

surface materials, in particular, high solar reflectance, high thermal emissivity, and low heat capacity can also 

beneficially influence UHI mitigation, as they determine how the sun’s energy is reflected, emitted, and 

absorbed (EPA 2008). Also, if surfaces are covered with photocatalytic materials, facades can contrast the 

concentration of particulate matter. 

The use of cool roofs allows to reduce the temperature of the urban environment thanks to a high albedo 

coefficient of the materials. Also, the usage of evapotranspirant surfaces help roofs to absorb less heat and 

stay up to lower values of surface temperatures.  Cool roofs improve thermal comfort and reduce electricity 

demand. High albedo materials can reduce the UHI intensity up to 2-3°C (Falasca and Curci 2018).  

As already explained for vertical surfaces and roofs, the same characteristics for what concern colour and 

materials apply for pavement: high albedo coating and light colours can directly influence surface 

temperature and indirectly the UHI.  

Vegetative facades are useful for mitigating the urban microclimate. A green wall can reduce temperature 

peaks of the façade of a building in summer and increase the thermal insulation during winter. This type of 

covering allows to create a microclimate in the BE helping to reduce the UHI effect. The presence of green 

walls can also be beneficial for air pollution. During the day, plants extract CO2 and other toxins from the air 

through the photosynthesis, resulting in significant air pollutants reduction. The usage of green facades is 

spreading thanks to the great potential they have.  

Green roofs can moderate the effect of UHI. The effectiveness of this measure depends on climate, foliage, 

coverage. Experimental study shows how the green roof temperature, during hot summer day, can be up to 

10 °C lower compared to external air temperature, thus reducing also the building energy consumption 

compared to traditional roofs (EPA 2019).  Green roofs are also capable of absorbing air pollution. Obviously, 

due to the position, a green roof is less effective than a green wall, or trees and vegetation barriers. Anyway, 

green roofs have a double influence on air pollution: they can increase energy performance of the building 

causing less emissions and at the same time the green roof can absorb and remove pollutants from the air.  

Air cleaning solutions – SL.B.4 | SL.B.15 | SL.B.16 
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The use of photocatalytic materials as air cleaning technologies whose application until now were restricted 

to special cases like clean rooms, hospitals, or industrial applications, can now be profitable for outdoor 

spaces contrasting the concentration of the particulate matter. In recent years, many studies have focused 

on the use of photocatalytic air purifiers for removal of indoor contaminants (Mo et al. 2009), (Pelaez et al. 

2012). In the last decade the photocatalytic cement-based paint that helps to improve air quality, indoor and 

outdoor. The materials include titanium dioxide which, when it is exposed to sunlight, acts as photocatalyst 

and breaks down organic particles by forming free radicals that then oxidise the surrounding air, leading to 

a reduction in air pollution (Kolarik and Toftum 2012). The materials are mostly used in outdoor applications 

on so called self-cleaning facades and for degradation of nitrogen oxides in street canyons and also car parks 

(Enea and Guerrini 2010). 

Another option to purify the air from pollutants are the air filters, in different shapes that become elements 

of the urban design. This bio tech filters can clean the air in the surroundings. Mosses have a huge surface, 

comparable to the human lung. On this surface, fine dust particles from the air are electrostatically attracted 

and stick to it. Also, the moss metabolizes the fine dust particles, i.e. “eats” the fine dust (Green City Solutions 

2021). 

2.1.3 Dedicated systems and behavior strategies (C) 

In this section, there are going to be explained all the mitigation measures that are not specific to the 

specific square or street canyon, but they are on a higher level and when applied, they benefit every single 

BE. 

Reduce vehicular traffic emissions – SL.C.1 | SL.C.2 | SL.SU.C.3 | SL.C.4 | SL.C.5  

According to the European Environment Agency (European Environment Agency 2008), transport in Europe 

consumes one third of all final energy. Therefore, traffic is responsible for most of the greenhouse gas 

emissions as well as being one of the major causes of air pollution in cities. The pollution given by urban 

transport is essentially given by the following factors: pollution of private vehicles that contributes to create 

vehicular traffic and pollution of public transport.  

The role of public transportation and how much it works depends on the public administration and single 

user. Public administration should provide the service to the entire city and the single user should prefer 

using public transportation instead of private transportation. Not to mention that many citizens using private 

cars, in addition, to consume more energy, can create traffic congestions that have a negative impact on the 

urban heat island and air quality. It is necessary to create an efficient local public transport 

network, otherwise, citizen will be obliged to keep on using private vehicles for travel in urban contexts. A 

further reduction in harmful gas emissions can come from the quality of public transportation vehicles: the 

use of hybrid, electric or “fuel cell” engines would reduce urban pollution.  

Shared vehicles in the urban center, replacing private cars prove that the actual total number of vehicles in 

cities is much higher than necessary. The implementation of several typologies of shared vehicles can 

drastically reduce the number of total vehicles(Martinez and Viegas 2017). Also, congestion would disappear, 

CO2 emission would decrease and there would be less need for all on-street parking, freeing several areas 

where greenery can be implemented. 

Local authorities can put in place some measures to reduce viability and lower traffic.  
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Conventional cars are alimented by petrol, diesel, or gas. A valid alternative is given by electric cars witch 

power comes from electric energy. The study conducted by the Paul Scherrer Institute (Grigoratos and 

Giorgio 2014) provides an overview of the environmental impact of today and tomorrow cars with different 

propulsion technologies. The main advantage is the production of substantially smaller quantities of 

greenhouse gases (about 30t of Co2 less every 200.000 km).  

Using slow mobility such as bicycles, electric scooters and walking can increase urban livability keeping the 

individual right to move. Consequentially, slow mobility can improve the urban environment referring to air 

pollution and traffic congestion. To encourage the use of soft mobility, many cities should promote 

the development of specific infrastructures and services dedicated to its use. 

Increase community and individuals’ awareness - SL.C.11 | SL.C.12 

Reducing emissions related to building consumption and to the production of building materials can have 

direct consequences on climate conditions and it can indirectly affect the urban heat island effect and the 

ambient air quality. Reducing energy needs means to reduce the energy production and its related CO2 and 

particulate matter pollutions mainly from biomass burning. Also, the position of outlet device can directly 

increase temperature in outdoor spaces where people usually stand and walk. In addition to passive 

strategies, it is necessary to provide tools and technologies to produce energy from renewable sources. In 

the urban context the two main renewable sources are wind and sun. Technological innovations from 

renewable energy are beneficial to alleviate nitrogen oxides (NOx) and respirable suspended particle (PM10) 

concentrations.  

The main cause of heat emission is air conditioning. The high demand for electricity, necessary to run air 

conditioner in the hottest days, results in an increase in harmful gases released into the atmosphere. The 

human bodies have almost the same perception of the temperatures if using the FAN ventilator or the air 

conditioning (Jay et al. 2019). The use of the FAN instead of the Air Conditioning should be encouraged. 

Natural ventilation should be encouraged to keep cool houses. Nighttime ventilation succeeds in decreasing 

the daily indoor air temperature of 1.5/2°C. This simple measure that a single individual can adopt also works 

at full scale on an entire building (Geros et al. 1999) reducing next day peak indoor temperature by up to 3°C. 

Another aspect related to the increasing awareness is the waste management. Recycling and waste 

management are processes that start with the individual citizen and end with the proper municipal and 

administrative waste management. The Citizen has the role and the duty to separate the waste produced by 

him in the home and work environment, following the instructions given to him by the municipality. There 

are valid alternatives to open incineration of solid waste. It is possible to reduce the amount of 

undifferentiated waste destined for burners through correct regulations imposed by the municipality and by 

a more correct recycling of waste conducted by individual citizens. Reducing waste to be incinerated directly 

affects the pollution levels and greenhouse gases in the air.  

2.2 Mitigation measures to reduce SUODs 

This section provides a general framework (Figure 2) of the most diffuse Disaster Risk Reduction (DRR) and 

Disaster Risk Management (DRM) strategies for SUODs according to the results of previous deliverables 

(D1.2.4, D1.3.2). Indeed, these strategies have been identified according to a holistic approach to risks 

mitigation by considering all the BE components involved in the meso-scale analyses: OS as an urban space 

(i.e., accesses and surrounding network); OS content and its characteristics (i.e., fixed obstacles, pavements, 

etc.); buildings facing the OS (i.e., facades and roofs); users of the OS. Thus, the specific interventions and 
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solutions have been identified for each BE components by collecting both structural and non-structural 

measures of DRR. The categories of strategies for SUODs encompass both seismic and terrorism-related 

issues. The distinction between these risks is clarified in the following sections.  

Table 2 - SLODs mitigation measures inventory, detailing and supporting literature. 

