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Abstract: Industrial districts are characterized by the presence of low and extensive building volumes
and by predominantly sealed, impermeable surfaces, which contribute to several environmental
problems and to the deterioration of outdoor human thermal comfort conditions, especially during
summer hot days. To tackle these issues, this study proposes an approach for the regeneration of
industrial districts based on the application of cool materials. Reflective and evaporative pavements
were selected as suitable solutions to reduce summer overheating, while ensuring the functionality
required by the industrial production, and contributing to stormwater management. The effectiveness
of the approach was tested in a portion of the industrial district of Padua (Italy). In summer conditions,
the replacement of conventional pavements with cool materials results in a reduction of the ground
surface temperatures up to 14.0 ◦C and a consequent decrease of the air temperature at pedestrian
level between 0.6 and 1.2 ◦C. The effects of human thermal comfort conditions highly depend on the
selected cool material and on the morphology of the urban canyon. Finally, the reduction of external
surface and air temperatures also contributes in cooling indoor spaces (average decrease from 1.0 to
2.5 ◦C), with impacts on the energy efficiency of the industrial buildings.

Keywords: urban regeneration; urban surfaces; cool materials; evaporative pavements; reflective
pavements; urban microclimate; urban heat island; industrial districts

1. Introduction

The massive urbanization and the rapid growth of urban population worldwide,
estimated to result in more than 6 billion inhabitants by 2050 [1], are accentuating various
energy and environmental issues clearly related to anthropogenic causes. Several studies
have demonstrated the link between urban development and climate change, and the
unique climate risks, such as urban heat island and flooding, faced by urban areas [2,3].
At the urban scale, several adaptation and mitigation strategies are being proposed and
implemented in central or residential areas [4–7]; however, less attention is being placed
on industrial districts, despite that they occupy large proportions of built-up areas and
are mainly characterized by impermeable surfaces. Indeed, the replacement of natural
surfaces with artificial materials is responsible for the significant increase of air temperature
in urban areas compared to the surrounding environment (i.e., urban heat island effect
(UHI)), and land sealing, which in turn results in surface stormwater runoff problems [8].
Furthermore, the creation of new industrial districts intensifies land consumption, inducing
relevant changes in the land use, including the reduction of green spaces, and consequential
environmental impacts [9,10]. Despite their impacts and size, only a few previous studies
focused on industrial areas, mainly assessing their contribution to UHI [11–14]. The present
study analyses the main features and microclimatic conditions of an industrial district
located in Padua (Italy), selected for its urban morphology, which is representative of the

Sustainability 2021, 13, 6322. https://doi.org/10.3390/su13116322 https://www.mdpi.com/journal/sustainability

https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0003-1345-8769
https://doi.org/10.3390/su13116322
https://doi.org/10.3390/su13116322
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/su13116322
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su13116322?type=check_update&version=2


Sustainability 2021, 13, 6322 2 of 24

majority of the European industrial districts. Furthermore, it proposes the application of
cool materials as suitable regeneration strategy for the urban surfaces in industrial areas,
and analyses the impact and benefits of such solutions on the microclimate and thermal
comfort conditions.

1.1. Cool Materials for the Regeneration of Ground Surfaces: Techniques and Effects

The term cool materials defines all those materials or paintings able to maintain lower
surface temperatures, compared to traditional ones, by absorbing and storing reduced
quantities of solar radiation or by enhancing water evaporation [15]. Solutions for ground
surfaces include (i) highly reflective and emissive, and (ii) evaporative pavements [16].

In this study, the focus was placed on the regeneration of conventional paving mate-
rials with cool ones for two major reasons. Firstly, intervening only on ground surfaces
allows to maintain the functionality required by industrial production and to reduce the
time needed for regeneration interventions. Secondly, a large fraction of urban areas—
30% to 40%—is covered by pavements (e.g., roads, sidewalks, parking areas, etc.) [17];
hence, they significantly influence the local climate conditions, and the UHI develop-
ment [18]. Previous studies have shown that the application of cool materials on ground
surfaces contributes to a higher reduction of surface temperature—and consequently air
temperature—than their application on building surfaces [19].

1.1.1. Reflective Pavements

The most popular cool materials are characterized by high solar reflectivity (i.e.,
ability of a material to reflect solar radiation) and high infrared emissivity (i.e., ability
of a surface to release absorbed heat). These characteristics help to decrease the surface
temperature, reducing the convection of heat from the pavement to the atmosphere and
thereby decreasing the air temperature. Previous studies have demonstrated that an
increased albedo by 0.1 is estimated to reduce the maximum pavement surface temperature
by more than 3.0 ◦C [20,21]. Lower air temperatures contribute in mitigating the UHI
effect [22], while also decreasing the energy demand for cooling, and slowing the formation
of urban pollution [23]. Furthermore, an albedo increase at the urban scale can reduce the
absorption of incoming solar radiation by the surface–troposphere system, contributing to
counteract the global effects of the increase in greenhouse gas concentrations. Indeed, it
has been estimated that increasing the pavement albedo by 0.15 in urban areas worldwide
would reduce CO2 emissions by 20 Gt [17]. Moreover, the lower temperatures reached
by the pavements favor a greater durability of materials, extending their lifetime and
reducing waste production from maintenance operations [24]. Finally, reflective pavements
can improve visibility during night-time, leading to a potential reduction of lighting
requirements and connected energy consumption [25].

Reflective materials were originally designed to be white or light colored and highly
reflective in the visible wavelength. However, the increase of pavements solar reflectance
can potentially result in glare problems, or in human thermal discomfort conditions in
areas where people are exposed to the reflected radiation. In order to avoid these problems,
successive scientific developments have led to materials that absorb in the visible part of
the radiation spectrum, hence appearing to have a specific color, and are highly reflective in
the near-infrared spectrum [26]. For applications on ground surfaces, reflective pavements
include a wide range of materials and techniques, such as the use or white or light colored
aggregates in asphalt or concrete mixes, resin-based pavements, and colored asphalt or
concrete. In the case of urban regeneration, suitable solutions for existing ground surfaces
include the use of reflective paints, resurfacing with chip seals, slurry seals, whitetopping,
and microsurfacing with high albedo materials [27]. Table 1 presents an overview of the
different technologies, their albedo values, and the surfaces where these can be applied.
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Table 1. Technologies and solutions for the regeneration of existing ground surfaces with reflective materials. Application—
solutions suitable (

USV Symbol Macro(s) Description
26B2 ⚲ \textuncrfemale

\textPUuncrfemale
NEUTER

26B9 ⚹ \texthexstar SEXTILE

26BD ⚽ \textSoccerBall SOCCER BALL

26C5 ⛅ \textSunCload SUN BEHIND CLOUD

26C6 ⛆ \textRain RAIN

26D4 ⛔ \textnoway NO ENTRY

26F0 ⛰ \textMountain MOUNTAIN

26FA ⛺ \textTent TENT

2701 ✁ \textScissorRightBrokenBottom UPPER BLADE SCISSORS

2702 ✂ \textScissorRight BLACK SCISSORS

2703 ✃ \textScissorRightBrokenTop LOWER BLADE SCISSORS

2704 ✄ \textScissorHollowRight WHITE SCISSORS

2706 ✆ \textPhoneHandset TELEPHONE LOCATION SIGN

2707 ✇ \textTape TAPE DRIVE

2708 ✈ \textPlane AIRPLANE

2709 ✉ \textEnvelope ENVELOPE

270C ✌ \textPeace VICTORY HAND

270D ✍ \textWritingHand WRITING HAND

270E ✎ \textPencilRightDown LOWER RIGHT PENCIL

270F ✏ \textPencilRight PENCIL

2710 ✐ \textPencilRightUp UPPER RIGHT PENCIL

2711 ✑ \textNibRight WHITE NIB

2712 ✒ \textNibSolidRight BLACK NIB

2713 ✓ \textCheckmark CHECK MARK

2714 ✔ \textCheckmarkBold HEAVY CHECK MARK

2715 ✕ \textXSolid MULTIPLICATION X

2716 ✖ \textXSolidBold HEAVY MULTIPLICATION X

2717 ✗ \textXSolidBrush BALLOT X

2719 ✙ \textPlusOutline OUTLINED GREEK CROSS

271A ✚ \textPlus HEAVY GREEK CROSS

271B ✛ \textPlusThinCenterOpen OPEN CENTRE CROSS

271C ✜ \textPlusCenterOpen HEAVY OPEN CENTRE CROSS

271D ✝ \textCross LATIN CROSS

271E ✞ \textCrossOpenShadow SHADOWED WHITE LATIN CROSS

271F ✟ \textCrossOutline OUTLINED LATIN CROSS

2720 ✠ \textCrossMaltese MALTESE CROSS

2721 ✡ \textDavidStar STAR OF DAVID

2722 ✢ \textFourAsterisk FOUR TEARDROP-SPOKED ASTERISK

2723 ✣ \textJackStar FOUR BALLOON-SPOKED ASTERISK

2724 ✤ \textJackStarBold HEAVY FOUR BALLOON-SPOKED ASTERISK

2725 ✥ \textClowerTips FOUR CLUB-SPOKED ASTERISK

2726 ✦ \textFourStar BLACK FOUR POINTED STAR

2727 ✧ \textFourStarOpen WHITE FOUR POINTED STAR

272A ✪ \textFiveStarOpenCircled CIRCLED WHITE STAR

272B ✫ \textFiveStarCenterOpen OPEN CENTRE BLACK STAR

272C ✬ \textFiveStarOpenDotted BLACK CENTRE WHITE STAR

272D ✭ \textFiveStarOutline OUTLINED BLACK STAR

272E ✮ \textFiveStarOutlineHeavy HEAVY OUTLINED BLACK STAR

272F ✯ \textFiveStarConvex PINWHEEL STAR

2730 ✰ \textFiveStarShadow SHADOWED WHITE STAR

2731 ✱ \textAsteriskBold HEAVY ASTERISK

2732 ✲ \textAsteriskCenterOpen OPEN CENTRE ASTERISK

2734 ✴ \textEightStarTaper EIGHT POINTED BLACK STAR

2735 ✵ \textEightStarConvex EIGHT POINTED PINWHEEL STAR
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) for asphalt surfaces (A), and/or concrete pavements (CP).

Technology/Solution Description Albedo
Application

Ref.A CP

Reflective paints

• Dark infrared reflective paint with hollow
ceramic particles 0.50

USV Symbol Macro(s) Description
26B2 ⚲ \textuncrfemale

\textPUuncrfemale
NEUTER

26B9 ⚹ \texthexstar SEXTILE

26BD ⚽ \textSoccerBall SOCCER BALL

26C5 ⛅ \textSunCload SUN BEHIND CLOUD

26C6 ⛆ \textRain RAIN

26D4 ⛔ \textnoway NO ENTRY

26F0 ⛰ \textMountain MOUNTAIN

26FA ⛺ \textTent TENT

2701 ✁ \textScissorRightBrokenBottom UPPER BLADE SCISSORS

2702 ✂ \textScissorRight BLACK SCISSORS

2703 ✃ \textScissorRightBrokenTop LOWER BLADE SCISSORS

2704 ✄ \textScissorHollowRight WHITE SCISSORS

2706 ✆ \textPhoneHandset TELEPHONE LOCATION SIGN

2707 ✇ \textTape TAPE DRIVE

2708 ✈ \textPlane AIRPLANE

2709 ✉ \textEnvelope ENVELOPE

270C ✌ \textPeace VICTORY HAND

270D ✍ \textWritingHand WRITING HAND

270E ✎ \textPencilRightDown LOWER RIGHT PENCIL

270F ✏ \textPencilRight PENCIL

2710 ✐ \textPencilRightUp UPPER RIGHT PENCIL

2711 ✑ \textNibRight WHITE NIB

2712 ✒ \textNibSolidRight BLACK NIB

2713 ✓ \textCheckmark CHECK MARK

2714 ✔ \textCheckmarkBold HEAVY CHECK MARK

2715 ✕ \textXSolid MULTIPLICATION X

2716 ✖ \textXSolidBold HEAVY MULTIPLICATION X

2717 ✗ \textXSolidBrush BALLOT X

2719 ✙ \textPlusOutline OUTLINED GREEK CROSS

271A ✚ \textPlus HEAVY GREEK CROSS

271B ✛ \textPlusThinCenterOpen OPEN CENTRE CROSS

271C ✜ \textPlusCenterOpen HEAVY OPEN CENTRE CROSS

271D ✝ \textCross LATIN CROSS

271E ✞ \textCrossOpenShadow SHADOWED WHITE LATIN CROSS

271F ✟ \textCrossOutline OUTLINED LATIN CROSS

2720 ✠ \textCrossMaltese MALTESE CROSS

2721 ✡ \textDavidStar STAR OF DAVID

2722 ✢ \textFourAsterisk FOUR TEARDROP-SPOKED ASTERISK

2723 ✣ \textJackStar FOUR BALLOON-SPOKED ASTERISK

2724 ✤ \textJackStarBold HEAVY FOUR BALLOON-SPOKED ASTERISK

2725 ✥ \textClowerTips FOUR CLUB-SPOKED ASTERISK

2726 ✦ \textFourStar BLACK FOUR POINTED STAR

2727 ✧ \textFourStarOpen WHITE FOUR POINTED STAR

272A ✪ \textFiveStarOpenCircled CIRCLED WHITE STAR

272B ✫ \textFiveStarCenterOpen OPEN CENTRE BLACK STAR

272C ✬ \textFiveStarOpenDotted BLACK CENTRE WHITE STAR

272D ✭ \textFiveStarOutline OUTLINED BLACK STAR

272E ✮ \textFiveStarOutlineHeavy HEAVY OUTLINED BLACK STAR

272F ✯ \textFiveStarConvex PINWHEEL STAR

2730 ✰ \textFiveStarShadow SHADOWED WHITE STAR

2731 ✱ \textAsteriskBold HEAVY ASTERISK

2732 ✲ \textAsteriskCenterOpen OPEN CENTRE ASTERISK

2734 ✴ \textEightStarTaper EIGHT POINTED BLACK STAR

2735 ✵ \textEightStarConvex EIGHT POINTED PINWHEEL STAR
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- [28]

