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MEPIAHWH

To epeuvnTiko €pyo GREENERGY akoAouBei Tig AoV IpOoPATEG QVTIANYELG Kal eEeAigelg
OTOV KATAOKEULOOTLKO TOWEQ, TIOU ATMOOKOTIOUV ot €va OSopnuévo mepLBAAAOV  PNdEVIKAG
KATavaAwong eVEPYELAG Kal EvOG OUOETEPOL AMOTUTIWHATOG AvBpaKa, TIPOKELPEVOL va TipowBdnBei
N «TPAcLVn cupewvia» tng EE.

To epeuvnTikO €pyo GREENERGY €xeL 0KOTIO va avadei&et TNV XpnoTLKOTNTA KAl TN onuacia Twy
KABetwyv dacwv yla tnv duBAuvon Twv EMUMTWOSWY TWV AKPAiwY KALPLKWY oLuVBNKWY KAl tThv
TIAPOXM OLKOGUCTNHIKWY UTINPECLWY ATO «TIPACLVA» avaKaLVIoUEvVa KTipLa, akoua Kat os iepLBAiAov
LVYPNARG OELOPIKOTNTAG.

To mapov eyypago ( Mapadotéo D1.2) vhomoleital 0TO TAALCLO TOU TIPWTOU TAKETOL Epyaciag
(WP1) Ttou €pyou, 6nhadr «TumoAoyieg KTipiwv pe kdBeta &don, opeAn, Siakivduveuon amd
KIvOUVOUG Kal BaclkéG TAPAUETPOL yla TNV avakaivion mpog €va aoTlkd TepPLBAAAov LYNnANg
TpAcLvNg TIUKVOTNTAGY.

Y10 apdv MapadoTEO yiveTal pla EKTEVAG avagopd ota SuvnTIKA OPEAN TIOU TIPOKUTITOLY arnd
TNV &VOWWPATWOoN TOU TPACIvOU OTa KTipla, Pe OKOTMO TN Yevikh afloAdynon Twv KOpLwv
TAEOVEKTNUATWY TIOU TIPOKUTITOUV AMoO TaA KATAKOpUPA SACN KAl TOuG TPACLYOUG TOiXoug Kat Tn
duvnTiKA OULPBOAR TOUC Ot pla BLWOLUN OTPATNYLIKA XWPOTAELKOU oOXedlaopol KAl ACTLKAG
avantuéng. Ta mAeovekTpaTa autd dlakpivovtal o€ EPIBAANOVTIKA, KOLVWVIKA KAl OLKOVOULKA Kal
oLPUBAAAOULY OTn BlwolpdTNTA KAl TN Pelwon Tou ATMOTUTWHATOG TOou dvepakd oTa aoTLKA
olKooLOTNATA.

Qg mpog ta mepLBalAovTiKAd opEAN, Ta KABeTa 6don pnopolv va cupuBdAlouv oTn peiwon Ing
aTHOOPALPLKAG pUTIAVONG PLATPAPOVTAC TOUG PUTIOUG HECW TWV PUAAWY KaAL TOU GAOLOD TWV QUTWYV
TOUG, ATMOPPOPWVTAG cWHATIdL OKOVNG Kal aTtpoo@alplkovg pumoug. H guoikn avth diadikacia
EMEKTEIVETAL KAL OTOUG ECWTEPLKOUS XWPOULE dNULOLPYWVTAG £va TILO LYLEG TIEPIBAAAoV dlaBiwong
Kal epyaciag yla Toug Katoikoug. MapdAAnAag, n QUOLKN OKiaon TOU TAPEXETAL AMO TETOLEQ
LTIOSOES, BEATLWVEL TO PLKPOKALA Kal GUUBAAEL OTN Peiwon TNG BEPPOTNTAG IOV ATIOPPOPOLY TA
KTipla €TOL WOTE va PELWVETAL N ETLPAVELAKN BEPPOKPATia Kal va PETPLAZETAL TO PALVOUEVO TNG
QO0TLKAG BEPULKNG vNoidag. Xta mhaiola TNG EVEPYELAKNG Atodoaong, oL TPActvol ToiXoL HELWVOLY TNV
EVEPYELA TIOL amalTeiTal yia tnv Yo&n Twv KTIpiwy eVw EMIONG AELTOUPYOLUV WG PUOLKH HOVWON Kal
BeATLWVOULY TNV PUOLKN TIPOGRACN TOU YWTOS OTO XWPO.

Emiong, ta ktipta autd pmopolv va cuuBdAAlouv otnv MPOANYn MANUpUPWY Kat Aewpudpiag,
KaBwg O0g autd OuYva EevowpatwvovIdl ovotAuata olaxeipliong opppiwyv, ywa 1NV
anoteAeopatikotepn dlaxeiplor) Toug. H mapouasia putwy Aettouvpyei wg GiATpo BeATiwvovTag Tnv
TOLOTNTA TWV UTIOYELWY LOATWY KAl PHELWVEL TA HOAUCHATLKA PopTia 0TA acTiKA uddTLva cwuata.
MpowBeital emniong n emnavaypnolgomoinon olKlakwy AVPATwy, cupBAailAovtag otn peiwon tng
KatavaAwong mooLpou vePoU Kal oth Blwotun dlaxeipton Twy udAaTvwy Topwyv.

Méoa amd TNV €VOWPATWON TOU TPAGCIVOL OTA ACTIKA TOTid, €VIoXVOVIAL ONHAVTIKEG
OLKOOUOTNHLKEG UTINPECIEG, OTIWG N €TILKOViaoN, oL oTtoieg eival CWTLKAG onuaciag ywa tn diatipnon
TNG PUTLKNAG TIOLKIAOTNTAG OTLE TOAELG, APOL TA KTipLa autd anoteAoly KaTaguyLa ayplag (wnig Kat
HTopoUV va mpodyouv Tn BlomolkiAoTnTa. Ta Kadeta ddon Kat oL TPAcLvol ToiXol, anoteAoly Thv
yépupa PETAEL QUOLKOU Kal AoTIKOU TEPLRBANAOVTOG TIPOCPEPOVTAG ALOONTIKEG BEATIWOELG TIOU
HETAPOPPWVOLV TA ACTLKA ToTtia. QG €K TOUTOU, CUUBAAANOULY BETIKA OTNV YUXOAOYia TWV KATOIKWY
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TAPEXOVTAG CLVALCBNKATLKI ATOYOPTLON, HElwOon ToL AyXoug Kal aiobnua acpdaAelag. MapdAAnAa,
AELTOVPYOLV WG PHOVWTEG TWV BopUBwWY TNG TOANG, AAAd Kal XWPOL KOWVWVLKWY GUVAVACTPOPWV.