Code Strategy Solution References Case studies Case studies 
references 

SU.A.6 
Morphological 

configurations of OS 

Evacuation plans based on 
BET-related simulations 

(Zlateski et al. 2020) 
(Bernardini et al. 
2021) 

  

SU.A.7 
Permeability 

improvement (accesses 
and road network) 

 

Redundancy of evacuation 
routes 
 

(Rus et al. 2018; Cara 
et al. 2018; Atrachali 
et al. 2019; Sharifi 
2019b, a; Giuliani et 
al. 2020) (Srinurak et 
al. 2016) 

Nocera Umbra, 
Città di Castello, 
Gubbio (Italy) 

(Oliveri (a cura di) 
and Olivieri 2004; 
Salvo et al. 2012) 

SU.B.5 

Reduction of BE 
vulnerability 

Protection of strategic 
lifelines and infrastructures 

(Oliveri (a cura di) and 
Olivieri 2004; 
Nicholson 2007; Italian 
technical commission 
for seismic micro-
zoning 2014) 

Kyoto (Ahn et al. 2011) 

SU.B.6 Increase available free areas 
and define «safe» areas  

(Santarelli et al. 2018; 
Artese and Achilli 
2019; Anelli et al. 
2020; Bernabei et al. 
2021) 

  

SU.B.7 Install instruction signs for 
evacuation and safe areas 

(Bernardini et al. 
2019) (Quagliarini et 
al. 2021a) 

  

SU.B.8 Install mobile or fixed 
barriers, dissuaders, or 
furniture 

(Quagliarini et al. 
2021a) 

Washington 
Monument (ha-
ha barrier and 
water obstacle), 
Cardiff City 
Center 
(integrated 
furniture),  
Phoenix Police 
Department 
(trees) 

(Federal Emergency 
Management Agency 
2007; Coaffee 2018) 

SU.B.9 Set up/install warning 
systems 

(Quagliarini et al. 
2021a) 

France, 
Germany 

(FOKUS; Nationale 
2016) 

SU.B.10 Set up Remote/in situ 
Control systems 

(Quagliarini et al. 
2021a) 

Federation 
Square, 
Melbourne;  

(Coaffee 2018) 

SU.B.17 

Reduction of buildings 
vulnerability 

Preventive vulnerability 
assessment studies 

(Ferreira et al. 2019; 
Quagliarini et al. 
2021b; Bernabei et al. 
2021) 

Coimbra 
(Portugal); 
Sant’Antimo 
(Italy) 

(Zlateski et al. 2020; 
Chieffo et al. 2021) 

SU.B.18 Elimination of superfetation (Frumento et al. 2006)   

SU.B.19 Masonry wall quality 
increase 

(Borri et al. 2014; 
Mordanova et al. 
2016; Kouris and 
Triantafillou 2018; 
Maddaloni et al. 2018; 
De Santis et al. 2021) 

Steel 
connectors; FRP 
and FRCM; 
Reticulates 
system 

(Borri et al. 2014, 
2019; Valluzzi et al. 
2014; Corradi et al. 
2016, 2018; Zanello 
2017; De Santis et al. 
2021) 

SU.B.20 Replacement of pushing 
roof typology 

(Frumento et al. 2006)   

SU.B.21 Maintenance (D’Ayala 2013; Basset-
Salom and Guardiola-
Víllora 2013) 

Lorca (Spain) (Basset-Salom and 
Guardiola-Víllora 
2013) 
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Code Strategy Solution References Case studies Case studies 
references 

SU.B.22 Using perimeter-based 
solutions just outside the 
building (barriers or buffer 
zones) 

(Quagliarini et al. 
2021a) 

Wall Street 
(NYC); T-DAYS 
Via Rizzoli 
(Bologna) 

(Rogers Architects; 
Pedrini 2017) 

SL/SU.C.3 

Reduce vehicular traffic 

Controlled/limited traffic 
zones 

(Quagliarini et al. 
2021a) 

  

SL.C.4 Pedestrian only areas (Quagliarini et al. 
2021a) 

  

SL/SU.C.7 

Reduce users’ 
vulnerability and 

casualties 
 

Behavioural-based design of 
support systems and 
emergency layout 

(Bernardini et al. 
2019; Fatiguso et al. 
2021) 

Foro Annonario 
(Senigallia, Italy 
– designed and 
tested but not 
implemented) 

 (Bernardini et al. 
2018) 

SU.C.8 Evacuation training  (Bernardini et al. 
2019; Fatiguso et al. 
2021) 

  

SU.C.9 Support vulnerable people  (Tancogne-Dejean 
and Laclémence 2016; 
Chen et al. 2018) 

  

SL/SU.C.10 Increase community and 
individuals’ awareness 

Risk education and 
dissemination activities 

(UNISDR 2015)   

SU.C.13 

Reduce exposure 

Change buildings function    

SU.C.14 Reduce crowding indexes    

SU.C.15 Modify utilization time    

 

2.2.1 Morphological factors (A) 

The analysis of morphological factors must be approached at the meso-scale, considering both the OS itself 

and the networks that links it to the surrounding urban areas. Indeed, the strategies focus on issues related 

both to the morphological configurations of the OS and its permeability, such as the quality of the accesses 

(e.g., number, width, and positions of the accesses). The modification towards increased resilience of such 

strategies is limited due to the invasiveness of the possible solutions: indeed, they require direct 

modifications of the OS configuration, which leads to the disruption of the existing HBE. Other solutions, such 

as the simulations for preventive planning could be instead applied to the HBE. The below solutions are 

effective both for seismic and terrorist risks. 

Morphological configurations of OS simulations and correlation with preventive emergency planning - 

SU.A.6 

On the other hand, it is possible to intervene indirectly on the OS morphological configuration by means 

agent-based simulations of the users’ movement within the space, in order to improve the effectiveness of 

emergency plans and predict critical conditions that may arise during emergency management phases (Sharifi 

2019a; Giuliani et al. 2020). Indeed, the results of the simulations provide realistic risks scenarios useful for 

planning evacuation procedure and emergency efforts. In the framework of the BE S2ECURe research, the 

simulations are carried out on the BETs defined in the WP3 and WP4 (D4.1). 

Permeability improvement (accesses and road network) - SU.A. 7  

The increase of number and dimension of accesses could have a positive effect on evacuation, as (i) by adding 

more accesses, the redundancy of possible egress or access paths would reduce the risk of impeded 

evacuation paths; and (ii) by enlarging the existing accesses, the risk of having the path obstructed by debris 
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from surrounding buildings would be lower, and the transit of rescue vehicles would be facilitated. These 

solutions are generally applicable on new built environment, more than HBE. 

2.2.2 Physical and construction factors (B) 

Reduction of BE vulnerability by means of OS features - SU.B.5-10 

Recent studies present a holistic approach to resilience in urban area. Indeed, the BE is considered as a 

complex system whose relationships between individual components must be analysed. Therefore, the 

above-recalled methods are based on parameters from different fields of investigation and about different 

urban components (e.g., urban layout, buildings, infrastructures, open spaces, etc.) (Rus et al. 2018; Atrachali 

et al. 2019). 

With respect to seismic vulnerability, a large part of the literature focuses on the protection and 

reinforcement of the road networks (SU.B.5). Many studies propose analyses concerning assessments of the 

efficiency of the entire road network within the urban area as a whole (Oliveri (curated by) 2004; Italian 

technical commission for seismic micro-zoning 2014; Cara et al. 2018; Sharifi 2019b; Giuliani et al. 2020). 

Such analyses involve different characteristics: the lengthening of the travel times, the closure of some road 

sections following disasters (Nicholson 2007), the population density to measure the capacity of the escape 

routes (Ye et al. 2011). These investigations can be supported by algorithm and agent-based simulations for 

optimizing the emergency planning to define the evacuation paths (Bernardini et al. 2021). 

The operability of OS, particularly squares, can be investigated considering the area that may be free from 

obstacles (i.e. from debris on the ground in case of earthquakes) during the evacuation. The definition of the 

“safe” area (SU.B.6) within the space of the OS can be determined mainly by vulnerability assessment of 

buildings facing the OS to provide the probability of their failures (Santarelli et al. 2018; Artese and Achilli 

2019; Anelli et al. 2020; Bernabei et al. 2021). Thus, the width of the OS that will remain free from debris is 

determined based on the vulnerability of the frontiers of the OS and on the accessibility of the evacuation 

routes of the OS. Such information supports the evacuation planning as well as the identification of priorities 

of intervention. 

Another aid to the evacuation process is the installation of sensors/network devices and signs with 

instructions for evacuees to indicate escape routes and safe areas (SU.B.7), the operability of escape routes 

or possible dangers (Bernardini et al. 2019). 

Barriers, gates, fences, dissuaders, heavy furniture (SU.B.8) can be implemented in the OS to reduce the 

vulnerability to terrorists’ attacks, both related to explosions and collisions (Quagliarini et al. 2021a). Among 

the possible barriers and dissuaders, there are fixed or movable ones, as well as elements that are fully 

integrated with the traditional urban elements (e.g., furniture or trees) or either distinct ones, changing 

global perception of the BE (e.g., Tigertrap or ha-ha barrier). Additionally, warning systems (SU.B.9) can be 

included into the above-mentioned strategies applied in the BE, supporting the warning phase with 

emergency signs or digital alarm services (e.g., APPs). The aim is to support people in their moving during 

emergency in the BE, as well as to inform and suggest recommendations during the emergency, remotely. 

These are fully compatible with all the attack types. Finally, the introduction or the setting up of remote or 

in situ control systems (SU.B.10) could reduce the global vulnerability of the BE prone to the attack. This can 

consider the presence of personnel to control people and objects (surveillance and metal detector) or the 
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introduction of system that allow to manage people, behaviour and actions remotely (traditional or biometric 

CCTV).  

 

Reduction of buildings vulnerability - SU.B.17-22 

The main strategies for seismic risk reduction focus on the reduction of the seismic vulnerability. Indeed, 

most studies in these fields provide assessment methods to identify structural weakness of building in a 

preventive stage. On the other hand, practical solutions to reduce the vulnerability consist of retrofitting 

and strengthening interventions, particularly on built fronts of the OS.  