• Near-infrared colored reflective paints 0.27–0.70

USV Symbol Macro(s) Description
26B2 ⚲ \textuncrfemale

\textPUuncrfemale
NEUTER

26B9 ⚹ \texthexstar SEXTILE

26BD ⚽ \textSoccerBall SOCCER BALL

26C5 ⛅ \textSunCload SUN BEHIND CLOUD

26C6 ⛆ \textRain RAIN

26D4 ⛔ \textnoway NO ENTRY

26F0 ⛰ \textMountain MOUNTAIN

26FA ⛺ \textTent TENT

2701 ✁ \textScissorRightBrokenBottom UPPER BLADE SCISSORS

2702 ✂ \textScissorRight BLACK SCISSORS

2703 ✃ \textScissorRightBrokenTop LOWER BLADE SCISSORS

2704 ✄ \textScissorHollowRight WHITE SCISSORS

2706 ✆ \textPhoneHandset TELEPHONE LOCATION SIGN

2707 ✇ \textTape TAPE DRIVE

2708 ✈ \textPlane AIRPLANE

2709 ✉ \textEnvelope ENVELOPE

270C ✌ \textPeace VICTORY HAND

270D ✍ \textWritingHand WRITING HAND

270E ✎ \textPencilRightDown LOWER RIGHT PENCIL

270F ✏ \textPencilRight PENCIL

2710 ✐ \textPencilRightUp UPPER RIGHT PENCIL

2711 ✑ \textNibRight WHITE NIB

2712 ✒ \textNibSolidRight BLACK NIB

2713 ✓ \textCheckmark CHECK MARK

2714 ✔ \textCheckmarkBold HEAVY CHECK MARK

2715 ✕ \textXSolid MULTIPLICATION X

2716 ✖ \textXSolidBold HEAVY MULTIPLICATION X

2717 ✗ \textXSolidBrush BALLOT X

2719 ✙ \textPlusOutline OUTLINED GREEK CROSS

271A ✚ \textPlus HEAVY GREEK CROSS

271B ✛ \textPlusThinCenterOpen OPEN CENTRE CROSS

271C ✜ \textPlusCenterOpen HEAVY OPEN CENTRE CROSS

271D ✝ \textCross LATIN CROSS

271E ✞ \textCrossOpenShadow SHADOWED WHITE LATIN CROSS

271F ✟ \textCrossOutline OUTLINED LATIN CROSS

2720 ✠ \textCrossMaltese MALTESE CROSS

2721 ✡ \textDavidStar STAR OF DAVID

2722 ✢ \textFourAsterisk FOUR TEARDROP-SPOKED ASTERISK

2723 ✣ \textJackStar FOUR BALLOON-SPOKED ASTERISK

2724 ✤ \textJackStarBold HEAVY FOUR BALLOON-SPOKED ASTERISK

2725 ✥ \textClowerTips FOUR CLUB-SPOKED ASTERISK

2726 ✦ \textFourStar BLACK FOUR POINTED STAR

2727 ✧ \textFourStarOpen WHITE FOUR POINTED STAR

272A ✪ \textFiveStarOpenCircled CIRCLED WHITE STAR

272B ✫ \textFiveStarCenterOpen OPEN CENTRE BLACK STAR

272C ✬ \textFiveStarOpenDotted BLACK CENTRE WHITE STAR

272D ✭ \textFiveStarOutline OUTLINED BLACK STAR

272E ✮ \textFiveStarOutlineHeavy HEAVY OUTLINED BLACK STAR

272F ✯ \textFiveStarConvex PINWHEEL STAR

2730 ✰ \textFiveStarShadow SHADOWED WHITE STAR

2731 ✱ \textAsteriskBold HEAVY ASTERISK

2732 ✲ \textAsteriskCenterOpen OPEN CENTRE ASTERISK

2734 ✴ \textEightStarTaper EIGHT POINTED BLACK STAR

2735 ✵ \textEightStarConvex EIGHT POINTED PINWHEEL STAR
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USV Symbol Macro(s) Description
26B2 ⚲ \textuncrfemale

\textPUuncrfemale
NEUTER

26B9 ⚹ \texthexstar SEXTILE

26BD ⚽ \textSoccerBall SOCCER BALL

26C5 ⛅ \textSunCload SUN BEHIND CLOUD

26C6 ⛆ \textRain RAIN

26D4 ⛔ \textnoway NO ENTRY

26F0 ⛰ \textMountain MOUNTAIN

26FA ⛺ \textTent TENT

2701 ✁ \textScissorRightBrokenBottom UPPER BLADE SCISSORS

2702 ✂ \textScissorRight BLACK SCISSORS

2703 ✃ \textScissorRightBrokenTop LOWER BLADE SCISSORS

2704 ✄ \textScissorHollowRight WHITE SCISSORS

2706 ✆ \textPhoneHandset TELEPHONE LOCATION SIGN

2707 ✇ \textTape TAPE DRIVE

2708 ✈ \textPlane AIRPLANE

2709 ✉ \textEnvelope ENVELOPE

270C ✌ \textPeace VICTORY HAND

270D ✍ \textWritingHand WRITING HAND

270E ✎ \textPencilRightDown LOWER RIGHT PENCIL

270F ✏ \textPencilRight PENCIL

2710 ✐ \textPencilRightUp UPPER RIGHT PENCIL

2711 ✑ \textNibRight WHITE NIB

2712 ✒ \textNibSolidRight BLACK NIB

2713 ✓ \textCheckmark CHECK MARK

2714 ✔ \textCheckmarkBold HEAVY CHECK MARK

2715 ✕ \textXSolid MULTIPLICATION X

2716 ✖ \textXSolidBold HEAVY MULTIPLICATION X

2717 ✗ \textXSolidBrush BALLOT X

2719 ✙ \textPlusOutline OUTLINED GREEK CROSS

271A ✚ \textPlus HEAVY GREEK CROSS

271B ✛ \textPlusThinCenterOpen OPEN CENTRE CROSS

271C ✜ \textPlusCenterOpen HEAVY OPEN CENTRE CROSS

271D ✝ \textCross LATIN CROSS

271E ✞ \textCrossOpenShadow SHADOWED WHITE LATIN CROSS

271F ✟ \textCrossOutline OUTLINED LATIN CROSS

2720 ✠ \textCrossMaltese MALTESE CROSS

2721 ✡ \textDavidStar STAR OF DAVID

2722 ✢ \textFourAsterisk FOUR TEARDROP-SPOKED ASTERISK

2723 ✣ \textJackStar FOUR BALLOON-SPOKED ASTERISK

2724 ✤ \textJackStarBold HEAVY FOUR BALLOON-SPOKED ASTERISK

2725 ✥ \textClowerTips FOUR CLUB-SPOKED ASTERISK

2726 ✦ \textFourStar BLACK FOUR POINTED STAR

2727 ✧ \textFourStarOpen WHITE FOUR POINTED STAR

272A ✪ \textFiveStarOpenCircled CIRCLED WHITE STAR

272B ✫ \textFiveStarCenterOpen OPEN CENTRE BLACK STAR

272C ✬ \textFiveStarOpenDotted BLACK CENTRE WHITE STAR

272D ✭ \textFiveStarOutline OUTLINED BLACK STAR

272E ✮ \textFiveStarOutlineHeavy HEAVY OUTLINED BLACK STAR

272F ✯ \textFiveStarConvex PINWHEEL STAR

2730 ✰ \textFiveStarShadow SHADOWED WHITE STAR

2731 ✱ \textAsteriskBold HEAVY ASTERISK

2732 ✲ \textAsteriskCenterOpen OPEN CENTRE ASTERISK

2734 ✴ \textEightStarTaper EIGHT POINTED BLACK STAR

2735 ✵ \textEightStarConvex EIGHT POINTED PINWHEEL STAR
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[29,30]
• High-reflective white paint 0.80–0.90 -

USV Symbol Macro(s) Description
26B2 ⚲ \textuncrfemale

\textPUuncrfemale
NEUTER

26B9 ⚹ \texthexstar SEXTILE

26BD ⚽ \textSoccerBall SOCCER BALL

26C5 ⛅ \textSunCload SUN BEHIND CLOUD

26C6 ⛆ \textRain RAIN

26D4 ⛔ \textnoway NO ENTRY

26F0 ⛰ \textMountain MOUNTAIN

26FA ⛺ \textTent TENT

2701 ✁ \textScissorRightBrokenBottom UPPER BLADE SCISSORS

2702 ✂ \textScissorRight BLACK SCISSORS

2703 ✃ \textScissorRightBrokenTop LOWER BLADE SCISSORS

2704 ✄ \textScissorHollowRight WHITE SCISSORS

2706 ✆ \textPhoneHandset TELEPHONE LOCATION SIGN

2707 ✇ \textTape TAPE DRIVE

2708 ✈ \textPlane AIRPLANE

2709 ✉ \textEnvelope ENVELOPE

270C ✌ \textPeace VICTORY HAND

270D ✍ \textWritingHand WRITING HAND

270E ✎ \textPencilRightDown LOWER RIGHT PENCIL

270F ✏ \textPencilRight PENCIL

2710 ✐ \textPencilRightUp UPPER RIGHT PENCIL

2711 ✑ \textNibRight WHITE NIB

2712 ✒ \textNibSolidRight BLACK NIB

2713 ✓ \textCheckmark CHECK MARK

2714 ✔ \textCheckmarkBold HEAVY CHECK MARK

2715 ✕ \textXSolid MULTIPLICATION X

2716 ✖ \textXSolidBold HEAVY MULTIPLICATION X

2717 ✗ \textXSolidBrush BALLOT X

2719 ✙ \textPlusOutline OUTLINED GREEK CROSS

271A ✚ \textPlus HEAVY GREEK CROSS

271B ✛ \textPlusThinCenterOpen OPEN CENTRE CROSS

271C ✜ \textPlusCenterOpen HEAVY OPEN CENTRE CROSS

271D ✝ \textCross LATIN CROSS

271E ✞ \textCrossOpenShadow SHADOWED WHITE LATIN CROSS

271F ✟ \textCrossOutline OUTLINED LATIN CROSS

2720 ✠ \textCrossMaltese MALTESE CROSS

2721 ✡ \textDavidStar STAR OF DAVID

2722 ✢ \textFourAsterisk FOUR TEARDROP-SPOKED ASTERISK

2723 ✣ \textJackStar FOUR BALLOON-SPOKED ASTERISK

2724 ✤ \textJackStarBold HEAVY FOUR BALLOON-SPOKED ASTERISK

2725 ✥ \textClowerTips FOUR CLUB-SPOKED ASTERISK

2726 ✦ \textFourStar BLACK FOUR POINTED STAR

2727 ✧ \textFourStarOpen WHITE FOUR POINTED STAR

272A ✪ \textFiveStarOpenCircled CIRCLED WHITE STAR

272B ✫ \textFiveStarCenterOpen OPEN CENTRE BLACK STAR

272C ✬ \textFiveStarOpenDotted BLACK CENTRE WHITE STAR

272D ✭ \textFiveStarOutline OUTLINED BLACK STAR

272E ✮ \textFiveStarOutlineHeavy HEAVY OUTLINED BLACK STAR

272F ✯ \textFiveStarConvex PINWHEEL STAR

2730 ✰ \textFiveStarShadow SHADOWED WHITE STAR

2731 ✱ \textAsteriskBold HEAVY ASTERISK

2732 ✲ \textAsteriskCenterOpen OPEN CENTRE ASTERISK

2734 ✴ \textEightStarTaper EIGHT POINTED BLACK STAR

2735 ✵ \textEightStarConvex EIGHT POINTED PINWHEEL STAR
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Heat reflective paints • Covering all aggregates 0.46–0.57