QG TPOG TO OLKOVOHLKO OKEAOG, N EVOWHATWON TOUL Tipaaivou dUvatal va IPocTATEPEL TA KTipLa
amo TIG EVIOVEG KALPLKEG OUVONKEG Kal va BEATIWOEL TIG AVILOTACELG TOUG OTIGC EVAAAAYEG TNG
Bepyokpaciag eAartwvoviag €10l To Babud alloiwong Twv UAIKKWY Kal dpa Tnv avaykn
KOOTOBOPWY E€MIOKELVWY. TENOG, N LIOBETNON TETOLWV TPAKTLIKWY gvVioXVeLl To branding kal Tig
TIPWTOBOVALEG HAPKETLVYK EUTIAEKOUEVWV (POPEWY, OTIWG EPYOAABWY, ETILXELPNOEWY Kal SNUOTLKWV
apXwv. AvadelkvoovTag oTpaTnyLlkd tTnv TMEPLBAAAOVTLKN, KOWVWVLKI Kdl OLKOVOULKN Toug afia, Ta
KTipla autd pymopoUlV va amnoKTHooUV avTaywVLIoTLKO TIAEOVEKTNUA, VA EVIOXVUOGOLY THV aPociwaon Twv
KATAvOAWTWYV Kdal va cLUUBAAOLY OE €va TILO BLWGCLHO PHEANOV.
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SUMMARY

GREENERGY goes beyond the leading state of the art concepts in the area that aim mainly to
produce nearly zero energy consumption and neutral carbon footprint within built environment in urban
areas in order to promote the “green deal” while the real green nature itself is suppressed. Such an
approach may satisfy merely mathematical indices and goals. However, it fails to revive natural growth
in areas forests were once dominating, i.e. before urbanization. It holds down the decisive, that is
natural mechanisms for sustainable environment of high air quality, controlled humidity, satisfaction
and comfort for inhabitants.

GREENERGY envisions forest diffusion to alleviate extreme weather conditions impacts in coastal
seismic urban regions and to optimize inclusive people-centric social engagement towards habitant
comfort and satisfaction, through high-density urban forestation starting from green- renovated
buildings. Based on the poor state of the art in the field of renovation towards vertical forests and the
great necessity for their urgent development to really cope with detrimental climate change
consequences and advance environmental resilience.

This document (Deliverable D1.2) is implemented within the framework of the first work package
(WP1) of the project, namely " Vertical Forest buildings typologies, benefits, hazard-dependent risks
and key parameters for renovation towards high-density urban greening".

This deliverable provides an extensive report on the potential benefits resulting from the
integration of greenery into buildings, providing an overall assessment of the main benefits resulting
from vertical forests and green walls and their potential contribution to a sustainable spatial planning
and urban development strategy. These benefits can be divided into environmental, social and
economic and contribute to sustainability and the reduction of the carbon footprint of urban
ecosystems.

In terms of environmental benefits, vertical forests can help reduce air pollution by filtering
pollutants through their leaves and bark, absorbing dust particles and air pollutants. This natural
process is extended indoors, creating a healthier living and working environment for residents. At the
same time, the natural shading provided by such infrastructure enhances the microclimatic conditions
around the buildings and reduces the surface temperature, mitigating the urban heat island effect. In
the context of energy efficiency, green walls reduce the energy needed to cool buildings and also act
as natural insulation and improve the natural access of light into the building.

These buildings can also help prevent flooding and water scarcity, as they often incorporate
stormwater management systems to manage stormwater more effectively. The presence of plants acts
as a filter by improving groundwater quality and reducing contaminant loads in urban water bodies. The
reuse of treated greywater is also promoted, contributing to the reduction of drinking water
consumption and the sustainable management of water resources.

Through the integration of greenery into urban landscapes, important ecosystem services, such
as pollination, are enhanced, which are vital for maintaining plant diversity in cities, as these buildings
are wildlife refuges and can promote biodiversity. Vertical forests and green walls provide a bridge
between natural and urban environments, offering aesthetic improvements that transform urban
landscapes. As such, they contribute positively to the psychology of residents by providing emotional
relief, reducing stress and a sense of security. At the same time, they act as insulators of urban noise
and as places for social interaction.

Xi
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From an economic point of view, the integration of greenery can protect buildings from harsh
weather conditions and improve their resistance to temperature fluctuations, thus reducing the
deterioration of materials and the need for costly repairs. Finally, the adoption of such practices
enhances the branding and marketing initiatives of stakeholders such as contractors, businesses and
municipalities. By strategically highlighting their environmental, social, and economic value, these

buildings can gain a competitive edge, foster consumer loyalty, and contribute to a more sustainable
future.

Xii
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1 INTRODUCTION

Human beings are inherently linked to the natural environment, and as a result, they incessantly
seek methodologies to create utilitarian green spaces within the urban infrastructure of metropolitan
areas. The significance of these areas, in combination with free spaces, is extremely important,
particularly within urban environments characterized by high-density development, as their existence
offers many important ecological and social benefits. Therefore, the creation of urban green areas was
not a priority during the period of city planning due to pollution and the poor integration of green areas
into the urban environment. As urbanization continues to rise globally, cities face numerous challenges,
such as increased pollution, heat island effects, and the loss of biodiversity and green spaces. Green
roofs, Vertical Forest buildings and Living Walls have emerged as innovative solutions to some of these
urban challenges (see e.g. Wang et al., 2022, Figure 1). Vertical Forest buildings and Living Walls (green
walls or green facades) incorporate trees, shrubs, and plants into their design, bringing greenery and
nature/biodiversity directly to urban settings. Vertical forests involve entire buildings covered in large
trees and shrubs, while green walls typically feature smaller plants and climbers.

