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Abstract
Starting from the relationship between urban planning and mobility management, TeMA has gradually
expanded the view of the covered topics, always following a rigorous scientific in-depth analysis. This
section of the Journal, Review Notes, is the expression of a continuous updating of emerging topics
concerning relationships among urban planning, mobility and environment, through a collection of short
scientific papers. The Review Notes are made of four parts. Each section examines a specific aspect of the
broader information storage within the main interests of TeMA Journal. In particular, the Economy,
business and land use section aims at presenting recent advancements on relevant topics that underlie
socio-economic relationships between firms and territories. The present note tackles the topic of cool
materials for urban areas, as a mitigation strategy to counteract climate-change related issues. The most
recent developments about cool materials demonstrate how they can boost environmental, social and
economic sustainability and resilience in urban areas.
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1. Introduction
Nowadays, urban areas are subject to increasing challenges, due to different contributing factors, which are
all expected to be further exacerbated in the next future.
The first crucial factor is the increase in urban population, as assessed in the United Nations Report “World
Urbanization Prospect” (United Nations, 2018). Indeed, as of today, in the entire world, the 55% of the total
population lives in cities, while considering only more developed regions, the 78% of population lives in
cities – the vast majority of it. Moreover, while today the world urban population is 4.5 billion citizens,
projections state that by 2050 such number will be as high as 6.7 billion citizens in urban areas (United
Nations, 2018), continuing the unprecedented growth and aggravating the pressure on urban areas. What is
even more impressive is the growth of land consumption, which largely outpaces population growth: within
2100 it is expected that 1.1-3.6 million km2 of land will be added to urban areas and consumed by urban
surfaces, depending on different consumptions scenarios (Gao & O’Neill, 2020). The middle scenario
assesses 1.6 million km2 more of land consumption due to cities’ growth, a dimension which is almost 5
times the dimension of Germany (Gao & O’Neill, 2020). As of today, cities are responsible for the majority of
global energy consumptions and emissions, thus calling decision makers to undertake policies in line with
such challenges (Tira, 2020).
Another factor challenging cities is due to climate-change related hazards (Moglia et al., 2018; Moriarty &
Honnery, 2015; Shirgir et al., 2019). Climate change leads to more intense and more frequent extreme
climate conditions, which are further exacerbated in cities due to the different hygro-thermal equilibrium of
urban surfaces with respect to natural land. For example, more intense and frequent heatwaves are
expected in the next future and are currently being experienced (Hatvani-Kovacs et al., 2016). In cities,
heatwaves are exacerbated by Urban Heat Island (UHI) effect, which entails higher temperatures in cities
than in surrounding suburban areas, up to 10°C more (Oke, 1982). Therefore, urban citizens are more at
risk of suffering heat-related issues. This factor is considered as one of the main public health threats
globally, as it is responsible of increased mortality rates in urban areas, with the 2003 European heatwave
resulting in 71,000 excess deaths (Mayrhuber et al., 2018; Xu & Tong, 2017). It also implies higher energy
consumptions for cooling and higher costs for energy production and consumptions, as well as a tremendous
increase in peak electricity demand, which often leads to interruptions in the service (Hatvani-Kovacs et
al.,2016; Santamouris & Kolokotsa, 2015) and thus to environmental problems as well as social and
economic ones (Pham et al., 2021).
In this panorama, mitigation strategies that could help to face such issues are analyzed by the scientific
community and by policymakers. Some of the strategies are strictly linked to the urban surface and the
construction materials composing it. These strategies have the advantage of being “passive” in their
functioning, as intrinsic properties of the urban surface itself: indeed, certain materials and construction
elements allow modifying the hygro-thermal equilibrium of consumed land due to their intrinsic thermal and
optic properties. Such passive strategies have the advantage of not requiring energy or control to work.
Some examples are green strategies (AboElata, 2017; Lobaccaro & Acero, 2015), that can be inserted in
cities under the form of green patches, parks, trees, vegetation, but also green facades and green roofs.