USV Symbol Macro(s) Description
26B2 ⚲ \textuncrfemale

\textPUuncrfemale
NEUTER

26B9 ⚹ \texthexstar SEXTILE

26BD ⚽ \textSoccerBall SOCCER BALL

26C5 ⛅ \textSunCload SUN BEHIND CLOUD

26C6 ⛆ \textRain RAIN

26D4 ⛔ \textnoway NO ENTRY

26F0 ⛰ \textMountain MOUNTAIN

26FA ⛺ \textTent TENT

2701 ✁ \textScissorRightBrokenBottom UPPER BLADE SCISSORS

2702 ✂ \textScissorRight BLACK SCISSORS

2703 ✃ \textScissorRightBrokenTop LOWER BLADE SCISSORS

2704 ✄ \textScissorHollowRight WHITE SCISSORS

2706 ✆ \textPhoneHandset TELEPHONE LOCATION SIGN

2707 ✇ \textTape TAPE DRIVE

2708 ✈ \textPlane AIRPLANE

2709 ✉ \textEnvelope ENVELOPE

270C ✌ \textPeace VICTORY HAND

270D ✍ \textWritingHand WRITING HAND

270E ✎ \textPencilRightDown LOWER RIGHT PENCIL

270F ✏ \textPencilRight PENCIL

2710 ✐ \textPencilRightUp UPPER RIGHT PENCIL

2711 ✑ \textNibRight WHITE NIB

2712 ✒ \textNibSolidRight BLACK NIB

2713 ✓ \textCheckmark CHECK MARK

2714 ✔ \textCheckmarkBold HEAVY CHECK MARK

2715 ✕ \textXSolid MULTIPLICATION X

2716 ✖ \textXSolidBold HEAVY MULTIPLICATION X

2717 ✗ \textXSolidBrush BALLOT X

2719 ✙ \textPlusOutline OUTLINED GREEK CROSS

271A ✚ \textPlus HEAVY GREEK CROSS

271B ✛ \textPlusThinCenterOpen OPEN CENTRE CROSS

271C ✜ \textPlusCenterOpen HEAVY OPEN CENTRE CROSS

271D ✝ \textCross LATIN CROSS

271E ✞ \textCrossOpenShadow SHADOWED WHITE LATIN CROSS

271F ✟ \textCrossOutline OUTLINED LATIN CROSS

2720 ✠ \textCrossMaltese MALTESE CROSS

2721 ✡ \textDavidStar STAR OF DAVID

2722 ✢ \textFourAsterisk FOUR TEARDROP-SPOKED ASTERISK

2723 ✣ \textJackStar FOUR BALLOON-SPOKED ASTERISK

2724 ✤ \textJackStarBold HEAVY FOUR BALLOON-SPOKED ASTERISK

2725 ✥ \textClowerTips FOUR CLUB-SPOKED ASTERISK

2726 ✦ \textFourStar BLACK FOUR POINTED STAR

2727 ✧ \textFourStarOpen WHITE FOUR POINTED STAR

272A ✪ \textFiveStarOpenCircled CIRCLED WHITE STAR

272B ✫ \textFiveStarCenterOpen OPEN CENTRE BLACK STAR

272C ✬ \textFiveStarOpenDotted BLACK CENTRE WHITE STAR

272D ✭ \textFiveStarOutline OUTLINED BLACK STAR

272E ✮ \textFiveStarOutlineHeavy HEAVY OUTLINED BLACK STAR

272F ✯ \textFiveStarConvex PINWHEEL STAR

2730 ✰ \textFiveStarShadow SHADOWED WHITE STAR

2731 ✱ \textAsteriskBold HEAVY ASTERISK

2732 ✲ \textAsteriskCenterOpen OPEN CENTRE ASTERISK

2734 ✴ \textEightStarTaper EIGHT POINTED BLACK STAR

2735 ✵ \textEightStarConvex EIGHT POINTED PINWHEEL STAR
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- [27,31]
• Covering surface aggregates 0.25–0.60

USV Symbol Macro(s) Description
26B2 ⚲ \textuncrfemale

\textPUuncrfemale
NEUTER

26B9 ⚹ \texthexstar SEXTILE

26BD ⚽ \textSoccerBall SOCCER BALL

26C5 ⛅ \textSunCload SUN BEHIND CLOUD

26C6 ⛆ \textRain RAIN

26D4 ⛔ \textnoway NO ENTRY

26F0 ⛰ \textMountain MOUNTAIN

26FA ⛺ \textTent TENT

2701 ✁ \textScissorRightBrokenBottom UPPER BLADE SCISSORS

2702 ✂ \textScissorRight BLACK SCISSORS

2703 ✃ \textScissorRightBrokenTop LOWER BLADE SCISSORS

2704 ✄ \textScissorHollowRight WHITE SCISSORS

2706 ✆ \textPhoneHandset TELEPHONE LOCATION SIGN

2707 ✇ \textTape TAPE DRIVE

2708 ✈ \textPlane AIRPLANE

2709 ✉ \textEnvelope ENVELOPE

270C ✌ \textPeace VICTORY HAND

270D ✍ \textWritingHand WRITING HAND

270E ✎ \textPencilRightDown LOWER RIGHT PENCIL

270F ✏ \textPencilRight PENCIL

2710 ✐ \textPencilRightUp UPPER RIGHT PENCIL

2711 ✑ \textNibRight WHITE NIB

2712 ✒ \textNibSolidRight BLACK NIB

2713 ✓ \textCheckmark CHECK MARK

2714 ✔ \textCheckmarkBold HEAVY CHECK MARK

2715 ✕ \textXSolid MULTIPLICATION X

2716 ✖ \textXSolidBold HEAVY MULTIPLICATION X

2717 ✗ \textXSolidBrush BALLOT X

2719 ✙ \textPlusOutline OUTLINED GREEK CROSS

271A ✚ \textPlus HEAVY GREEK CROSS

271B ✛ \textPlusThinCenterOpen OPEN CENTRE CROSS

271C ✜ \textPlusCenterOpen HEAVY OPEN CENTRE CROSS

271D ✝ \textCross LATIN CROSS

271E ✞ \textCrossOpenShadow SHADOWED WHITE LATIN CROSS

271F ✟ \textCrossOutline OUTLINED LATIN CROSS

2720 ✠ \textCrossMaltese MALTESE CROSS

2721 ✡ \textDavidStar STAR OF DAVID

2722 ✢ \textFourAsterisk FOUR TEARDROP-SPOKED ASTERISK

2723 ✣ \textJackStar FOUR BALLOON-SPOKED ASTERISK

2724 ✤ \textJackStarBold HEAVY FOUR BALLOON-SPOKED ASTERISK

2725 ✥ \textClowerTips FOUR CLUB-SPOKED ASTERISK

2726 ✦ \textFourStar BLACK FOUR POINTED STAR

2727 ✧ \textFourStarOpen WHITE FOUR POINTED STAR

272A ✪ \textFiveStarOpenCircled CIRCLED WHITE STAR

272B ✫ \textFiveStarCenterOpen OPEN CENTRE BLACK STAR

272C ✬ \textFiveStarOpenDotted BLACK CENTRE WHITE STAR

272D ✭ \textFiveStarOutline OUTLINED BLACK STAR

272E ✮ \textFiveStarOutlineHeavy HEAVY OUTLINED BLACK STAR

272F ✯ \textFiveStarConvex PINWHEEL STAR

2730 ✰ \textFiveStarShadow SHADOWED WHITE STAR

2731 ✱ \textAsteriskBold HEAVY ASTERISK

2732 ✲ \textAsteriskCenterOpen OPEN CENTRE ASTERISK

2734 ✴ \textEightStarTaper EIGHT POINTED BLACK STAR

2735 ✵ \textEightStarConvex EIGHT POINTED PINWHEEL STAR
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- [27]

Chip seals

High-albedo aggregates bond in liquid asphalt. It is
only used on roads with low traffic volumes, and is
most effective when applied on large, exposed areas,
such as parking lots.

0.29–0.44

USV Symbol Macro(s) Description
26B2 ⚲ \textuncrfemale

\textPUuncrfemale
NEUTER

26B9 ⚹ \texthexstar SEXTILE

26BD ⚽ \textSoccerBall SOCCER BALL

26C5 ⛅ \textSunCload SUN BEHIND CLOUD

26C6 ⛆ \textRain RAIN

26D4 ⛔ \textnoway NO ENTRY

26F0 ⛰ \textMountain MOUNTAIN

26FA ⛺ \textTent TENT

2701 ✁ \textScissorRightBrokenBottom UPPER BLADE SCISSORS

2702 ✂ \textScissorRight BLACK SCISSORS

2703 ✃ \textScissorRightBrokenTop LOWER BLADE SCISSORS

2704 ✄ \textScissorHollowRight WHITE SCISSORS

2706 ✆ \textPhoneHandset TELEPHONE LOCATION SIGN

2707 ✇ \textTape TAPE DRIVE

2708 ✈ \textPlane AIRPLANE

2709 ✉ \textEnvelope ENVELOPE

270C ✌ \textPeace VICTORY HAND

270D ✍ \textWritingHand WRITING HAND

270E ✎ \textPencilRightDown LOWER RIGHT PENCIL

270F ✏ \textPencilRight PENCIL

2710 ✐ \textPencilRightUp UPPER RIGHT PENCIL

2711 ✑ \textNibRight WHITE NIB

2712 ✒ \textNibSolidRight BLACK NIB

2713 ✓ \textCheckmark CHECK MARK

2714 ✔ \textCheckmarkBold HEAVY CHECK MARK

2715 ✕ \textXSolid MULTIPLICATION X

2716 ✖ \textXSolidBold HEAVY MULTIPLICATION X

2717 ✗ \textXSolidBrush BALLOT X

2719 ✙ \textPlusOutline OUTLINED GREEK CROSS

271A ✚ \textPlus HEAVY GREEK CROSS

271B ✛ \textPlusThinCenterOpen OPEN CENTRE CROSS

271C ✜ \textPlusCenterOpen HEAVY OPEN CENTRE CROSS

271D ✝ \textCross LATIN CROSS

271E ✞ \textCrossOpenShadow SHADOWED WHITE LATIN CROSS

271F ✟ \textCrossOutline OUTLINED LATIN CROSS

2720 ✠ \textCrossMaltese MALTESE CROSS

2721 ✡ \textDavidStar STAR OF DAVID

2722 ✢ \textFourAsterisk FOUR TEARDROP-SPOKED ASTERISK

2723 ✣ \textJackStar FOUR BALLOON-SPOKED ASTERISK

2724 ✤ \textJackStarBold HEAVY FOUR BALLOON-SPOKED ASTERISK

2725 ✥ \textClowerTips FOUR CLUB-SPOKED ASTERISK

2726 ✦ \textFourStar BLACK FOUR POINTED STAR

2727 ✧ \textFourStarOpen WHITE FOUR POINTED STAR

272A ✪ \textFiveStarOpenCircled CIRCLED WHITE STAR

272B ✫ \textFiveStarCenterOpen OPEN CENTRE BLACK STAR

272C ✬ \textFiveStarOpenDotted BLACK CENTRE WHITE STAR

272D ✭ \textFiveStarOutline OUTLINED BLACK STAR

272E ✮ \textFiveStarOutlineHeavy HEAVY OUTLINED BLACK STAR

272F ✯ \textFiveStarConvex PINWHEEL STAR

2730 ✰ \textFiveStarShadow SHADOWED WHITE STAR

2731 ✱ \textAsteriskBold HEAVY ASTERISK

2732 ✲ \textAsteriskCenterOpen OPEN CENTRE ASTERISK

2734 ✴ \textEightStarTaper EIGHT POINTED BLACK STAR

2735 ✵ \textEightStarConvex EIGHT POINTED PINWHEEL STAR
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USV Symbol Macro(s) Description
26B2 ⚲ \textuncrfemale