T S 4
ﬁ\ : 7 Save Energy Consumption i
\"ﬁ ' \ -‘ de B
.‘ o .

4 Urban Heat Island

~ Tm

I Aesthefi;&Psychological

o i' \A L
~ S
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Figure 1 Vertical greening system functions in the urban landscape (Wang et al., 2022).
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A vertical forest refers to a building, often a residential or commercial high-rise, that incorporates
a large number of trees, shrubs, and plants directly into the structure's design. These plants are usually
placed on balconies or integrated into facades, forming a green "forest" on the building's exterior.
Hundreds or even thousands of trees, shrubs, and plants are planted across different floors of the
building. By this, these structures support a wide range of plant species, which in turn can attract
various birds and insects, promoting urban biodiversity. Simultaneously, they significantly contribute to
reducing urban heat island effects, improve air quality by absorbing CO2 and pollutants, and provide
natural insulation for the building. The most iconic example of vertical forests is the Bosco Verticale in
Milan, Italy, designed by Stefano Boeri. It includes two residential towers covered with about 20,000
plants and trees (housing a total of 800 trees -480 first and second stage trees, 300 smaller ones-,
15,000 perennials and/or ground covering plants and 5,000 shrubs) (Boeri Studio, 2024).

Figure 2 Bosco Verticale in Milan, Stefano Boeri.

A living wall, or green wall, is a vertical structure that is partially or completely covered with
vegetation. Unlike vertical forests, these green walls do not involve planting trees but focus on growing
a variety of plants, including grasses, flowers, and small shrubs, directly on the wall's surface. Geen
walls are often installed using special systems that include soil or substrate for the plants to grow in,
as well as irrigation systems. They can be installed on both exterior and interior surfaces, making them
a versatile solution for urban greening. Green walls significantly support pollutants’ filtration, reduce
CO,, and improve the overall air quality in cities. Natural cooling for and soundproofing benefits are also
a major contribution of green walls in the built environment. The CaixaForum in Madrid, Spain, features
one of the most famous vertical green walls, designed by botanist Patrick Blanc.

The famous botanist Patrick Blanc has been recognized as a pioneer of modern vertical gardens.
Patrick Blanc (1953, Paris) is a distinguished French botanist affiliated with the French National Centre
for Scientific Research, where he concentrates his research on flora endemic to tropical forest
ecosystems. He is recognized as the contemporary pioneer of the green wall concept; in particular, he
invented the modern hydroponic vertical garden, which sets him apart from his predecessors.-The
original idea of Blanc was “to have nature coming back in towns” and to do so he took inspiration from
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both tropical rainforests and high mountain environments, where many plants grow without or with a
minimal amount of soil. In 2009 he was awarded an Honorary Fellow of the Royal Institute of British
Architects.

Figure 3 CaixaForum in Madrid, Spain, Patrick Blanc.

In the following chapters we present an overview assessment of the main benefits resulting from
vertical forests and green walls infrastructure and their potential contribution in a sustainable spatial
planning and urban development strategy.
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2 ENVIRONMENTAL BENEFITS

2.1 AIR QUALITY REGULATION

Urban air pollution, predominantly caused by vehicular emissions and industrial activities, is a
persistent health and environmental concern. Vertical Forest buildings have been shown to mitigate
this issue by acting as natural air purifiers. These innovative structures incorporate plants and trees
into building facades, effectively transforming the building itself into a tool for environmental
enhancement. Vertical planting improves air quality both outdoors and indoors.

2.1.1 Outdoor air quality

Vertical forests can be described as buildings that will have a variety of plants along their building
facades, on balconies, and at their terraces, contributing to reducing outdoors air pollution through
cleansing by way of absorption from leaves and barks, fine particulate matter, and gaseous pollutants
like Fine Particulate Matter PM2.5, CO,, SO, NO2, and O3, alongside the volatile organic compounds
VOCs, as cited by Perini & Roccotiello, 2018; Tiwary et al. 2016.

Fine particulate matter, often referred to as PM2.5, is composed of very small particles that remain
suspended in the air. As these particles are inhaled, they can cause harmful effects on human health,
including respiratory problems and other health issues. Leaves and surfaces of vertical forest
structures provide a platform where PM2.5 particles can efficiently reduce their concentrations within
surrounding air (Nash, 2005; Bellucci et al., 2012).

Greenery-covered buildings significantly contribute to the sequestration of carbon dioxide, a
significant greenhouse gas responsible for global warming and climate change. Via the process of
photosynthesis, plants absorb CO, and transform it into oxygen and glucose. This biochemical
mechanism aids in diminishing atmospheric CO, concentrations while concurrently releasing oxygen
into the environment, thereby improving air quality (Heidt &Neef, 2008; Hesslerova, 2022). Bosco
Verticale in Milan hosts approximately 20,000 plants across 90+ species, including also full-sized trees,
on all fagades of both its towers, which collectively absorb an estimated 30 tons of CO, annually and
significantly contribute to air filtration (Boeri Studio, 2024). As cities become denser and human activity
and pollution sources increase, outdoor air quality declines. Vertical forests offer a sustainable solution
for improving outdoor air quality as by sequestering CO2 and PM2.5 the facades contribute to a cleaner
and healthier urban environment (Abel, 2010).