A preliminary assessment of the vulnerability (SU.B.17) of OS fronts would aid in the identification of priority 

interventions, in order to plan interventions for reducing the most urgent vulnerable features of the buildings 

in the HBE. 

Removing superfetation (SU.B.18), when possible according to the architectural and cultural features of the 

building, would allow decreasing the height of the building itself, thus decreasing its vulnerability to 

earthquakes. This is even more effective when superfetation were added not in accordance to the existing 

building structural behavior. 

The increase of masonry wall quality and structural connections (SU.B.19) can be obtained by means of 

different solutions.  Among them, some allow to improve the connection between the walls’ facings and thus 

the masonry quality, in that it avoids detachment of facings and compression-led instability. Moreover, these 

solutions allow a monolithic behavior for actions perpendicular to the wall plan. These interventions also 

allow to improve the behavior of the wall with respect to slenderness. These solutions comprehend (as by 

Figure 3): applying mortar injections; applying metal connectors; applying prefabricated diatons; applying 

wall reinforcement by composite nets/grid or stainless-steel strips. The latter strategy is more invasive and 

sometimes not suitable for preserving the cultural heritage. In this case, the reinforcement has to be built for 

both of the wall facings and transversal connections should be provided, too and it is thus not feasible in the 

case of decorated interior facing. Other solutions allow instead to increase of the mechanical properties of 

the masonry, which is useful in the case of non-high-quality masonry, with decayed joints or small masonry 

components. These are for example: applying mortar injections; joint repointing. Also reinstalling portions of 

masonry for masonry continuity by means of repair/replacement, and reinsertion technique would improve 

the mechanical properties of the wall. Repair/replacement and reinsertion techniques could be conducted 

for: lesions in the wall; decayed wall components; filling up niches (e.g., canalizations or decorative niches). 

With respect to masonry wall slenderness, increasing the thickness of the wall could contribute to decrease 

the slenderness, thus reducing vulnerability. This intervention is only possible when there is no decorative 

apparatus on the inner facing of the wall, as it cannot generally be modified. The improvement of structural 

connections (i.e., wall-to-wall, and wall-to-roof/floor connections) can be achieved by means of anti-seismic 

devices (e.g., tie rods, steel tie beams and ring beams) could support the box-like behavior of the building, 

thus decreasing its vulnerability to earthquake and preventing Out-Of-Plane failures (Sisti et al. 2016). Finally, 

as openings constitute vulnerable portions of the façade, aligning openings, even if it is not a solution that is 

easy to implement, could increase the resistance of load-bearing walls, thus improving masonry quality.  

Similarly, adding hoops or lintels on the openings could contribute to reduce vulnerability.  
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Pushing roofs (SU.B.20) increase the vulnerability of the masonry to Out-Of-Plan damages. Therefore, 

changing the roof materials and scaffolding towards non-pushing roofs can be beneficial to decrease 

vulnerability (Figure 4). Non-pushing roofs examples are trusses roofs or roofs with scaffolding parallel to the 

façade. The roof strategy should be compatible with the materials and the behavior of the existing building. 

 

Figure 3. Examples of pushing and non-pushing roof typologies. 

Maintenance actions (SU.B.21), such as the punctual substitution of degraded or incorrect structural 

elements (e.g., wood beams, lintels), could aid in reducing the vulnerability of buildings, and as such should 

be promoted. The punctual substitution of degraded structural elements, such as wood beams and lintels, 

would allow to reduce the vulnerability to Out-Of-Plan damages. Moreover, while the compatibility of 

interventions with the existing masonry building is of crucial importance for its behavior with respect to 

earthquake, sometimes previous interventions conducted in the past were incorrect and not structurally 

compatible with the existing structure. These interventions cause higher vulnerability to the seismic response 

of the masonry building. Thus, their removal and substitution with compatible strategies would allow to 

decrease the vulnerability of such buildings.  

Using perimeter-based solutions (SU.B.22) just outside the building, such as buffer zones or barriers, could  

aid in the reduction of buildings’ vulnerability (and that of the entire BE) to terrorist attacks, being them 

either explosions or collisions (Quagliarini et al. 2021a). Moreover, such barriers could be useful for avoiding 

exposure to debris fall during earthquakes. If the buffer zones integrate greenery, they could work also for 

HW and AP. 

2.1.3 Dedicated systems and behavior strategies (C) 

In addition to the vulnerability, also exposure, as a component of risk, can be managed by means of indirect 

measures aimed at ensuring the proper evacuation in the event of a disaster and reducing casualties. These 

strategies act on the number of users or on their behaviours.  
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Reduce vehicular traffic – SL/SU.C.3 | SU.C.6 

Controlled or limited traffic zones (SU.C.3), such as pedestrian only areas (SU.C.6) reduce the probability of 

terrorist’s attacks both for explosions and collisions. Moreover, such restrictions on vehicular traffic could 

facilitate and make safer the evacuation of pedestrians due to earthquakes. 

Users’ vulnerability and casualties – SL/SU.C.7 | SU.C.8-9 

Behavioural analysis and simulations allow to trace strategies to assist the evacuees’ decisions by suggesting 

and reminding recommended behaviors via assistance tools (e.g.: apps for personal devices; integrated 

systems in the built environment, including wayfinding signage; alerts, etc.) (SU.C.7) and educational training 

activities (SU.C.8). In particular, training actions should be aimed at: (1) increasing individual capacities to 

autonomous response in emergency conditions (SU.C.8), by means traditional (evacuation exercises and 

drills) and emerging smart tools (e.g.: VR/AR-centric approach) (Bernardini et al. 2019; Fatiguso et al. 2021); 

(2) support rescuers in the management of the evacuation process, by mainly focusing on vulnerable and not 

autonomous users  (Tancogne-Dejean and Laclémence 2016; Chen et al. 2018). 

Increase community and individuals’ awareness – SL/SU.C.10 

In addition to such solutions, the dissemination and education campaigns about risks lead to increased 

community awareness thus improving the users response during emergency and increase their safety 

(UNISDR 2015). 

Reduce exposure - SU.C.13-15 

Three types of indirect interventions on exposure are: (i) change the functions of buildings (SU.C.13) to 

improve the distribution of users’ presences according to the operability of the outdoor spaces (e.g.: 

delocalisation of strategic functions); (ii) reduction of crowding indexes (SU.C.14) related to the 

uses/functions of buildings and open spaces by decreasing the capacity of spaces or installing controlled 

entrances devices; (iii) modifying the utilization time of buildings and open spaces (SU.C.15) to control and 

avoid overcrowding. 

3. Common mitigation strategies for SLODs and SUODs 

So far, mitigation measures have been considered individually, related to the single SLOD or SUOD they can 

mitigate. Nevertheless, in §2.1 it was found that some of the identified mitigation measures can mitigate 

more than one SLOD at the time. For this reason, the purpose of this section is to analyse the impact that 

mitigation measures can have both on SLODs and SUODs. To do so, in Table 3 all the conceived strategies are 

collected, and their effectiveness is evaluated. In greater detail, for each strategy, the effect on UHI (air 

temperature level reduction, solar radiation reflection, heat dissipation), AP (particulate matter dissipation, 

particulate matter reduction), on the reduction of OSs and buildings vulnerability to seismic and terrorism 

risks, as well as the effect of all the above-mentioned on users, is investigated. Some of the proposed 

strategies would be effective for multiple risk only in determined conditions (e.g., a cool plaster on the 

external envelope is effective on the UHI, but could also be effective for the seismic risk if it is also reinforced, 

and against P, if it contains self-cleaning pigments). In that case, such strategy is indicated with an “*” on the 

column where it could be effective, further considerations shall be considered for obtaining multiple 

advantages. 
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As analysed before, the impact of the mitigation varies from case to case due to the very complex nature of 

SLODs and SUODs phenomena. For his reason, the comparison between all strategies has been done 

considering a qualitative scale reflecting the general mitigation potential (very high, high, medium, low, 

negligible). However, for each specific case a more precise effect can be calculated considering the specific 

context.  

In the table, an additional parameter, named “Level of implementation”, identifies how easily the specific 

mitigation measure can be implemented in the BE, again as a qualitative indication. To this parameter has 

been assigned a qualitative scale assigning “+”, “++” and “+++” if the measure is respectively rarely 

implemented (difficult to implement), often implemented (average difficulty of implementation), or very often 

implemented (easy to implement). Meanwhile, the last column in the table indicates the “effect on users” of 

the BE of the mentioned strategies, as a Boolean (yes (✓) or not). 
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Table 3 - Mitigation strategies (based on risk category), implementation (from rarely implemented (+) to very often implemented (+++)) and impact level (from negligible (red) to very high (green)) comparison 
for SUODs and SLODs. 