\textPUuncrfemale
NEUTER

26B9 ⚹ \texthexstar SEXTILE

26BD ⚽ \textSoccerBall SOCCER BALL

26C5 ⛅ \textSunCload SUN BEHIND CLOUD

26C6 ⛆ \textRain RAIN

26D4 ⛔ \textnoway NO ENTRY

26F0 ⛰ \textMountain MOUNTAIN

26FA ⛺ \textTent TENT

2701 ✁ \textScissorRightBrokenBottom UPPER BLADE SCISSORS

2702 ✂ \textScissorRight BLACK SCISSORS

2703 ✃ \textScissorRightBrokenTop LOWER BLADE SCISSORS

2704 ✄ \textScissorHollowRight WHITE SCISSORS

2706 ✆ \textPhoneHandset TELEPHONE LOCATION SIGN

2707 ✇ \textTape TAPE DRIVE

2708 ✈ \textPlane AIRPLANE

2709 ✉ \textEnvelope ENVELOPE

270C ✌ \textPeace VICTORY HAND

270D ✍ \textWritingHand WRITING HAND

270E ✎ \textPencilRightDown LOWER RIGHT PENCIL

270F ✏ \textPencilRight PENCIL

2710 ✐ \textPencilRightUp UPPER RIGHT PENCIL

2711 ✑ \textNibRight WHITE NIB

2712 ✒ \textNibSolidRight BLACK NIB

2713 ✓ \textCheckmark CHECK MARK

2714 ✔ \textCheckmarkBold HEAVY CHECK MARK

2715 ✕ \textXSolid MULTIPLICATION X

2716 ✖ \textXSolidBold HEAVY MULTIPLICATION X

2717 ✗ \textXSolidBrush BALLOT X

2719 ✙ \textPlusOutline OUTLINED GREEK CROSS

271A ✚ \textPlus HEAVY GREEK CROSS

271B ✛ \textPlusThinCenterOpen OPEN CENTRE CROSS

271C ✜ \textPlusCenterOpen HEAVY OPEN CENTRE CROSS

271D ✝ \textCross LATIN CROSS

271E ✞ \textCrossOpenShadow SHADOWED WHITE LATIN CROSS

271F ✟ \textCrossOutline OUTLINED LATIN CROSS

2720 ✠ \textCrossMaltese MALTESE CROSS

2721 ✡ \textDavidStar STAR OF DAVID

2722 ✢ \textFourAsterisk FOUR TEARDROP-SPOKED ASTERISK

2723 ✣ \textJackStar FOUR BALLOON-SPOKED ASTERISK

2724 ✤ \textJackStarBold HEAVY FOUR BALLOON-SPOKED ASTERISK

2725 ✥ \textClowerTips FOUR CLUB-SPOKED ASTERISK

2726 ✦ \textFourStar BLACK FOUR POINTED STAR

2727 ✧ \textFourStarOpen WHITE FOUR POINTED STAR

272A ✪ \textFiveStarOpenCircled CIRCLED WHITE STAR

272B ✫ \textFiveStarCenterOpen OPEN CENTRE BLACK STAR

272C ✬ \textFiveStarOpenDotted BLACK CENTRE WHITE STAR

272D ✭ \textFiveStarOutline OUTLINED BLACK STAR

272E ✮ \textFiveStarOutlineHeavy HEAVY OUTLINED BLACK STAR

272F ✯ \textFiveStarConvex PINWHEEL STAR

2730 ✰ \textFiveStarShadow SHADOWED WHITE STAR

2731 ✱ \textAsteriskBold HEAVY ASTERISK

2732 ✲ \textAsteriskCenterOpen OPEN CENTRE ASTERISK

2734 ✴ \textEightStarTaper EIGHT POINTED BLACK STAR

2735 ✵ \textEightStarConvex EIGHT POINTED PINWHEEL STAR
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[27,32]

Slurry seals

Mix containing asphalt emulsion, graded aggregate,
additives, and water, acting as a hardwearing cover
for the existing pavement. It is mainly suitable for low-
volume traffic roads.

0.30–0.45

USV Symbol Macro(s) Description
26B2 ⚲ \textuncrfemale

\textPUuncrfemale
NEUTER

26B9 ⚹ \texthexstar SEXTILE

26BD ⚽ \textSoccerBall SOCCER BALL

26C5 ⛅ \textSunCload SUN BEHIND CLOUD

26C6 ⛆ \textRain RAIN

26D4 ⛔ \textnoway NO ENTRY

26F0 ⛰ \textMountain MOUNTAIN

26FA ⛺ \textTent TENT

2701 ✁ \textScissorRightBrokenBottom UPPER BLADE SCISSORS

2702 ✂ \textScissorRight BLACK SCISSORS

2703 ✃ \textScissorRightBrokenTop LOWER BLADE SCISSORS

2704 ✄ \textScissorHollowRight WHITE SCISSORS

2706 ✆ \textPhoneHandset TELEPHONE LOCATION SIGN

2707 ✇ \textTape TAPE DRIVE

2708 ✈ \textPlane AIRPLANE

2709 ✉ \textEnvelope ENVELOPE

270C ✌ \textPeace VICTORY HAND

270D ✍ \textWritingHand WRITING HAND

270E ✎ \textPencilRightDown LOWER RIGHT PENCIL

270F ✏ \textPencilRight PENCIL

2710 ✐ \textPencilRightUp UPPER RIGHT PENCIL

2711 ✑ \textNibRight WHITE NIB

2712 ✒ \textNibSolidRight BLACK NIB

2713 ✓ \textCheckmark CHECK MARK

2714 ✔ \textCheckmarkBold HEAVY CHECK MARK

2715 ✕ \textXSolid MULTIPLICATION X

2716 ✖ \textXSolidBold HEAVY MULTIPLICATION X

2717 ✗ \textXSolidBrush BALLOT X

2719 ✙ \textPlusOutline OUTLINED GREEK CROSS

271A ✚ \textPlus HEAVY GREEK CROSS

271B ✛ \textPlusThinCenterOpen OPEN CENTRE CROSS

271C ✜ \textPlusCenterOpen HEAVY OPEN CENTRE CROSS

271D ✝ \textCross LATIN CROSS

271E ✞ \textCrossOpenShadow SHADOWED WHITE LATIN CROSS

271F ✟ \textCrossOutline OUTLINED LATIN CROSS

2720 ✠ \textCrossMaltese MALTESE CROSS

2721 ✡ \textDavidStar STAR OF DAVID

2722 ✢ \textFourAsterisk FOUR TEARDROP-SPOKED ASTERISK

2723 ✣ \textJackStar FOUR BALLOON-SPOKED ASTERISK

2724 ✤ \textJackStarBold HEAVY FOUR BALLOON-SPOKED ASTERISK

2725 ✥ \textClowerTips FOUR CLUB-SPOKED ASTERISK

2726 ✦ \textFourStar BLACK FOUR POINTED STAR

2727 ✧ \textFourStarOpen WHITE FOUR POINTED STAR

272A ✪ \textFiveStarOpenCircled CIRCLED WHITE STAR

272B ✫ \textFiveStarCenterOpen OPEN CENTRE BLACK STAR

272C ✬ \textFiveStarOpenDotted BLACK CENTRE WHITE STAR

272D ✭ \textFiveStarOutline OUTLINED BLACK STAR

272E ✮ \textFiveStarOutlineHeavy HEAVY OUTLINED BLACK STAR

272F ✯ \textFiveStarConvex PINWHEEL STAR

2730 ✰ \textFiveStarShadow SHADOWED WHITE STAR

2731 ✱ \textAsteriskBold HEAVY ASTERISK

2732 ✲ \textAsteriskCenterOpen OPEN CENTRE ASTERISK

2734 ✴ \textEightStarTaper EIGHT POINTED BLACK STAR

2735 ✵ \textEightStarConvex EIGHT POINTED PINWHEEL STAR
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USV Symbol Macro(s) Description
26B2 ⚲ \textuncrfemale

\textPUuncrfemale
NEUTER

26B9 ⚹ \texthexstar SEXTILE

26BD ⚽ \textSoccerBall SOCCER BALL

26C5 ⛅ \textSunCload SUN BEHIND CLOUD

26C6 ⛆ \textRain RAIN

26D4 ⛔ \textnoway NO ENTRY

26F0 ⛰ \textMountain MOUNTAIN

26FA ⛺ \textTent TENT

2701 ✁ \textScissorRightBrokenBottom UPPER BLADE SCISSORS

2702 ✂ \textScissorRight BLACK SCISSORS

2703 ✃ \textScissorRightBrokenTop LOWER BLADE SCISSORS

2704 ✄ \textScissorHollowRight WHITE SCISSORS

2706 ✆ \textPhoneHandset TELEPHONE LOCATION SIGN

2707 ✇ \textTape TAPE DRIVE

2708 ✈ \textPlane AIRPLANE

2709 ✉ \textEnvelope ENVELOPE

270C ✌ \textPeace VICTORY HAND

270D ✍ \textWritingHand WRITING HAND

270E ✎ \textPencilRightDown LOWER RIGHT PENCIL

270F ✏ \textPencilRight PENCIL

2710 ✐ \textPencilRightUp UPPER RIGHT PENCIL

2711 ✑ \textNibRight WHITE NIB

2712 ✒ \textNibSolidRight BLACK NIB

2713 ✓ \textCheckmark CHECK MARK

2714 ✔ \textCheckmarkBold HEAVY CHECK MARK

2715 ✕ \textXSolid MULTIPLICATION X

2716 ✖ \textXSolidBold HEAVY MULTIPLICATION X

2717 ✗ \textXSolidBrush BALLOT X

2719 ✙ \textPlusOutline OUTLINED GREEK CROSS

271A ✚ \textPlus HEAVY GREEK CROSS

271B ✛ \textPlusThinCenterOpen OPEN CENTRE CROSS

271C ✜ \textPlusCenterOpen HEAVY OPEN CENTRE CROSS

271D ✝ \textCross LATIN CROSS

271E ✞ \textCrossOpenShadow SHADOWED WHITE LATIN CROSS

271F ✟ \textCrossOutline OUTLINED LATIN CROSS

2720 ✠ \textCrossMaltese MALTESE CROSS

2721 ✡ \textDavidStar STAR OF DAVID

2722 ✢ \textFourAsterisk FOUR TEARDROP-SPOKED ASTERISK

2723 ✣ \textJackStar FOUR BALLOON-SPOKED ASTERISK

2724 ✤ \textJackStarBold HEAVY FOUR BALLOON-SPOKED ASTERISK

2725 ✥ \textClowerTips FOUR CLUB-SPOKED ASTERISK

2726 ✦ \textFourStar BLACK FOUR POINTED STAR

2727 ✧ \textFourStarOpen WHITE FOUR POINTED STAR

272A ✪ \textFiveStarOpenCircled CIRCLED WHITE STAR

272B ✫ \textFiveStarCenterOpen OPEN CENTRE BLACK STAR

272C ✬ \textFiveStarOpenDotted BLACK CENTRE WHITE STAR

272D ✭ \textFiveStarOutline OUTLINED BLACK STAR

272E ✮ \textFiveStarOutlineHeavy HEAVY OUTLINED BLACK STAR

272F ✯ \textFiveStarConvex PINWHEEL STAR

2730 ✰ \textFiveStarShadow SHADOWED WHITE STAR

2731 ✱ \textAsteriskBold HEAVY ASTERISK

2732 ✲ \textAsteriskCenterOpen OPEN CENTRE ASTERISK

2734 ✴ \textEightStarTaper EIGHT POINTED BLACK STAR

2735 ✵ \textEightStarConvex EIGHT POINTED PINWHEEL STAR
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[27,32]

Whitetopping

Resurfacing of aged pavements by a layer—around
10 cm—of light colored Portland cement concrete, often
containing fibers for added strength. Appropriate
method for roads with medium to high traffic
volumes, and parking lots, as it is characterized by
elevated structural capacity and good grip, which
favors road safety.