Based on the data presented in Table 1 (Wang et al.,2022) green walls exhibit a greater efficacy in
the mitigation of particulate matter (PM) compared to gaseous pollutants. Through the process of PM
absorption and subsequent reduction of environmental concentrations, the foliage of plants has the
capacity to enhance the quality of ambient air (Fukuzumi, 1996; Zhao et al., 2009; Lee et al.2010).
Various factors such as plant species, dimensions, wind orientation, leaf area index, and humidity
significantly influence the extent of pollution mitigation achieved by green walls. Empirical evidence
indicates that green walls demonstrate superior efficacy in the collection of fine and ultra-fine
particulate matter compared to coarser particles, and they exhibit enhanced effectiveness in the
removal of particulate matter relative to gaseous pollutants. The impact of green walls, when assessed
at varying heights and across different seasonal contexts, reveals no statistically significant
differences in their decontamination efficacy; however, the topographical characteristics of living walls
do influence the efficiency of pollutant capture (Wang et al., 2022).
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Table 1 Literature on vertical greening to improve outdoor air quality (Wang et al., 2022).

GREENERGY

Region Type Plant Conclusion Method
Green
Urbar\ Toronto Roofs and The removal rate of PM10 is 1.37 .
(Currie & Bass, Shrubs Experiment
2008) Green mg/year.
Walls
Road
[Morakinyo, & . The reduction of pollutant
Lam, 2016, Vegetation L . .
. - concentration is due to the dispersion ENVI-met
Deutsch- Barriers and deposition of green walls
Aboulmahassine, P 9 ’
2009)
Buxus
New Street S i L. - .
. ew ree. emperwrgns ! Living wall plants have considerable
Railway Station - Hebe Albicans o . .
Living Wall potential in removing particulate
(Weerakkody et Cockayne, Thymus ollutants from the atmosphere
al.,, 2017) Vulgaris L. and P P '
Hebe X Youngii
The average capture of PM1 particles
Road Twenty species of by the living wall of 100 square
(Weerakkody et  Living Wall livin ):NarIJI lants centimeters is 122.08 + 6.9 x 107,
al, 2018) gwaltp PM2.5 particles 8.24 + 0.72 x 107,
PM10 particles 4.45 + 0.33 x 107.
Heuchera Villosa Experiment
Road Michx, Helleborus x The recovery of PM capture ability of
sternii Turrill, four green wall species after rainfall
(Weerakkody et  Green Wall ) . .
al, 2018) Bergenia cordifolia was studied. Green wall has the
N (Haw.) Sternb. and potential to capture PM all year round.
Hedera Helix L
The number of particles collected on
Road and
- the front of leaves was more than that
Woodland Living .
, Hedera Helix L on the back, and there was no
(Ottel'e et. al., Walls Lo . S
significant difference in height and
2010)
season.
Developing . For (S02), the removal rates in dry and
. . Green Vernonia
Countries (Joshi Facades Elaeaanifolia wet weather are 1.11 x 10-6 s-1 and CFD
& Ghosh, 2014) g 1.05 x 10-6 s-1 respectively
At pedestrian height (1.4 m), green
Road (Morakinyo walls are an effective barrier to reduce ENVI-Met +
et al., 2016) exposure to pollutants and air quality Experiment
deteriorates from 4 m.
By planting vegetation in street canyons
Street Canyons to increase sediment, street
(Pugh et al., Green Wall concentrations in these canyons can be CFD
2012) reduced by 40% for NO2 and 60% for
PM.
2.1.2 Indoor air quality

Vertical planting, in addition to outdoor air quality, also affects indoor air quality. The natural
process of filtering pollutants is extended indoors creating a healthier living and working environment
for residents (Abel, 2010). Indoor air quality (IAQ) is a significant determinant of the comfort and health
of occupants, and poor air quality can lead to a range of health issues, including respiratory problems,
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allergies, and in extreme cases, "sick building syndrome." (Mendez &Teiheira, 2014). Table 2 presents
an overview of the pertinent scholarly works concerning the implementation of indoor vertical greening
systems for the mitigation of indoor air pollutants.

Table 2 The literature on indoor vertical greening to remove indoor pollutants (Wang et al.,2022).

Inorganic Pollutant Plant Conclusion
. Spathiphyllum Wallisii Average NO2 clean air delivery rate of 661.32 and 550.8
NO; (Petit et al., . o . .
2019) and Syngonium m3-h-1-m=3 of biofilter substrate for the respective plant
Podophyllum species.
CO» (Su&Lin, The |n.door plant wall of 5.72 m2 can reduce the CO‘z
2015) - concentration of 38.88 m3 room from 2000 to 800 ppm in one
hour.
icienci : 73%
PM (Su & lin, 2015; Chlorophytum The system recorded removal efficiencies were 53.35 9.73
Petit et al,, 2017) Comosum for total suspend particles, 53.51 15.99% for PM10, and
h 48.21 14.71 % for PM2.5.
VOC (Wang & The significant single removal rates (spres) of toluene and

Different plant species

Zhang, 2011) formaldehyde were 91.7% and 98.7% respectively.

2.2 URBAN HEAT ISLAND MITIGATION

The Urban Heat Island (UHI) phenomenon is increasingly being confronted by metropolitan
regions. UHI can be defined as that phenomenon where urban areas show higher temperatures when
compared to their rural surroundings, due to human functions, compact infrastructure, and the use of
heat-absorbing materials such as concrete and asphalt (Yeang and Powell, 2007; Yang, 2008; Hopkins
and Goodwin, 2011). Green facades and terraces allow for natural shading of high-rise buildings by
blocking the direct sun from heating up the building surfaces. This is because the vegetation naturally
causes shading, decreasing the heat that the edifice accumulates, thus lowering the surface
temperature (Heidt, 2008; Hesslerova, 2008). Green walls, green roofs, and other forms of vertical
greenery have been quite effective in mitigating UHI. It has been determined in studies that vertical
greenery could significantly reduce both the demand for energy and CO2 emissions by providing a
cooler urban surface. For instance, Campiotti et al. (2022) identified a maximum reduction in
temperature by 13°C for some vegetated facades; thus, vertical greenery systems make a great
contribution to building energy efficiency during summer.

