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Abstract
This study claify how to improve sustainable credits in high-rise structures by investigating the integration of biophilic design
principles into ecological footprint measures. This study demonstrates how comparative techniques can efficiently handle the
issues connected with urban high-rise development while boosting sustainability. The study focuses on the impact of biophilic
design in decreasing energy consumption material use and waste , Water Management, Air Quality Improvement on
environmentally, Thermal Design and Comfort, to increases the overall environmental effects of high-rise structures. By adding
natural components into the built environment, the study demonstrates how biophilic design may contribute to more sustainable,
energy-efficient, and health-conscious architectural practices in the context of vertical urbanization. The findings highlight the
necessity of incorporating natural solutions to promote sustainable building practices that are consistent with larger environmental
aims by assessesment using framework analysis of five case studies from best sustainble highrise building: The Oasia Hotel
Downtown (Singapore), Bosco Verticale (Milan), The Edge (Amsterdam), Commerzbank (Frankfurt), and Parkroyal Collection

Pickering (Singapore).
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l. INTRODUCTION

Nowadays, the use of energy resource in high rise
building is one of the most widely discussed issues, and
several research are being undertaken around the World
(Doraj et al., 2021). In the modern period, energy plays an
important part in the socioeconomic growth of countries. As
a result, energy regulators place a high value on managing
and optimizing energy consumption as one method of
ensuring energy security ( Moreira et al., Rodrigues, 2022).
The building sector has a significant environmental impact,
accounting for one-third of greenhouse gas emissions and
40% of energy consumption globally high-rise buildings
(Bartlett & Howard, 2000). In high-density cities can
account for 60% of carbon emissions and 90% of total
electricity consumption (Rahmani et al., 2023). As the
residential building sector consumes around 30% of the total
energy consumed worldwide, buildings account for
approximately 36% of carbon dioxide (CO2) emissions,
which are the principal cause of global warming (Saleki &
Bahramani , 2018)( Ascione et al., 2021). This percentage is
likely to rise in the future as population and urban
development grow at an exponential rate. As a result, cities
spread vertically due to limited land area to accommodate

the growing population (Lima et al., 2019). Furthermore,
urban expansion will result in changes in energy use
patterns, where governments, particularly in developing
countries, are concerned about further high demand in the
building construction industry. The availability of more
modern high rise building in urban areas has contributed
significantly to meeting the growing demand for urban
buildings from the large number of people who move to
fast-growing cities. Furthermore, urbanization will cause
changes in energy consumption patterns, which will be
worsened by changing climate conditions (Riahi et al.,
2014), emphasizing the importance of urban sustainability.
High-rise buildings are indeed a symbol of urban progress
and growth. However, this urban growth goes hand in hand
with formidable environmental challenges that require
innovative solutions in order to achieve sustainability
principles and careful design to meet the growing
environmental, economic, and social needs. Probably, one
promising solution is biophilic design, which has recently
gained more interest in architecture, and especially in high-
rise buildings. Biophilic design aims to combine natural
elements with the built environment to enhance
sustainability and reduce the environmental impact of high-
rise buildings (Gong et al.,, 2023). Biophilia connects
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humans with nature by incorporating natural elements such
as plants, water, natural ventilation, and natural lighting into
buildings, which improves thermal and environmental
comfort  (Radha, 2022). Recent studies focus on the
presence of biophilic design, which has proven effective in
reducing carbon emissions and renewable energy (Kellert
2018). There are several studies that investigate how to
develop strategies for biophilic design and its applications to
improve energy management, environmental conservation,
and sustainability (Hong et al., 2019; Kadai et al., 2023).
Based on recent researches , practices have been developed
to maintain the ecological footprint and sustainability, some
of them have been identified having an impact on reducing
the ecological footprint of buildings such as : solar energy
harnessing, preferences for structure and materials, green
facade, rainwater harvesting system, and natural ventilation.
Hence, the idea of developing the features of the biophilic
design and using them in sustainable architectural straitgies

to enhance urban environmental (Hong et al., 2019; Kadai et
al., 2023) (Qian et al., 2019).

