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ABSTRACT

In recent years, the accuracy of assessing the energy performance of buildings in cities
has relied not only on building attributes but also on urban elements (block form, urban
canyon, vegetation, blue spaces {refers to water features}, and pavement materials).
Approaches to Urban Building Energy Modeling (UBEM) developed to examine energy
performance at the urban scale have not given adequate consideration to the impact of
urban elements. As a result, the primary aim of the paper is to propose an updated
reference matrix for urban planners and architects to use in the initial phases of planning
and design processes to improve urban building energy performance by focusing on the
: of 1 effect of urban elements on urban energy performance. This matrix was constructed by
ﬁ]';zﬁ';’gOrg?mmggssengg“t'g analyzing various prior studies that investigated the effect of urban elements on
40). microclimate parameters as well as the impact of microclimate parameters on building
energy performance. Then, the matrix clearly displays the indirect influence of urban
elements on urban energy performance, particularly cooling and heating loads. New
technologies for stakeholders, planners, and architects to enhance the urban energy

performance of new urban areas have been developed.
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will be a threefold increase, while in Asia it will rise by
1.7 times over the next four decades [2-4]. Consequently,
this rapid urbanization would necessitate hundreds of

ABBREVIATIONS

Abbreviation Description new cities and neighborhoods. A substantial rise in
UBEM Urban Building Energy Modeling global energy usage is anticipated. Hence, the primary
BEM Building Energy Modeling focus of contemporary urban planning lies in the

GHG Green House Gas development of energy-efficient urban areas, which aims

UHI Urban Heat Island to enhance the thermal performance of buildings and

reduce their energy consumption. In order to effectively
manage and mitigate energy consumption within urban
areas, it is imperative to explore further avenues for

1 INTRODUCTION

The global urban population is expected to be doubled
by the year 2050 [1]. The rate of urbanization in Africa

enhancing the energy performance of both newly
developed and pre-existing neighborhoods [5].
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The interplay between building parameters affecting
energy performance, microclimate parameters, and urban
elements fosters a mutually beneficial interaction that
facilitates the advancement of sustainable urban
development by affecting the indoor climate of
buildings, hence the energy use (see Figure 1). Through
the integration of these parameters, urban designers have
the ability to create energy-efficient structures that
leverage the cooling advantages offered by urban
elements.

Figure 1:Restructured building energy use diagram.
Source: Author.

The microclimate of urban open spaces is influenced
by various parameters, including block form, urban
canyon, vegetation, blue spaces, and pavement materials.
Insufficient implementation of the aforementioned
requirements contributes to the exacerbation of
environmental  conditions, resulting in elevated
temperatures in urban regions beyond anticipated levels
[6]. According to Wren et al. [7] in Australia, it was
discovered that the implementation of a vegetation zone
within a city center can reduce the maximum ambient
temperature by 0.8°C. Siafi et al. [8] investigated the
impact of blue spaces on the immediate vicinity. They
observed that the downwind region exhibited a
significant reduction in temperature, reaching a
maximum decrease of 2.6°C during the peak hours of
heat. Conversely, the minimum temperature in this area
increased by 0.7°C during the coldest period.

The urban microclimate exerts an impact on the
energy perfprmance of buildings through its influence on
the indoor climate [9]. Based on Kolokotroni et al. [10],
the urban heat island (UH]I) effect plays a significant role
in the underestimation of energy performance in urban
buildings. In accordance with Jusuf et al. [11], the energy
performance of heating and cooling buildings is
influenced by the ambient temperature of the city as a
result of UHI phenomenon.

As highlighted in Figure 2, the focus of this paper is
on examining the correlation between urban elements,
microclimate, and urban building energy performance

using a reference matrix given in this study. However,
the investigation does not include an analysis of the
connection between building parameters and energy
performance. This aspect has been extensively explored
by other many researchers, either through individual
building analysis, such as BEM [12-14], or through
collective analysis, such as UBEM [15-18].
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Figure 2: Focused relationship of the paper.

The paper is organized as follows: In Section 2, the
methodology of the article is presented, focusing on the
examination of parameters that influence urban energy
performance. Section 3 provides an analysis of the
correlation between urban elements and microclimate
parameters. The study investigates the correlation
between microclimate parameters and the energy
consumption of urban buildings in Section 4. The
subsequent section (Section 5) clarifies the indirect
impact of urban elements on the energy performance of
urban buildings. Furthermore, the correlation between
these urban elements, microclimate parameters, and
energy consumption is exemplified by a suggested
reference matrix outlined in Section 6. Section 7
ultimately provides results of the reference matrix.
Finally, Section 8 highlights the conclusion of the paper.