Peng et al. (2019) gauged the effect of vertical greening on the indoor thermal environment and
found it could reduce room temperatures by up to 2.2°C and wall surface temperatures by 13.9°C,
emphasizing vertical greening's contribution to building energy efficiency and sustainable urban
environments. Vertical forests consist of dense vertical gardens integrated into building structures that
help in enhancing urban biodiversity and improving the local microclimate. Such infrastructures cool
their surroundings through the processes of evapotranspiration and shading, which lower the surface
and air temperatures. Vertical greenery is able to reduce UHI, according to a study released by Xiang
and Tao (2023), up to a maximum of about 1.06°C, mainly at peak hours. The authors emphasize that
maintenance deserves particular attention, along with the use of wind-driven rain as a natural source
for irrigation.




©HrRL  Greece 2

NATIONAL RECOVERY AND RESILIENCE PLAN

Eoee e GRFFPMPFRSY

NextGenerationEU

Vertical forests are not only aesthetically appealing but also help to improve living conditions
within cities by providing a natural cooling effect and air quality improvement. In Hong Kong, a case
study demonstrated that vertical green walls could be practical and save energy in subtropical climate
conditions. These vertical forests can also help in making urban living more sustainable (Wong and
Baldwin, 2016). Vegetation inclusion, in urban planning, in the form of urban woodlands and trees, is
important in the attenuation of the UHI effect. Bosch et al. (2021) developed a spatially explicit
approach for evaluating urban greening options, which would contribute to developing the capabilities
of urban planners in optimizing tree cover to protect climate resilience and public health. Indeed,
optimal siting of trees can result in maximum cooling of up to 6.6°C hourly cooling on building exteriors
for particular configurations (Zhao et al., 2018). These practices not only reduce UHI but also create
generally more sustainable cities with cooler urban microclimates where less reliance on artificial
cooling systems is fostered. Vertical forests mitigate the urban heat island effect. Therefore, while a
vertical forest is implemented as a part of green infrastructure, there is a need to consider the financial
and sustainability outcomes. Lower wind velocity due to a vertical forest is also responsible for negative
consequences on air quality at ground level and therefore requires proper placement and design of the
installation (Kang & Kim, 2023).

2.3 RAINWATER MANAGEMENT

It is evident that vertical green structures have become key approaches in managing stormwater
through a process termed "green infrastructure” (Al-Kodmany, 2015; Chang & Chang, 2022; Li et al,,
2019). Systems of this nature greatly enhance the management of runoff from storm water,
consequently supporting the development of sustainable urban environments. Green infrastructures
capture rainfall and discharge it gradually into the air. This process imitates natural water cycles and
helps balance water and environmental resources. Vertical vegetation on buildings captures and retains
rainwater in leaves, stems, and soil. This diminishes the quantity of stormwater runoff that would flow
directly into the storm drains, potentially causing flooding (NYC, 2023). Plants take up rainwater from
the soil through their roots via evapotranspiration and release it into the atmosphere. This process
greatly reduces the total amount of rainwater runoff, helps control the amount of rainwater that reaches
the drainage network, and is particularly beneficial in preventing flooding (Al-Kodmany, 2015). In the
process of rainwater passing through vegetation and soil, natural filtration takes place. The roots of
plants and grains of soil bind various pollutants and sediments, further improving the quality of the
water that eventually enters underground aquifers, rivers, and streams (Al-Kodmany, 2023; Bortolini &
Zanin, 2017). Innovations such as the rainwater-collecting and greening device delineate how even the
facade can be harnessed in the effective management of rainwater while providing an aesthetically
pleasing environment (Lin & Lin, 2015).

Furthermore, integration of rainwater collecting along with green walls helps meet the urban
sustainability goals by reducing the use of potable water supplies. At the same time, it addresses the
management of stormwater by natural filtration and storage processes (Xu, 2013). Utilizing such
synergistic systems represents a holistic approach to managing water in urban areas, thereby
enhancing ecological and aesthetic values of the urban environment (Guan et al., 2013). In order to
optimize the advantages associated with these green systems, it is advisable to integrate them with
additional sustainable methodologies, such as the implementation of blue roofs or hybrid systems, to
improve water retention and flood management efficacy (Mai, 2022). Furthermore, it is essential to
conduct site-specific assessments and modifications to customize these systems in accordance with
local environmental circumstances and urban planning needs (Sysoeva & Gelmanova, 2020).




HFRI. Greece 2.0

ch & Innovatioon NATIONAL RECOVERY AND RESILIENCE PLAN

Foroentimen GREPMFRSGY

NextGenerationEU

Vertical green buildings symbolize a critical advancement toward better management of urban
rainfall. By incorporating concepts such as green roofs and vertical facades, these buildings help to
minimize not only the ecological impacts from urban growth but also flood and water scarcity impacts
in general, enhancing the urban resilience of growing cities. In the context of continuous development
of urban cities, the strategic implementation of vertical greening approaches will be crucially essential
in achieving a water-sensitive urban design that supports sustainability and enhances livability.

2.4 SEWAGE TREATMENT

Sewage treatment systems combined with vertical green buildings are one of the useful ways of
fostering sustainable urban development. In this respect, the natural potential of flora for purification
is combined with designed systems for processing wastewater, decreasing the usage of potable water,
and enabling the development of an urban green environment. Related to the above, two major
techniques have been studied: vertical green walls and green roofs, both with their advantages and
challenges. Boano et al. (2019) introduce a type of sustainable sewage management using the method
of vertical green walls on urban structures, focusing their efforts on treating and recycling domestic
grey water. Such green walls, using modular panels to build vegetated containers, were also applied for
grey water purification and were assessed against several parameters such as Biochemical Oxygen
Demand (BOD5), Chemical Oxygen Demand (COD), nitrogen, and phosphorus. Results show that such
a system, as depicted in Figure 4, increases the number of urban green spaces and encourages the
reuse of treated greywater for non-potable purposes, thus reducing potable water usage and ensuring
better management of this resource.

