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Abstract

Sustainable solutions are needed to protect the environment and the planet from
the adverse impacts of human activities, such as pollution, resource depletion, and
global warming. Vertical greenery systems (VGS) enhance biodiversity, reduce ur-
ban heat island effects, provide indoor and outdoor comfort, and improve air qual-
ity. The Authors adopted a data collection strategy to study the VGS benefits in var-
ious aspects and review its types and the important aspects of their longevity, in
addition to studying the primary challenges of implementing VGS in Egypt includ-
ing cultural and social, economic, environmental, Government Policies, infrastruc-
ture and technology challenges with a detailed explanation of each challenge. The
Authors then adopted a Data analysis strategy by conducting an online question-
naire to investigate how the public perceives the challenges involved in implement-
ing VGS in Egypt, by examining the most significant aspect of each of the multiple
challenges limiting the installation of VGS in Egypt and rating the impact of each
challenge based on how much it would limit the adoption of VGS in Egypt, as well
as ranking the challenge that has the highest impact on Egypt's implementation of
vertical greenery systems. The Authors concluded a prospected framework con-
cerning the primary challenges of implementing the vertical greenery systems in
Egypt from the public’s perception, highlighting the challenges that have the high-
est impact on avoiding the implementation of the VGS in Egypt.
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1. Introduction

There are certain negative impacts of human activity and
rapidly expanding cities on the environment. To safe-
guard the environment and the planet from harmful ef-
fects of human activity such as pollution, resource deple-
tion, and global warming, sustainable solutions are re-
quired. Using vertical greenery systems has several posi-
tive impacts on the economy, the environment, and soci-
ety in addition to lowering temperatures (Safikhani, Ab-
dullah, Ossen, & Baharvand, 2014 a).

Creating a greener building envelope with an emphasis on
vegetated green facades is an excellent illustration of a
new construction technique. In the case of living wall sys-
tems (LWS), plants and partially growing materials serve
avariety of advantageous purposes, such as enhancing bi-
odiversity and ecological value, reducing the impact of the
urban heat island effect, providing comfort both indoors
and outdoors, improving air quality, and enhancing the
social and psychological well-being of city dwellers (Ot-
telé, Perini, Fraaij, Haas, & Raiteri, 2011).

Egyptis going through a period of rapid economic growth,
urbanization, and shrinkage of green space, which is caus-
ing environmental issues including pollution, drought,
and the heat island phenomenon to arise in the metropol-
itan regions (Momtaz, 2018).

Temperatures in urban areas have risen over time relative
to the surrounding rural areas as impervious surfaces
have replaced vegetated surfaces. Considering that con-
crete surfaces radiate, absorb, and hold much more solar
energy than trees and grass (Momtaz, 2018).

It is more important than ever to make better use of the
planet's limited resources through proper architectural
solutions. One of the most significant developments in this
field is the application of wall greeneries to lower energy
usage, carbon emissions, and city temperatures in large
cities (Gawad, 2018).

Accordingly, the primary objectives of the research can be
illustrated through the following:

e  Studying a general interface for the vertical greenery
systems highlighting the main advantages, benefits &

roles in various aspects, in addition to reviewing its types

and the important aspects of their longevity.

e  Studying the primary challenges of implementing the
vertical greenery systems in Egypt including cultural and
social challenges, economic challenges, environmental
challenges, Government Policies, Regulations & Stake-
holders Engagement challenges, and infrastructure &
technology challenges with a detailed explanation of each
challenge.

e  Conducting an online questionnaire aimed at investi-
gating how the public perceives the challenges involved in
implementing vertical greenery systems in Egypt. This
questionnaire was widely disseminated to responders
from several Egyptian governorates to examine the most
significant aspect of each of the multiple challenges limit-
ing the installation of vertical greenery systems in Egypt
and to rate the impact of each challenge based on how
much it would limit the adoption of vertical greenery sys-
tems in Egypt as well as to rank the challenge that has the
greatest impact on Egypt's implementation of vertical
greenery systems.

e  Conducting a prospected framework concerning the
primary challenges of implementing the vertical greenery
systems in Egypt from the public’s perception, highlight-
ing the challenges that have the highest impact on avoid-
ing the implementation of the VGS in Egypt.

2. Methodology

The methodology of the research is divided into Three
main phases; the first phase is the Theoretical part fol-
lowed by the data analysis method, and finally, the third
phase aimed at conducting a prospected framework con-
cerning the primary challenges of implementing the verti-
cal greenery systems in Egypt from the public’s percep-

tion. Figure 1 shows the methodology of the research.
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Egypt's implementation of VGS. |
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ecting  the implementation  of
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P thuough the outputs of the third
phase, The framework will allow
architects, urban planners. and VGS
Specialists to recognize the major
challenges limiting the
implementation of VGS in Egypt to
overcome these challenges.

Through the outputs of the second
phase, the paper will determine the
most important challenges that have
a preat impact on limiting the
implementation of VGS m Egypt.

Through the outputs of the first
phase, the paper will execute the
primary challenges of implementing
the vertical greenery systems in
Egypt and their main aspects.

Figure 1. Research Methodology (Authors).

3. Vertical Greenery Systems (VGS)

Vertical greenery systems have become more important
as sustainable building design elements since they can im-
prove a structure's environmental impact. Vertical green-
ery systems are plants grown on vertical surfaces. This al-
lows for the vertical growth of one or more plant species
on any surface, whether natural or artificially created,
within or outside of a building, attached to a wall, or
standing alone in front of a wall. Vertical greenery sys-
tems are defined as those that grow all types of plants on
all types of vertical surfaces. These systems were referred
to by a variety of names and terminologies, such as bio-
walls, vertical gardens, vertical landscaping, and vertical
greenery systems (Safikhani, Abdullah, Ossen, & Bahar-
vand, 2014 a).