2 METHEDOLOGY
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Improving urban energy performance poses novel
challenges for urban planners and architects in their
efforts to mitigate energy consumption and GHG
emissions. This paper examines the various parameters
that have been explored in previous studies and research
to understand their influence on urban energy
performance and then employs them to enhance the
energy efficiency of urban areas and decrease the
potential dangers associated with CO2 emissions. The
main goal of this study is to highlight the indirect
relationship between urban elements and urban energy
performance by illustrating the influence of urban
elements on microclimate parameters and, consequently,
the impact of microclimate parameters on urban energy
performance, particularly cooling and heating loads. Due
to the aforementioned connections between these two
interactions, urban elements might indirectly impact the
energy performance of urban areas.

The study focuses on mentioned indirect impact of
urban elements on urban energy performance in various
sorts of climate zones. The proposed hypothesis is not
dependent on a certain climate zone but rather aims to
demonstrate the existence of the predicted relationship
independent of the climate zone. Using the technique
described in Figure 3, this hypothesis was tested by
examining and gathering data from prior studies and
research linked to the paper topic.

Methodology of analysing parameters affecting

urban energy performance

studies selection
Region Residential
Climate Not related to specific zone
= .
g- Relation between
microclimate parameters and
urban parameters
Study
scope Relation between
microclimate parameters and
urban energy parameters
= Relation between urban parameters and
& urban energy parameters
=]
§ Urban energy performance matrix

Figure 3: Paper methodology. Source: Author.

The above three relationships will be abstracted and
represented in a reference matrix. This matrix would
facilitate the assessment of the relationship between
microclimate parameters, urban elements, and urban
energy performance by considering the findings and
suggestions from prior applied and analytical studies [7—
79], which have investigated and analyzed the impact of
relevant parameters on each other.

3 URBAN ELEMENTS AND
MICROCLIMATE

The impact of urban elements on local climate
parameters and energy consumption might vary
depending on the climate zone and region.

3.1 Block Form

Many studies explore the effects of urban form on
microclimate, especially in hot [19-21] and temperate
zones [22]; the daytime shading properties of high-rise
buildings play an important role in decreasing urban
heat. The block form of mid-rise to high-rise buildings
along the direction of wind flow contributes to the
reduction of daytime temperatures [23]. Block form
contains four main types: singular form, linear form,
courtyard form, and semi-opened form (see Figure 4).
The singular and linear forms result in prolonged
exposure to solar radiation in the outdoor environment,
leading to the poorest comfort conditions among the
models situated at the core of the canyon. On the other
hand, courtyards and semi-open forms contribute to the
creation of a somewhat sheltered microenvironment,
resulting in less exposure to solar radiation during the
summer season [24]. The data in Table 1 can be used to
assess the impact of block form on the microclimate
parameters.
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Figure 4: Block form types. Source: Author based on [19].
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Table 1. The effect of block form on microclimate.
Source: Author based on [19-24]
#  Microclimate Block form effects
1 Wind The form of buildings affects wind
direction and speed according to
building direction, height, and
spaces between buildings.

The relation between the direction of
the building axis and the direction of
the sun is the main factor that affects
the potential air temperature in
addition to building height and
spaces between buildings.

2 Temperature

3 Radiation The shading of buildings on each
other and on surrounding urban
spaces affects the radiation of
surrounding surfaces and building
surfaces.

4 Humidity Block form has no effect on
humidity

3.2 Urban Canyon

Urban canyon is an area formed by two normally
parallel rows of buildings separated by a street that
serves as the basic unit of modern cities [25]. According
to the most recent research, the characteristics of street
orientation and urban canyon geometry (height-to-width
ratio (H/W) are the key relevant urban parameters that
affect the microclimatic variations in a street canyon
[26,27]. These variables influence airflow potential at
street level, solar access, and hence urban microclimate
[28]. These investigations have indicated that the wind
speed within deep canyons in Morocco during both the
winter in February and summer seasons in July are
recorded at 0.4 m/s [29]. While the wind speed within
the shallow street canyon exhibited an average of 0.8 m/s
during the winter season and 0.7 m/s during the summer
season. However, in the typical narrow streets in Dubai,
the wind speed was notably greater, surpassing the
shallow street canyon by an increment of 5 m/s in
summer [30].