7/
T,
/,//

Figure 4 Pilot system installed in the courtyard of the laboratory. (Boano et al., 2019)

The potential of vertical greening systems regarding water conservation in an urban residential
area is considerable. Besides, these systems reduce the burden on urban wastewater treatment plants
and can supply water to gardening areas, recreational green spaces, golf courses, and sanitation
facilities. These green walls can save water up to a rate ranging from 40% to 50% (Boano et al., 2020).
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Vertical flow constructed wetlands that incorporate ornamental vegetation have exhibited
significant efficacy in the removal of turbidity, Chemical Oxygen Demand (COD), and pathogens within
greywater treatment systems. Specifically, sand-based configurations have illustrated enhanced
performance (Stefanatou et al., 2023). The selection of plant species, including Trachelospermum
jasminoides and Callistemon laevis, is pivotal in sustaining the operational efficiency of the system and
in reducing water loss resulting from evapotranspiration (Stefanatou et al., 2023).

Green Facades HEHEENR
BEEEEE Removals after 2 years:

EEEEE ) o5y

IEEEE v" Anionic surfactants: 99%
JANEEE v’ Total coliforms: 5 log units

B o v Turbidity: 89%

AT Climbing plants:
o v Mitigate clogging

- m v Increase evapotranspiration
Figure 5 Source Stefanatou et al., 2024

It was also revealed that research has shown the potential of Vertical Greening Systems for
pollutant removal in rain and sewage waters and is found capable in specially engineered substrates
made of organic and inorganic elements in various proportions, the removal of nutrients, organic
pollutants, and even heavy metals from wastewater streams. Principal floristic species used in such
systems, like Canna lilies, Jasmine, and ivy, have very high efficiency for nutrient uptake-particularly
nitrogen and phosphorus, both critical parameters of water pollution (Wang et al., 2024).

VFCWs planted with:

¥' Climbing plants
v Ornamental plants

Recent advances have improved Vertical Greening Systems (VGS) performances in dealing with
grey water-wastewater generated from nonsanitary sources like sinks and showers-and black water-
wastewater that contains human excreta. Green walls with biochar-treated substrate, for instance, have
been found capable of reducing Chemical Oxygen Demand (COD) and Total Nitrogen (TN) in effluents
to ensure better quality water with minimized pollution load to aquatic systems in urban areas (Aicher
et al, 2022). Biochar is a carbonaceous material obtained from organic waste and enhances
remediation by providing a proper environment for the proliferation of microbes that degrade the
contaminant.

Vertical green systems represent one of the potentially efficient sewage treatment integrations
into an urban context. By combining the ecological benefits that come with urban greening and the
functional aspects of wastewater management, this system offers a replicable approach toward
solving urban water problems in a sustainable manner.

2.5 ENHANCEMENT OF URBAN BIODIVERSITY

Biodiversity fulfils various functions in the provision of ecosystem services: acting as a
foundational support for other ecosystem services, serving as a distinct regulating ecosystem service,
and embodying value through the existence of iconic species (Atkinson et al., 2012; Mace et al., 2012).
Biodiversity conservation is essential for the sustained delivery of ecosystem services and the
multifaceted advantages that fundamentally support human health and wellbeing (Bolund and
Hunhammer, 1999; MEA, 2005; NEA, 2011). In light of escalating urbanization, the significance of urban
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biodiversity in facilitating ecosystem services has been extensively examined (Botzat et al., 2016);
subsequently, ecosystem services are acknowledged to enhance the value of urban landscapes from
economic, social, and environmental perspectives (Bolund and Hunhammer, 1999; Gémez-Baggethun
and Barton, 2013; Natural England, 2013).

Urban biodiversity, the variety of living species within a city's landscape, is increasingly recognized
as a critical factor in sustainable urban development. It is predominantly found within a constrained
framework of green infrastructure (Finlay, 2010; Tzoulas et al., 2007). Traditionally, green infrastructure
encompasses an amalgamation of parks, gardens, green corridors, and waterways, which are
meticulously designed and interconnected to safeguard biodiversity (Tzoulas et al., 2007). If the current
trend of urban expansion continues, the green infrastructure is not adequate to prevent the predicted
losses in biodiversity at the urban scale (Mcdonald et al., 2008; Rosenzweig, 2003). In the future, green
infrastructure will be particularly required in order to support the maintenance and enhancement of
biodiversity and to ensure that certain ecosystem services continue to operate, such as air purification
and temperature regulation. This will contribute to protecting the health of urban citizens (Francis and
Lorimer, 2011; Tzoulas et al., 2007).

For instance, incorporating native plant species into parks and gardens can significantly increase
local animal populations and meanwhile improve the living standards of residents with more recreation
opportunities in natural settings. Furthermore, as urban precincts further expand onto peripurban areas,
there is a proper need to understand the relationship between urban growth and biodiversity; hence, the
development of good management practices will be needed to mitigate habitat fragmentation and
promote ecological resilience. Furthermore, by empowering collaboration among all stakeholders-from
city planners to community members-urban environments can be designed to celebrate and protect
biological heritages that are often unique. Applying this holistic perspective does much more than
merely enhance the aesthetic aspects of urban areas; it caters to the health and well-being of the
populace as a whole, enabling biodiversity for the good of current and future generations (Barico and
Castro, 2016).
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Figure 6 Bosco Verticale: The Milan High Rise that started a Green Revolution (Source: We Bulit
Value).

Vertical forest structures embody an impressive amalgamation of architectural principles and
ecological considerations, aimed at seamlessly incorporating significant vegetation into metropolitan
environments, thus converting conventional urban landscapes into dynamic, living ecosystems. A
prominent illustration of this concept is Milan's Bosco Verticale (Figure 6), which integrates trees,
shrubs, and various plant species within its architectural framework, predominantly utilizing balconies
and facades. It not only enhances the aesthetic beauty of city scapes but also offers significant
ecological benefits, enhancing urban biodiversity and creating habitat for a wide variety of species, from
avian to insect and other wildlife species (Figure 7). By implication, these vertical forest structures are
a realistic alternative to mitigate the impacts of urbanization, particularly in very densely populated
cities where conventional green areas are often limited or shrinking in area altogether (Liu, 2023).
Inclusion of plants in these structures creates ecosystems in between buildings so that nature and city
life can go hand in hand.