The incorporation of vegetation onto structures, such as
green roofs or vertical greening, has a positive impact on
both the inhabitants' well-being and the climate of metro-
politan areas. On the other hand, one of the primary
causes of the urban heat island effect has been identified
as the relative absence of vegetation in many cities
(Gawad, 2018).

Recently, an increasing number of individuals are becom-
ing aware of the financial advantages of vertical greenery
systems. Using vertical greenery systems as window
shadings is one method. Appropriate shade systems,
which are facilitated by vertical greenery systems, have

the qualities of increasing daylight and minimizing

uncomfortable glare, which ultimately results in a de-
crease in the need for electricity. They can also regulate
storm waters and function as porous surfaces. Vertical
greenery systems are more cost-effective than demolition
and reconstruction and are appropriate for eco-retrofit-
ting projects that aim to improve human and environmen-
tal conditions (Safikhani, Abdullah, Ossen, & Baharvand,
2014 a).

As a result of their role in the vertical mixing of air, they
also tend to have cooler temperatures than the built-up
areas around them. Fresh air replaces warm air that rises
over hard surfaces, reducing the impact of the heat island
effect (Gawad, 2018). The temperature drop might impact
the building and the surrounding urban area, depending
on how densely the plants are arranged in the green walls
(Gawad, 2018).

In every categorization, the type of vertical greenery sys-
tems is mostly determined by the location of growing me-
dia. The growing media provides nourishment to the roots
of plants. Growing media may remain on the ground, al-
lowing only vertical plant growth to envelop the vertical
surfaces. Known as the "green facade," it is typical of tra-
ditional architecture. Furthermore, growing media can be
positioned vertically in front of the vertical surfaces. The
term "living wall" refers to this contemporary method
(Safikhani, Abdullah, Ossen, & Baharvand, 2014 a), as
shown in Figure 2.

Trellis Trellis

Sample Box Sample Box

Green Climber Green Module

Wall Surface Wall Surface

9
Growing Media 3

Figure 2. Types of Vertical Greenery Systems (Safikhani,
Abdullah, Ossen, & Baharvand, 2014 b).
Living walls may support a wider variety of plants since
their substrates are arranged vertically and include grow-
ing media in carriers. The panel, felt, or container systems

are frequently used for living walls. Panel systems are
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affixed to the structures with pre-planted panels. Felt sys-
tems are made up of felt pockets that are planted with
plants and affixed to the structures' waterproof walls.
Plants in container systems are potted and climb the trel-
lises (Safikhani, Abdullah, Ossen, & Baharvand, 2014 a).
An important aspect of the longevity of vertical greenery
systems is the selection of suitable vegetation. To deter-
mine which, plant species are appropriate for a given cli-
mate, investigations into the life, growth, and environ-
mental adaptation of plants are necessary. Since some
plant species can only survive in a particular environment
and others cannot, these studies are especially significant
for outside plants. In addition, the performance of vertical
greenery systems is influenced by the watering system,
maintenance practices, and installation techniques
(Safikhani, Abdullah, Ossen, & Baharvand, 2014 a).

The efficiency and performance of vertical greenery sys-
tems can be enhanced by strategically selecting plants for
specific uses. While monitoring is necessary throughout
the growth period for both living walls and green facades,
different criteria apply when choosing appropriate plants.
Long-stalk vines are suitable for covering green facades
and are typically chosen for this purpose (Safikhani, Ab-
dullah, Ossen, & Baharvand, 2014 a).

3.1. Challenges of Implementing VGS in Egypt

Egypt is not widely recognized for its huge urban parks
and cutting-edge environmental initiatives. Both the nat-
ural environment and the welfare and comfort of city in-
habitants have been directly impacted by the "Cementifi-
cation" of its urban areas and the greater amount of as-
phalted exteriors in comparison to urban greening. This
problematic state could also be related to the metropoli-
tan environment's deficiency of greenery and vegetation,
which studies have shown to be essential for inhabitants'
psychological welfare. However, the use of greenery on
building facades promotes an energy-conscious design
philosophy that keeps crowded cities like Cairo from de-
generating into a decaying natural habitat and, as a result,
plays a significant part in determining the real estate
value of the urban area (Gawad, 2018; Momtaz, 2018).

The amount of space available for urban greenery in-
creases in price and scarcity as a city's population grows.
The creation of three-dimensional urban space and the
complete utilization of existing urban levels, building
planes, and facade spaces for greenery are the results of
the conflict between the scarcity of urban land and the ris-
ing demand for urban greenery. Even if there are progres-
sively more buildings with vertical gardens, there are still
certain difficulties. Among the most crucial is the require-
ment for immediate financial gains. This mostly entails
translating environmental and social benefits into indi-
rect economic gains, which somewhat reduces develop-
ment drive (Wu, Wang, & Wang, 2023).

To compensate for the expensive input and maintenance
costs within 10 or even thirty years, additional tasks must
be done. As a result, choosing an appropriate building
space carrier is essential. The primary motivation for en-
couraging the continued development of building green-
ery is the carrier's ability to maintain certain economic
advantages while optimizing the environmental and so-
cial value to cover its operational costs (Wu, Wang, &
Wang, 2023).

Climate is an important consideration in determining
which plant species are suitable for a certain area, and
each climate and region should have its own unique set of
tests conducted. The results of the investigations show
how crucial plant quality and climate adaptation are to the
growth process and wall surface covering of plants. Fur-
ther research is needed to understand the applications,
qualities, substrate structures, and other maintenance re-
quirements of the plants used for living walls, even if the
plant species selection is more varied than for green fa-
cades and is not restricted to plants with long stalks (Ot-
telé, Perini, Fraaij, Haas, & Raiteri, 2011).

The most significant green wall systems currently availa-
ble are living walls and green facades, each of which has
some subcategories that are constantly emerging in the
market. When selecting the right green wall for a given
project, consideration should be given to both the overall
benefits and drawbacks of the option as well as its con-
struction method, climatic constraints, and aesthetic
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appeal (El Menshawy, Mohamed, & Fathy, 2022).