The orientation of streets significantly influences the
daily and seasonal distribution of solar radiation on the
surfaces of the streets. Streets oriented in the north-south
direction contribute to enhanced thermal comfort during
the autumn, winter, and spring seasons, even in cases
where the street width is limited [31]. However, the lack
of shade on the streets during the peak summer season
makes the experience unpleasant. When comparing
streets oriented in a north-south direction to those
oriented in an east-west direction, it can be observed that
the latter tend to provide a certain degree of shade during
the peak hours of the day when temperatures are at their
highest. Nevertheless, roads oriented in the east-west
direction exhibit significantly higher levels of direct sun
radiation during the morning and afternoon in the
summer months, in contrast to streets oriented in the

north-south direction [32,33]. AS a result, the north-
south (N-S) and northwest-southeast (NW-SE) street
orientations are generally favored in hot-arid regions
[34]. The impact of urban canyons on microclimate
characteristics can be inferred based on the data provided
in Table 2.

Table 2. The effect of urban canyon on microclimate.
Source: Author based on [25-34]
# Microclimate Urban canyon effects
1 Wind The pattern of streets and open
spaces affects wind direction. In
terms of velocity, canopy airflow
may be characterized by being
calm at the bottom of deep spaces,
strong winds along wind-oriented
streets, and eddies across streets
perpendicular to winds.

Street orientation and H/W ratio
are the main factors influencing
urban canyon temperature. The
provided shading area and duration
can make air temperature variable
within the space.

While street orientation and ratio
affect shading area and duration,
they affect the surface radiation of
the canyon.

Urban canyon has no effect of
humidity

2 Temperature

3 Radiation

4 Humidity

3.3 Vegetation

Vegetation exerts a substantial impact on wind
patterns. The quantity of radiation absorbed and retained
within a microclimate is contingent upon various factors,
including the specific attributes of the vegetation, the
dimensions of the area, the geographical placement, and
the alignment of the site. Trees and bushes have the
potential to function as physical barriers. The dispersed

arrangement of constructed structures facilitates
increased airflow unless there is an adequate
implementation of tree planting to introduce

compensatory surface irregularities. Sparse, lightweight
canopies have the capacity to capture approximately 60—
80% of solar radiation, whereas thick canopies possess
the ability to collect as much as 99% of sunlight.

The mean cooling impact rises from 1.75°C for small
green spaces (<4ha) to 2.66°C for medium-sized green
spaces (4-10ha) and further to 3.32°C for big green
spaces (>10ha). The cooling impact of tiny urban green
spaces is shown to be two to four times greater than that
of smaller green areas, which typically range in size from
20 to 60 meters. The mean temperature differential
across all locations was around 5 °C, with a range
spanning from approximately 2 to 7.5 °C [36]. Table 3
abstracts the effects of vegetation on microclimate.
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Table 3. The effects of vegetation on microclimate.
Source: Author based on [35]

# Microclimate Vegetation effects

1 Wind Trees and shrubs can control the
direction and speed of wind
according to the used vegetation
characteristics.

Vegetation types have cooling
effects on microclimate. It can also
reduce the impact of UHI. Shading
coverage offsets heating effects,
especially in heavy traffic.

2 Temperature

3 Radiation Trees and shrubs decrease the long
and short-wave radiation of the
sun.

4 Humidity Transpiration process of vegetation

increases the relative humidity of
the urban space.

3.4 Blue Spaces

Blue spaces have an impact on the microclimate of
residential areas throughout the summer season [36].
Blue spaces have two distribution patterns, scattered and
centralized (see Figure 5). Centralized water systems
have proven to be quite efficient in regulating the partial
microclimate within residential neighborhoods. The
capacity of a water body to modify the residential
microclimate varies depending on its location, size and
shape [37]. When opting for centralized water
distribution, it is advisable to position it in close
proximity to the windward region, where the prevailing
summer winds are most dominant. In this particular
scenario, the presence of the water body may result in a
broader coverage of the cooling effect within the
residential district. The dispersion degree of scattered
water can enhance the uniformity of microclimate within
the entire residential district.

Y = = =
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Figure 5: Examples of Blue spaces distribution, a) Scattered
distribution. b) Centralized distribution.