The Bosco Verticale in Milan represents an innovative illustration of the potential for architecture
to integrate with natural elements, thereby fostering a harmonious ecosystem. This structure sustains
more than 1,600 varieties of plant life, playing a vital role in enhancing the city's biodiversity (Chen et
al., 2020). Such a symbiotic relationship is essential in metropolitan settings, where the swift
proliferation of concrete and steel frequently results in the loss of natural environments. Vertical forest
buildings meet this challenge through the incorporation of green spaces that grow vertically, in a
manner that best utilizes space in those urban centers where horizontal green spaces are often
minimal. The use of greenery on skyscrapers also enables the creation of urban passageways, which
help in the dispersal and connectivity of species through different parts of the city, enhancing general
biodiversity and ensuring the resilience of urban ecosystems as a whole (Wang et al., 2020).

Vertical forests provide not just aesthetic or symbolic functions, but more importantly deliver
fundamental ecological functions and services in parallel. These green architectures are usually
integrated into the urban structure by incorporating herbs, trees, and shrubs, which help mitigate a city's
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heat island, reduce air pollution, and maintain stormwater runoff. Trees and vegetation absorb carbon
dioxide, produce oxygen, and filter out air pollutants, thereby improving air quality in urban areas (Stang|
et al,, 2022). Moreover, these green features cool the immediate surrounding environment through
shading and evapotranspiration, which reduces the demand for artificial air conditioning and lower
energy consumption. This dual role that vertical forests can play, ecological and infrastructural
solutions or, in other words, providers of ecosystem services, makes them an important contribution to
the development of sustainable urban design (Radomska, 2022). In Figure 8, a schematic
representation depicts biodiversity benefits for climate, sound and air quality regulation.

Summer

IL BOSCO VERTICALE:

e o coz

Protects against direct radiation

....................................

Winter

"

Lets light in

%fg

Protects from the wind

e

Releases humidity

Captures small dust particles

u * & Ea
coz %ﬁ‘ oz
-
o

Produces oxygen ']

Acoustic pollution

TR Yy T TRy T R T R LT R e Ty F e T R RNy P TR T PN TR T PR T PRITI AT

Dust particles

Reduces acoustic pollution

e T L R T e TR R AT ]

......................

Figure 8 The life cycle concept in Bosco Verticale © Stefano Boeri Architetti (Source: Giacomello 2015).

In more specific terms, these structures indeed act as refuges for fauna in what would otherwise
be an inhospitable urban environment. Avian species, insects, and small mammals find refuge among
the flora, while the diversity of plant species attracts pollinators such as bees and butterflies. Overall,
this phenomenon increases the local wildlife population and ecosystem services such as pollination
and seed dispersal, crucial for maintaining plant diversity in cities (Chen et al., 2020). Besides, vertical
greening contributes much to the restoration of fractured urban ecology by creating a green corridor
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for species migration in urban areas and, accordingly, enhancing urban biodiversity (Sevianu et al.,
2021).

Another innovation related to space constraint issues of green areas in highly densely populated
cities involves building vertical forest buildings. More green spaces are created by utilizing the vertical
dimensions of a building without competing for land with other infrastructure in the city. This especially
comes into play in those cities where, due to lack of space, conventional park and garden areas have
been rendered very few and far between. The integration of vegetation within high-rise structures
enables urban areas to optimize their spatial resources while simultaneously creating habitats for
fauna and green environments for inhabitants (Osako et al., 2022). This strategy not only enhances the
living conditions of city dwellers by increasing the availability of green areas but also bolsters the overall
ecological functions of urban environments.

The contribution of urban forests in mitigating some effects of urbanization on biodiversity cannot
be overemphasized. In an era when the expansion of cities and shrinkage of green spaces occur without
end, these forests offer a haven for indigenous species while helping to maintain ecological balances.
Vertical forests, an important constituent part of the greater urban forest typology, further this objective
by providing habitats for species existing at different layers in the urban environment. It contributes not
only to biodiversity but also provides pathways for citizens to get in touch with nature, raises
environmental awareness among urban dwellers, and serves other purposes.

2.6 ENERGY EFFICIENCY

Vertical green buildings have gained great importance in architecture and town planning due to
their contribution to energy efficiency. Green walls and green roofs make environmentally friendly
features contributing to saving lots of energy and thus develop the area in an environmentally friendly
way. These architectural advancements do not only play their role in decreasing the energy use but also
help to alleviate urban heat island phenomena and improve the quality of the indoor environment.

The integration of green walls in various buildings is one of the key factors in energy efficiency.
For example, in high-rise residential buildings within hot climatic zones, the various green walls provide
an effective insulation system that reduces energy consumption in general cooling (Wong & Baldwin,
2016). By employing processes such as shadowing and evapotranspiration, vertical green systems
establish microclimates that reduce building temperatures and regulate humidity levels, thereby
contributing to energy conservation (Pérez et al., 2011; Sheweka & Mohamed, 2012). Research has
documented the relative effectiveness of green walls in comparison to green roofs, revealing that green
walls typically yield higher annual energy savings (Azis et al., 2019). For example, green walls can
provide improved energy consumption reduction due to the effect of increased thermal insulation and
improved access to natural lighting, thereby enhancing energy efficiency improvements (Djedjig et al.,
2016).