Over the past decade, Cairo has seen several projects and
programs that support urban gardening on rooftops and
other locations to promote more environmentally
friendly architectural solutions around the nation. Thank-
fully, Egyptian citizens and the government have re-
sponded favorably to these measures when they have
been followed and put into action (Gawad, 2018).

Green facades have historically been associated with
buildings with facade covered in vigorously growing veg-
etation. Climbing plants are a natural way to cover a build-
ing's facade, but they require an extended period to flour-
ish. Unfortunately, the use of urban greenery has been
linked to upkeep expenses, insect attraction, and deterio-
ration of building materials. In comparison to the conven-
tional ones, newer approaches that permit greening build-
ing facades have recently progressed both technically and
conceptually. Various groups of building greenery sys-
tems and products are already starting to be placed, de-
pending on how the greening of a building or construc-
tion's facade is designed, considering the various building
greenery products and systems that are available on the
market (Gawad, 2018).

One of the main advantages of green facades is how
wastewater is managed. Watering is particularly effective
when using a hydroponic or drip irrigation system. At the
bottom of the garden, wastewater gathered. As an alter-
native, recycled water can be reused again (El-Zoklah,
2016).

Since green fagades are living systems, they require
maintenance. The client's maintenance schedule has a sig-
nificant role in design elements, which influence the selec-
tion of plants and system types. Some plants will produce
fruit or be deciduous, which can call for extra care. Cable
tension needs to be checked regularly for wire-rope sys-
tems and cables. When deciding on the design of the fa-
cades, the type of vertical garden, plant selection, and de-
sign requirements, it is crucial to have a conversation with
the customer about care (El-Zoklah, 2016; Momtaz,
2018).

Variations in the kind of materials utilized, their longevity,

capacity for recycling, water usage, and vegetation dura-
bility can all have a significant impact on the overall envi-
ronmental weight. Each VGS, in turn, has unique qualities,
benefits, and drawbacks based on their cost, maintenance
requirements, and aesthetic possibilities. The best system
to use depends directly on the building's orientation, ac-
cessibility, and height as well as the local climate, which
includes rainfall, exposure to the sun, shadow, and wind.
It is crucial to comprehend their primary traits and com-
positional variations as a result (Gawad, 2018).

Modular living wall systems have become increasingly
popular in Egypt to reduce issues with replacement,
maintenance, and installation. However, some untested
installations suffered partial harm because of poor up-
keep (nutrients or irrigation) or poor design (choice of
plant species or fagade orientation) (Gawad, 2018; Suso-
rova, 2015).

Analyzing the applied systems' longevity as well as the ra-
tionale behind their installation is crucial. For instance, a
panel of a Living Wall system constructed using Felt Lay-
ers has an average lifespan of ten years, but a Living Wall
system relying on Planter Boxes is considerably more du-
rable (lasting more than fifty years) (Ottelé, Perini, Fraaij,
Haas, & Raiteri, 2011).

4. The Challenges of Public Acceptance in Im-
plementing VGS in Egypt

The primary barriers to the public acceptance of vertical
greenery systems in Egypt are the public's mistrust of the
technology and its perceived efficiency. Egypt's public ac-
ceptance of vertical greenery systems is probably going to
encounter a lot of resistance due to concerns including
low perceived efficiency, expensive costs, and a lack of in-
formation or advice. The government should prioritize
making the systems accessible and affordable in addition
to giving clear, accurate, and current information to deal
with public concerns to enhance acceptance (Knifka,
Karutz, & Zozmann, 2023; Bakar, Mansor, & Harun, 2014).
The adoption of VGS may be limited by Egyptians' cultural
preference for customs and mistrust of foreign or West-
ern-influenced technology. It is imperative to address
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these cultural biases through community engagement and
focused awareness initiatives (Morsi, & Elian, 2021).

Furthermore, the hot and dry climate of Egypt presents
significant barriers to the effective application of VGS. The
combination of high temperatures, little precipitation, and
direct sunlight may stress the growth of plants and raise

maintenance needs (Morsi, & Elian, 2021).

4.1. Cultural & Social Challenges

Traditional cultural norms, concerns about open spaces,
fear of the unknown, and skepticism towards new ideas
hinder public adoption of vertical greenery systems.
Western roots and cultural attachments to historic struc-
tures may clash with modern vertical gardening tech-
niques. The public's lack of knowledge about the ad-
vantages of green walls prevents them from being fully in-
cluded in architecture (Jozay, Zarei, Khorasaninejad, &
Miri, 2024).

Cultural and social considerations for implementing ver-
tical greenery systems including resistance to change, lack
of knowledge about the benefits of VGS, misconceptions,
and misinformation, limited access to information, aes-
thetic preferences as well as traditional farming practices
are fully discussed through the following.

¢ Resistance to Change

Public adoption of vertical greenery systems has been lim-
ited by several factors, including traditional cultural
norms, concerns that place a higher value on open spaces
and natural landscapes than on vertical greenery systems,
fear of the unknown, and skepticism towards new ideas
and technologies. Additionally, there appears to be a re-
luctance to accept foreign concepts and methods because
vertical greenery systems are perceived as Western in
origin. A further issue is cultural ties to old buildings and
the maintenance of traditional aesthetics, which could
conflict with the installation of contemporary vertical
greenery methods (de Lamartinie, 2021).

e Lack of Knowledge about the benefits of VGS

The public's lack of understanding and awareness of the
advantages of green walls prevents their acceptance and

incorporation into urban planning and architecture

(Jozay, Zarei, Khorasaninejad, & Miri, 2024). Additionally,
there aren't enough grants or subsidies available for put-
ting vertical gardening systems into action (Wong, Tan,
Tan, Sia, & Wong, 2010).