1. METHODOLOGY

The study is based on the analysis of five high-rise
buildings using biophilic design patterns, and some
sustainability points that have an impact on the
environmental footprint. Data were collected from academic
publications, building performance reports, and architectural
studies.The aim of this study is to enhance sustainable
credits in high-rise buildings, demonstrating how these
comparative approaches can address challenges and use
biophilic design strategies within ecological foot print
methods to investigate the role of biophilic design in
boosting sustainability in high-rise buildings, emphasizing
on the potential to reduce energy consumption, minimize
reliance on unfreindly materials, and improve environmental
health through following framework scheme:

Methodolgy

Explain how to use data and
how evaluate buildings

.Conclusion and

Recommendations

Recommendations to apply
biophilic design properly and
effectively

Introduction

Literature Review a

Sustainable Categories
Challenges In High-Rises
e Importance Of Biophilic Design
In High-Rise Buildings And
Achieving Sustainability In
Urban Environments
. Case Study Overview And
Analysis
Analysis Framewor

Finding and Discussion
Results of case study and authors
altrenative solutions to evolve the

challenges

Fig 1 Framework Scheme (Author)

809



1. LITERATURE REVIEW

Erich Fromm, a social psychologist, first used the word
"biophilia™ in the 1980s. The word, which has Greek origins,
implies "love of nature." the phrase refers to "the links that
humans intuitively seek with the rest of existence.” The term
"biophilic architecture” or "biophilic design™ describes how
a building is adapted to its surroundings. It is a method of
planning and architecture that incorporates natural elements
into constructed spaces to improve productivity, well-being,
and human-nature relationships. Based on Edward O.
Wilson's "biophilia” hypothesis, which postulates an innate
affinity between humans and nature, biophilic design
principles for interior design will incorporate both direct and
indirect interactions: direct interactions, with plants, water
features, and daylight; indirect interactions, with natural
materials, patterns, and colors. Studies show that adding
biophilic features can lower stress, boost cognitive function,
and improve an individual's mental health (Kellert et al.,
2008). Another study has found that employees had a 15%
decrease in absenteeism and a 6% increase in productivity
when workplaces were designed with biophilia in mind.
However, Terrapin Bright Green's "14 Design Styles" and
"Biophilic Design" provide a systematic approach to
applying these concepts in a variety of settings. It does this
by demonstrating the importance of the sense interaction
with nature for human well-being (Browning, Ryan, &
Clancy, 2014). Previous studies demonstrate the importance
of biophilic design in improving sustainable buildings and
linking them to the urban environment through the
interaction of occupants with the environment and
surroundings. The presence of biophilic design in
sustainable buildings, especially tall buildings, has become a
priority in urban design. One of the biophilic design
strategies is the participation of plants in building
occupancy, which leads to improving air quality and
reducing energy (Smith, 2023). Green roofs contribute to
urban sustainability by improving air quality and regulating
temperatures. biophilic suggests , biodiversity and its
impact on improving mental health in the region (Brown,
2022). The vegetation that covers high-rise buildings
reduces temperatures, increases cooling, and reduces
environmental impacts, which was concluded by modern
architectural research (Green, 2021). When the applications
of biophilic design are improved in high-rise buildings,
architects can comprehend the factors of the the project
success and its challenges, it might facilitate the process of
translating biophilic design strategies and transforming them
into ideas that enhance sustainability in buildings, it can
helps influence future methods and decision-making.
(Ardiani et al., 2020).

» Sustainable Design Categories And Challenges in High-
Rises

Sustainable tall buildings face some challenges in
maintaining the environmental footprint and these
challenges can be comprehend through the leadership credits
in energy and environmental design, such as consumption,
water management, material selection, indoor environmental
quality, and sustainable site design (Cabeza et al., 2022).

e Energy Consumption

Despite the multiplicity of energy saving methods, it is
still a burden on tall buildings. Due to their complexity and
efficiency, tall buildings often consume a lot of energy for

heating, cooling and lighting (Tzempelikos and Athienitis,
2023). Recent research indicates the difficulty of achieving
the goal of zero energy despite relying on natural elements
such as ventilation and natural light in relatively hot areas.
Also, trying to reduce the burdens by using air conditioning
systems for ventilation and thermal comfort increases
energy consumption, moreover reducing the sustainability of
buildings, hens the tall buildings contain complex energy
systems as well to the burden of loads in vertical areas,
which poses a challenge for sustainability researchers.
(Chong et al., 2020).

e Water Management

Water scarcity is another major issue in high-rise
buildings, especially in urban areas. Although modern
techniques such as rainwater harvesting, water recycling and
water-managing can help reduce water consumption, but
their slow implementation due to technical and financial
challenges is another obstacle. Green energy and stormwater
management applications can reduce water runoff, but they
require poor quality and difficult maintenance, making them
an impractical application in urban areas. Building
constraints and complexity are another challenge to their
implementation (Berndtsson et al., 2022).