Such measures regards the built environment and entails interventions for housings, firms and
infrastructures, (Bianconi et al., 2018; Koppelaar et al., 2021), and may bring benefits both to the
environment, society and local economies. In addition to technical factors, indeed, people perceptions
towards urban green solutions is positive and may generate virtuous behaviors (Berman et al., 2008).
Recently, it has been found that nature-based solutions and green strategies may lead firms to increase their
revenues while bringing a positive impact on urban environment (Koppelaar et al., 2021). In the case of
hotels, for example, several studies have found that being green increases customers positive feelings, in
turn increasing economic performance (Franco et al., 2021; Lee et al., 2010). However, green strategies
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generally require higher installation and maintenance costs. In this review note, the focus is on another
passive strategy to counteract UHI and heatwaves, namely cool materials (also named high-albedo or highreflective materials). They are materials with specific thermal and optic properties, that allow to them to
maintain cooler temperatures than traditional materials, thus contributing to alleviate extreme heat in cities.
Cool materials are generally easy to apply and have low maintenance. While their application on a single
building implies a reduction of the energy demand for cooling during the hot season (Rosso et al., 2014),
their scaling up to an entire neighborhood and city amplifies their positive effects and mitigation potential,
towards environmental, social and economic sustainability and resilience of urban areas.
The aim of this review note is to shed lights on recent advancements in literature about the use of highalbedo materials, their latest developments in cities and their benefits to environment, economy and society.
The next section illustrates their functioning, and highlights research and practical cases of cool materials in
urban areas. The last section provides discussions and concluding remarks.

2. The application of cool materials in urban contexts
Cool materials come in a wide variety of typologies, and can be composed to form construction elements for
both vertical urban surfaces, such as buildings’ facades, and horizontal ones, such as buildings’ roofs and
urban paving (Doya et al., 2012; Santamouris, 2015). Their “coolness” defines the ability to maintain low
surface and air temperatures due to their thermal and optic characteristics. Indeed, they have intrinsic high
thermal emissivity, meaning their property of re-emitting the absorbed heat, and high solar reflectance and
albedo, meaning their property to reflect the majority of the incident solar radiation on their surface (Falasca
et al., 2019). On the other hand, conventional materials with low albedo and low solar reflectance absorb
solar radiation, thus heating up and contributing to UHI, whilst aggravating heatwaves during the hot
season. The lighter and smoother a material is (think about white marble (Rosso et al., 2017)), the cooler
(Doulos et al., 2004), while dark and rough materials (for example asphalt (Rosso et al., 2016)) on the
contrary absorb solar radiation and heat up during summer.
High-albedo materials can be applied in cities under the form of simple light-colored plaster on facades, or
facades’ panels (they can be cool stone panels, or light-colored cement-based panels); or as roof finishing
material (cool membranes, clay tiles, paving); or else, as urban pavement (cool cement- or asphalt-based
paving, tiles, stone paving) (Akbari & Matthews, 2012; C40 Cities, 2016; Kandya & Mohan, 2018; Rosso et
al., 2014; Rosso et al., 2018; Synnefa et al., 2006). With reference to the above-cited studies, when such
construction elements are applied on a building (as cool façade and roof), they contribute at lowering energy
demand for cooling by at least 6%, improving indoor thermal comfort and also contribute to UHI and
heatwaves mitigation, by reducing by 20-35°C surface temperatures. Additionally, they help maintaining the
façade/roof, as there are lower temperature variations, benefiting the durability of the system.
It is worth considering that urban surfaces are composed by 60% of roof (20%) and pavements (40%) and
absorb more than the 80% of incident solar radiation, converting it into heat (C40 Cities, 2016). Therefore,
such generally easy-to-apply and non-expensive cool solutions can have a significant effect if extensively
applied on the available urban surfaces, at the city-scale. Survey conducted in U.S.A. cities demonstrated
that the installation of cool roofs and pavements (together with green strategies such as trees) are able to
reduce air temperature by up to 4°C at the city scale during summer (C40 Cities, 2016; Falasca et al., 2019),
thus effectively mitigating UHI. Such a large-scale application of cool materials is also able to improve air
quality, as ozone-smog is more abundant in hot days. Additionally, the reduction of energy consumptions
and related emissions for air conditioning, considering the contribution of many buildings in the city is even
more impactful due to the large-scale application of such solutions. A direct consequence of this benefit is
the reduced peak electricity demand, which was estimated as 1.6 GW for a reduction of 3°C in Los Angeles,
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corresponding to $175 million savings each year. Below, in the boxes, some successful cases of cool material
strategies applied at the city-scale are reported.