According to other research, the degree to which locals ac-
cept vertical greening depends on how familiar they are
with the system. To increase public understanding of the
value and advantages of vertical landscapes, public
awareness campaigns on these systems' benefits are re-
quired in Egypt (Gawad, 2018).

e  Misconceptions & Misinformation

There is a lack of public awareness regarding the various
kinds of vertical greenery systems that are accessible and
how well they work in Egypt's various conditions. The
public's lack of acceptance or appreciation of green walls
in Egypt could limit their adoption and incorporation into
urban areas (Jozay, Zarei, Khorasaninejad, & Miri, 2024).
In reference to the previous misconceptions, a study was
carried out wherein stakeholders who had previously im-
plemented wall greenery covering in their residential
units attested to the fact that it did not meet their require-
ments and that they would not recommend this method to
others. Based on the conducted interviews, wall planting
is seen as a rather challenging task. Residents and users
are primarily concerned with enhancing the design of
these systems to achieve optimal performance through-
out the installation, usage, and maintenance phases
(Gawad, 2018).

e Limited Access to Information

Architects, engineers, and urban planners are not given
enough training or information on the design and applica-
tion of vertical greenery systems, which prevents them
from being integrated into new construction projects. For
architects, designers, and practitioners who need to com-
prehend the useful components of each approach when
incorporating greenery into their designs, this infor-
mation is essential (Manouchehri, Lopez, & Lépez, 2024).
Furthermore, the lack of case studies and success stories
demonstrating the advantages of vertical greenery sys-
tems in other nations limits the incentive and inspiration
to implement these systems. A study focused on First and

DOI: 10.21608/fuje.2024.308925.1086

121

Fayoum University Faculty of Engineering, 2025, Vol: 8(1)



Hefnawy and lbrahim

Fifth Settlements, a new neighborhood in New Cairo that
is home to the Mid-to-high socioeconomic classes. Resi-
dents' choices for wall planting, balcony planting, and
fence covering were the subject of a questionnaire that
was also completed as part of the study. It was found that
most flat owners would rather see an example to follow
before adding any vertical vegetation to their homes
(Gawad, 2018).

Additionally, there is a lack of outreach and communica-
tion from relevant organizations, such as environmental
groups and associations for green buildings, to inform the
public about the advantages and difficulties of utilizing
vertical greenery systems (Umar, & Khamidi, 2012).

o  Aesthetic preferences

The use of vertical gardens is a highly impacted approach
to modifying the urban landscape by utilizing sophisti-
cated materials and technology to encourage sustainable
urban development. The innovative use of vertical gar-
dens as an architectural solution to introduce plant ele-
ments for the renovation of historic structures undoubt-

edly improves the aesthetics of our towns (Momtaz, 2018).

According to studies done to assess the aesthetic impact
and perceived level of restoration that can be achieved by
adding green facades to buildings, buildings with inte-
grated green walls were viewed as more beautiful, aes-
thetically pleasing, and beneficial than those without any
vegetation. Furthermore, from an aesthetic perspective,
the significance of a suitable variety of plant species in the
installation of a green wall (Momtaz, 2018).

There has been a substantial advancement in the field of
Green and Living wall systems, as evidenced by the analy-
sis of the most relevant systems used in Egypt. Several
commonly used examples, either continuous or modular,
highlight its minimal weight by utilizing polymeric and ge-
otextile materials. When applying these technologies to
the recovery of buildings, can be quite helpful. Addition-
ally, aesthetic considerations are considered when evalu-
ating the system, as the usage of facade plants may raise
the economic value of some new neighborhoods (Gawad,
2018).

e Traditional Farming Practices

Since traditional farming methods are firmly embedded in
the cultural and historical identities of many communi-
ties, many people still prefer them over vertical greenery
systems. Farming practices are strongly rooted in the lo-
cal knowledge base, customs, and way of life, having been
handed down through the years. Giving up these deeply
rooted customs can be challenging and disruptive
(Kalantari, Tahir, Joni, & Fatemi, 2024).

The range of products that can be generated at a given
time is the main difference between traditional farming
and vertical farming or VF. In contrast to traditional farm-
ing, which produces only one crop at a time—a practice
known as monoculture—VF farming allows for the simul-
taneous production of several crop varieties on several
floors. Another benefit of vertical farming (VF) is that, in
contrast to traditional farming, which is limited to a spe-
cific period of the year, plants grown in VF can thrive all
year round (Kalantari, Tahir, Joni, & Fatemi, 2024).
Vertical farms, which bring agriculture indoors, may max-
imize the amount of crops per acre of land while simulta-
neously saving space and producing a range of food prod-
ucts. As so, vertical space can also be utilized efficiently,
unlike in conventional farming (Kalantari, Tahir, Joni, &
Fatemi, 2024). Outdated notions of urban or rural models
need to change, as does the false belief that there is no
room for farming within cities (Kalantari, Tahir, Joni, &
Fatemi, 2024).

4.2. Economic Challenges

Due to financial and resource limitations, misconceptions
about care requirements and costs are the root cause of
fallacies regarding the viability and sustainability of verti-
cal greenery systems, especially in Egypt (Jozay, Zarei,
Khorasaninejad, & Miri, 2024). Economic Considerations
including the cost of implementing VGS, financial con-
straints, and return on investment are fully discussed
through the following.

e  Cost of Implementing VGS

There are misconceptions regarding the viability and
long-term sustainability of vertical greenery systems due
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to a lack of understanding of the care needs and expenses
involved. Green walls require a lot of infrastructure and
maintenance, which might be difficult in Egypt because of
possible budget and resource constraints (Jozay, Zarei,
Khorasaninejad, & Miri, 2024).