When water is dispersed in a residential district, the
temperature and relative humidity distribution become
more uniform, even as the degree of dispersion of the
water body increases. It is imperative that the size of
each water region is not excessively tiny, as this would
result in a reduction of its regulating function [38]. Table
4 presents the effects of blue spaces on microclimate
parameters.

Table 4. The effects of blue Spaces on microclimate.
Source: Author based on [36-38]
# Microclimate Blue spaces effects

Wind Water bodies do not affect wind
direction or speed.

2 Temperature The evaporative action has a
positive effect on the microclimate
of the areas surrounding the water
body with the relative cooling

effect.

3 Radiation Blue spaces have the capacity to
reduce both long-wave and short-
wave solar radiation.

4 Humidity The evaporative process of blue

spaces increases the relative
humidity of the microclimate.

3.5 Pavement materials

Pavement materials have a significant impact on the
microclimates of urban open spaces by influencing
ambient temperatures, relative humidity and wind
velocity readings, direct and reflected solar radiation, and
surface albedo (material reflection), thus influencing
pedestrian thermal comfort and energy use in buildings
[39-44]. Several researchers have discussed the
previously mentioned aspects [45-51]. Chatzidimitriou A
et al. [52] reported on microclimate data measurements
taken in various open urban spaces over a period of 11
days in mid-summer in July and august in Thessaloniki,
northern Greece, such as parks, squares, and courtyards
with various ground surface materials, specifically
asphalt, concrete, marble, granite, porous stone, cobble
stone, ceramic tiles, and gravel. The ambient temperature
ranged between 17 °C and 32 °C on the majority of the
measurement days, with the exception of a period of
severe heat waves when the air temperature reached 44
°C. Santamouris et al. [53] discovered that broad use of
reflecting pavements under specified climatic conditions
might reduce the peak daily ambient temperature during
a typical summer day( 4th of august) in the southwestern
part of Athens by up to 1.9 K, while surface temperatures
could be reduced by up to 12 K. Cool pavements are an
effective mitigation approach for reducing the severity of
heat islands in urban settings and improving the overall
environmental quality of open spaces. Table 5 presents
the effects of pavement materials on microclimate
parameters.
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Table 5. The effects of pavement materials on microclimate.
Source: Author based on [39-55]
# Microclimate Pavement materials effects

1 Wind The surface temperature s
influenced by the process of heat
reflection, which subsequently
impacts the temperature of the air
in direct contact with the surface.
Consequently, this interaction
affects the circulation and flow of
the air above the surface.

2 Temperature The air temperature  during
daylight hours exhibits a decrease
in response to an increase in the
reflectivity of roads or pathways.
Higher albedo causes reduction of
surface temperature while the
lower albedo causes increasement
of pavement surface temperature.

3 Radiation There exists an inverse relationship
between the albedo and the
radiation emitted by a substance,
such that a higher albedo
corresponds to a lower level of
radiation.

4 Humidity Pavement materials have no effects
on humidity.
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Figure 6: Nexus between urban elements and Microclimate
parameters. Source: Author based on [19-55]

Figure 6 depicts the nexus between urban element
parameters and microclimate parameters. It determines
the microclimate parameters affected by urban element
parameters. As shown, there are two approaches to
categorizing the correlations between microclimate
parameters and urban elements. The first type, which is
separated into (strong, medium, and weak), specifies the
amount of the correlation and ability of the parameters to
impact each other's values.

The second type assesses the impact of the interaction
between urban elements and microclimate parameters on
energy consumption, which is classified as positive or
negative. The positive effect is determined by
relationships that work to reduce energy consumption of
urban buildings, for example, the relationship of blue
spaces with Air temperature or the relationship of
vegetation with radiation, while the negative effect is
determined by relationships that work to increase energy
consumption of surrounding buildings, for example, the
relationship of lower albedo paving materials with
temperature or radiation, or the relationship of vegetation
and blue spaces with humidity).

4 ENERGY PERFORMANCE AND
MICROCLIMATE

The energy performance of buildings is significantly
influenced by urban microclimate conditions [56]. It was
discovered that microclimate parameters had a close
association with each other. The key factor influencing
building energy consumption is air temperature.
Consequently, this section will elucidate the interplay
between four significant microclimatic parameters
interact with urban building energy consumption.