Code Strategy 
Implementation 

level 

SLODs SUODs 
Effect on 

USERS 

Effect on UHI 

Potential 
impact  

Effect on P 

Potential 
impact  

Effect on S 

Potential 
impact 

Effect on T 

Potential 
impact 

 
Air 

temperature 
level 

reduction 

Solar 
radiation 
reflection 

Heat 
dissipation 

Particulate 
matter 

dissipation 

Particulate 
matter 

reduction 

Reduction 
OS 

vulnerability 

Reduction 
building 

vulnerability 

Reduction OS 
vulnerability 
and hazard 

Reduction 
building 

vulnerability 

SL.A.1 Trees +++ ✓  ✓  ✓ ✓     ✓   ✓ 

SL.A.2 
Shrubs and 
hedges 

+++ ✓*    ✓ ✓         

SL.A.3 Green barriers + ✓*    ✓ ✓     ✓   ✓ 

SL.A.4 
Seasonal 
shadings 

++ ✓ ✓            ✓ 

SL.A.5 

New BE 
morphology 
(form, layout, 
orientation) 

+ ✓  ✓  ✓   ✓    ✓   

SU.A.6 

BETs 
simulations for 
preventive 
evacuation 
plans 

+++        ✓   ✓   ✓ 

SU.A.7 
Redundancy of 
evacuation 
routes 

+++        ✓   ✓   ✓ 

SL.B.1 

Urban surface 
and roughness 
/ cool 
pavement 

+ ✓ ✓ ✓            
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SL.B.2 
Permeable 
pavers 

++ ✓              

SL.B.3 
Permeable 
grass pavers 

++ ✓ ✓    ✓         

SL.B.4 City trees +     ✓ ✓        ✓ 

SU.B.5 

Protection of 
strategic 
lifelines and 
infrastructures 

++        ✓   ✓    

SU.B.6 

Increase 
available free 
areas and 
define «safe» 
areas  

++        ✓   ✓    

SU.B.7 
Install 
instruction 
signs 

+++              ✓ 

SU.B.8 

Install mobile 
or fixed 
barriers, 
dissuasors or 
furnitures 

+++ ✓*   *       ✓  v  

SU.B.9 
Set up/install 
warning 
systems 

+++              ✓ 

SU.B.10 

Set up 
Remote/in situ 
Control 
systems 

+++           ✓  a  v  

SL.B.11 Cool facade + ✓ ✓ ✓      ✓* * 
    

SL.B.12 
Reflective roof 
/ cool roof 

++ ✓ ✓ ✓      ✓* * 
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SL.B.13 Green walls + ✓     ✓   ✓* * 
    

SL.B.14 Green roofs ++ ✓ ✓    ✓   ✓* * 
    

SL.B.15 
Photocatalytic 
materials 

+  ✓    ✓   ✓* * 
    

SL.B.16 algal pbr +      ✓         

SU.B.17 

Preventive 
vulnerability 
assessment 
studies 

+++        ✓ ✓      

SU.B.18 
Elimination of 
superfetations 

+ ✓*   * 
    ✓  

 
   

SU.B.19 
Masonry wall 
quality 
increase 

++         ✓      

SU.B.20 
Replacement 
of pushing roof 
typology 

++ ✓* ✓*  * 
    ✓      

SU.B.21 Maintenance +++         ✓      

SU.B.22 

Using 
perimeter-
based 
solutions just 
outside the 
building 
(barriers or 
buffer zones) 

++ ✓*  ✓* * 
   ✓    ✓  ✓ 

SL.C.1 
Public 
transportation 

++ ✓     ✓         

SL.C.2 
Shared 
mobility 

++ ✓     ✓         
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SL.C./SU.C
.3 

Controlled/limi
ted traffic 
zones 

+ ✓     ✓     ✓   ✓ 

SL.C.4 
Electric and 
hybrid mobility 

+ ✓     ✓         

SL.C.5 Soft mobility +++ ✓     ✓        ✓ 

SU.C.6 
Pedestrian 
only areas 

++ ✓     ✓     ✓   ✓ 

SL/SU.C.7 

Behavioural-
based design 
of support 
systems and 
emergency 
layout 

+++              ✓ 

SU.C.8 
Evacuation 
training  

+++              ✓ 

SU.C.9 
Support 
vulnerable 
peolple 

++              ✓ 

SL/SU.C.1
0 

Risk education 
and 
dissemination 
activities 

+++              ✓ 

SL.C.11 

Energy 
efficiency 
education and 
dissemination 
activities 

++ ✓ ✓    ✓        ✓ 
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SL.C.12 

Waste 
management- 
to avoid 
production of 
pollutants - 
education and 
dissemination 
activities 

+++      ✓        ✓ 

SU.C.13 
Change 
buildings 
function 

++                ✓ 

SU.C.14 
Reduce 
crowding 
indexes 

++               ✓ 

SU.C.15 
Modify 
utilization time 

++              ✓ 

* Potentially applicable, if integrated with different strategies. 
a Armed terrorist attack only. 
v Vehicle related terrorist attack only. 
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Table 3 investigates the potential impact of each strategy on the specific SLOD/SUOD. At the same time each 

strategy is analysed to understand if it can have a positive effect also on other phenomena. The table shows 

that SL.A.1, SL.A.3, SL.A.5, SL.B.13, SL.B.14, SL.B.15, SL.B.22, SL.C/SU.C.3 and SU.C.6 are the strategies capable 

of influencing several phenomena at the same time even though they were conceived only for one of them. 

This doesn’t mean that other strategies are less effective, but it can be useful to consider these when there 

are more phenomena to be reduced at the same time.  

4. Analysis of mitigation solutions related to different hazards combinations and BETs 
Having already said that the mitigation strategies implementation is strictly related to the context, it is appropriate to start 
considering a realistic case in which to study and apply them. For this reason, the solutions will be studied within the BETs. First, it 
has been necessary to define the most frequent types of hazards. Starting from the Table1 and Table2 of D3.3.1, in which each 
square has been assigned to the corresponding BET, the most frequent risks combination has been calculated as shown in Table 4. 
Whenever a square has been calculated as prone to multiple risks at the same time, the risks were counted both individually and in 
combination. Obviously, in this way the most frequent cases are the one with only one risk at the time. Despite this, a combination 
of a SLOD and a SUOD will be taken in consideration, while the combination of two SUODs at the same time will be excluded, since it 
is very unlikely that earthquake and terrorism will occur simultaneously. In addition to the paramount hazard combinations in Table 
4 (green cells), the T-H combination has been considered as relevant for all the BETs with the special building (BET 1A, 2A, 4A, 4B). 
Although the statistical frequency in D3.3.1 results, this combination cannot be considered as impossible in view of the special 
building interaction with the BET public open space and its rule as an ideal soft-target for terrorist acts (Beňová et al. 2019; The 
European Commission 2022; Quagliarini et al. 2023).Table 4. Frequency of hazard combinations for each BET. Green cells mark the 
main single and multirisks for each of the BET according to the statistical analysis of the sample in D3.3.1, while grey lines express 
the not relevant risks combinations in view of the project purposes and possible occurrence conditions (very low theorical 
probability). 

BET 1A 1B 2A 2B 3 4A 4B 4C 5 

S 14 6 12 7 9 3 2 3 6 

H 7 2 9 3 6 1 1 2 4 

P 3 3 9 6 6 2 3 1 6 

T 6 4 6 3 4 2 1 1 3 

S-H 6 2 6 3 4 1 1 2 4 

S-P 3 3 6 6 4 2 2 1 5 

S-T 6 4 4 3 3 2 1 1 3 

T-P 1 2 5 3 3 1 1 1 3 

T-H 3 2 5 2 4 1 1 1 2 

P-H 1 2 5 2 3 1 1 1 3 

S-P-H 1 2 3 2 2 1 1 1 3 

S-T-P 1 2 3 3 2 1 1 1 3 

S-T-H 3 2 3 2 3 1 1 1 2 

T-P-H 1 2 5 2 3 1 1 1 2 

S-T-P-H 1 2 3 2 2 1 1 1 2 

 

Based on the data collected in Table 4, the most the most suitable mitigation solutions will be applied in each 

BET (Table 5). Nevertheless, in view of the above considerations, the reader should consider that the T-H 

strategies (which are defined in Table 5 just for BET 3) can be applied to BET 1A, 2A, 4A and 4B, too. 

Table 5. Suitable mitigation strategies for each BET. *: these solutions can be ideally applied to BET 1A, 2A, 4A, and 4B, although 
they are excluded from T-H applications from a frequency-based perspective. 

BET Risk Solutions 
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1A S-H 

• Against S: SL.A.5, SU.A.6-7, SU.B.5-7, SL.B.11-15, SU.B.17-22, 
SL/SU.C.7, SU.C.8, SU.C.9, SL/SU.C.10 

• Against H: SL.A.1-5, SL.B.1-3, SU.B.8, SL.B.11-15, SU.B.18, 
SU.B.20, SU.B.22, SL.C.1-2, SL.C./SU.C.3, SL.C.4-5, SU.C.6, 
SL.C.11, SU.C.13-15 

• Combined: SL.A.5, SL.B.11-SL.B.15, SU.B.18, SU.B.20, SU.B.22, 
SU.C.13-15 

1B S-P 

• Against S: SL.A.5, SU.A.6-7, SU.B.5-7, SL.B.11-15, SU.B.17-22, 
SL/SU.C.7, SU.C.8, SU.C.9, SL/SU.C.10 

• Against P: SL.A.1-3, SL.A.5, SL.B.3, SL.B.4, SL.B.13-16, SL.C.1, 
SL.C.2, SL.C./SU.C.3, SL.C.4, SL.C.5, SU.C.6, SL.C.11, SL.C.12, 
SU.C.13, SU.C.14, SU.C.15 

• Combined: SL.A.5, SL.B.13-SU.B.15, SU.C.13-SU.C.15 

2A S-H and S-P 

• Against S: SL.A.5, SU.A.6-7, SU.B.5-7, SL.B.11-15, SU.B.17-22, 
SL/SU.C.7, SU.C.8, SU.C.9, SL/SU.C.10 

• Against H: SL.A.1-5, SL.B.1-3, SU.B.8, SL.B.11-15, SU.B.18, 
SU.B.20, SU.B.22, SL.C.1-2, SL.C./SU.C.3, SL.C.4-5, SU.C.6, 
SL.C.11, SU.C.13-15 