Tokyo - Thermal barriers coating with cool materials on urban paving
Tokyo Metropolitan Government (TMG) promoted cool pavements, by employing high-reflective materials as barriers to
solar radiation, defined in the project “thermal barrier coating” (C40 Cities, n.d.; Japan for Sustainability, n.d.). The
interventions on streets are part of the construction works for the Olympic Games (2020). 136 km of pavements are
implemented, which were able to reduce surface temperatures by 8°C. In this case, the economic burden of converting
the paving in cool paving was reduced as the maintenance works were already deemed necessary by the TMG. This
case study is relevant to highlight the efficacy and opportunity to include cool strategies during common maintenance
works on buildings and other urban surfaces.

New York City - NYC °Cool Roofs Programme
Launched in 2009, the Programme has contributed to implement cool roofs on 530,000 m2 of rooftops in 625 buildings
(C40 Cities, 2016; NYC, n.d.). To-date, it demonstrated to provide a 10 to 30% cost reductions in air conditioning
costs. The Programme offers no- or low-cost cool roof installations, depending on the type of buildings. No-cost
installations are offered for free to low-income houses, community centers, schools, hospitals museums, while all other
buildings can have it at a discounted rate through vendors that participate to the initiative: NYC Cool Roofs will provide
the labor and technical assistance at no charge if the building owner pays for the coating. Only determined types of
roofs are eligible, in that they have to be flat and in good conditions, accessible and free of dangerous equipment, they
should have parapet. The Programme involves local property owners, community partners, workforce training
organizations, and volunteers throughout the process. The case study is relevant as it offers financial incentives and
provides educational and workforce training to increase population awareness on the topic.

3. Discussion and conclusions
While the above-mentioned benefits clearly demonstrate the contribution of cool materials to environmental
sustainability when applied at the city scale, they entail crucial consequences for social and economic
sustainability and resilience, too. With respect to social sustainability and resilience, the reduction in
temperatures helps mitigating the impact of heatwaves on heat-related death toll, as it was evaluated that a
6% reduction in the number of heat-related deaths during a heatwave could be achieved by increasing the
solar reflectance of urban surfaces by 10% at the city-scale. Moreover, the reduction in temperatures aid in
safer and more comfortable indoors during the summer months for unprivileged neighborhoods that cannot
rely on air conditioning to achieve comfortable conditions during summer (Fuller et al., 2019; Harlan et al.,
2006). Indeed, such a solution contributes at reducing energy poverty, as it entails lower expenditures for
energy for cooling in the long run. In other words, such kind of materials allow to reduce energy
consumptions thus reducing the carbon footprint of the buildings that adopt them (Gargiulo & Russo, 2017).
In turn, they bring economic benefits due to two main effects: on one side they cut energy costs, and on the
other they allow to implement strategies that may be rewarded by stakeholders. In the case of local
businesses, for example, the involvement in green activities signals positive feelings to customers (Koppelaar
et al., 2021). Lower expenditures and reduced energy poverty deal also with economic sustainability. As
mentioned above, cost savings for citizens and for the operations of large public or commercial buildings can
be achieved by means of the application of high-albedo materials. This note tries to shed light on the
benefits that such materials can bring to the sustainable development of cities and its components. It adopts
a multi-disciplinary perspective embracing engineering and management that is needed to tackle urban
grand challenges that involve diverse but interconnected factors. Future studies may further investigate
synergies between economy and urban planning in the study of green measures to mitigate climate risks in
cities, underlining related benefits and drawbacks.
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