4.1 Wind

The impact of wind patterns on building energy
consumption is constrained primarily to their influence
on air temperature and the ventilation-induced air
exchange inside indoor environments [57-59]. The
significance of effectively designing and utilizing natural
ventilation in densely populated urban areas has been
proven to have significant effects on enhancing indoor
thermal comfort, minimizing energy consumption, and
addressing the issue of urban heat islands [60]. Schulze
and Eicker [61] assert that a reduction in electricity
consumption of 4 kWh/m2 per year is observed due to
the absence of fans.

4.2 Temperature

The most important microclimate parameter
influencing energy consumption is air temperature.
Higher temperatures have a substantial impact on the
building energy use, resulting in a large increase in peak
and total electricity demand for air conditioning in
buildings [62]. The relationship between daily electricity
consumption and ambient temperature is not linear. The
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power demand curve exhibits variation based on the
geographical region and time of year. In hot-dominated
areas, the highest point on the curve is observed during
the coldest winter period, whereas in cooling-dominated
areas, it occurs during the warmest summer period.
During the winter season, there is a negative correlation
between ambient temperature and power consumption
due to the fact that higher temperatures lead to a decrease
in the need for heating. On the other hand, there exists a
positive correlation between the nexus during the
summer season and the heightened ambient
temperatures, which consequently amplify the demand
for cooling. Previous studies examining the influence of
ambient temperature on aggregate electricity usage have
indicated that the actual rise in electricity demand per
unit of temperature increase falls within the range of
0.5% to 8.5% [63].

4.3 Radiation

Radiation is one of the methods by which heat is
transferred, along with conduction, convection, phase
change, and mass transfer. Any surface with a
temperature above 0°K emits thermal radiation.
Additionally, they assimilate thermal radiation emanated
by their environment. The disparity between the total
radiation emitted and absorbed by a surface at a specific
time can lead to a net heat transfer, causing a
modification in the surface's temperature [64]. Thermal
radiation encompasses the wavelengths of the
electromagnetic spectrum that can cause a surface to heat
up upon absorption, spanning from around 100nm to
100,000 nm. Typically, as the temperature of a surface
increases, the average wavelength of the radiation it
emits decreases.

Radiation influences outdoor air temperature through
the transfer of latent and turbulent heat from the surface
to the atmosphere. Additionally, it affects indoor
temperature through long-wave radiation emitted by the
interior surfaces of a space [65]. The impact of radiation
on indoor temperature and, subsequently, energy
performance is contingent upon the building envelope
material's U value, insulation, and window-to-wall ratio
(WWR). Similarly, in the outdoor environment, the
albedo of pavement materials, vegetation, and blue
spaces influences the radiation impacts on outdoor
temperature [66].

4.4 Humidity

The link between air humidity and cooling energy
consumption in hot regions is linear, while in cold
regions, it is inversely related to heating energy
consumption [67].

Figure 7 illustrates the correlation between
microclimate parameters and building energy parameters
in terms of effect strength. The cooling and heating loads
are the primary building energy metrics influenced by
the microclimate. The primary determinants of building

energy performance are the air temperature, wind speed,
and humidity within the immediate microclimate of the
buildings.
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cooling and heating loads
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Figure 7: Weighted relation between microclimate and
buildings energy consumption. Source: Author Based on
[56-671.

5 URBAN ELEMENTS AND URBAN
ENERGY PERFORMANCE

Urban planners are aware that the urban form has an
impact on transportation energy use, and there are
extensive studies to support this claim. Nevertheless,
there is a limited number of research that has explored
the potential impact of urban elements on the energy
efficiency of buildings. The author's study survey reveals
a scarcity of research on uncovering the indirect
relationship between urban parameters and building
energy consumption, as well as the means through which
urban elements can impact building energy performance
[68, 69].

As shown in Figure 8, the relationship between urban
elements and building energy consumption can be
inferred from previous research on the impact of urban
elements on microclimate, which has been extensively
studied for the past five decades [70-76]. The
microclimate is influenced by two primary factors: local
climate and urban elements. The microclimate, in
addition to the building design and its occupancy, affects
the indoor climate of the building. These factors, in turn,
have a direct impact on the energy consumption of the
building [77,78]. The influence of the urban
microclimate indirectly impacts energy consumption in
buildings, hence establishing a consequential relationship
between urban elements and energy use.

This study aims to validate the existing correlation
between urban factors and building energy consumption,
with the potential to be broadly applied for enhancing
energy efficiency in new regions.
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Figure 8. Relationship among microclimate, urban elements
and Building Energy consumption. Source: Author based
on [79-80].

