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materials in urban areas could contribute to a worsening outdoor ther-
mal environment [4]. In addition to academic research, there have been
real-world instances highlighting the adverse effects of reflective
building materials. Notably, the Vdara Hotel in Las Vegas experienced a
phenomenon dubbed the “Death Ray,” where the hotel’s glass façade
concentrated sunlight to such an extent that it heated the hotel pool area
and reportedly melted plastic items [5]. Similarly, in residential neigh-
borhoods, the reflective properties of solar-heat-control Low-E facades
have been known to focus sunlight onto neighboring houses, causing the
vinyl siding to warp and melt [6]. These incidents illustrate the practical
implications of reflective surfaces in dense environments, where
concentrated solar reflections can lead to unintended and potentially
hazardous consequences.

Concurrently, there is an ongoing emphasis on energy-efficient
design and energy retrofitting of these envelopes. To mitigate the po-
tential heatwave impacts, significant efforts have been made in
designing or retrofitting solar-reflective facades to boost energy effi-
ciency and improve indoor thermal comfort. A notable example is the
widespread use of Low-E coatings in fenestration systems, especially
those with a low solar heat gain coefficient (SHGC) in hotter climates.
These coatings are solar-reflective, allowing most visible light to pass
through while reflecting a significant portion of solar infrared radiation
(heat). Somasundaram et al. reported the potential HVAC energy saving
by the combination installation of solar film (i.e., Low-E film) with
retrofit double glazing up to 20 % 7. The global market for Low-E Glass
estimated at US$45.3 Billion in the year 2020, is projected to reach a
revised size of US$88 Billion by 2027 [8]. With the development of
novel window systems, for example, Phase Change Material (PCM) film
(such as VO2 [9]) and complex-structured smart window systems (such
as windows integrated with thermotropic parallel slat-transparent
insulation material [10]), building energy reduction can be even
higher with the un-compromising indoor luminous environment [11].
Other technologies include NIR-selective coatings for envelopes [12],
passive cooling pigments/paintings [13], heat-mirror panels, etc. As
these types of high-reflective materials and solar-control technologies
become more popular for energy efficiency and thermal resilience
enhancement purposes, their impacts on urban microclimates draw
increasing attention from researchers. Salvati et al. investigated the
impacts of reflective materials on urban canyon albedo, and outdoor and
indoor microclimates, and they found that increasing surface reflectance
in urban canyons has a detrimental impact on outdoor thermal comfort
[3]. Yuan et al. found that a highly reflective façade would increase the
amount of solar radiation and heat flux reflected to the urban canyon,
and the outdoor air temperature of the specular reflective (SR) façade
was about 0.04 ◦C and 0.13 ◦C higher than that of the retro-reflective
(RR) and the diffuse highly reflective (DHR) façade, respectively [14].
Martins et al. showed that by increasing all surfaces of the surrounding

building’s albedo to 0.9, the average Physiological Equivalent Temper-
ature (PET) was increased by 1 ◦C [15]. Mehaoued et al. examined the
influence of the reflective glass façade of an office building on its sur-
rounding microclimate and building cooling load in Algiers, and it was
found that the air temperature surrounding the building significantly
increased due to the multiple reflections of the radiation heat flux,
which leads to an increase in the cooling demand [16]. Wen et al. con-
ducted field measurements for a school building in Singapore that was
affected by a surrounding highly reflective stainless-steel façade, and the
results showed that the surrounding highly reflective façade incurred
both outdoor solar radiation and outdoor air temperature, which in turn
affected the school’s indoor illuminance and air temperature [4]. A
more recent study targeted the impact of a specific component: building
window systems (i.e., window reflectivity and size). They examined 40
scenarios by employing ENVI-met model, and simulation results
revealed their spatiotemperal characteristics (i.e., windows’ impacts
was time- and spatial- dependent) and intrinsic interaction (between
window size and reflectivity) [17]. Other studies showed that reflective
facades affected outdoor surface temperature, thereby affecting outdoor
thermal comfort [17,18]. In brief, considering envelope energy-efficient
retrofit and thermal resilience, a variety of innovative materials and
technologies are proving highly effective in boosting both the energy
efficiency and thermal resilience of individual buildings [19], while
some envelope retrofit options with high solar-reflective characteristics
may increase the inter-reflections between surrounding buildings and
harm the outdoor urban microenvironment.

In summary, there is a general agreement that the application of
solar-reflective materials on building facades requires careful consider-
ation from both research and practical standpoints. While prior studies
have focused on a single building’s surface reflectance on its sur-
rounding environment and building energy demand, or city-scaled
analysis with less-detailed materials properties, it remains unclear
how building façade impacts the urban microclimate and building en-
ergy demand on a mesoscale, by taking dense urban structure (i.e., the
interactions between numerous building facades) and the complex
glazed façade optical and thermal properties (e.g., most studies only
considered surface albedo, neglecting the intrinsic relationships among
glazed facades’ solar reflectivity, solar heat gain coefficient, thermal
transfer coefficient, and visible transmittance.) into consideration at the
same time. Therefore, a more comprehensive workflow should be
established integrating urban microclimate modeling, building energy
modeling, and glazed façade characterizations to quantitatively analyze
the interactions between solar-reflective façade, outdoor thermal envi-
ronment, and building energy consumption, within dense urban areas.
Further, this research raises another important query: can we achieve a
balance between reducing building energy use and mitigating adverse
effects on outdoor thermal comfort? The key may lie in optimizing the
properties of external wall surfaces, particularly in densely built urban
areas, to harmonize energy efficiency with environmental impact.

From the perspective of research contribution to the new body of
knowledge, this investigation pioneers the analysis of the nexus between
building envelope retrofits and their concurrent effects on energy use
and outdoor thermal environments within a specific urban typology
characterized by the predominant use of glass in high-rise building fa-
cades. Through an integrative suite of numerical modeling, computa-
tional simulations, and a substantiated case study enhanced by
comprehensive data analytics, this research scrutinizes the dual impact
of NIR-reflective façade materials in such urban center contexts. Our
methodological innovation bridges simulation with optimization,
yielding new insights into façade material design and its engineering
implications in those densely urbanized areas featuring high-rise glazed
façades. This study’s rigorous examination of solar-reflective facades
marks an important understanding of their influence on both microcli-
matic thermal conditions and building energy profiles. Specifically, it
informs the escalating discourse on reconciling the objectives of sus-
tainability with the imperatives of thermal resilience, particularly as

Nomenclature

UHI Urban Heat Island
UTCI Universal Thermal Comfort Index
Ta Dry-bulb air temperature (◦C)
Tmrt, MRT Mean Radiant Temperature (◦C)
Va Air Velocity (m/s)
GH Grasshopper
DF Grasshopper, Dragonfly plug-in
HB Grasshopper, Honeybee plug-in
LB Grasshopper, Ladybug tools
SHGC Solar Heat Gain Coefficient
Rfsol Façade front solar reflectance
BRTD Bidirectional Reflection and Transmission Distribution
EUI End Use Intensity (kWh/m2)
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