Technical details, care guidelines, and information about
plants appropriate for vertical greenery systems are lim-
ited in the area (Wong, Tan, Tan, Sia, & Wong, 2010). As a
result, several options are suggested, including providing
a set of instructions to help clarify the installation process
of Green Walls, evaluating the viability of the project eco-
nomically and outlining maintenance plans, and, finally,
providing a list of potential suppliers and installers which
could potentially be contacted for implementation and
maintenance in the area (Gawad, 2018).

e Financial Constraints

Landlords and investors are cautious about requesting
the implementation of vertical greenery systems due to a
lack of knowledge about the economic and environmental
advantages of these systems, even though their installa-
tion is reasonably inexpensive and has many advantages.
People typically employ vertical greenery systems for
their elegant characteristics; their ability to lower temper-
atures and provide economic benefits are less well-liked.
To use these systems as efficient components for lowering
temperature and cooling energy demand, a new push to
employ them depending on their economic and environ-
mental benefits is required (Safikhani, Abdullah, Ossen, &
Baharvand, 2014 a).

e  Return on Investment

Although installing vertical greenery systems is relatively
inexpensive and has numerous benefits, landlords, and in-
vestors are hesitant to request their implementation be-
cause they are unaware of the systems' positive effects on
the economy and the environment. Vertical greenery sys-
tems are usually used for their exquisite features; people
are less enthusiastic about their capacity to reduce tem-
peratures and offer financial advantages. A renewed drive
to employ these systems based on their economic and en-
vironmental benefits is necessary to use them as effective
components for lowering temperature and cooling energy

consumption (Wu, Wang, & Wang, 2023).

To compensate for the expensive input and maintenance
costs within 10 or even thirty years, more work must be
done. As a result, choosing an appropriate building space
carrier is essential. The primary motivation for encourag-
ing the continued development of building greenery is the
carrier's ability to maintain certain commercial benefits
while optimizing the environmental and social value to
cover its operational costs (Wu, Wang, & Wang, 2023).

4.3. Environmental Challenges

Climate is a major factor in deciding which plant species
are appropriate for a certain area, and every climate and
region should undergo a different set of tests. Findings of
further research demonstrate how essential plant quality
and climate adaptation are to a plant's ability to grow and
cover its walls (Ottelé, Perini, Fraaij, Haas, & Raiteri,
2011).

Public awareness of the need for biodiversity conserva-
tion and how vertical greenery systems can enhance and
support regional systems is lacking (Schlichenmayer, &
Baeriswyl, 2021). Environmental considerations includ-
ing potential harm to biodiversity, soil degradation and
erosion, water pollution and depletion, and disruption of
natural ecosystems are fully discussed through the fol-
lowing.

e  Potential Harm to Biodiversity

The public has a limited knowledge of the value of con-
serving biodiversity and the ways that vertical greenery
systems can support the preservation and improvement
of regional systems. Because it promotes biodiversity, the
green facade has an ecological value equivalent to roughly
80 mature deciduous trees (Schlichenmayer, & Baeriswyl,
2021). Urban vegetation can provide vital habitats and
pathways for birds and other species. Biodiversity is a
prerequisite for a healthy urban environment (NSW Gov-
ernment, 2015).

Additionally, adding greenery to an urban setting in-
creases vegetation without utilizing any street-level space
and improves the urban image indirectly by enhancing bi-

odiversity (Ascione, De Masi, Mastellone, Ruggiero, &
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Vanoli, 2020).

Collins et al. calculated the public's "willingness to pay"
(WTP) to gauge their perception of the value of Green
Walls (GWs) to urban biodiversity using Southampton as
a case study. In-depth comparisons between (Living Wall)
LW and (Green Facade) GF designs and "no green policy”
have been made. A greater degree of WTP was linked to
the LW in this investigation. Knowledge of biodiversity
and aesthetic judgment were important factors in esti-
mating the worth of the greening programs, which was
more than the expected cost of investment (Ascione, De
Masi, Mastellone, Ruggiero, & Vanoli, 2020).

e Soil degradation and Erosion

The roots of the plants get their nourishment from the
growing medium. It could be felt, foam, regular dirt, or
lightweight soil. The vegetation spreads out to cover the
vertical wall of VGS when the growing medium is set up
there. On the wall surface, the growing medium can be ar-
ranged vertically. Usually, the soil used will dry out if ad-
equate and consistent watering is not given (Morsi, &
Elian, 2021).

e  Water Pollution and Depletion

On VGS, drip irrigation systems with automated timing
mechanisms are frequently utilized. Time and money is-
sues can arise from numerous irrigation system malfunc-
tions. Regular maintenance should be performed on irri-
gation systems due to their limitations, and in the winter,
appropriate precautions against the cold can be adopted.
Other issues include huge containers, dry land, and leaky
water. The soil and plants in the VGS containers tend to
dry out rapidly, especially when they are left in full sun.
Additionally, the water starts to exit the setup. All of the
water that leaked from VGS would impact the wall and the
entire process. Controlling the amount of nutrients during
irrigation is crucial (Morsi, & Elian, 2021).

e Disruption of Natural ecosystems

Egypt's hot, dry weather can make it difficult for plants to
thrive and survive in green walls, necessitating careful

maintenance (Jozay, Zarei, Khorasaninejad, & Miri, 2024).

4.4. Challenges of Government Policies, Regula-
tions & Stakeholders Engagement

The lack of awareness among Egyptian government offi-
cials regarding the advantages of vertical greenery sys-
tems, both socially and economically, is impeding the cre-
ation of positive laws and regulations. Funding and other
measures may be required to promote green walls (Jozay,
Zarei, Khorasaninejad, & Miri, 2024).