6 URBAN ENERGY PERFORMANCE
MATRIX

Due to the previously referenced illustration of the
correlation between microclimate, urban elements, and
urban energy performance, this part introduces a
reference matrix (see Figure 9) for urban energy
performance. The matrix presented in this study
primarily outlines the degree of effect strength between
microclimate, urban elements, and urban energy
performance. This matrix is based on the findings of
prior studies and the proven relationship as described in
the methodology section of the paper. The matrix
comprises two primary axes: the horizontal axis denotes
urban elements, while the wvertical axis delineates
microclimate and building energy consumption factors.
Depending on the design and location of urban areas,
these parameters can have an impact on urban energy
performance, either positively or negatively. The
assessment of the relationship of energy consumption to
urban elements depends on the strength of the influence
of the urban element on microclimate parameters and the
strength of the relation of these microclimate parameters
to energy consumption. The measurement depends on
the strength of the influence of the chosen factors on
each other. The positive effects of correlations between
urban elements, wind, air temperature, and radiation lead
to a reduction in energy consumption. However, the
negative effects of correlations between urban elements
and humidity have a detrimental effect on decreasing
energy consumption in urban buildings due to the inverse

relationship between humidity and air temperature.
Higher levels of humidity throughout the summer result
in increased heat perception and more reliance on HVAC
use.

Table 6 shows the impact measurement scale, which
displays the relationship between each pair of attributes
in the reference matrix. As stated in Section 2, the
categorization of the values (strong, medium, weak, and
no impact) was determined by taking into account the
findings and recommendations from previous applied
and analytical studies [7-79], which explored and
analyzed the impact of key factors on each other.

Table 6. Measurement scale of the reference matrix.
Source: Author.

Scale Symbol Description

Strong positive correlation and
. ability to affect measured values

of selected parameters.

Strong negative correlation and
o ability to affect measured values

of selected parameters.

Strong

Fair positive correlation and
ability to affect measured values
of selected parameters.

Medium

Poor positive correlation and
inability to affect measured

values of selected parameters.
Weak P

Poor negative correlation and
A inability to affect measured
values of selected parameters.

No correlation and inability to
No impact affect measured values of
selected parameters.

7  RESULTS

The matrix illustrates the significant impact of block
form and urban canyons on building energy
characteristics. Furthermore, the impact of vegetation
and blue spaces on building energy is noteworthy.
Previous studies have mostly concentrated on leveraging
the significant impact of block morphology and urban
canyons to improve urban energy efficiency and
incorporate it as the primary input in urban building
energy methodologies. In contrast, while the impact of
vegetation and blue spaces on building energy is
moderate, there is a lack of research investigating their
potential as novel strategies for stakeholders, planners,
and architects to improve the energy efficiency of newly
developed urban areas.
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Figure 9: Urban energy performance matrix. Source: Author.

8 CONCLUSION

The persistent consequences resulting from the rise in
urban energy use necessitate the development of novel
approaches to improve urban energy efficiency. This
study examines the correlation between urban elements
and reshaping the urban energy performance matrix. The
utilization of this matrix can serve as a valuable tool for
urban planners and architects in their endeavors to
optimize energy efficiency throughout the early stages of
urban planning and design. It can also assist stakeholders
in making decisions by giving a wealth of data and
solutions for improving urban energy efficiency.

The recently updated urban energy performance
matrix has unveiled a correlation between urban
elements and building energy consumption. The extent
of this impact is contingent upon the relationship
between the aforementioned urban environment and the
various microclimate parameters. The urban elements
that significantly influence microclimate, such as wind
speed, humidity, air temperature, and radiation, exert a
substantial influence on building energy factors,
particularly cooling and heating loads. Therefore, the
correlation between urban elements and building energy
parameters is mostly established through the horizontal
axis; they start strongly at the horizontal axis with block
form and the urban canyon and end moderately with
vegetation and blue spaces.

While researchers have extensively examined the
impact of various parameters in urban performance
matrices on urban energy performance, certain factors,
such as vegetation and blue spaces, have not received

adequate attention in terms of their influence on urban
building energy modeling. Furthermore, there is a lack of
research on appropriate methodologies for incorporating
these parameters into urban design.

The paper proposes a thorough examination of the
suggested course of action since it holds potential for
discovering novel approaches to improving urban energy
efficiency.
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