0.30–0.45

USV Symbol Macro(s) Description
26B2 ⚲ \textuncrfemale

\textPUuncrfemale
NEUTER

26B9 ⚹ \texthexstar SEXTILE

26BD ⚽ \textSoccerBall SOCCER BALL

26C5 ⛅ \textSunCload SUN BEHIND CLOUD

26C6 ⛆ \textRain RAIN

26D4 ⛔ \textnoway NO ENTRY

26F0 ⛰ \textMountain MOUNTAIN

26FA ⛺ \textTent TENT

2701 ✁ \textScissorRightBrokenBottom UPPER BLADE SCISSORS

2702 ✂ \textScissorRight BLACK SCISSORS

2703 ✃ \textScissorRightBrokenTop LOWER BLADE SCISSORS

2704 ✄ \textScissorHollowRight WHITE SCISSORS

2706 ✆ \textPhoneHandset TELEPHONE LOCATION SIGN

2707 ✇ \textTape TAPE DRIVE

2708 ✈ \textPlane AIRPLANE

2709 ✉ \textEnvelope ENVELOPE

270C ✌ \textPeace VICTORY HAND

270D ✍ \textWritingHand WRITING HAND

270E ✎ \textPencilRightDown LOWER RIGHT PENCIL

270F ✏ \textPencilRight PENCIL

2710 ✐ \textPencilRightUp UPPER RIGHT PENCIL

2711 ✑ \textNibRight WHITE NIB

2712 ✒ \textNibSolidRight BLACK NIB

2713 ✓ \textCheckmark CHECK MARK

2714 ✔ \textCheckmarkBold HEAVY CHECK MARK

2715 ✕ \textXSolid MULTIPLICATION X

2716 ✖ \textXSolidBold HEAVY MULTIPLICATION X

2717 ✗ \textXSolidBrush BALLOT X

2719 ✙ \textPlusOutline OUTLINED GREEK CROSS

271A ✚ \textPlus HEAVY GREEK CROSS

271B ✛ \textPlusThinCenterOpen OPEN CENTRE CROSS

271C ✜ \textPlusCenterOpen HEAVY OPEN CENTRE CROSS

271D ✝ \textCross LATIN CROSS

271E ✞ \textCrossOpenShadow SHADOWED WHITE LATIN CROSS

271F ✟ \textCrossOutline OUTLINED LATIN CROSS

2720 ✠ \textCrossMaltese MALTESE CROSS

2721 ✡ \textDavidStar STAR OF DAVID

2722 ✢ \textFourAsterisk FOUR TEARDROP-SPOKED ASTERISK

2723 ✣ \textJackStar FOUR BALLOON-SPOKED ASTERISK

2724 ✤ \textJackStarBold HEAVY FOUR BALLOON-SPOKED ASTERISK

2725 ✥ \textClowerTips FOUR CLUB-SPOKED ASTERISK

2726 ✦ \textFourStar BLACK FOUR POINTED STAR

2727 ✧ \textFourStarOpen WHITE FOUR POINTED STAR

272A ✪ \textFiveStarOpenCircled CIRCLED WHITE STAR

272B ✫ \textFiveStarCenterOpen OPEN CENTRE BLACK STAR

272C ✬ \textFiveStarOpenDotted BLACK CENTRE WHITE STAR

272D ✭ \textFiveStarOutline OUTLINED BLACK STAR

272E ✮ \textFiveStarOutlineHeavy HEAVY OUTLINED BLACK STAR

272F ✯ \textFiveStarConvex PINWHEEL STAR

2730 ✰ \textFiveStarShadow SHADOWED WHITE STAR

2731 ✱ \textAsteriskBold HEAVY ASTERISK

2732 ✲ \textAsteriskCenterOpen OPEN CENTRE ASTERISK

2734 ✴ \textEightStarTaper EIGHT POINTED BLACK STAR

2735 ✵ \textEightStarConvex EIGHT POINTED PINWHEEL STAR
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USV Symbol Macro(s) Description
26B2 ⚲ \textuncrfemale

\textPUuncrfemale
NEUTER

26B9 ⚹ \texthexstar SEXTILE

26BD ⚽ \textSoccerBall SOCCER BALL

26C5 ⛅ \textSunCload SUN BEHIND CLOUD

26C6 ⛆ \textRain RAIN

26D4 ⛔ \textnoway NO ENTRY

26F0 ⛰ \textMountain MOUNTAIN

26FA ⛺ \textTent TENT

2701 ✁ \textScissorRightBrokenBottom UPPER BLADE SCISSORS

2702 ✂ \textScissorRight BLACK SCISSORS

2703 ✃ \textScissorRightBrokenTop LOWER BLADE SCISSORS

2704 ✄ \textScissorHollowRight WHITE SCISSORS

2706 ✆ \textPhoneHandset TELEPHONE LOCATION SIGN

2707 ✇ \textTape TAPE DRIVE

2708 ✈ \textPlane AIRPLANE

2709 ✉ \textEnvelope ENVELOPE

270C ✌ \textPeace VICTORY HAND

270D ✍ \textWritingHand WRITING HAND

270E ✎ \textPencilRightDown LOWER RIGHT PENCIL

270F ✏ \textPencilRight PENCIL

2710 ✐ \textPencilRightUp UPPER RIGHT PENCIL

2711 ✑ \textNibRight WHITE NIB

2712 ✒ \textNibSolidRight BLACK NIB

2713 ✓ \textCheckmark CHECK MARK

2714 ✔ \textCheckmarkBold HEAVY CHECK MARK

2715 ✕ \textXSolid MULTIPLICATION X

2716 ✖ \textXSolidBold HEAVY MULTIPLICATION X

2717 ✗ \textXSolidBrush BALLOT X

2719 ✙ \textPlusOutline OUTLINED GREEK CROSS

271A ✚ \textPlus HEAVY GREEK CROSS

271B ✛ \textPlusThinCenterOpen OPEN CENTRE CROSS

271C ✜ \textPlusCenterOpen HEAVY OPEN CENTRE CROSS

271D ✝ \textCross LATIN CROSS

271E ✞ \textCrossOpenShadow SHADOWED WHITE LATIN CROSS

271F ✟ \textCrossOutline OUTLINED LATIN CROSS

2720 ✠ \textCrossMaltese MALTESE CROSS

2721 ✡ \textDavidStar STAR OF DAVID

2722 ✢ \textFourAsterisk FOUR TEARDROP-SPOKED ASTERISK

2723 ✣ \textJackStar FOUR BALLOON-SPOKED ASTERISK

2724 ✤ \textJackStarBold HEAVY FOUR BALLOON-SPOKED ASTERISK

2725 ✥ \textClowerTips FOUR CLUB-SPOKED ASTERISK

2726 ✦ \textFourStar BLACK FOUR POINTED STAR

2727 ✧ \textFourStarOpen WHITE FOUR POINTED STAR

272A ✪ \textFiveStarOpenCircled CIRCLED WHITE STAR

272B ✫ \textFiveStarCenterOpen OPEN CENTRE BLACK STAR

272C ✬ \textFiveStarOpenDotted BLACK CENTRE WHITE STAR

272D ✭ \textFiveStarOutline OUTLINED BLACK STAR

272E ✮ \textFiveStarOutlineHeavy HEAVY OUTLINED BLACK STAR

272F ✯ \textFiveStarConvex PINWHEEL STAR

2730 ✰ \textFiveStarShadow SHADOWED WHITE STAR

2731 ✱ \textAsteriskBold HEAVY ASTERISK

2732 ✲ \textAsteriskCenterOpen OPEN CENTRE ASTERISK

2734 ✴ \textEightStarTaper EIGHT POINTED BLACK STAR

2735 ✵ \textEightStarConvex EIGHT POINTED PINWHEEL STAR
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[15,27,33,34]

Microsurfacing

Rehabilitation technique that consists of a thin sealing
layer of bituminous mixture. Light-colored materials
can be used to increase the solar reflectance of asphalt.
It provides a durable, highly skid-resistant surface,
reduces maintenance costs, and increases the
pavement life. Appropriate for roads with all
conditions of vehicular traffic.

0.35–0.65

USV Symbol Macro(s) Description
26B2 ⚲ \textuncrfemale

\textPUuncrfemale
NEUTER

26B9 ⚹ \texthexstar SEXTILE

26BD ⚽ \textSoccerBall SOCCER BALL

26C5 ⛅ \textSunCload SUN BEHIND CLOUD

26C6 ⛆ \textRain RAIN

26D4 ⛔ \textnoway NO ENTRY

26F0 ⛰ \textMountain MOUNTAIN

26FA ⛺ \textTent TENT

2701 ✁ \textScissorRightBrokenBottom UPPER BLADE SCISSORS

2702 ✂ \textScissorRight BLACK SCISSORS

2703 ✃ \textScissorRightBrokenTop LOWER BLADE SCISSORS

2704 ✄ \textScissorHollowRight WHITE SCISSORS

2706 ✆ \textPhoneHandset TELEPHONE LOCATION SIGN

2707 ✇ \textTape TAPE DRIVE

2708 ✈ \textPlane AIRPLANE

2709 ✉ \textEnvelope ENVELOPE

270C ✌ \textPeace VICTORY HAND

270D ✍ \textWritingHand WRITING HAND

270E ✎ \textPencilRightDown LOWER RIGHT PENCIL

270F ✏ \textPencilRight PENCIL

2710 ✐ \textPencilRightUp UPPER RIGHT PENCIL

2711 ✑ \textNibRight WHITE NIB

2712 ✒ \textNibSolidRight BLACK NIB

2713 ✓ \textCheckmark CHECK MARK

2714 ✔ \textCheckmarkBold HEAVY CHECK MARK

2715 ✕ \textXSolid MULTIPLICATION X

2716 ✖ \textXSolidBold HEAVY MULTIPLICATION X

2717 ✗ \textXSolidBrush BALLOT X

2719 ✙ \textPlusOutline OUTLINED GREEK CROSS

271A ✚ \textPlus HEAVY GREEK CROSS

271B ✛ \textPlusThinCenterOpen OPEN CENTRE CROSS

271C ✜ \textPlusCenterOpen HEAVY OPEN CENTRE CROSS

271D ✝ \textCross LATIN CROSS

271E ✞ \textCrossOpenShadow SHADOWED WHITE LATIN CROSS

271F ✟ \textCrossOutline OUTLINED LATIN CROSS

2720 ✠ \textCrossMaltese MALTESE CROSS

2721 ✡ \textDavidStar STAR OF DAVID

2722 ✢ \textFourAsterisk FOUR TEARDROP-SPOKED ASTERISK

2723 ✣ \textJackStar FOUR BALLOON-SPOKED ASTERISK

2724 ✤ \textJackStarBold HEAVY FOUR BALLOON-SPOKED ASTERISK

2725 ✥ \textClowerTips FOUR CLUB-SPOKED ASTERISK

2726 ✦ \textFourStar BLACK FOUR POINTED STAR

2727 ✧ \textFourStarOpen WHITE FOUR POINTED STAR

272A ✪ \textFiveStarOpenCircled CIRCLED WHITE STAR

272B ✫ \textFiveStarCenterOpen OPEN CENTRE BLACK STAR

272C ✬ \textFiveStarOpenDotted BLACK CENTRE WHITE STAR

272D ✭ \textFiveStarOutline OUTLINED BLACK STAR

272E ✮ \textFiveStarOutlineHeavy HEAVY OUTLINED BLACK STAR

272F ✯ \textFiveStarConvex PINWHEEL STAR

2730 ✰ \textFiveStarShadow SHADOWED WHITE STAR

2731 ✱ \textAsteriskBold HEAVY ASTERISK

2732 ✲ \textAsteriskCenterOpen OPEN CENTRE ASTERISK

2734 ✴ \textEightStarTaper EIGHT POINTED BLACK STAR

2735 ✵ \textEightStarConvex EIGHT POINTED PINWHEEL STAR
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- [27,32,35]

1.1.2. Evaporative Pavements

Evaporative pavements are designed for holding water for evaporative cooling pur-
poses (i.e., the use of latent heat emissions due to evaporation to reduce surface tempera-
tures) and for avoiding stormwater runoff. These solutions are characterized by a higher
amount of air voids than common pavements. The increased degree of air voids favors the
infiltration of water both from the soil below and from the surface; therefore, part of the
energy absorbed is diverted to water evaporation, reducing the heat emission [36]. As the
evaporation process consumes energy, scientific literature reports that evaporative pave-
ments help to reduce the surface temperature of the pavement up to about 20 ◦C compared
to conventional ones [18,37–39]. A recent study from Vaillancourt et al. demonstrated that,
if well-constructed and maintained, permeable pavements can reduce peak runoff flow
rates and runoff volumes, and that this is true also when installed over poorly draining
soils. Furthermore, infiltration rates are maintained during winter also in cold climates. In-
deed, the air voids in the pavements insulate the sub-base and prevent it from freezing [40].
Other environmental benefits of evaporative pavements include (i) groundwater recharge,
(ii) reduction of the discharge of pollutants, (iii) air quality improvement, and (iv) noise
reduction on roads and highways [15,18,41].

Evaporative pavements include porous, permeable, pervious, and water-retaining
solutions [15]. The characteristics and fields of application of each solution are detailed
in Table 2.
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Table 2. Technologies and solutions for evaporative pavements.

Technology/Solution Description Application Ref.

Porous pavers

Present a higher porosity than conventional
impermeable
pavements. The presence of holes and connected
pores allows
water to flow through the material and to be
stored when wet.
The pavers generally present an interlocking
structure, which
can be filled with soil, gravel, or grass, the latter
having the most
significant cooling effect.

Non-road surfaces [15,42]

Permeable pavements

Are constituted by concrete or clay bricks; the
blocks themselves
are impermeable but are disposed to leave small
openings that
allow water flow. Benefits include not only the
mitigation of
urban temperatures, but also the reduction of
stormwater
runoff, and the improvement of vehicles safety
thanks to the
increased friction properties.