Considerations of government policies, regulations, and
stakeholder engagement including the lack of supportive
policies, complex regulatory framework, inconsistent en-
forcement, and involvement of non-governmental organi-
zations and civil society organizations are fully discussed
through the following.

e Lack of Supportive Policies

The lack of knowledge among government officials and
policymakers regarding the possible economic and social
advantages of encouraging vertical greenery systems is
impeding the creation of laws and regulations that would
be beneficial. Since current laws might not offer enough
incentives or direction, it might be necessary to create a
more encouraging regulatory framework to promote the
adoption of green walls in Egypt. In Egypt, green walls can
be greatly aided by government initiatives and funding.
To promote their acceptance and incorporation into ur-
ban design, further encouraging laws and programs might
be required (Jozay, Zarei, Khorasaninejad, & Miri, 2024).
e  Complex Regulatory Framework

There is no comprehensive set of rules and regulations in
Egypt that are designed with vertical green walls in mind.
This can result in inconsistent implementation and con-
fuses developers. Many government organizations are in-
volved in the permitting procedure, which can be mislead-
ing when constructing vertical greenery walls. Project
costs could rise as a result of delays.

e Inconsistent Enforcement

Many developing-nation cities lack the financial re-
sources, authority in politics, or capacity necessary to
carry out essential operations and provide essential ser-
vices efficiently and effectively. Many municipal bodies
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are fragmented and lack defined tasks and responsibili-
ties, in contrast to the governing frameworks found in in-
dustrialized cities. In certain places, these institutional
gaps prevent direct action since there are insufficient le-
gal and informal laws, as well as insufficient tools and
mechanisms for adaptation. Such gaps are enforced by the
absence of formalized environmental policy.

There is insufficient supervision and enforcement of cur-
rent green space regulations for new construction. Fur-
thermore, there is insufficient coordination and conflict-
ing priorities among several government agencies. The
implementation of VGS will be fragmented if the depart-
ments of construction, environment, and urban planning
do not harmonize their policies.

¢ Involvement of non-governmental organizations
and civil society Organizations

Many non-governmental organizations (NGOs) and com-
mercial civil entities are imitating some of the successful
global "Agro-Housing" initiatives that are being devel-
oped, which aim to create vertical farms where families
can grow food near their homes (Gawad, 2018).

These Egyptian organizations were able to establish hy-
droponic farming training programs and collaborate with
locals in several Cairo informal areas to build gardening
initiatives on walls and rooftops. Their goal is to raise the
economic status of those living in these kinds of commu-
nities in Cairo, keeping a tiny portion of their earnings for
their own operations, and selling their products on the
neighborhood market (Gawad, 2018).

These private civil initiatives could integrate public envi-
ronmental awareness with the local economic and social
development of the Egyptian community by collaborating
with the underprivileged citizens of the area (Gawad,
2018).

4.5. Infrastructure & Technology Challenges

Maintenance should not be an afterthought once the pro-
ject is completed but rather should be considered
throughout the planning stage to ensure the livability of
green walls (El Menshawy, Mohamed, & Fathy, 2022).
Also, assuring that the VGS has adequate structural

support can be challenging from a technical standpoint
(Morsi, & Elian, 2021). Infrastructure and technology con-
siderations including maintenance, structural support
system, and irrigation and drainage system are fully dis-
cussed through the following.

e Maintenance

To guarantee the longevity and livability of green walls,
maintenance should be considered during the planning
process rather than as an afterthought after the project is
finished. As a result, a maintenance plan ought to contain
the following: an explanation of the maintenance goals,
performance standards, necessary skills, and resources.
To ensure long-term success, a thorough maintenance
plan must be created. This plan should consider the need
for frequent inspections on three primary levels: the
structural integrity of the fencing walls and building enve-
lopes, the effectiveness of the irrigation system, and the
development and survival of the plants. Therefore, profes-
sionals with the expertise of structural engineers, irriga-
tion consultants, and horticulturists must be involved in
this crucial stage (El Menshawy, Mohamed, & Fathy,
2022).

Since green fagades are living systems, they all need
maintenance. The client's maintenance schedule has a sig-
nificant role in design elements, which influence the
choice of plants and system type. Some plants will pro-
duce fruit or be deciduous, which can call for extra care.
Cable tension needs to be checked regularly for wire-rope
systems and cables. Before deciding on the design of the
facade, the type of vertical garden, the plants to use, and
other design elements, it is crucial to have a conversation
with the customer about maintenance (El-Zoklah, 2016).

e  Structural Support System

It can be technically difficult to ensure that the VGS has
enough structural support to withstand the weight of the
plants, growth medium, and watering system, especially
when retrofitting onto older buildings. Effective load dis-
tribution requires careful engineering and design (Morsi,
& Elian, 2021).

e Irrigation & Drainage system

It is necessary to guarantee sufficient irrigation, drainage,
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and structural reinforcement. It's crucial to choose suita-
ble plant species that can flourish in the local climate (Abd
Ghafar, Abdulkarim, Said, & Jasmani, 2024).

It is essential to provide the VGS with a dependable and
effective irrigation system since ineffective irrigation can
result in problems like mold growth, water stagnation,
and plant wilting. Moreover, efficient drainage is a crucial
technical factor in preventing water damage (Conejos, &
Chew, 2021).

5. Investigating the challenges of implement-
ing the Vertical Greenery Systems (VGS) in
Egypt from the public's perception

To precisely investigate how the public perceives the chal-
lenges involved in implementing vertical greenery sys-
tems in Egypt. A Google form was used to conduct an
online survey that was widely disseminated to respond-
ers from several Egyptian governorates. To ensure that
every question from the public was correctly understood,
the questionnaire was prepared and written in both Ara-

bic and English languages.

5.1. Stimuli

There are three sections to the questionnaire. The re-
spondents' demographic information is in the first sec-
tion. Using a multiple-choice format, participants selected
the most significant aspect for each of the various chal-
lenges limiting the installation of vertical greenery sys-
tems in Egypt in the second section. Next, they rated the
influence of each challenge on the implementation of ver-
tical greenery systems in Egypt using a linear scale.
In the third and final section, participants were asked to
rate the challenges according to each other in terms of
how much they would affect Egypt's adoption of vertical
gardening systems.
5.1. Procedures

An online questionnaire was used to collect the relevant
data. There are three primary sections to the question-
naire form:
The first one: asked about the participants' age, gender,
education level, governorate, whether they specialize in

Vertical Greenery Systems, and rating their knowledge of
Vertical Greenery Systems.

The Second one: employed multiple-choice questions to
examine the most significant aspect of each of the multiple
challenges limiting the installation of vertical greenery
systems in Egypt. The participants were then asked to rate
the impact of each challenge based on how much it would
limit the adoption of vertical greenery systems in Egypt
using questions on a linear scale.