• Against P: SL.A.1-3, SL.A.5, SL.B.3, SL.B.4, SL.B.13-16, SL.C.1, 
SL.C.2, SL.C./SU.C.3, SL.C.4, SL.C.5, SU.C.6, SL.C.11, SL.C.12, 
SU.C.13, SU.C.14, SU.C.15 

• Combined (S-H): SL.A.5, SL.B.11-SL.B.15, SU.B.18, SU.B.20, 
SU.B.22, SU.C.13-15 

• Combined (S-P): SL.A.5, SL.B.13-SU.B.15, SU.C.13-SU.C.15  

2B S-P 

• Against S: SL.A.5, SU.A.6-7, SU.B.5-7, SL.B.11-15, SU.B.17-22, 
SL/SU.C.7, SU.C.8, SU.C.9, SL/SU.C.10 

• Against P: SL.A.1-3, SL.A.5, SL.B.3, SL.B.4, SL.B.13-16, SL.C.1, 
SL.C.2, SL.C./SU.C.3, SL.C.4, SL.C.5, SU.C.6, SL.C.11, SL.C.12, 
SU.C.13, SU.C.14, SU.C.15 

• Combined: SL.A.5, SL.B.13-SU.B.15, SU.C.13-SU.C.15 

3 S-H and S-P and T-H* 

• Against S: SL.A.5, SU.A.6-7, SU.B.5-7, SL.B.11-15, SU.B.17-22, 
SL/SU.C.7, SU.C.8, SU.C.9, SL/SU.C.10 

• Against H: SL.A.1-5, SL.B.1-3, SU.B.8, SL.B.11-15, SU.B.18, 
SU.B.20, SU.B.22, SL.C.1-2, SL.C./SU.C.3, SL.C.4-5, SU.C.6, 
SL.C.11, SU.C.13-15 

• Against P: SL.A.1-3, SL.A.5, SL.B.3, SL.B.4, SL.B.13-16, SL.C.1, 
SL.C.2, SL.C./SU.C.3, SL.C.4, SL.C.5, SU.C.6, SL.C.11, SL.C.12, 
SU.C.13, SU.C.14, SU.C.15 

• Against T: SL.A.1, SL.A.3, SL.A.5, SU.A.6, SU.A.7, SU.B.5, 
SU.B.6, SU.B.7, SU.B.8, SU.B.9, SU.B.10, SU.B.22, 
SL.C./SU.C.3, SU.C.6, SL/SU.C.7, SU.C.8, SU.C.9, SL/SU.C.10, 
SU.C.13-SU.C.15 
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• Combined (S-H): SL.A.5, SL.B.11-SL.B.15, SU.B.18, SU.B.20, 
SU.B.22, SU.C.13-15 

• Combined (S-P): SL.A.5, SL.B.13-SU.B.15, SU.C.13-SU.C.15 

• Combined (T-H): SL.A.1, SL.A.3, SU.B.8, SU.B.22, SL.C./SU.C.3, 
SU.C.6, SU.C.13-15 

4A S-P 

• Against S: SL.A.5, SU.A.6-7, SU.B.5-7, SL.B.11-15, SU.B.17-22, 
SL/SU.C.7, SU.C.8, SU.C.9, SL/SU.C.10 

• Against P: SL.A.1-3, SL.A.5, SL.B.3, SL.B.4, SL.B.13-16, SL.C.1, 
SL.C.2, SL.C./SU.C.3, SL.C.4, SL.C.5, SU.C.6, SL.C.11, SL.C.12, 
SU.C.13, SU.C.14, SU.C.15 

• Combined: SL.A.5, SL.B.13-SU.B.15, SU.C.13-SU.C.15 

4B S-P 

• Against S: SL.A.5, SU.A.6-7, SU.B.5-7, SL.B.11-15, SU.B.17-22, 
SL/SU.C.7, SU.C.8, SU.C.9, SL/SU.C.10 

• Against P: SL.A.1-3, SL.A.5, SL.B.3, SL.B.4, SL.B.13-16, SL.C.1, 
SL.C.2, SL.C./SU.C.3, SL.C.4, SL.C.5, SU.C.6, SL.C.11, SL.C.12, 
SU.C.13, SU.C.14, SU.C.15 

• Combined: SL.A.5, SL.B.13-SU.B.15, SU.C.13-SU.C.15 

4C S-H 

• Against S: SL.A.5, SU.A.6-7, SU.B.5-7, SL.B.11-15, SU.B.17-22, 
SL/SU.C.7, SU.C.8, SU.C.9, SL/SU.C.10 

• Against H: SL.A.1-5, SL.B.1-3, SU.B.8, SL.B.11-15, SU.B.18, 
SU.B.20, SU.B.22, SL.C.1-2, SL.C./SU.C.3, SL.C.4-5, SU.C.6, 
SL.C.11, SU.C.13-15 

• Combined: SL.A.5, SL.B.11-SL.B.15, SU.B.18, SU.B.20, SU.B.22, 
SU.C.13-15 

5 S-P 

• Against S: SL.A.5, SU.A.6-7, SU.B.5-7, SL.B.11-15, SU.B.17-22, 
SL/SU.C.7, SU.C.8, SU.C.9, SL/SU.C.10 

• Against P: SL.A.1-3, SL.A.5, SL.B.3, SL.B.4, SL.B.13-16, SL.C.1, 
SL.C.2, SL.C./SU.C.3, SL.C.4, SL.C.5, SU.C.6, SL.C.11, SL.C.12, 
SU.C.13, SU.C.14, SU.C.15 

• Combined: SL.A.5, SL.B.13-SU.B.15, SU.C.13-SU.C.15 

  

5. Conclusions and remarks  

The aim of this deliverable is to provide an overview of the most common mitigation measures for contrasting 

both SLODs and SUODs in the BE. The classification of the mitigation measures is complex since each specific 

effect is influenced by several parameters. For this reason, it can happen that a specific measure applied in a 

specific context is not suitable for other situations and vice versa. Also, this document tries to identify if there 

are measures that can produce benefit for more than one event at a time.  

Nevertheless, irrespective of effectiveness, the mitigation power of each of the mentioned strategy is 

acknowledged. For this reason, it has been possible to evaluate whether each of them could influence only 

the phenomenon they were conceived for, or if they could influence also other phenomena. From a cross-

analysis it was demonstrated that the implementation of some strategies can facilitate the reduction of more 

risks at the same time, thus proving effective in multi-risk reduction. On the other side, it should be 
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highlighted that in terms of effectiveness the implementation of multiple strategies, each one capable of 

mitigating one single SUOD or SLOD, can be more performing than the implementation of one addressing the 

mitigation all of them. 

For this reason, it is important to be able to estimate the mitigating potential of each solution in the specific 

context through simulations. This could be crucial when selecting the strategies and/or their combination to 

apply. Such work is foreseen in the following deliverables to compare the effectiveness of the strategies in 

terms of overall single risk mitigation, overall multiple risk mitigation, and behavioral resilience. 

However, not all strategies can be implemented because of peculiar, site-specific limitations, or the difficulty 

of implementation in terms of costs, feasibility, regulations, etc. In this respect, the Italian historical centers 

are really binding. For instance, applying a different wall coloring or pavement material (albedo modification) 

to reduce surface temperature, cannot be always applied due to the regulations imposed by the municipality 

with respect to colors or materials. 

For this reason, it can be useful to distinguish which strategies are easier to integrate in existing consolidated 

built environment and which are more suitable for new projects (i.e. context dependent). Yet, a preliminary 

screening has been presented for each of the established BETs according to the most frequent type of risks 

that such BETs are exposed to. This allocation is useful for future work to deal with a narrower inventory of 

available solutions to study their feasibility and to compare their context-specific efficacy. This shortest 

inventory could be defined thanks to simulation-based approach (relying on the general SLOD-to-SUOD and 

multirisk perspective pursued by the project). T5.2. activities will then oriented towards this goal. 
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ANNEX – Description of practical examples of application of mitigation strategies  

SL.A.1 – SL.A.2 – SL.A.3 Improve vegetation 

Greening of existing infrastructure provides natural habitats for wildlife and spaces for human enjoyment in 

increasingly dense cities. Transport links should be converted into linear parks, creating new nature areas.  

This mitigation strategy has been applied by the city of Hamburg. In fact, Hamburg has announced a plan to 

implement a city-wide network of green spaces by 2030, linking the city’s outer ring with its dynamic centre 

through a series of walking and cycling-friendly regeneration habitats. This choice is not guided only by the 

will to beautify the urban space but also to better address impacts of climate change. The green network 

could at once reduce urban heat island effects, improve air quality and provide manifold public health 

benefits associated with urban greenery (Hamburg.de).  

 

Figure 4 -  

Another example is the new territorial administration plan for the city of Milan. Also in this case, the 

municipality suggests the development of new green areas, parks, green infrastructures especially inside 

dismissed areas. Also, the ideals of the city administration plan inspired projects such as “ForestaMI”. This 

project aims at planting three million of trees by 2030, to purify air, provide a better landscape and fight the 

effects of climate change (Pastore et al. 2020).   

The examples of Hamburg and Milan are not the only ones. Halifax, Vittoria-Gasteiz, Medellin, Niteroi, 

Cleveland, Atlanta, Denver, Singapore are all cities developing similar strategic plans and project to improve 

greenery in the urban space (Pastore et al.). 