Roads and non-roads surfaces [15,43,44]

Pervious pavements

Special type of concrete pavements with high
porosity level,
which allow the flow of water. These include
porous asphalt
concrete, which can also be used on roads by
laying a layer over
the impermeable surface; this allows absorbing
rainwater and
diverting it to the side. Benefits encompass a
cooling effect
during dry periods, and road safety.

Roads and highways [15,45]

Water-retentive pavements

Cement- or asphalt-based pavers in which the
rainwater is kept
in the layer close to their upper surface by
water-retentive fillers.

Roads and non-road surfaces [37,46–48]

2. Background
2.1. Geography and Climate of Padua

The city of Padua (45.41◦ N, 11.88◦ E) is located in the Veneto region, northern Italy, in
a flat land (i.e., Po Valley) at an altitude of 12 m above sea level. Covering an area of around
93 km2, with a population of 210,000 inhabitants (as of 2019) [49], Padua is the capital of
the province and its economic and communications hub. The city is characterized by a
climate in transition between humid subtropical and Mediterranean (Cfa and Csa/Csb
according to the Köppen-Geiger classification [50]), with cold winters and hot summers
(i.e., average air temperature (Tair) of 4.4 ◦C in January, and 25.2 ◦C in July) [51].

A recent analysis of climate change risks in Italy [52] estimated an increase in air
temperature of up to 2 ◦C—which may reach 5 ◦C in the worst case scenario—in the period
2021–2050 compared to the period 1981–2010. Furthermore, it is expected an upsurge in
the number of hot days and periods without rain, whereas intense precipitation events will
also increase. In cities, the major amplifier of climate risk factors is the expected intensifi-
cation of extreme climate phenomena, especially heat waves and intense rainfalls. In this
context, the Veneto region is among the areas in Italy most affected by soil sealing, with
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a share of more than 12% sealed surface [53] This results in several environmental issues,
including the presence of urban heat island, and problems in stormwater management.
A number of studies have confirmed the presence of UHI in Padua, especially during
the summer seasons [51,54–56]. The UHI intensity is almost negligible during daytime,
ranging from 0.4 to 0.8 ◦C, while during night-time is always higher than 4 ◦C, with peaks
up to 9–10 ◦C [54–56]. The UHI results more intense in the historic center, where streets
are characterized by high aspect ratio (i.e., ratio of the mean building height (H) to road
width (W) (H/W)) and small sky view factor (i.e., portion of sky visible from a specific
point inside the urban area (SVF)). It decreases in residential areas characterized by higher
SVF, lower H/W ratio, and by the presence of green areas [54].

2.2. Case Study Area

The district selected as the case study is located in the ZIP, i.e., the industrial area of
Padua. The ZIP, whose development started in 1946, is located in the eastern part of the
city and is one of the largest industrial sites in Europe. It covers an area of over 11 km2,
corresponding to 8.5% of the total municipal area; as a comparison, the historical city center
only covers around 5% (Figure 1a). It hosts more than 1300 industries, for a total of over
50,000 employees [4]. The ZIP presents the typical typical characteristics of Italian industrial
areas developed between 1950 and 1970, with a regular urban geometry composed of large
road axes for the transit of vehicles. It is characterized by a high proportion of land covered
by buildings with large footprints, a wide presence of artificial materials, and a lack of
vegetation. This results in high levels of soil sealing, with very few pervious surfaces.
This is also confirmed by the mapping of the Biotope Area Factor Index, which expresses
the share of ecologically effective area to total land area [57]. Nearly the entire industrial
district is characterized by values equal to zero (i.e., totally impervious area) [53].

Figure 1. Aerial images. (a) Spatial relation between the historical city center (red) and the ZIP industrial district (blue);
(b) case study area. The analyzed district is highlighted in yellow.

The study focused on a representative sector (Figure 1b), with the aim to evaluate the
microclimatic impacts and potential benefits of the redevelopment of ground surfaces.

The analyzed area measures 380 × 400 m and is located in an area of the district not
affected by boundary conditions, such as the cooling from the Piovego river at the west, or
the anthropogenic heat released by the traffic on the motorway located to the east. Figure 2
shows the distribution of the typologies of urban surfaces in the selected district. Permeable
surfaces are mainly associated with the presence of vegetated road dividers and small
private green areas, corresponding to 6% of total horizontal surfaces. Buildings and their
external service areas, together with the road network, cover the major share of the area;
impermeable, artificial materials cover 94% of the horizontal surfaces. These characteristics
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aggravate the risk of flooding in the event of intense rainfalls, and exacerbate the thermal
stress in summer conditions.

Figure 2. Share and extension of surface cover in the case study area.

3. Materials and Methods
3.1. Microclimate Analyses: Objectives, Inputs, and Tools

The microclimate analyses were focused on the following objectives:

1. identification of the major microclimate features of the industrial district in its cur-
rent configuration;

2. assessment of the impacts and benefits of the application of cool materials on
ground surfaces.

In order to accomplish these purposes, the numerical model ENVI-met, version 4.4,
was used. ENVI-met is a 3D prognostic microclimate model able to simulate the surface–
plant–air interactions in urban environments with a temporal resolution of 10 s and spatial
resolution of 0.5–10 m [58]. The software physics is based on the calculation of both fluid
dynamic characteristics, such as airflow and turbulence, and of thermodynamic and at-
mospheric processes [59]. ENVI-met allows one to (i) simulate the airflow around the
structures and determine the complex micro-scale thermal interactions within urban envi-
ronments; (ii) reproduce the diurnal cycle of the main climatic variables; (iii) calculate both
the short-wave and long-wave radiation fluxes, and process the mean radiant temperature
(Tmrt) for each cell of the model; and (iv) simulate the physical and physiological prop-
erties of vegetation [60,61]. In version 4, ENVI-met supports the simulation of complex
vegetation geometries, through a three-dimensional vegetation module, and of water spray,
including fountains. Furthermore, it allows one to “force” the climatic input parameters,
defining their hourly values during the simulation period [59]. The simulations require
two sets of input data: area input file and configuration file. The first contains the 3D
model of the analyzed area, including the layout of the buildings, the materials of the
surfaces, vegetation and soil types, and project location parameters. The latter include the
settings for the initialization of the simulation, such as its start and duration, and the initial
meteorological conditions.
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3.2. Simulation Inputs

The 3D model of the examined block of the Padua industrial area was digitized with a
resolution of 2 m in all directions, resulting in a model area of 190 × 200 cells in the x and
y directions, respectively, and 30 cells in the z-direction. In order to reduce the influence
of climatic boundary conditions at the borders of the model domain, a total number of
six nesting grids with a coarser resolution was set at each the horizontal border [62]. The
geometrical properties of the buildings (i.e., height, etc.), plants (i.e., type, height, volume,
etc.) and ground (i.e., grass, asphalt, etc.) were checked using GIS data, aerial images,
Google Maps 3D visualizations, and photos taken on-site. Thermo-physical and radiative
properties of the urban surfaces were selected according to UNI 11300 [63] and ISO 10456-
2007 [64]. The materials from the ENVI-met database were used for most common surfaces
(e.g., asphalt, concrete, etc.), while the properties of cool pavements were collected from
specific scientific literature, as detailed in Section 3.3.2.

The microclimate conditions were analyzed for the hottest day of summer 24 July
2019, which was selected as representative of typical hot conditions in Padua. The input
climate data were collected from a weather station located in the industrial area, in Corso
Stati Uniti, 2 km southeast of the case study area. These data were used in ENVI-met to
“force” the model by providing the inflow boundaries for air temperature (Tair) and relative
humidity (RH). The start of the simulations was set at 2:00 a.m., and the simulation time
was 30 h, to observe the surface temperatures reached by the urban structure during the
day and night until complete cooling (Table 3).

Table 3. Input data for the configuration of the ENVI-met model, and outputs of the analysis.

Start date and duration of simulation
Start date 24 July at 02:00
Total simulation time (h) 30

Initial meteorological conditions Wind speed (Ws) at 10 m height (m/s) 2.20
Wind direction West–South–West

Simple forcing setup
Tair ( ◦C) min(Tair @ 7:00) = 25.0

max(Tair @ 18:00) = 36.0

RH (%) min(RH @ 18:00) = 32
max(RH @ 7:00) = 73

Solar radiation and clouds
Adjustment factor for solar radiation 1.00
Cover of medium clouds (octas) 2.00

Outputs of the analysis

Air temperature
Relative humidity
Wind speed

Tair (◦C)
RH (%)
Ws (m/s)

Wind direction Wdir (◦)
Short-wave solar radiation IrrSW (W/m2)
Mean radiant temperature Tmrt (◦C)
Surface temperature Ts (◦C)

3.3. Simulation Scenarios: Characterization of Urban Surfaces

The microclimate analyses were conducted in two scenarios: one representative of
the current configuration of the area (i.e., Actual Scenario), and one accounting for a set of
regeneration interventions with cool materials (i.e., Cool Pavements Scenario).

3.3.1. Actual Scenario

In the Actual Scenario (AS), the materials applied on the ground and building surfaces
were maintained unvaried in order to characterize the current microclimate in the district.

The properties of buildings (i.e., height, materials, etc.), vegetation (i.e., type, height,
etc.) and ground cover were selected based on aerial images and photos taken on-site.
Thermo-physical properties were selected according to UNI 11300 [63] and ISO 10456-
2007 [64], while the materials from the ENVI-met database were used for most common
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surfaces (e.g., asphalt, concrete, etc.). With regard to ground surfaces (Table 4), the area
is characterized by the diffused presence of impermeable materials with low albedo, i.e.,
asphalt and concrete. Vegetated areas, mainly grass surfaces and trees, were also included
in the model.

Table 4. Properties of materials assigned to ground surfaces in the Actual Scenario.

Type of
Pavement Albedo Emissivity

Volumetric
Heat Capacity
(J/mc K 10−6)

Thermal
Conductivity

(W/m K)
Ref.

Aged concrete 0.18 0.90 2.083 1.63
[42,65–68]Aged asphalt 0.15 0.90 2.251 0.90

Building surfaces present a higher variety of materials (Figure 3). Roofs materials
include, among others, recently installed or aged black bituminous membranes, white
EPDM (i.e., ethylene propylene diene monomer) membranes, metal roofing, and clay tiles.
The façades are mostly constituted by concrete, and differ by the color of the plaster applied
on them [69]. Table 5 presents the physical properties of the materials used to simulate the
building surfaces in ENVI-met. To reduce the computational time, all the buildings were
simplified in parallelepiped geometric shapes with flat roofs.

Figure 3. Materials assigned to building surfaces.

Table 5. Properties of materials assigned to building surfaces in both scenarios.

Type of Material Thickness
(cm) Albedo Emissivity

Specific
Heat

(J/kg K)

Thermal
Conduct.
(W/m K)

Density
(kg/mc) Ref

R
oo

fs

Bituminous membranes (new) 0.3 0.50 0.90 900 0.23 1200

[64,66,70–72]

Bituminous membranes (aged) 0.3 0.15 0.90 900 0.23 1200
Thermoplastic

membranes—red 0.3 0.40 0.90 900 0.23 1200

EPDM membranes 0.3 0.65 0.80 900 0.23 1200
Metal roofing—grey 2.0 0.40 0.10 4800 45.00 800

Metal roofing—white 2.0 0.60 0.10 4800 45.00 800
Metal roofing—reflective 2.0 0.80 0.10 4800 45.00 800

Clay tiles 5.0 0.55 0.90 840 0.70 2100
Concrete 3.0 0.30 0.90 840 1.30 2100

Fa
ça

de
s White plaster 2.0 0.55 0.90 840 0.70 2100

[64–66,73]Yellow/Pink plaster 2.0 0.40 0.90 840 0.70 2100
Red/Green plaster 2.0 0.30 0.90 840 0.70 2100
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3.3.2. Cool Pavements Scenario

The Cool Pavement Scenario (CPS) analysed the impacts of the use of cool pavements
for the regeneration of the district. The total regenerated ground surface had an extension
of 73,200 m2. Overall, the interventions proposed foresaw the application of reflective
materials on 60,200 m2, and the replacement of impermeable materials with permeable
ones on 13,000 m2. These interventions increased the share of permeable surfaces in the
district to a total of 14%; this also contributes to the discharge of stormwater. Figure 4
shows the distribution of each ground material in the CPS scenario.

Figure 4. Materials assigned to ground surfaces in the Cool Pavements Scenario.