In the third section: participants were asked to rank the
challenge that has the greatest impact on Egypt's imple-
mentation of vertical greenery systems. This was accom-
plished using a multiple-choice grid with one answer re-
quired in each column, representing a rating scale from 1
to 5, where 1 represents the least importance while 5 rep-
resents the most importance, and the rows represent the

five main challenges.

6. RESULTS & DISCUSSION

The results of the questionnaire can be discussed through
the following:

The first section:

Overall, there are 150 respondents, and their demo-
graphic information is shown in the first section. Of the
participants, 61.3% were from Cairo, 14.7% were from Al
Qalyubiyah, 10% were from Giza, and the remaining par-
ticipants were from other governorates. Table 1 displays

the findings of the participants' demographic data.

Table 1. Analysis of participants' demographic data (Authors).

Age Gender | Educational Level

No. of participants
20-30
30-40
40-50
50-60

Above 60
Male
Female
Master’ s degree
PhD Degree

& [Bachelor’ s degree

150 | 27 | 61 | 37 | 14 | 11 | 62 | 88 31 63

By questioning participants if they were specialized in
VGs or not, the results revealed that 10.7% of them were
specialized in VGS while 89.3% were not. Figure 3 illus-
trates their knowledge of Vertical Greenery Systems.
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[150 responses

60
56 (37.3%)

40

31(20.7%) 28 (18.3%)

22 (14.7%)
12 (8%)
0

1 2 3 4 5

Figure 3. Participants Knowledge about VGS (Authors).

The second section:

The second section asked respondents to select the most
effective aspect of each of the five challenges and then
rank the importance of each challenge based on its influ-
ence on limiting the adoption of VGs in Egypt. The results
were as follows:

e Cultural and Social Challenges:

By employing multiple-choice questions to examine the
most significant aspect of each of the cultural and social
challenges limiting the installation of vertical greenery
systems in Egypt. The results revealed that the most effec-
tive aspects were the lack of knowledge about the benefits
of VGS by 37.3%), resistance to change by 17.3%, limited
access to information by 14.7%, misconceptions & misin-
formation by 14.7%, traditional farming practices by
10.7%, and aesthetic preferences by 5.3% respectively.
The participants were then asked to rate the impact of cul-
tural and social challenges based on how much it would
limit the adoption of vertical greenery systems in Egypt
using a question on a linear scale. The participants' ratings
of the Cultural & Social Challenges' effect on restricting
the use of VGS in Egypt are displayed in Figure 4.

150 respanses

60

50 (33.3%)

Figure 4. Rating The impact of the Cultural & Social Challenges
on limiting the implementation of VGS in Egypt (Authors).
e Economic Challenges:
By employing multiple-choice questions to examine the
most significant aspect of each of the economic challenges
limiting the installation of vertical greenery systems in

Egypt. The most effective aspects were the cost of

implementing VGS by 54.7%, financial constraints by
26%, and return on investment by 19.3% respectively.
The participants were then asked to rate the impact of
economic challenges based on how much it would limit
the adoption of vertical greenery systems in Egypt using a
question on a linear scale. The participants' ratings of the
economic challenges' effect on restricting the use of VGS
in Egypt are displayed in Figure 5.

150 respaenses

&0

40

n

10 (B.7%)

1 2 3 4 5

Figure 5. Rating The impact of the Economic Challenges on
limiting the implementation of VGS in Egypt (Authors).

¢ Environmental Challenges:

By employing multiple-choice questions to examine the
most significant aspect of each of the environmental chal-
lenges limiting the installation of vertical greenery sys-
tems in Egypt. The most effective aspects were water pol-
lution and depletion by 39.3%, disruption of natural eco-
systems by 28.7, soil degradation and erosion by 17.3%,
and potential harm to biodiversity by 14.7% respectively.
The participants were then asked to rate the impact of en-
vironmental challenges based on how much it would limit
the adoption of vertical greenery systems in Egypt using a
question on a linear scale. The participants' ratings of
the environmental challenges' effect on restricting the use

of VGS in Egypt are displayed in Figure 6.

[150 respanses

a0

a0 65 (43.3%)

40 42 (28%)

20

20 (13.3%)

14 (9.3%)

1 2 3 4 5

Figure 6. Rating The impact of the Environmental Challenges on
limiting the implementation of VGS in Egypt (Authors).

e Challenges of Government Policies, Regulations &
Stakeholders Engagement:

By employing multiple-choice questions to examine the
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most significant aspect of each of the Government Poli-
cies, Regulations & Stakeholders Engagement challenges
limiting the installation of vertical greenery systems in
Egypt. The most effective aspects were the lack of sup-
portive policies by 60.7%, the complex regulatory frame-
work by 20%, inconsistent enforcement by 15.3, and the
involvement of non-governmental organizations and civil
society organizations by 4% respectively.

The participants were then asked to rate the impact of
Government Policies, Regulations & stakeholder engage-
ment challenges based on how much it would limit the
adoption of vertical greenery systems in Egypt using a
question on a linear scale. The participants' ratings of
the Government Policies, Regulations & Stakeholders En-
gagement challenges' effect on restricting the use of VGS

in Egypt are displayed in Figure 7.

150 responses

60

48 (32%)

31/(20.7%)

2 3 4 5

Figure 7. Rating The impact of the Government Policies,
Regulations & Stakeholders Engagement Challenges on limiting
the implementation of VGS in Egypt (Authors).

¢ Infrastructure & Technology Challenges:

By employing multiple-choice questions to examine the
most significant aspect of each of the infrastructure and
technology challenges limiting the installation of vertical
greenery systems in Egypt. The most effective aspects
were maintenance by 50%, irrigation & drainage system
by 34.7%, and structural support system by 15.3%.