SL.A.4 Seasonal shading systems  

Seasonal shading systems can improve the quality of living in the microclimate during the hot season. A 

practical example is the shading system of Expo 2015, realized in Milan. The masterplan of the entire area 

was based on two major roads, the cardo and the decumanus, with a minimum extension of one kilometer 

and 400 meters. Since the exhibition was performed during summer, a shading system has been designed to 

cover the two major axis. The system has been studied through simulations in order to define a double 

structure that allows both shading and the correct ventilation underneath the membranes (Majowiecki 

2015).  
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Figure 5 – Expo2015 decumanus with the shading system, Milan 

Another example, slightly more scenographic is the Metrosol Parasol in the city of Sevilla. At the time it was 

built, it was defined the largest wooden structural work in the world. the creation of this huge structure 

allowed the redevelopment of the ancient Plaza de la Encarnaciòn, which was abandoned and used only as 

a parking lot. Nowadays this plaza is a new contemporary urban center in where users can enjoy the public 

space and also experience the Metrosol Parasol thanks to the stairs stairs leading to the roof terrace (Casella 

2018). 

 

Figure 6 - Metrosol Parasol in the city of Seville 

Shading systems can be simpler and temporary as the ones created by the “Umbrella sky project”. In this 

case, the shading is provided in streets thanks to several colorful umbrellas, fixed on suspended cables. The 

solution not only is extremely useful for mitigating the heat stress, but it is a powerful instrument for the 

regeneration of trivial and not very noteworthy places. Also, the simplicity and beauty of the system have 

favored its spread all over the world (Sampson 2021). 

 

Figure 7 - Umbrella sky project in the city of Agueda, Portugal 
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SL.A.5 New BE (form, layout, orientation) 

To develop more resilient buildings, it is important to establish some simple principles since the design phase. 

In fact, at this stage, it is very common to choose building characteristics that can be responsible of increasing 

the urban heat island effect. Another aspect that must take into consideration is the fact that buildings can 

influence the shape of urban canyons, thus air ventilation in the streets.  

Software is a powerful tool for developing architectures that are more integrated in the built environment. 

For example, instruments like Ladybug Tools allow to develop environmental analysis to shape a perfect 

building during design process considering wind flows, solar radiation and material properties. Also, there 

are software like ENVI-met capable of foretelling the pollution in the built environment. 

SL.B.1 Urban surface and roughness 

The same assumptions made for cool and reflective roofs can be done for pavements. Solar reflective “cool” 

pavements stay cooler in the sun than traditional pavements. Pavement reflectance can be enhanced by 

using reflective aggregate, with the usage of materials with high albedo coefficient.  

In Los Angeles, the Bureau of Street Services tested a new creative approach to fight rising temperatures 

covering one neighbourhood street in each of the LA’s 15 council districts with CoolSeal, a more reflective 

asphalt-based coating. This to reach a reduction of 3°C in perceived temperatures (Abdallah 2018). 

 

Figure 8 - Los Angeles white painting project 

SL.B.2 Permeable pavers  

Permeable paving can improve water absorption and slow rainwater run-off and can be easily installed in 

interstitial spaces between buildings. More permeable surfaces will help cities to better cope with extreme 

weather events and increased sudden precipitation whilst reducing the heat island effect. In fact, in climate 

where the availability of water is not a problem, the use of permeable and retentive pavement can also create 

benefit in the modification of the existing microclimate.  

Depending on hydraulic conductivity and albedo coefficient, each material can reach a specific temperature. 

A study in California (Li et al.), compared samples of different surfaces (concrete, asphalt and pavers) to test 

the differences and prove that permeable pavers, especially under wet conditions could give lower surface 

temperatures creating a cooling effect. Also, results showed that using high albedo and permeable pavement 

can potentially help mitigate near-surface heat island and improve the air quality as well as possibly 
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improving human thermal comfort. Compared to the impermeable pavement, permeable pavement has a 

low thermal impact (i.e. heat exchange) on near-surface air.  

 

Figure 9 - Optical and thermal images of esperimental test sections. (a) Optical images. (b) Infrared thermal images under dry 
conditions.  (lighter is hotter, average surface temperatures are listed with albedo in parentheses) 

A concrete example is the one of Derbyshire Street Pocket Park in London. This area was a dead-end section 

of the public highway, used primarily for parking. The project resulted from the proposed installation of a 

new cycle route as well as working with Oxford House to create new outside space for community events. 

Within the project several sustainable aspects have been developed, including the application of SuDS 

(Sustainable Drainage Systems) to promote them and use the scheme as a case study for developers 

(Susdrain 2014).  In particular, the project layout foresees 45 m2 of permeable block paving to facilitate 

drainage and decrease summer surface temperatures.  
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(a) 

 
(b) 

Figure 10 – (a) Derbyshire Street proposed layout (b) Derbyshire permeable pavement  

SL.B.3 Permeable grass pavers 

Grass in an experimental plot was found to reduce maximum surface temperature by up to 24 °C when 

compared to concrete. The implementation of grass not only make city greener but helps the drainage had 

contributes to the reduction of Urban heat island.  

The permeable pavers available on the market are a lot, but here it is illustrated the permeable paver 

produces by an Italian company named “Ferrari BK”. Compared to other competitors, this product 

optimised the grass area with a covering rate of 57% compared to the 37% of the traditional permeable 

pavers. The more grass is present on the ground the more the surface is permeable, and the greenery helps 

in the absorption of pollutants  

 

Figure 11 – Lunix Permeable grass paver 

SL.B.4 City trees 

The city tree is a freestanding “living display panel” consisting of 1.682 individual plant pots arranged in a 

vertical concrete grid. The project aims to exchange sponsorship of City tree units for corporate advertising. 

Each city tree includes rainwater capture technology linked to moisture sensors which automatically hydrate 

the plant beds as needed. The basis for each plant pod is a species of moss known for its ability to capture 

airborne particulates. After a 10 week period of monitoring, the city tree provided the following results: 1.3 

million cubic metres of air purified and 65 grams of ultra-fine dirt particles filtered out, which corresponds to 

the pollutant of 14.400 kilometers car ride. In general the system can reduce fine dust pollution in its 
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immediate vicinity by up to 53%, it filters 3500 m3 of air every hour and it can cool the temperature in its 

immediate vicinity by up to 2.5 °C on warm days (Green City Solutions 2021). 

 

Figure 12 - City Tree developed by Green City Solutions. 

SL.B.11 Cool façade  

The finish of outside vertical surfaces of buildings can have an impact on temperatures but also on the air 

quality. Depending on the surface properties and coatings a wall can contribute to the mitigation of SLODs.  

Light colour paintings are known for having a high albedo coefficient, low heat capacity and high thermal 

emissivity. For their reflective properties, white paintings have been historically exploited to cool buildings 

in hot, sunny climates. A “cool” wall is an exterior wall surface that stays cool in the sun by strongly reflecting 

sunlight and by efficiently emitting thermal infrared radiation.  

An example of cool wall is provided by cities of the Mediterranean area, where traditional historical centers 

are all painted in white in order to reflect the heat during summer. The image below represents the case of 

Santorini in Greece.  

 

Figure 13 - Buildings with white-washed walls in Santorini, Greece 

SL.B.12 Reflective roof / Cool roof 

Nowadays, not all the existing roofs are reflective or cool simply because they have been built during a period 

in which these parameters weren’t considered so important. Thanks to research, solutions have been 

developed and are suitable both for new and existing roofs.  Painting roods white is a low-cost improvement 
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that reduces energy consumption of building in the hottest period. Sun reflecting paints and materials such 

as light-toned gravels can reduce solar gains. An example of this solution is the White roof project. It is a non-

profit organisation promoting benefits of coating dark roofs with solar reflective paint. This modification 

decreases roof surface heat absorption (white roofs can reflect up to 90% of sunlight, compared to 20% for 

dark roofs) and can reduce cooling-related electricity usage by up to 40%. Local communities are encouraged 

to actively participate in making these simple changes. The project has painted over 100 roofs since 2010. 

Roof-repainting projects have included a 220,000-foot warehouse, a network of homeless shelters, and 20 

cooperatively owned rooftops, called the Model Block, in a historic neighbourhood on the Lower East Side 

(Kptecki 2018). 

   

Figure 14 - The white roof project in New York. 

SL.B.13 Green walls 

Vegitecture, developed by Capella Garcia Arquitectura, is a new concept in green wall design: it is a large-

scale independent vertical infrastructure, separated from the original building. The first 21m high Vegitecture 

wall has been implemented in Barcelona. The system presents stairs and its own irrigation and fertiliser 

system while offering park-line urban spaces. Since this type of green walls runs independently from the 

existing building, Vegitecture can enhance exposed, unused walls in dense urban areas. Installing green 

facades and living walls has many benefits on the environment, buildings and human health. 

 

Figure 15 - Vegitecture by Capella Garcia Arquitectura installed in Barcelona. 
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 These benefits can involve both the internal comfort in buildings and the quality of outdoor air absorbing 

pollutants (Viecco et al. 2018), (Ottelé et al. 2010). Large areas of greenery help to suppress dust particles 

(high surface related to the specific volume), improving air quality around buildings and busy highways and 

this could also lead to a reduction in respiratory illness. According to the (Kohler 2006; Köhler 2008) if an 

inner city neighbourhood were greened on all possible facades 4% of annual dust-fall could be trapped on 

the leaves increasing the air quality. 