The properties of the materials selected for the regeneration of ground surfaces are
presented in Table 6. Reflective materials were employed on roadways and private service
areas. As these constitute the major share of ground surfaces, the choice was focused on
solutions applicable on the existing materials. Although the replacement of asphalt and
concrete might result in a more incisive intervention, it also entails environmental costs
related to the disposal of waste. Moreover, in particular for the industry service areas,
the application of the cool layer on top of the existing materials would reduce the time
needed for the intervention, and consequently avoid the spaces being out of use for longer
time. Whitetopping was selected for the application on roadways, as it presents a high
resistance to heavy vehicular traffic, a good skid-resistance, and its albedo does not cause
glare issues to drivers [33]. The material applied on the service areas of industries and
companies consists of a colored asphalt coating layer. It presents a high durability of the
reflective properties, high load-bearing capacity, and excellent mechanical strength [33,74].

Evaporative solutions were selected for parking areas and sidewalks to increase the
share of permeable surfaces in the area. Indeed, in industrial areas, which are characterized
by a high share of impermeable surfaces and require large asphalt service areas, the
evaporative pavements can also serve for stormwater management, and for partially
restoring the surface permeability for rainwater drainage, reducing damage and clogging
of water systems during intense rainfall [45,75]. Private car parks were converted from
impermeable asphalt to permeable interlocking concrete blocks. The sidewalks were
designed in pervious concrete, a material suitable for light transit volumes and medium-to-
low albedo, to ensure the visual comfort of users [15,45]. For the parking spaces alongside
the roads, marked with parking lines on the asphalt, the use of grass paver grids was
proposed to favor soil permeability and vegetation growth, both considered in the literature
to be optimal mitigation systems [18,76]. The aim was to create a continuous belt capable
of permeating rainwater in the subsoil, promoting the recharge of the aquifers, and resizing
the water volumes to be discharged by the sewer system.
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Table 6. Properties of materials assigned to ground surfaces in the Cool Pavements Scenario.

Type of Pavement Albedo Emissivity Volumetric Heat Capacity
(J/mc K 10−6)

Heat Conductivity
(W/m K) Ref.

Whitetopping 0.40 0.90 2.083 1.63 [34,64,68,77]
Pervious concrete 0.30 0.90 1.750 2.33 [15,64,78]
Colored asphalt 0.27 0.90 2.214 1.16 [64,79,80]

Permeable interlocking
concrete blocks 0.50 0.90 2.000 2.00 [15,64]

3.4. Evaluation of Human Thermal Comfort Conditions

The thermal stress on the human body in the urban environment can be evaluated by
integrating the environmental variables in the calculation of the equivalent temperature.
This is defined as the ambient temperature of a reference environment that causes the
same physiological response for a standard person as the actual one [81]. Several indexes
have been developed for this purpose. This study selected the universal thermal climate
index (UTCI) [82] for the evaluation of the effects of different ground surface materials
on the urban thermal environment. The UTCI assesses the outdoor thermal environment
for biometeorological applications [83,84], and it was selected as suitable as it provides
a high level of detail with regard to human thermal responses in urban areas [85]. The
calculation of UTCI depends on meteorological values, i.e., the actual values of air and
mean radiant temperature, wind speed, and relative humidity, and non-meteorological
values, i.e., metabolic rate and thermal properties of clothing. With regard to the latter,
UTCI considers a reference person who walks at 4 km/h, generating a metabolic rate of
135 W/m2 [82]. The value of UTCI identifies the thermal perception by human beings and
the correlated grade of physiological stress. With relation to summer conditions, the range
from 9 ◦C to 26 ◦C corresponds to “no thermal stress”, from 26 ◦C to 32 ◦C to “moderate
heat stress”, and from 32 ◦C to 38 ◦C to “strong heat stress”. UTCI values ranging from
38 ◦C to 46 ◦C describe a “very strong heat stress”, and above 46 ◦C “extreme heat stress”
conditions [86].

The ENVI-met’s post-processing tool BioMet was used to calculate the UTCI, in com-
pliance with the German standard VDI 3787-Part 2:2008 [87].

4. Results and Discussion

In this section, the relevant results related to the analyzed scenarios are discussed with
regard to surface temperatures, air temperature and thermal comfort, and building indoor
air temperature.

4.1. Surface Temperatures

The analysis of the surface temperatures in the two scenarios focused on both the
ground and the building surfaces.

4.1.1. Ground Surfaces

The maximum ground surface temperatures (Ts) were reached at 12:00 of the reference
day, 24 July 2019. In the Actual Scenario (AS in Table 7), asphalt temperatures were mostly
uniform, varying from 47 to 53 ◦C, the higher values registered in urban canyons with
the N–S axis. The vegetated areas exposed to the sun were about 10 ◦C cooler than the
asphalt surfaces, while Ts in shaded areas ranged from 20 to 33 ◦C, both on asphalt surfaces
shaded by trees, and on concrete surfaces shaded by buildings (Figure 5a), the latter values
confirming the cooling effect provided by green surfaces, and natural or artificial shadings.
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Table 7. Ground surface temperatures in AS, and absolute surface temperature difference between CPS and AS—24 July 2019.

Point
Ground Surface Cover AS: Ts ( ◦C) CPS: ∆Ts ( ◦C)

AS CPS 12:00 18:00 24:00 12:00 18:00 24:00

P1 Aged asphalt
(N–S) Whitetopping 52.4 38.9 30.3 −14.8 −3.9 −0.5

P2 Aged asphalt
(E–W, no trees) Whitetopping 47.1 40.3 30.1 −12.2 −4.8 −0.4

P3 Aged asphalt
(E–W, tree line) Whitetopping 47.6 40.5 30.1 −11.4 −4.5 −0.7

P4 Aged asphalt Pervious concrete 47.7 39.4 30.6 −2.9 −0.6 +0.2
P5 Aged asphalt Grass pavers 47.7 39.5 30.5 −4.3 −3.4 −2.2
P6 Aged concrete Colored asphalt 49.8 38.9 30.8 −2.3 −1.4 −0.9

P7 Aged concrete Permeable interlock.
concrete blocks 59.2 40.8 30.5 −5.7 −2.8 −0.6

P8 Grass Grass 42.7 37.2 27.8 −0.5 −0.3 -

Figure 5. Development of ground surface temperatures in AS (a) and CPS (b) at different times of the analyzed day,
24 July 2019.
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In the Cool Pavements Scenario (CPS in Table 7), the use of reflective and evaporative
pavements produced an overall decrement of Ts in the entire case study area (Figure 5b).
The highest reductions could be observed at 12:00 and varied depending on the solution
adopted. The application of whitetopping over the existing road surfaces provided the most
consistent cooling, with ∆Ts (i.e., absolute difference compared to the AS) ranging from 11.4
to 14.8 ◦C. Indeed, the surface temperature decreased from 52.4 ◦C (AS) to 37.6 ◦C (CPS)
on the north–south urban canyons, while on the east–west ones, the reduction was lower,
in both presence or absence of tree lines. The cool colored asphalt layer on the external
private service areas produced a reduction of Ts up to 2.3 ◦C. The limited cooling effect,
compared to the whitetopping surfaces, was related to the lower albedo (i.e., 0.27 compared
to 0.40 of whitetopping). Pervious concrete had a moderate daytime benefit of −2.9 ◦C.
The grass-paved areas had a lower albedo (i.e., 0.20), but produced a higher cooling effect,
ranging from −4.3 ◦C to −3.4 ◦C during daytime. Indeed, the evapotranspiration processes
due to the presence of vegetation provided a constant temperature reduction. Finally, the
Ts of the already existing grass areas was also slightly reduced (i.e., ∆ Ts ranging from
−0.3 to −0.5 ◦C), demonstrating the capacity of surrounding materials to influence also
the conditions of unmodified surfaces.

After the maximum at 12:00, the cooling benefits provided by the application of cool
solutions gradually decreased (Table 7). At 18:00, the maximum cooling effect was less
than –5.0 ◦C for all surfaces, and further reduced until midnight, when the minimum
thermal benefits were provided (Figure 6). During night-time, whitetopping and colored
asphalt were constantly cooler than conventional ground materials, thanks to the lower
accumulation of daytime heat. On the contrary, Ts slightly increased on pervious concrete
surfaces, ranging from +0.1 to +0.3 ◦C compared to AS. This demonstrates that reflection
properties have greater influence during the daytime, while thermal properties are preva-
lent during the night-time [88,89]. The results are in line with previous studies, which
confirmed the lower surface temperature of reflective materials compared to conventional
materials [79,90].

Figure 6. Absolute difference of ground surface temperature between CPS and AS at 12:00 and
24:00—24 July 2019.

4.1.2. Building Surfaces

The application of cool materials on ground surfaces also affects the Ts of building
surfaces, due to the alterations in the radiative phenomena and the lowering of atmospheric
temperature. The first effect is a variation of the facades’ surface temperatures. In the
Actual Scenario, Ts varied from 37.0 to 54.0 ◦C depending on the facades’ characteristics,
orientation, radiation conditions, and the type of surface in front of them. At 15:00, the
hottest facades were those facing south. At this time, the temperature ranged from 40.0 to
41.0 ◦C on surfaces with white plaster, from 41.0 to 43.0 ◦C in the case of light colors, like
yellow and pink, and from 43.0 to 45.0 ◦C in the case of darker colors and bare concrete.
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During the afternoon, the highest Ts was registered on west facades. On these surfaces,
temperatures were around 46.0 ◦C for the white color, 51.0 ◦C for the yellow–pink and
red–green plasters, and 53–54.0 ◦C for the bare concrete. In the CPS, the increased albedo
and consequent increased reflected radiation increased the facade Ts during the daytime
(Figure 7). Dark surfaces, such as those with red/green plasters and concrete, were affected
by an increase up to 0.6 ◦C compared to AS, mainly concentrated in the first meters from
the ground. The increase was more noticeable on building surfaces facing canyons exposed
to the direct solar radiation, i.e., south facades at 15:00, and west facades at 18:00.

Figure 7. Absolute difference of building facades’ surface temperatures between CPS and AS at 15:00 and
18:00—24 July 2019.

With regard to roof surface temperatures (Table 8), in the Actual Scenario, metal
roofing presented lower temperatures than other roofing materials. Indeed, at 15:00, dark
bituminous membranes reached the higher Ts, i.e., up to 76.5 ◦C, while light colored metal
roofing surfaces were up to 27.0 ◦C cooler. This observation was validated in previous
literature, which observed that light colored surfaces present lower surface temperatures
during the daytime [22]. Conversely, at night, Ts was lower for clay tiles and concrete roofs,
and higher for the metal surfaces. Indeed, the thermal conductivity of the bituminous
membrane (i.e., 45 W/mK) favored a more rapid heat dispersion; on the contrary, steel
(thermal conductivity of 0.23 W/mK) released the latent heat more gradually. The only
exception was the reflective metal roofing, which—due to the higher albedo—presented
lower Ts compared to other metal surfaces during both daytime and night.

In the Cool Pavements Scenario, the results highlighted a reduction of Ts, even though
roofs materials were unchanged (Figure 8). At 15:00, the reduction of surface temperatures
ranged from −1.3 to −10.1 ◦C; the greatest benefits were obtained at 18:00, when the
reduction of external surface temperature was in a range from −2.2 to −17.9 ◦C. The
smallest differences were recorded for the metal roofs, from −2.2 to −6.3 ◦C depending
on the albedo. Concrete and roofing tiles had a Ts reduction of around −11.0 ◦C, while
the bituminous membranes benefitted from a temperature decrease up to 17.5 ◦C. The
replacement of current conventional pavements with cool materials generated a reduction
of the air temperature in the district and, consequently, affected the roof surfaces.
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Table 8. Surface temperatures of roofs in actual scenario (AS) and absolute difference between CPS
and AS—24 July 2019.

Point Roofing Material AS—Ts ( ◦C) CPS—∆Ts ( ◦C)

15:00 18:00 03:00 15:00 18:00 03:00

R1 Bituminous membrane (new) 76.5 63.7 27.6 −10.1 −17.9 −0.8
R2 Bituminous membrane (aged) 74.6 62.6 27.4 −9.6 −17.1 −0.8
R3 Clay tiles 60.4 54.1 28.0 −6.7 −11.7 −0.9
R4 Concrete 59.4 53.9 29.9 −6.4 −11.3 −1.3
R5 EPDM membrane 48.9 44.1 26.6 −4.1 −7.2 −0.3
R6 Metal roofing—grey 44.6 46.2 34.8 −3.9 −6.3 −2.5
R7 Metal roofing—white 44.5 46.0 34.8 −3.8 −6.1 −2.2
R8 Metal roofing—reflective 32.1 33.4 29.3 −1.3 −2.2 −0.8

Figure 8. Surface temperature of buildings in AS (a) and CPS (b) at 15:00 and 18:00—24 July 2019.