¢ Indoor Air Quality

Air quality is one of the most important issues
necessary for the health of the building and the productivity
of its occupants and is one of the most important
considerations in sustainable construction. The building
balance between achieving optimal ventilation, natural
lighting and circulation is one of the most important
sustainability problems that are difficult to achieve, leading
to poor ventilation and light, as well the problems of low-
emitting materials and air control management who lack
proper management (Kellert et al., 2021).

e Material Selection

The materials used in sustainable construction increase
the difficulties of achieving sustainability because high-rise
buildings rely on concrete, and if a more efficient material is
found, it poses a material challenge to its use in
construction, which excludes its application (Cabeza et al.,
2022). Recent studies have found the use of materials who
require high energy eliminates the reliance on natural
energy, which poses a new challenge. The development of
materials science, such as the development of self-healing
concrete, is a logical solution, but its application is an
obstacle due to its high cost. It also discussed how tall
buildings often fail to manage natural light and ventilation
within the limits of urban requirements, and it causes air
circulation problems within poor light. Sustainability
methods may conflict with materials used in construction,
such as low-emitting materials, with the need for high-
performance air tightness, may possibly requires more
consideration (Huang et al., 2021).

e Sustainable Site Design

It is difficult to implement sustainability solutions in
urban areas with limited biodiversity (Beatley, 2023). Such
as green spaces, water bodies and parks, including
stormwater management. Moreover, the lack of renewable
resources leads to look for innovative methods for applying
the biophilic design in high-rise buildings. It also requires
choosing sites that do not have the threats of natural factors
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and wet environments, flood plains, including easy access to
public transportation to reduce the use of private vehicles
that cause harmful environmental emissions, in addition to
unfavorable environmental laws in the urban environment.

Heat island and harmful air emissions to the environment
also affect the effectiveness of sustainability site measures to
mitigate environmental impacts (Benedict et al., 2021).

Table 1 Sustainable Credits Challenges (Author)

Challenges Impact Impact
Energy 40% of global building energy Increases urban heat islands and greenhouse gas | Santamouris, 2020
Consumption consumption emissions

Water Management

30% of water wasted

Exacerbates water scarcity in urban areas

Wong et al., 2021

Sustainable site

UHI can lead to up to a 15-20%
increase in energy consumption
for cooling in cities

Buildings in large urban cities absorb harmful
radiation and reflect it back to the environment,
leading to higher air and surface temperatures.

(Liu et al., 2023).

Air Quality
Improvement

60% of buildings with poor
indoor air

Reduces occupant health and productivity

Kaushik, et al.,
2020

Thermal Design

25-30% higher cooling costs

Reduces occupant health and productivity

Cheung et al., 2021

and Comfort

Material Use and 50% of urban solid waste

Waste

Depletes resources and increases landfill

Ghaffar et al., 2020

challenges

» The Importance of Biophilic Design in High-Rise

Buildings for Sustainability Urban Environments

The concept of biophilic design should take into
account natural environments and their interaction with
humans. Human experiences with nature can increase
mental processes and environmental adaptation conditions
that humans have used since long times ago, which makes
us always wants to explore healthy environments that

support productivity and well-being. Biophilic design can
help increase our awareness of the importance of the
environment and its preservation. The ultimate goal of
design is not the physical structure, but its impact as a lived
experience. Biophilic design is mainly based on three types
of natural experience patterns. (Aouadi et al., 2023). Figure
2:

-
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e Air » Weather
| « Water » Natural landscapes
' e Fire » Plants & Vegetation
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Fig 2 Biophilic Design Pattern and Experiences
(Aouadiet al., 2023)

