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Changes to original ground cover caused by housing construction and roadway systems generally
alter the surface heat flow, accumulating more heat than is dissipated and resulting in higher urban
temperatures than in rural and tree-covered areas. Urban heat waves affect human health directly
and indirectly. Vutcovici et al. I report significant associations between increases in hospitalizations,
deaths, and diseases and rising daily temperatures in cities. Considering the upward trends in mean
temperatures due to climate change and the effects of population aging, such adverse health outcomes
can be expected to increase. There is also a growing overall demand for energy to climatize housing.
In addition to increasing average global temperatures and contributing to global warming, the use of
non-renewable energy sources also impacts health by degrading air quality.

To improve quality of life in large cities, it is essential to mitigate the environmental problems
from unchecked urbanization by using sustainable technologies and solutions. The preservation of
green areas and the recovery of degraded areas help attenuate the adverse effects of urban heat islands
and torrential rains, due to moisture absorption by plants and infiltration in the soil, in addition to
improving the thermal comfort of housing. However, given the rising population density, there is a
limited reserve of available areas for recovery of plant cover.

The installations of green roofs and walls in new and existing housing units aims to attenuate the
problems resulting from unsustainable urbanization. These green systems have the potential effect of
mitigating urban flooding, attenuating indoor temperatures and heat islands, improving air quality,
and muffling noise, among other benefits discussed in the following paragraphs.

The role of vegetation in attenuating urban heat islands: green roofs and walls as a
possible solution

According to Heisler 2, differences between urban and rural microclimates are due mainly to the
higher temperatures and lower relative humidity in cities. Temperature differences result from dif-
ferences in land occupation and use, since solar radiation in cities is extensively absorbed by the
building materials in general. On surfaces without plant cover and exposed to direct sunlight, the
absorbed heat is irradiated, heating the air and substantially increasing the urban temperature. The
thermal discomfort and adverse human effects are considerable in such conditions, due to the direct
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impact of solar radiation and the energy radiated by the soil and other surfaces exposed to sunlight.
According to Mora et al. 3, sporadic episodes of intense heatwaves lasting days to weeks are associated
with increased mortality. Considering the projections for global warming, this issue merits special
attention in relation to human health risks; the elderly population is generally the most susceptible
to heatwaves. In Thailand, the summer of 2016 was the hottest in the last 65 years. In a two-month
period that witnessed high temperatures topping 40°C on most days, 34 heat-related deaths were
reported, mainly in elderly individuals over 65 years and children 14 years and younger 4.

Alcazar & Bass 5 and Castleton ¢ demonstrated the role of surfaces with plant cover in attenuating
heat transmission. According to Heisler 2, a large share of the solar energy intercepted by vegetation
is used for its transpiration and photosynthesis. Since the heat irradiated by a solar-heated surface
is proportional to its temperature, shading the soil with vegetation prevents it from radiating heat.
Considering that in most situations the urban environment lacks sufficient areas for replanting veg-
etation, one of the only viable alternatives is to use green rooftops, walls, and facades.

According to Laaidi et al. 7, planting trees and green roofs in the urban environment provides an
efficient alternative for mitigating heat islands. Osmond & Irger 8 corroborate this position in the case
of green roofs. The increase in evapotranspiration rates by installing green walls and roofs helps cool
the urban environment 8.

Attenuation of indoor temperature in housing with green roofs and walls

Various studies have reported the efficiency of green roofs and walls in attenuating indoor tempera-
tures 9,10,11,12,

Wilkinson & Castiglia Feitosa 10 found temperatures as much as 14.8°C lower in prototypes with
retrofitted green roofing compared to those without green technology. Castiglia Feitosa & Wilkinson 12
also assessed the heat sensation in prototype buildings in Sydney, Australia, based on characteriza-
tion of the risk of human exposure to heat according to the U.S. National Weather Service (NWS) 13.
The authors found that modular green systems fitted to walls and roofs were capable of reducing the
proportion of extreme heat conditions (> 41°C, categorized as “danger” and “extreme danger”), from
11.7% to only 0.4%.

The simultaneous use of green roofs and walls can substantially decrease the overall indoor
temperature in housing, which translates as improved thermal comfort and a substantial increase in
healthy housing conditions.

Improved air quality, potential carbon sequestration, and other benefits of green
roofs and walls

The attenuation of housing temperatures with green roofs and walls contributes indirectly to lower
energy demand, which in turn reduces the levels of air pollution and greenhouse gas emissions for
energy production. Green roofs also remove particulate matter and pollutant gases like nitrous oxide,
sulfur dioxide, and carbon monoxide 14. Getter et al. 15 indicate the significant potential of carbon
sequestration by green roofs. Importantly, however, despite this potential for capturing and storing
carbon, there is a limit to the size of plants and the thickness of the substrate used in green roofs, so
this potential is less than that of urban forest areas 14.

Green roofs also play a significant role in attenuating rainwater runoff and mitigating urban
floods, due to the slow percolation of rainwater through the soil’s interstices and the water’s reten-
tion by the soil and plants. Castiglia Feitosa & Wilkinson 16 tested accumulated precipitation for a
three-month period, and based on different soil thicknesses in green roofs, found up to 65% retention
of the total rainfall. In addition to the retention and attenuation of storm runoff, green roofs also act
as filters to retain the pollutants contained in rainwater. Various studies in Europe found that green
roofs can retain up to 95% of the cadmium, copper, and lead from rainwater 14.
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Another important point is the social well-being related to the aesthetic appearance, lending the
urban environment more natural conditions while increasing its biodiversity, since green systems
provide a habitat and shelter for small animals.

Green technology: incentives, legislation, and feasibility

The large-scale use of green walls and roofs requires incentives, laws, and methodologies to promote
their widespread application. Importantly, they must be lightweight so as not to require structural
reinforcement of the building. Soil thicknesses of up to 10cm are thus imperative.

Since the late 19th century, Germany has developed technologies for the cultivation of green
roofs. Since the 1990s, the country began offering robust fiscal and financial incentives to promote
the use of such technologies to control floods and improve energy efficiency. The country currently
has approximately 15% of its rooftops covered with vegetation.

In the United States, federal fiscal credits of up to USD 1.80/ft2 (USD 19.35/m?2) are available for
sustainable construction projects that meet the standards of the American Society of Heating, Refrig-
erating, and Air-Conditioning Engineers (ASHRAE) to decrease energy demand for heating and cool-
ing 17. Toronto, Canada, was the first city in North America to require green roofs in new building
projects 18. By law, new housing must include green areas covering 20% to 60% of the rooftop.

In Brazil, the incentives are still few and incipient, mostly still in the form of bills of law. In Recife,
Pernambuco State, under Law n. 18112/2015, multifamily apartment buildings with more than four
stories and non-residential buildings with more than 400m2 of roofing area are required to include
green roofs. In Blumenau, Santa Catarina State, Complementary Law n. 1,174/2018 reduces from 20%
to 10% the required permeable area of lots in case there is an equivalent increase in green roofing on
the building.

Large-scale deployment of modular green systems can help improve the health conditions in large
cities, due to the systems’ capacity to attenuate air pollution, heat islands, and rainwater runoff and
promote indoor thermal comfort. Modularity facilitates their installation and maintenance, since
they are removable. Their installation does not require specialized companies or labor, since they can
be installed in ordinary trays. The fact that a system can be applied without commercial intermediar-
ies essentially means a cost reduction. Similar systems using trays with lids can be used to cover walls,
also using affordable and accessible materials on the market 12. Importantly, however, green walls and
facades are more complex than green roofs, since they require specific materials for their attachment,
such as brackets, scaffolds, etc.
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