Another example is the Park Lane by CMP. It is one of the most famous examples from Taichung city in 

Taiwan. This huge piece of green wall is composed of more than 150 thousand pots of various plants, 

Scandent Scheffera, Common Lantana, spider ivy, Calico plant, and so on. This green wall has been created 

with the intentions of purify the air, lower down both indoor and outdoor temperatures and beautifying the 

surroundings.  A green wall of this size could absorb 200 kg of CO2, while producing 150 kg of O2 everyday 

(Sue-feng).  

 

Figure 16 - Park lane by CMP in Taichung, Taiwan 

 

SL.B.14 Green roofs  

Green roof can be designed in different ways. A new building can be designed with a green roof, but it is also 

possible to integrate green roofs over already existing buildings. An example of green roof integration is the 

Cibeles Centre green roof installed over Madrid’s city hall. 130 squared meters, with more than 4.000 plants 

from a range of species have been placed on the flat roof of the city hall.  
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Figure 17 - Green roof installed over Madrid city hall. 

As has been stated before, the implementation of green infrastructure elements provides regulating 

ecosystems services to the urban environment. These include stormwater management, heat island control, 

aesthetic value and improvement of air and water quality. In particular, research in the field has 

demonstrated the potential of green roofs as a strategy for adapting urban ecosystems to the impact of 

climate change. Temperature reductions up to 4.5°C over summer were reported in the area of Madrid where 

the green roof has been implemented.   

 

Figure 18 - Retroffitting housing with lightweight green roof technology 

Another similar example is the green roof of Chicago City Hall. The green roof is the result of an EPA study, 

an initiative to fight the heat island effect and to improve the urban air quality. The roof extends over 3604 

square meters with a monitoring system for plant survival as well as other environmental features such as 

temperature monitoring (MWH 2004).  
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Figure 19 - Green roof installed over Chicago City Hall terrace. 

 

Figure 20 - Daily maximum temperature normalized to the daily green roof maximum temperature in Chicago. 

SL.B.15 Photocatalytic materials 

Nowadays, paintings and finishes evolved and are capable not only of reflecting light but are also capable of 

fighting pollution. Several renowned brands such as Converse and Volkswagen have been using 

photocatalytic, smog-eating paint to create murals across the world (Elassar 2020). This type of technology 

uses light energy to break down noxious air pollutants and convert them into harmless substances. Any 

surface coated with this type of paint becomes an active air-purifying surface that helps protect city users 

from harmful gases.  
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Figure 21 -Mural realized by Converse with photocatalytic paint  

100 square meters of photocatalytic paint can filter as much air pollution out of the air as a comparable area 

with plants. These types of paints can also reduce sulphur oxide, ammonia, and carbon monoxide. This is 

possible because the colour mixture contains titanium dioxide crystals which break down chemical 

substances such as NOx, when exposed to light and humidity (Hanley 2021).  

 

Figure 22 - Mural realized by Volkswagen with photocatalytic paint across UK. 

To tackle down UHI and air pollution, there are also other technologies than paints. One of them is the Bios 

Self-Cleaning. It is a treatment used for ventilated facades and cladding. Thanks to the Hydrotect technology, 

when the Bios Self-Cleaning treatment comes into contact to sunlight, it triggers a reaction able to eliminate 

not only bacteria, but especially the pollutants in the air. It breaks down dirt that has settled on the surface 

of the tiles, so that it can be removed by rainwater, thanks to the superhydrophilicity of the ceramic material. 

It has been estimated that a 1000 square meters of Bios Self-Cleaning® facing can purify the air like a wood 

the size of a football pitch or remove the nitrogen oxides (NOx) emitted by 70 cars during one day 

(Casalgrande Padana 2020). 

SL.B.16 Algae pbr 

The Microalgae are able to capture carbon dioxide and their biomass has a high energy yield and, 
above all, does not come into competition with agricultural land and sources of drinking water. 
Applying therefore the closed cultivation systems of microalgae become a special solar thermal for 
the presence of water which absorbs the solar heat. In addition to the well- known solar thermal 
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benefits, the growth of Microalgae produces biomass and captures carbon dioxide, hence it helps 
to improve the energy performance of the building. Nowadays, the BIQ house in Hamburg built by 
ARUP and a mixed group of architects and biologists is the first and only existing and inhabited algae-
powered building in the world.  

 
Figure 23 - Functional scheme of BIQ house in Hamburg 

SL.C.2 Energy efficiency 

Investing over a renewed and more efficient building stock is a key to improve cities and reduce the rising 

temperatures phenomenon and air pollution. With this in mind, both government authorities and private 

associations have developed protocols to promote buildings that produce the minimum amount of 

emissions, exploiting passive strategies and more efficient systems.  

The European commission defined the common standard of nZEB, which stands for “Nearly Zero Energy 

Building”. The nZEB is a building with very high performance in which the very low energy requirement is 

covered almost completely by energy from renewable sources, produced in situ.  

 

Figure 24 - nZEB strategies scheme  

The nZEB standard regards only new buildings, but similar strategies can be applied in building renovations 

to improve systems and reduce consumption. Therefore, industries have developed devices to make existing 
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buildings smarter and cut down consumption such as smart light bulbs, smart water meter, smart electricity 

meter, smart curtains, light sensor, motion sensors, smart plugs and switches. Also, the replacement of the 

old boilers with condensing boiler, the implementation of heat pumps, solar thermal system or photovoltaic 

systems are all valid strategies to improve building energy consumption.  

Another option for improving energy efficiency is related to materials. The selection of low-impact building 

materials can help to reduce construction carbon footprint. The selection of proper materials can also 

contribute to achieve higher standards for the whole building. An example of this is the LEED certification, 

where a specific section is dedicated to Materials and resources. This category focuses on minimizing the 

embodied energy and other impacts associated with the extraction, processing transport, maintenance, and 

disposal of building materials (U.S. Green building Council 2019).  

 

Figure 25 - An environmental product declaration (EPD) for building materials, according to the LEED standards. 

SL.C.3 Waste management to avoid pollutant production  

Since 1980s, Sweden has followed key principles for the management of products and waste: the 

precautionary principle, the substitution principle and the waste hierarchy and producer responsibility, 

Sweden has been active in eliminating hazardous substances from products and waste. The waste 

management policy has focused on the municipal waste rather than the industrial waste.   Recycling rates for 

some waste streams, such as paper/cardboard and aluminium cans, are very high in Sweden. Municipalities 

have implemented separate collection systems for household waste, including separation of hazardous 

waste, to promote recycling and ensure proper disposal. Energy from waste, in the form of landfill gas and 

heat from waste incineration, is highly utilised and constitutes a substantial part of the energy supply. 

Sweden has improved waste disposal practice since the 1980s; for example, air toxic emissions from 

incinerators have been reduced. Further effort is necessary, however, to improve smaller landfill sites and 

landfill practice. Legal frameworks for hazardous waste management and waste export and import have been 

improved. Sweden banned the export of hazardous waste to non-OECD countries in 1988. To progress 

further, Sweden should promote waste prevention, and strengthen proper management of industrial waste 

and of construction and demolition waste. 
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In general, from the Sweden example, it is recommended that consideration be given to the following 

proposals: 

- develop a systematic procedure for priority setting in risk reduction; 
- evaluate the procedures for reporting to the product register to maintain its usefulness for 

overview and enforcement; 
- improve landfill management with, inter alia, leachate treatment and prevention of hazardous 

waste contamination, especially at smaller sites; 
- develop a strategy including a legislative framework and the provision of basic statistics, to improve 

industrial and construction/demolition waste management; 
- initiate producer responsibility for other prioritised waste streams; 
- for the management of products, identify priority areas and formulate medium- to long-term 

strategies with clear targets, based on current work on priority setting and survey of material flows; 
- in the long term, continue efforts to co-ordinate policies related to products and waste in 

developing and implementing a cost-effective framework in line with the ecocycle principle; 
integrate chemicals policies further into the ecocycle principle as a means of detoxifying ecocycles 
(OECD). 

 

SL.C.1 Public transportation 

In the transportation sector there are different examples of applied strategies that are helping in diminishing 

SLODs. Firstly, it can be useful to categorize the type of intervention whether it is related to public 

transportation system, shared mobility, electric and hybrid mobility or soft mobility.  

Australia is an example of improvement of public transportation system. In fact, together with Enel X, the 

authorities have been replacing traditional buses with a dense network of electric buses to support 

electrification of public transport across the country.  This cooperation between public transport authorities 

and private industries allows the replacing of traditional polluting diesel buses with cleaner and more 

sustainable vehicles (Fernyhough 2021).  

 

Figure 26 - Enel X electric buses replacing traditional polluting diesel buses. 

Luxembourg is the first country in the world to offer free public transport nationwide. This choice was the 

solution to traffic jams and to incentivize public transports (LE governement 2021). In this way, Luxembourg 

managed to diminish the total number of vehicles on roads.  
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SL.C.2 Shared mobility 

In general, since it is impossible to eliminate completely vehicles from cities, authorities give incentives to 

those who buy electric cars with the aim of reducing CO2 emissions. Another option to reduce the total 

number of vehicles can be the shared mobility. For sharing mobility, it is intended car sharing, bike sharing, 

ride sharing, ride sourcing and park share.  