Many studies have explored the necessity of applying
biophilic design in high-rise buildings and its role in
enhancing and raising productivity, reducing stress,
increasing biodiversity, and its impact on air purification
and sustainability. Another study indicated the application of
biophilic design strategies in buildings and their role in
reducing energy consumption, improving air quality,
enhancing biodiversity, and promoting environmental

sustainability while providing healthier living environments
for building occupants (Aouadi et al., 2023). The importance
of applying biophilic design has been proven by several
results in the urban environment, as following:

Improving well-being: Biophilic design reduces stress
and increases mental capacity. Thus the exposure to green
spaces and natural light leads to a relaxing sensory
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experience, and the light and sensory effect seems to be
particularly important in buildings with limited access to
natural light (Nieuwenhuis et al., 2014).

Energy efficiency: Biophilic elements such as
biodiversity, green walls and open spaces with natural
surroundings can reduce the use of artificial air cooling
structures and thus reduce energy consumption
(Tzempelikos and Athienitis, 2023). Another study found
that heat island effects can be reduced by integrating green
roofs with solar panels (Hong et al., 2020).

The sustainability of high-rise buildings is focused on
the application of green roofs and vertical gardens, as green
roofs contribute to reducing consumption, which leads to
controlling the temperature of the area (Saadatian et al.,
2013).

Environmental quality: The application of windows
and ventilation openings in a correct manner similar to
natural open environments, such as the use of sky gardens,
increases cooling and reduces dependence on artificial light
(Glicksman et al., 2018).

Water management: Simulating nature by applying
water bodies such as ponds and fountains enhances the
sustainability of a building, which leads to solving the
problem of rainwater and preventing flooding (Berndtsson,
2010).

Application of materials: The use of raw materials such
as wood, stone and clay in high-rise buildings enhances the
sustainability of the building and reduces environmental

emissions, which leads to reduced energy consumption
(Cabeza et al., 2014).

In summary, although sustainable high-rise structures
offer various environmental and social advantages,
challenges like energy use, water management, choice of
materials, indoor environmental quality, and sustainable site
planning need to addressed for them to fully achieve their
potential as environmental urban spaces.

» Case Study Overview And Analysis

These case studies clarify how biophilic design can be
applied in various vertical structures, transforming
conventional high-rise buildings into vibrant,
environmentally  sustainable, and nature-inspired
environments. These illustrations may act as motivation for
upcoming enhancements and advancements in the sector as
we explore the existing influence of biophilic components
on the ecological footprint of tall structures and their role in
promoting sustainability in contemporary vertical living.

e Case Study Limitations

The study proposed on buildings istablished between
1997 and 2016.geographical coverage is limited to urban
centers in Asia, Europe and data availability on building
performance varies.

e Oasis Hotel Downtown (Singapore)

v’ Established Year: 2016
v Area: 25,000 sqgm

Fig 3 Flora Green Facade ,Oasis Hotel Downtown Singapore
(CTBUH,2018)
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Fig 4 Water Featuer, Oasis Hotel Downtown, Singapore
(CTBUH,2018)

The Oasia Hotel Downtown in Singapore, is a stunning
example of a vertical refuge in the midst of a bustling
metropolitan environment. The building's facade is covered
with lush flora, which serves both aesthetic and utilitarian
purposes It introduces a green plot ratio GPR standards as a
measure of the density of greenery inside a property. The
green facade using aluminium mesh shading serves as a
natural thermal buffer, reducing the building's reliance on
artificial cooling systems while also providing a visual break
for both tenants and viewers. Furthermore, the building's
vegetation has an environmental benefit by helps regulate
stormwater runoff and contributes to local biodiversity. The
incorporation of flora with 33 kind of trees and shurbs into

the building's design is a novel method to creating
sustainable structures that benefit the urban environment
provides with automatic irrigation system which reduce
water waste. The Site closed to public transportation,
decrease the demand for private car use and the carbon
emissions (CTBUH,2018).

Biophilic Features: Green facade ,Vertical gardens,
rooftop green spaces, water features, optimized natural
lighting, mesh shading.

Sustainable Strategies In Building: automatic irrigation
energy-efficient cooling systems, solar panels.