4.2. Air Temperature

Microclimate analyses in the two scenarios also analyzed the air temperature at
pedestrian level, showing a decrease in the comparison between Actual and Cool Pavement
scenarios. The cooling effect was related to the reduction of surface temperatures, which in
turn decreased the convection of heat from the ground to the air. At pedestrian level (i.e.,
1.1 m a.g.l.), the maximum air temperature in both scenarios was registered at 15:00, with a
delay of 3 h from the peak of the ground surface temperatures. The values were relatively
uniform, in a range from 34.0 to 37.5 ◦C in AS, and from 34.0 to 36.8 ◦C in CPS. The cooler
conditions were registered in proximity to grass surfaces and trees; in these locations, cool
pavements did not provide a significant benefit. In CPS, areas with low SVF factor, such
as narrow urban canyons, observed a moderate reduction of the air temperature up to
0.3 ◦C. The decrement was more evident in canyons with east–west orientation and high
SVF (∆Tair from −0.6 to −1.2 ◦C). The temperature gradient between the two scenarios
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remained constant from 9:00 to 18:00; it afterwards decreased until 21:00 and remained
unvaried around −0.2 ◦C during the night-time (Figure 9). These results were confirmed by
previous studies, which reported a reduction of air temperature due to reflective pavements
in the range between 0.15 and 3.0 ◦C [15,91].

Figure 9. Air temperature absolute difference between CPS and AS at 15:00 and 24:00—24 July 2019.

The thermal benefits of cool materials were not limited to the pedestrian level. Indeed,
they were also noticeable at higher levels from ground, as it was visible by analyzing the
east–west section (Figure 10). In the AS, Tair was warmer near the buildings, up to an
altitude of 20 m. The air temperature difference between the urban canopy layer and above
was 2.0 ◦C in the morning, reached 3.5 ◦C at midday, and then it gradually decreased.
From 21:00, no relevant differences could be observed. The CPS showed a reduction of Tair
more intense at the building’s quote, while the difference became negligible at an elevation
above 30 m. At 10 m elevation, the reduction was up to 0.5 ◦C at 9:00, 0.6 ◦C at 12:00, and
0.2 ◦C at 21:00. At 30 m elevation, air temperature decreased up to 0.2 ◦C during daytime
and 0.1 ◦C after sunset (i.e., 21:00).

Figure 10. Air temperature in the E–W section of the district: actual Scenario (a) and absolute difference between CPS and
AS (b)—24 July 2019.
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4.3. Human Thermal Comfort

At pedestrian level, conditions of human thermal discomfort were perceived since
the morning in both scenarios. In the Actual Scenario, at 8:00, the UTCI ranged from 33.4
to 37.0 ◦C in areas under direct solar radiation, corresponding to strong thermal stress;
shaded areas record conditions of moderate thermal stress (i.e., UTCI values from 28.2
to 29.8 ◦C). At midday, the UTCI exceeded 40 ◦C, and it reached its maximum at 15:00
(Figure 11a), with very strong thermal stress conditions (i.e., UTCI from 44.2 to 46.6 ◦C),
which endured until 17:00 m, when the temperature started to decrease.

Figure 11. Thermal comfort conditions in the district at 8:00 and 15:00: UTCI in Actual Scenario (a),
and absolute difference between CPS and AS (b)—24 July 2019.

The application of cool pavements did not change significantly the level of thermal
stress during the daytime (Figure 11b). However, in the central hours of the day, the condi-
tions of thermal stress were slightly worsened due to the increased pedestrian exposure
to shortwave radiation reflected from pavements and walls, which also resulted in higher
mean radiant temperatures. At 15:00, whitetopping (albedo = 0.45) increased the UTCI
in the range 0.1 to 0.6 ◦C on east–west canyons, although the air temperature was 0.7 to
0.8 ◦C lower compared to AS at the pedestrian level. On the contrary, on southern fronts
that overlooked tree-lined canyons, the shading and evapotranspiration of the vegetation
provided a reduction of UTCI up to −0.3 ◦C. The colored asphalt applied on the service
areas, with an albedo of 0.27, produced a reduction of UTCI up to 0.3 ◦C. The worsening of
thermal comfort due to the application of reflective pavements under certain conditions,
together with potential glare issues, were also confirmed in previous studies [34,92,93].
As a consequence, the design of regeneration interventions implying the use of reflective
materials should place particular attention in the selection of the materials and their albedo
to avoid these issues, especially in pedestrian areas [94]. The combined design of sidewalks
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paved with reflective materials and shading canopies could generate thermal benefits for
the users, particularly on the industries’ external service areas.

With regard to evaporative pavements, permeable sidewalks and vegetated car parks
were characterized by a constant reduction of UTCI compared to the AS (i.e., ∆UTCI from
−0.1 to −0.4 ◦C), thanks to the lower albedo and the evaporation of the humidity present
in the cavities of the selected materials.

4.4. Effects on Buildings’ Indoor Temperatures

The indoor temperatures of industrial buildings in the CPS were moderately cooler
than the reference case (i.e., AS). Overall, the application of cool pavements led to a
reduction of the indoor Tair in the layer immediately adjacent to the building envelope, as
shown in Figure 12. In the CPS, the reduction of TS on the building envelope entailed a
decrease of indoor Tair up to 3 ◦C. At 12:00, the reduction was moderate, from 0.6 to 0.7 ◦C
in buildings with metal roofing, and from −0.9 to −1.8 ◦C for other types if roofs. The
decrease was more evident during the afternoon, and reached its maximum at 18:00 (i.e.,
∆Tair from −0.7 to −1.5 ◦C for metal roofing, around −1.5 ◦C for tiles, and around −2.5 ◦C
for dark and concrete roofs).

Figure 12. Cooling effect provided by the Cool Pavements Scenario inside the buildings: absolute air temperature difference
compared to Actual Scenario—24 July 2019.

The indoor air temperature values in points distant from the external surfaces were
not analyzed, and, consequently, the Tair reduction might be less marked. However, the
analysis demonstrates that the use of cool pavements for the external ground surfaces might
influence the thermal conditions inside buildings, leading to potential energy savings. This
is confirmed by previous studies, which demonstrated that the energy consumption for
cooling decreases as the albedo of city pavements increases [95–97], and that the application
of cool materials might produce benefits in terms of indoor thermal comfort [98,99].
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5. Limitations and Future Developments

This section presents some limitations of the study, together with its possible
future developments.

In relation to the use of ENVI-met for microclimate analysis, some remarks on the re-
sults presented in this study are worth making. The model outputs strongly depend on the
boundary conditions defined in the configuration file, which affect the simulation results.
Previous studies have demonstrated that forcing these variables improves the accuracy
of the outputs [19]. Therefore, a forcing setup was adopted for this study. However, the
input climatic data were not collected directly on site, as this was not technically feasible,
but from a weather station located at a distance of about 2 km southeast from the analyzed
area. The selected weather station is located inside the ZIP, in an area with morphological
characteristics similar to the one analyzed; nevertheless, this might affect the results. Fur-
thermore, the lack of on-site monitored data did not allow the validation of the model. In
previous validation studies, the ENVI-met model has demonstrated good approximations
for Tair and Ts [19,100]. On the contrary, it has shown to overestimate Tmrt under shade
and underestimate its values under long periods of sunlight; this can lead to inaccuracies
in the calculation of human thermal comfort indexes, such as UTCI [19,101–105]. Some
uncertainties should be considered in the analysis of the results.

• The model does not take into account the anthropogenic heat released from cooling
systems and traffic [106]; this might lead to a potential underestimation of Tair.

• On the contrary, the model does not account for possible positive effects caused by
local increments of wind speed at street level. Indeed, ENVI-met computes the WS
starting from the mean value measured at 10 m height, but the turbulence in a street
canyon is normally higher than at higher levels [60,107], and hence might favorite a
local reduction of Tair.

• The model does not take into consideration the effect of multiple reflections and the
consequent short- and long-wave radiation entrapment inside the urban canyons [19].

• Additionally, it is critical to consider the simplification related to the ENVI-met simu-
lation of indoor air temperatures, which neglects heat from internal walls and anthro-
pogenic sources such as computers, manufacturing machinery, and people [106].

In general, given the objective of the ENVI-met simulations in the present study (i.e.,
analysis of cooling effects of the regeneration of ground surfaces); the error resulting from
daytime Tair underestimation is likely to retain the results on the conservative side.

Furthermore, cool pavements may provide environmental benefits, helping cities to
meet their sustainability objectives; however, the replacement of materials and the change
in pavement management practices can also impact upstream environmental burdens [108].
The second relevant limitation is related to the lack of estimation of the costs and life-cycle
assessment of the proposed regeneration interventions.

The future developments of the study will focus on addressing all these limitations
and expand the analysis at different scales.

• At the building scale, the indoor air temperature in points distant from the external
surfaces should be analyzed to better quantify the impact of the regeneration of ground
surfaces on indoor thermal comfort conditions and on building energy consumption
for cooling.

• At the district scale, further simulations should be undertaken to investigate the
effectiveness of other regeneration solutions (e.g., urban greening) or the combination
of cool pavements with other technologies, also including their application on surfaces
of the building envelopes. Furthermore, the analysis of the environmental conditions
of the case study area in both scenarios should be extended to the entire summer
period and other seasons, to expand the evaluation of the performance of cool paving
solutions and to identify potential winter downsides. Another interesting aspect
might be the estimation of the performance of cool pavements under future climatic
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conditions in which the cooling and water infiltration capacities of such solutions
might play an even more relevant role as mitigation strategies [109,110].

• At the urban scale, focus will be placed on the evaluation of the impacts of the
regeneration interventions over a larger domain, as previous studies demonstrated
that the effect of albedo increase is not restricted to the area of its application, but it
also influences the air temperature of the surrounding areas [14].

6. Conclusions

The main purpose of the study was to analyze the effects of the replacement of conven-
tional pavements with cool solutions as a regeneration intervention in industrial districts.
A portion of the industrial area of Padua (Italy) was selected as a case study to carry out
microclimate simulations. The results show that a combination of reflective and evapora-
tive pavements can potentially help in decreasing urban surface temperatures, improving
human thermal comfort conditions, mitigating urban heat island, and contributing to
effective stormwater management. Indeed, during the hottest hours of a typical summer
day (i.e., 29 July 2019), the replacement of conventional ground materials with reflective
and evaporative pavements leads to the reduction of ground surfaces temperatures up to
14 ◦C and 6 ◦C, respectively. Accordingly, the air temperature at pedestrian level is also
decreased, with ∆Tair values ranging from −0.6 up to −1.2 ◦C. The consequent effects of
human thermal comfort conditions highly depend on the selected cool material and on the
morphology of each urban canyon. In proximity to ground surfaces covered by whitetop-
ping, UTCI is reduced up to 0.5 ◦C in shaded areas, while it increases up to 0.6 ◦C in areas
directly exposed to sunlight, as a consequence of the increased reflected radiation. On the
contrary, UTCI decreases up to 0.3 ◦C in service areas resurfaced with colored asphalt, and
up to 0.4 ◦C in proximity to permeable pavements or green car parks. Benefits can also
be observed in the indoor thermal conditions of industrial buildings, with a reduction of
Tair in the layer immediately adjacent to the building envelope up to 2.5 ◦C. Therefore, the
application of cool pavements in industrial districts can be a suitable intervention to reduce
the summer energy consumption and the related greenhouse gas emissions, helping to
limit global warming. Furthermore, in industrial areas characterized by a high share of
impermeable surfaces and large asphalt service areas, the use of evaporative pavements can
also serve for stormwater management, and for partially restoring the surface permeability
for rainwater drainage.

Finally, the findings of the study can be summarized in some practical implications
for the design of regeneration interventions with the use of cool pavements.

• The morphological configuration of the urban area plays a key role in the reduction of
ground surface temperatures after implementing cool paving materials. Indeed, urban
canyon orientation, aspect ratio, and sky view factor strongly affect the exposure
of ground surfaces to direct solar radiation, and consequently impact the cooling
potential of cool materials.

• At pedestrian level, the application of reflective pavements influences the radiative
balance of the urban canyon surfaces and, consequently, the radiative exchange be-
tween the human body and the surrounding environment. Therefore, the achieved
air temperature reduction might be counterbalanced by the increased reflection of
solar radiation, negatively affecting the human thermal balance. On the contrary, the
use of evaporative pavements produces limited, but constantly positive effects on the
human thermal comfort. Hence, in the design of regeneration interventions with cool
materials, particular attention should be placed on analyzing the impacts on thermal
comfort conditions, and on avoiding their deterioration.

• The combination of reflective materials with trees and shading vegetation results in
an effective solution for both cooling the air temperature and managing the increased
reflected radiation due to the higher albedo. Indeed, the foliage not only contributes
to release latent heat through evapotranspiration but also acts as shield for both direct
and reflected solar radiation.
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