The car sharing has boomed in several cities. Milan is an example of this phenomenon. Since 2016, five 

different car sharing operators provide their services to the city. The car sharing system not only works in the 

city area, but it is extended to the surrounding metropolitan boundaries and the wider regional area. The 

different services, from round trip to free-floating car sharing, provide multiple and flexible shared-mobility 

services.  Currently, the active services In Milan are: GuidaMI, Car2go, Enjoy, E-vai and SHARE’nGo (Di Bartolo 

et al. 2020).  

 

Figure 27 - Major car sharing spread in the city of Milan. 

 

SL.C.3 Controlled/limited traffic zones  

An example of such measures can be found in Milan where public authorities established “Limited traffic 

areas” to the most polluting vehicles. In this way, both the air pollution can be controlled together with the 

number of vehicles that can actually run the roads lowering the recirculation of the 

deposited dangerous particles.  

Also, sustainable mobility can be a solution to reduce the number of vehicles in cities. An example is 

represented by carpooling. This type of mobility consists of private shared vehicles, with the aim of cutting 

down the number of vehicles and costs related to transportation. In Italy, the most famous carpooling is 

“BlaBlaCar”. It is a French start up, born in 2006, that consists of a web platform that connects drivers with 

potential passengers. BlaBlaCar arrived in Italy in 2012 and since then, it spread all over the country. The 

average user of the service is a traveller of 32 years old. People travel for different reasons: work, vacations 

or to reach relatives. People who use this service care about the environment: in two years BlaBlaCar users 

saved 500.000 tons of fuel and 1 million tons of CO2 haven’t been released in the air (Setiffi and Lazzer 2018).  

Ride sourcing is another example of sustainable short trips in urban areas. It is a service that allows 

passengers to connect with and pay drivers who use their personal vehicles for trips. Based on GIS and GPS 
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technologies on internet-enabled devices, it allows to organize ride sharing in real time. Uber and Lyft are 

forerunners who have revolutionized the way people look for a solution for their short trips in urban areas 

(Di Bartolo et al. 2020).  

 

Figure 28 - Uber app for ride sourcing.  

SL.C.4 Electric and hybrid mobility 

To solve air quality problems, public authorities are also encouraging hybrid and electric vehicles (Bellocchi 

et al. 2019). Among those there is the electric micro mobility. In all cities, electric scooters are becoming so 

popular thanks to the low price and the easy of use. For example, it has been estimated that only for the city 

of Milan around 7600 scooters are rented per day. To satisfy the increasing demand, now there are seven 

private companies providing scooters: EM transit, Bird rides Italy, Voi technology Italia, Wind mobility, Bit 

mobility, Helbiz Italia and Lime technology. In addition, thanks to government’s bonus also the number of 

private scooters is increasing (Comune di Milano 2020). 

 

Figure 29 - Electric scooters in the city of Milan. 

SL.C.5 Soft mobility  

The city of Stuttgart has developed a set of various measures for promoting sustainable mobility. Among 

these the “Call a bike system” has been in operation since 2009 and nowadays comprises 450 bicycles and 

100 pedelecs with 44 stations. The implementation of so many bicycles in the city created the need of other 

connected services such as bike parking, showers and wardrobes for employees who commute by bike (Di 

Bartolo et al. 2020).  
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Figure 30 - Bike sharing station in Stuttgart 

SU.B. 5 Protection of strategic lifelines and infrastructures 

The plan for road network improvement in the urban area in Kamigyo Ward, Kyoto proposes the ampliation 

of the roads to 7 m and a reinforcing of the buildings along the roads connected to this extension of the 

road (Ahn et al. 2011). 

 

Figure 31: Plan for road network improvement (Ahn et al. 2011). 

SU.B.19 Solutions for masonry wall quality increase Steel connectors 

An innovative system of wall connectors is based on the use of helical stainless steel bars (Maddaloni et al. 

2018). The bars are by dry application using a special spindle after drilling a pilot hole. This method can be 

used as easy and quick repairing solution to stitch the cracks because the use of dry application allows the 

immediate effectiveness of the intervention. 
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Figure 32 - Helical stainless steel bar and horizontal and transversal application of helical stainless steel bars in the masonry wall. 
Pictures from (Maddaloni et al. 2018). 

FRP and FRCM system  

The adoption of composite materials has increasingly been considered for strengthening of both modern and 
historic masonry constructions and their structural components (walls, arches and vaults, piers and columns. 
This method constrains the activation of possible failure mechanisms by increasing their seismic capacity and 
by providing tensile strength with negligible mass increase. 
These reinforcement system can be installed by using different type of materials, and according to different 
layout arrangement on the wall panel (e.g. complete covering of the walls  on the two side or only in one 
side, vertical and horizontal strips) and type of connectors (Mordanova et al. 2016)(Kouris and Triantafillou 
2018). This application is particularly effective for masonry walls of multiple leaves (e.g., muro a sacco) 
because reduce the transversal deformations by increasing the bearing capacity. In fact, the procedure 
involves also the installation of fiber connector consisting of a bundle of fibers. Then, an inorganic matrix is 
used for impregnation and anchoring of joints. 
The main materials and system are following explained: 

• Fibre Reinforced Polymers (FRP) comprising carbon or glass textiles bonded with epoxy resins. 

• Fabric Reinforced Cementitious Matrix (FRCM) is a composite material comprising fibres (e.g., 
carbon, glass, steel, basalt, synthetic and natural fabrics) embedded into inorganic matrices. This 
system allows faster and cheaper installation, and ensure better fire resistance, vapour permeability, 
removability, and compatibility with historic lime mortars. 

Moreover, these systems are also widely applied for retrofitting of the cultural heritage and its peculiar 
architectural components, such as arches and vaults, piers and columns (Valluzzi et al. 2014) (Figure 33). 

 
Figure 33 - Strengthening of thin in folio brick vaults of Casino Ciolina after L’Aquila earthquake, by application of steel 
reinforced grout at extrados: overall view (a), application of strips (b). Pictures from (Valluzzi et al. 2014) 
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Reticolatus system 

The “Reticolatus” system consists in the realization of a reinforced pointing of the joints on stone- masonry 

and brick-masonry walls, by means of stainless steel strips and connectors positioned within vertical and 

horizontal joints (Borri et al. 2014, 2019; Corradi et al. 2016, 2018; De Santis et al. 2021). This system can be 

installed on a single leaf of the masonry walls or on the both sides of the wall by combining the “Reticolatus” 

system with joints repointing on one face and applying Glass Fiber-Reinforced Matrix (GFRM) jacketing on 

the other. 

 

Figure 34 – Stone wall strengthened with “reticolatus” system (a). Detail of through connectors (b1). Detail of not-through 
connector (b2). Hybrid application of “reticolatus” with GFRP jacketing for stone-masonry panel (c) and brick-panels (d). GFRP mesh 
laid over the internal side (e). Repointing of the mortar joints of the external side (g). GFRP jacketing of the internal side (h). Pictures 

from (Borri et al. 2014; De Santis et al. 2021) 

The system improves the tensile strength and ductility, thus maintaining the original aesthetic appearance. 

This retrofitting is particularly effective for historic masonry buildings where the presence of multiple scarcely 

connected leaves, the low quality of the mortars and the need to preserve the architectural aspect of the 

structure, require highly effective but low aesthetic impact structural reinforcement solutions. For these 

reasons, the reinforcement procedure is more suitable for retrofitting on the historic-monumental buildings 

(Zanello 2017) (Figure 35). 
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Figure 35 - Intervention of seismic improvement with stainless steel strands on the North tower of the Castle of Compiano - Parma 
(a). The stainless steel strands have been inserted at different rates of the tower (b,c), then embedded inside the grouting of mortar 

and bound to the perimeter walls (d). Pictures from (Zanello 2017) 

Add anti-seismic devices (e.g., tie rods, steel tie beams and ring beams) wall-to-wall and wall-to-roof 

connections 

The ring beams represent and effective solution to improve the connections of the wall with walls and with 

the floors and the roof, in order to achieve unitary behaviour of the masonry structure against the 

earthquake. Nowadays, the following solutions are the most effective for retrofitting (Sisti et al. 2016) (Figure 

36): 

• Brickwork steel-reinforced ring beam 

• Steel-profile ring beam is realized by laying steel plates on the outer sides of the wall and connecting 
them through bars or rods to the masonry below. 

• Reinforced masonry ring beams by the adoption of composite materials coupled with inorganic 
cement-based matrices. It consists in the reconstruction of the upper part of stone- or brick-masonry 
with composite materials-based grid (e.g., GFRP) completely embedded into the horizontal mortar 
bed joints. This reinforcement method is particularly suitable for historic building because allows to 
keep the fair-faced masonry appearance. 
 

 

Figure 36 – Examples of ring beams by (Sisti et al. 2016): brickwork steel-reinforced ring beam (a); steel-profile ring beam (b); stone 
ring-beam strengthened with GFRP grids (c). 

Barriers and fences SU.B.22 

Examples of solutions integrated in the BE, which can reduce the OS vulnerability to terrorisms while being 

integrated in the OS are some specific applications of NOGO barriers/bollards (e.g., NYC, by Rogers 

Architects) or jerseys hosting greenery (e.g., Bologna, pedestrian area Ugo Bassi-Rizzoli-Indipendenza).  

(a) (b) (c) 
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Figure 37. On the left, bollards in NYC, Wall Street, by Rogers Architects (image taken from (Rogers Architects)); on the right, jerseys 
with greenery in Bologna (image taken from (Pedrini 2017)). 