Fig 5 Vertical Garden, Oasis Hotel Downtown, Singapore
(CTBUH,2018)
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Fig 6 Green RoofTop ,0Oasis Hotel Downtown, Singapore
(CTBUH,2018)

e Bosco Verticale (Milan, Italy)

v Established Year: 2014
v Area: 40,000 sgm

The Bosco Verticale in Milan exemplifies biophilic
design's role in enhancing urban sustainability. By
integrating over 20,000 plants, including 700 trees, into its
two residential towers, the project improves air quality,
reduces noise pollution, fosters biodiversity within the urban
environment. The vegetation of dark foliage serves as a
natural insulator, mitigating the urban heat island effect and
lowering energy consumption for heating and cooling.
Additionally, the building employs a sustainable storm water
irrigation system that recycles excess water from occupants
and the building for plant nourishment. This integration of

nature within the built environment not only enhances
residents' quality of life but also sets a precedent for
sustainable urban development. Ventilated facade with
translucent grey composite material such as stonware panel
can reduce heat .The complex serves as a landmark in the
city, providing a changing landscape that varies in form and
color depending on the plant species (CTBUH,2015).

Biophilic Features: Vertical forests with over 700 trees,
use of native plant species.

Sustainable Strategies In Building: Green dark foliage
design using green wall reduces urban heat island effects
and storm water, natural insulation lower energy
consumption and solar radtiation, irrigation system.

—

Fig 7 Site contains a variety of green landscape , Bosco Verticale,Milan
(Giacomello et al,. 2015)
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Fig 8 Green Facade , Bosco Verticale,Milan
(Giacomello et al,. 2015)
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Fig 10 Vertical garden Bosco Verticale,Milan
(Giacomello et al,. 2015)

e Commerzbank (Frankfurt)

v' Established Year: 1997
v Area: 121,000sgm

Fig 11 Site , Commerzbank Frankfurt
(Powell, 2006)
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Fig 12 High-performance glazing , Commerzbank Frankfurt
(Powell, 2006)

This tower, which serves as the headquarters of
Commerzbank and is located on Neuheimer Strasse in
Frankfurt, Germany, is a renowned example of ecological
and life-loving design. It was designed by Foster + Partners,
helmed by renowned architect Norman Foster, and
constructed between 1994 and 1997. It is 259 meters tall,
with 56 storeys, and a 300-meter antenna, making it the
tallest structure in Europe at the time. It was renowned as
the world's first environmentally friendly skyscraper and is
still the tallest building in Germany. Commerzbank makes a
social, economic, and ecological message through
architecture. The tower's design strives to integrate natural
elements into the constructed environment in order to
promote users' wellbeing and health; it also contributes to a
reduction in energy consumption, making it a pioneering
model in environmentally friendly structures. One of the
most notable and creative aspects of the Commerzbank
Tower is its biophilic design (Author, et al., 2015). The
adopted biophilic elements are as follows:

Cloud gardens are a key biophilic component in
landscape design. The fact that these gardens are distributed
across multiple floors allows for the creation of indoor green
zones that reduce interior temperatures and improve air
quality. Additionally, the gardens act as biological thermal
insulators, reducing the need for artificial cooling systems
(Gissen, 2003). These gardens also provide biological
diversity through the variety of plants used. Asian flora are
used from the east; North American vegetation from the

west; and Mediterranean plants from the south. This design
also follows geographic tendencies. The design centers on
an internal courtyard running the length of the building, with
a glass roof that allows sunshine to permeate all floors.
Employees also utilize it as a place to sit and observe the sky
gardens. The Commerzbank Tower's architecture makes
extensive use of natural illumination. The building facades
are constructed with double-glazed windows that allow
plenty of natural light in. Glass walls separate offices and
corridors to allow natural light into all interior spaces and
maximize brightness (Scribd, n.d.). This strategy decreases
reliance on artificial lighting during daylight hours, which
helps to save energy. Furthermore, natural lighting promotes
employee well-being by lowering eye strain and increasing
productivity (Powell, 2006). Commerzbank Tower's
architecture is based on an innovative natural ventilation
system that involves enveloping the tower in two-layered
facades. The corridors allow fresh air to flow from outside
to inside, improving interior air quality while reducing the
demand for artificial cooling and heating systems.