The participants were then asked to rate the impact of in-
frastructure and technology challenges based on how
much it would limit the adoption of vertical greenery sys-
tems in Egyptusing a question on alinearscale. The par-
ticipants' ratings of the infrastructure and technology
challenges' effect on restricting the use of VGS in Egypt are

displayed in Figure 8.

150 responses

44 (20.3%)

38 (25.3%)

Figure 8. Rating The impact of Infrastructure & Technology
Challenges on limiting the implementation of VGS in Egypt
(Authors).

The Third Section:

The respondents were asked to rate the five challenges to
each other in a multiple-choice grid question, with 1 rep-
resenting the least impact and 5 representing the highest
impact, to determine how much, they would limit the im-
plementation of Vertical Greenery Systems in Egypt. The
results of this section are displayed in Figure 9.

. 5

NI

Nz N E.4

a0

20

Challenges  Chall 3
Policies

Cultural & Social
Challenges

Economic Challenges &
Technology Challenges

Figure 9. Rating the Challenges to each other according to their
impact on limiting the implementation of VGS in Egypt
(Authors).

Table 2 shows that economic challenges have the highest
impact on the implementation of VGS in Egypt, followed
by challenges related to government policies, regulations,
& stakeholder engagement, infrastructure & technology
challenges, cultural & social challenges, and environmen-

tal challenges, which have the least impact.

Table 2. Ranking of the challenges to each other (Authors).

oo
Level of Importance =
Challenges Mean | 3
1]2]3]4]5s &
1 | Cultural & Social 53 | 20 | 20 | 23 34 2.77 4
2 | Economic 12 | 25 | 31 | 37 | 45 3.52 1
3 | Environmental 29 | 40 | 49 | 22 10 2.63 5
Government Poli-
cies, Regulations
4 &  Stakeholders 21 38 24 38 29 3.11 2
Engagement
5 | Infrastructure & | oo\ o | o6 | 30 | 32 | 208 |3
Technology
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Figure 10 illustrates a prospected framework that was
conducted based on the previous data collection and data

analysis methods.

I Implementing VGS in Egypt |

| Challenges of Implementing VGS in Egypt |
|
v ¥ v v v

Government
Policies,
Regulations &
Stakeholders
Engagement

Infrastructure
& Technology

Cultural &

: Environmental
Social

Economic

Conduct a Questionnaire |

v

This Questionnaire aimed to rank the five challenges to each otheraccording to theirimpact on limiting the implementation
of VGS inEgypt and indicate the most important aspect of each challenge.

Ranking the challenges according to their impact on limiting the implementation of Vertical Greenery
Systems in Egypt

234Rank
Challenges of
Government

Policies,
Regulations &
Stakeholders

Engagement

31 Rank
Infrastructure &
Technology
Challenges

5% Rank
Environmental
Challenges

4% Rank
Cultural & Social
Challenges

15 Rank
Economic
Challenges

Outputs

Dete

rmining the aspects that have the greatestimpact in each challenge of them.

The Lack of
Knowledge about
the Benefits of
VGS

The Cost of
TImplementing
VGS

The Lack of
Supportive
Policies

‘Water Pollution

Maintenance and Depletion

Conduct a Framework

The paper conducted a proposed framework that is useful in determining the most important challenges that have a great
impact on limiting the implementation of VGS in Egypt.

Figure 10. Prospected Framework (Authors).

Based on the results of the questionnaire and according to
Table 2, Figure 9, and Figure 10 it was shown that:

e  Economic challenges are the key reason for avoiding
the implementation of vertical greenery systems in Egypt.
Alack of knowledge about the costs and maintenance re-
quirements associated with vertical greenery systems has
led to misconceptions about their feasibility and long-
term sustainability. Vertical greenery systems need exten-
sive infrastructure, which could be challenging in Egypt
due to potential financial and resource limitations. Solu-
tions can be framed through Cutting Down on Start-Up Ex-
penses by Using Low-Cost Materials and Plants That Fit
the Local Climate Using prefabricated or modular VGS sys-
tems to cut installation costs looking into tax breaks, sub-
sidies, or other government support for green building in-
itiatives. Moreover, maximizing long-term benefits by
putting VGS into practice to lower building energy ex-
penses and usage, raising the value of properties and
rental income for structures equipped with VGS, lowering

maintenance expenses by carefully choosing and

designing plants for preservation

e Additionally, the lack of awareness among govern-
ment officials and policymakers about the potential eco-
nomic and social benefits of fostering vertical greenery
systems is limiting the development of useful legislation
and regulations. To encourage the implementation of VGS
in Egypt, a more supportive legislative framework may be
needed, as current legislation may not provide adequate
incentives or guidance. VGS in Egypt can be substantially
benefited by financing and initiatives from the govern-
ment. Creating national rules and legislation to assist the
implementation of VGS, as well as training property man-
agers, property owners, and investors about the possible
economic benefits of VGS, are ways to promote awareness
and adoption.

e  The public's skepticism of the technology and its per-
ceived efficacy are also the main obstacles preventing ver-
tical greenery systems from becoming widely accepted in
Egypt. There will likely be strong opposition to vertical
greenery systems in Egypt due to issues with low per-
ceived efficiency, high costs, and a lack of knowledge or
guidance. To improve acceptability, the government
should place a high priority on providing clear, accurate,
and up-to-date information to address public concerns
while also making the systems affordable and accessible.

7. Conclusions

The use of vertical greenery systems supports an energy-
conscious design philosophy that keeps crowded cities
like Cairo from degrading into deteriorating natural habi-
tats and, as a result, plays an important role in deciding
the real estate value of the metropolitan region.

Economic challenges, lack of knowledge about costs and
maintenance, and limited government awareness about
the benefits of vertical greenery systems in Egypt are hin-
dering their implementation. The lack of funding and gov-
ernment initiatives can significantly benefit the adoption
of these systems. Public skepticism and perceived efficacy
are also significant obstacles, requiring clear, accurate,
and up-to-date information to improve acceptability and

make the systems affordable and accessible.
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