Biophilic Features: Nine sky gardens , provide natural
light and ventilation, cloud gardens in landscape design.

Sustainable Strategies In Building: high-performance
glazing and rainwater harvesting systems, low energy
consumption and environmental impact, achieving net-zero
carbon status, ventilated reducing reliance on artificial
cooling systems.
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Fig 14 Site, Commerzbank, Frankfurt
(Powell,2006)




e The Edge (Amsterdam, Netherlands)

v Established Year: 2020
v’ Area: 28,000 sqm
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Fig 15 The Edge Site Surrounding, Ecological Corridor
(https://archinspires.com/2024/08/12/case-study-sustainable-features-of-the-edge-in-amsterdam/)
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Fig 16 Water Storage
(https://archinspires.com/2024/08/12/case-study-sustainable-features-of-the-edge-in-amsterdam/)

The Edge in Amsterdam is another high-rise that big atrium with plenty of natural light, generating a sense of
follows biophilic design concepts. Known for its emphasis connection with nature while being an office building. The
on sustainability and employee well-being, The Edge has a building also incorporates smart technologies to improve
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environmental control and energy efficiency, ensuring
sustainability. the building's smart lighting system is tuned
for daylight levels and automatically changes to cut energy
use when there is adequate natural light. The building's
smart lighting system is tuned for daylight levels, and it
automatically adapts to cut energy use when there is enough
natural light. The site include ecological corridor contain
green landscape it separate the building from transportation
way and helping animals to cross way safely (CDDB,2017).
The Edge has green roofs, which give numerous
environmental benefits such as, Stormwater Control: Green
roofs absorb rainwater, thereby minimizing runoff and
reducing the risk of flooding nearby, temperature Control:
Green roofs provide insulation for the building, maintaining
a cool environment in the summer and warmth during
winter, which lowers the demand for heating and cooling.

Biodiversity: Green spaces also attract local flora and
wildlife, which contributes to urban biodiversity. The
building's energy management system uses sensors to

monitor and optimize energy consumption, ensuring that the
facility runs at peak efficiency.Solar panels built into the
building's facade and roof generate renewable energy,
helping the building achieve its aim of near-zero energy
consumption. The use of sustainable materials throughout
the construction process reduces the building's
environmental impact. The materials are carefully chosen to
reduce embodied energy, with a preference for low-carbon,
recycled, and locally sourced alternatives such as timber
which is sourced from forests that are managed in a way that
protects biodiversity and promotes sustainable forest
practices. One of the materials used in the construction is
smart glass that automatically dims sunlight, reducing the
need for air cooling (CDDB,2017).

Biophilic Features: natural lighting, green terraces, use
of timber wood, ecological corridor.

Sustainable Strategies In Building: water managment
and recycling, smart glass , green roof.

Fig 17 Atrium Surrounding
(https://archinspires.com/2024/08/12/case-study-sustainable-features-of-the-edge-in-amsterdam/)
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Fig 18 The Edge Facade
(https://archinspires.com/2024/08/12/case-study-sustainable-features-of-the-edge-in-amsterdam/)

Parkroyal Collection Pickering (Singapore)

v' Established Year: 2015

v Area: 29,000 sgm
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Fig 19 Facade Appears Sky Gardens Parkroyal Collection Pickering ,Singapore
(Terrapin Bright Green,2015)

application of 15 thousand square meters of green spaces.
This demonstrates the impact of the biophilic application on
sustainability factors by utilizing rainwater, reducing energy
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sky gardens containing green plants, which reduces the
effect of heat islands and improves air quality through the



consumption, and using integrated solar panels. The
application of vertical gardens has proven its effect in
reducing heat, purifying the air, and rationalizing energy
consumption. It is one of the smart and innovative methods
suitable for the geographical area (Terrapin Bright Green,
2015).

The building is outfitted with solar panels that provide
renewable energy. By incorporating these systems into the
building's design, the hotel lessens its dependency on fossil
fuels and hence its carbon footprint. Using sustainable
materials in building reduces the environmental impact of
resource extraction and transportation. Many of these
materials are sourced locally, which decreases the carbon
footprint of the building's construction. The hotel bar and
main lobby desk are both made of curved wood layers.These
constructions appear to arise naturally from the wood bands
covering the surrounding walls and ceiling.The bar and

lobby desk stand on textured carpet islands that blend into
the floor. These elements defy crisp angles, creating
formations that resemble the gradual erosion of land by
wind or water. The sky-gardens feature regional species
such as Frangipani trees, Euterpe palms, floral Heliconias,
Alpinias, largeleafed bushes, ferns, and hanging
creepers(Terrapin Bright Green,2015).

Biophilic Features: Sky gardens, integration of natural
materials such as curvy timber wood shape , 15,000 m2 of
green space , regional species such as frangipani trees,
euterpe palms, floral Heliconias, alpinias, largeleafed
bushes, ferns, and hanging creepers.

Sustainable  Strategies in  building: Rainwater
harvesting, reduction of carbon footprint with solar panels,
sky garden lowering the urban heat island effect and
increasing air quality,

Fig 20 Natural Lighting Pickering ,Singapore
(Terrapin Bright Green,2015)
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» Analysis Framework

Based on the previous data, a brief table was design to describe the role of biophilic in improving sustainability strategies in
the five high-rise buildings, the table shows the best building in applying the most credits of sustainability. The table can be taken

as a reference to measure sustainability and reduce ecological footprint challenges Table 2:

Table 2 Biophilic Impact on Sustainable High Rise Buildings (Author)

Credits Of Sustainable
Uses

Oasia Hotel
Downtown
(Singapore)

Bosco Verticale
(Milan)

Commerzbank
(Frankfurt)

The Edge
(Amsterdam)

Parkroyal

Collection

Pickering
(Singapore)

Biophilic Design Impact On Sustainability And Ecological Foot Print
Energy Consumption Green facade Dark foliage of Use of passive High- Passive cooling
and natural green wall helps to cooling and performance through vertical
ventilation reduce solar natural ventilation. | systems ensure greenery and
reduce cooling radiation minimal energy | energy-efficient
loads. use. systems.
Water Management Water Feature On-site water Water-efficient Rainwater Advanced
recycling for systems to irrigate | technologies for harvesting and rainwater
irrigation. vegetation. landscaping and smart water harvesting and
waste. fixtures drip irrigation
integrated. systems.
Site Sustainability Extensive Green spaces Greenery and Greenroofsand | The utilization of
greenery serves absorb green interior landscaping natural ventilation
to moderate precipitation and spaces improve enhance local and passive
ambient assist manage the local biodiversity and cooling reduces
temperatures, so stormwater, microclimate, reduce the UHI overall energy
minimizing the | relieving pressure | which is especially effect. demand and helps
UHI effect. on the city's significant in to cut carbon
drainage systems. | densely populated emissions.
cities such as
Frankfurt.
Air Quality Improvement Green facade Green vegetation Plant integration Advanced air Extensive

actsasa helps reduce fine reduces CO2 and filtration greenery purifies
thermal buffer, | particulate matter improves air systems surrounding air.
reducing heat in urban air by quality inside the improve air
gain. cooling . building quality.
Thermal Design Natural Dense vegetation Use of passive Smart glazing Vertical greenery
ventilation and using green dark solar energy, and insulation ,curvey floors
aluminum foliage provides double-glazed ensure optimal simulate nature
shading shading and windows. thermal
insulation. performance.
Thermal Comfort Green fagade Vegetation Natural ventilation Personalized Integrated shading
lowering moderates indoor combined with climate control and ventilation
temperature temperatures and energy-efficient. features ensure thermal
provide thermal | improves comfort. optimize comfort.
comfort comfort.
Insulating Material Used natural Natural vegetation Not mentioned Smart glass Use of timber
source such as | acts as insulation, any natural helps to reduce wood, regional
flora trees. supplemented by material but the energy by species such as
there’s no modern materials. use of double- optimizing the frangipani trees,
mention for such as grey glazed and amount of solar euterpe palms,
natural composite insulated glass heat gain. Using | floral Heliconias,
materials materials used for energy lumber as a alpinias,
stoneware efficiency. renewable largeleafed
material can bushes, ferns, and
help store hanging creepers.

carbon dioxide.

V.

FINDINGS AND DiSCUSSION

Depends on analysis data from the biophilic impact on
sustainble credits and ecological foot print we admit the
study was competitive among high-rise buildings which
applied most of the requirements, within the features of
biophilic. The use of materials inspired by nature was not

applied except in two buildings, such as the Oasis Hotel and
Parkroyal Collection Pickering. The author also found the
Comerzbank building did not meet the credit of sustainable

site.

The author remark the usage of green facades, open
sky gardens, flora, natural vegetations, and dark foliage
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shading might be the finest alternatives to manage energy
consumption in addition to reducing the UHI effects on the
ecological footprint. In terms of water management, most
buildings use water harvesting systems for automatic
irrigation, but water recycling system application in building
would be more sustainable solution for building, such as
oasis hotel water management, site sustainable applying is
varies and fair for both sustainable ecolocical footprint
challenges of the areas by using green roof within energy
management system including stormwater system, and this
appears more into the edge.Air quality Improvment
considered to be the most essential concern in the highrise
building Credits, along with thermal design and comfort. It
discovers that the structure of buildings necessitates smart
green applications that can take advantage of natural
resources through the usage of green vegetation.The
discussion ends with material use, which demonstrates the
vulnerability of most buildings; applying greeny to
structures can reduce environmental impact; the author
recognise grey composite materials and the use of timber
into the Bosco vertical and Parkroyal Collections Pickering
can be decent and more advanced in terms of environmental
needs than Commerzbank, which appears to be the weakest
building of all in applying sustainbility by biophilic featuers
from the exterior.

V. CONCLUSION AND RECOMMENDATIONS

This study has identified that biophilic design can
actually play an influential role in trying to solve the various
issues of sustainability related to high-rise buildings. The
integration of natural elements and strategies in design
enhances ecological sustainability, hence improving the
living standard of people residing or working within those
buildings. The study, through five high-rise case studies of
biophilic design in buildings around the world-Oasia Hotel
Downtown, Singapore; Bosco Verticale, Milan; The Edge,
Amsterdam; Commerzbank, Frankfurt; and Parkroyal
Collection  Pickering, Singapore-showcases real and
quantifiable benefits related to energy efficiency, water
management, air quality improvement, thermal comfort, and
material use.

Results indicated that the best-performing high-rise
buildings are those designed with biophilic features such as
green facades, wvertical gardens, systems for water
management, and the use of natural materials. Moreover,
integrating renewable energy systems, green roofs, and
smart technologies contributes not only to cost reductions
but also to enhancing environmental resilience. While most
case studies present astonishing strategies of sustainability,
some areas of concern still remain: challenges in the
application of natural materials, water recycling, and site-
specific adaptability.

Its seems the use of natural source isn’t only way to
obtain sustainability, the author finds high-rise buildings
materials calls to more studies on installation materials,
biophilic design can offer using natural materials or
simulation which can helps sustainable challenges in
addition to improves future buildings. Using of glass as
main shape isn’t favorable to recent biophilic high-rise
buildings, although natural material could be new approach
to observe for future researches .The research findings show
that biophilic design not only reduces ecological footprints,

but also improves the overall sustainability of high-rise
buildings by promoting energy efficiency, better air quality,
and biodiversity protection. By integrating urban spaces to
nature, these designs contribute significantly to
environmental protection while also improving residents'
living situations. there is still a need to refer to some
recommendations can be consider to next step while
planning to integrate biophilic features into sustainable high-
rise buildings:

e Use green facades and vertical vegetation to reduce
cooling loads, to reduce energy usage in tropical and
temperate regions.

e Apply modern rainwater collection and greater recycling
systems for irrigation and landscaping.

e Use substantial greenery to reduce urban heat islands
(UHIs) and manage storm water.

e Green roofs and ecological corridors can improve
biodiversity and reduce environmental impact.

o Apply green facade, dense vegetation, and indoor plants
to minimize CO: and filter fine particulate matter.

e Advanced air filtration technologies, together with
natural plants, help improve indoor air quality and
occupant health.

e Use natural ventilation, shade from plants, and high-
performance glazing to improve thermal comfort .

e Vertical vegetation and curving floor designs can mimic
nature and help indoor temperature regulation.

e Consider obtained renewable materials like timber and
grey composites materials such as stoneware.
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