The integration of these technologies into architectural design further satisfies broader ecological
functions. The green building structures reduce heat island effect, enhance biodiversity, and
stormwater control while supporting energy efficiency through thermally improved performance of the
building structures (Shishegar, 2015; Jaffal et al., 2012). In addition, with reduced energy use emanating
from the energy-efficient building design features, the resultant emissions associated with the
production of energy are reduced proportionately. This development helps to enhance overall
sustainability and a minimal carbon footprint (Osseweijer et al., 2017).
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According to green design principles, green covered skyscrapers can include solar panels, wind
turbines or any other installed system. These systems leverage natural resources for energy generation,
thereby lessening reliance on traditional energy sources (Halava et al., 2018). Although there are
significant energy savings associated with vertical greenery, several challenges hinder its
implementation, chiefly concerning costs, maintenance, and operation of these systems. The
incorporation of advanced technologies, such as solar photovoltaic panels in conjunction with green
walls, has the potential to mitigate certain energy requirements and enhance the practicality of these
systems (Ghaffarianhoseini et al., 2013). The deliberate integration of both passive and active energy-
conservation strategies, customized to specific regional climates, can optimize the energy advantages
associated with vertical greening systems (Xu & Chang, 2018).

Vertical green structures signify a transformative change in urban architectural practices,
promoting energy efficiency and sustainable design methodologies. Through the utilization of green
wall systems, these edifices minimize dependence on finite resources, improve indoor air quality, and
contribute to larger environmental goals. With ongoing technological progress in the realm of
sustainable architecture, it is probable that vertical green systems will assume a critical position in
mitigating global energy challenges and cultivating resilient urban environments.

2.7 ENHANCING AESTHETICS

Vertical green buildings are a revolutionary force in urban architectural design. They provide visual
amenities that reshape the outlook of a metropolitan city and bind built spaces with natural features
(figure 6). These buildings, featuring living walls and green roofs among others, address not only
ecological concerns but also become an integral part of visual improvement and urban renewal
processes.

Probably one of the most valuable features of a contribution that green vertical buildings can offer
relates to an opportunity to insert natural beauty into city architectural ensembles. The vertical gardens
on the skyscraper surfaces integrate flora into the views dominated by concrete and glass, releasing
some breathtaking views for the public and softening the lack of natural sceneries in overpopulated
cities (Golasz-Szotomicka & Szotomicki, 2019). Green facades augment the aesthetic attractiveness of
structures through the incorporation of living vegetation into their exteriors, transforming these
buildings into dynamic natural tapestries that enhance both visual appeal and biodiversity
(Rakhshandehroo et al., 2015). The integration of such green components within densely populated
urban architecture reorients the conventional urban discourse from a narrative characterized by sterility
to one filled with vibrancy, thereby enriching a city's overall aesthetic value and ecological well-being
(Al-Kodmany, 2014).

Vertical green structures act as a conduit between natural ecosystems and urban environments,
amalgamating the visual attractiveness of natural topographies with the practical aspects of city
architecture. Such an amalgamation improves the urban landscape, prompting both residents and
visitors to interact more profoundly with their environment. Through the incorporation of green features
in architectural design, urban areas can create settings that are not merely efficient in function but also
aesthetically stimulating (Bésehans & Walker, 2020).

Vertical green buildings represent a pivotal evolution in the face of urban design, bringing together
man-made structures and natural beauty. These buildings are quite crucial in rejuvenation processes
of the urban setting, making life more viable with a set of aesthetic and ecological improvements. With
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the present rate of growth in metropolitan areas, incorporation of vertical green projects can be seen
as a fundamental strategy to progress the aesthetic approach of our cities, allowing them to be lively,
sustainable, and exciting for both current and future generations
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3 SOCIAL BENEFITS

3.1 PSYCHOLOGICAL EFFECTS AND HUMAN HAPPINESS

With increased urbanization and population density within the city, green open areas start
collapsing rapidly. But in turn, this has brought about architectural innovation for integrating greenery
into urban environments: vertical green buildings and vertical forests. These structures offer a variety
of environmental benefits, including air cleansing and temperature modulation, yet greatly contribute
to the psychological well-being of those in cities: emotional refreshment, improved cognitive
functioning, and social functioning, along with perceived safety and security. While feelings around
urban vegetation can be complex, the restoration effects from vertical green buildings are unequivocal.
Even while cities continue to grow, a more promising strategy for reducing the challenges of urban
living might be the incorporation of vertical forests in an urban context, with the aim of improving the
psychological and emotional wellbeing of citizens. The following sections represent the most important
psychological effects of vertical green structures and vertical forests, explaining the ways such new
developments influence emotional wellbeing, social interaction, and cognitive functioning.

The placement of vegetation into the built environment has been shown to be invariably associated
with improved emotional health and lowered levels of stress. For vertical green structures and forests,
their incorporation of flora into the structural framework allows city inhabitants to experience nature-
an element that can elicit positive emotional responses. For example, Wei et al. (2022) established that
great green spaces around cities, which include vertical forests, are associated with increased
emotional positivity categorized by smiling and happiness. In relation to this, sad mood levels
decreased as a result of greenery exposure, thereby increasing the emotional wellbeing of an individual
(Wei et al., 2022). Similarly, Rakhshandehroo et al. (2015) support the therapeutic values of the vertical
greenery. The authors are of the opinion that green fagades of buildings can restore stress among
urban populations as much as a significant percent. Vegetation on building fagades creates relief,
enhances mood, and develops mental calmness. The beneficial psychological impact is ascribed to the
biophilic relationship that exists between individuals and their natural environment, which is
fundamental in alleviating the mental stress caused by life in urban areas (Rakhshandehroo et al.,
2015).

Beyond the individual mental benefits, this process of vertical greening then develops a better
social interaction and builds community bonds further. Reeves-Latour (2017) researched greening in
the urban setting for its psychosocial benefits, in particular how green alleys were put into place in
Montreal. Green areas in cities reduce anxiety in people and create social cohesion or harmony; this
translates to improved living among citizens. While the focus is on green spaces being horizontal, the
findings reveal that vertical forests can have some psychological benefits as well in transforming
previously neglected space in the urban setting into a welcoming, community-centered environment
(Reeves-Latour, 2017). Whether horizontal or vertical, green spaces serve as gathering points for
residents who can interact, make friends, and form social networks. Equally, the integration of vertical
forests into residential communities can act as means of social interaction, improving overall well-
being and residents' satisfaction with their place of residence. The effect of such open spaces on social
interaction is especially high in very densely populated cities, where a deficiency of open spaces adds
up to the development of growing rates of loneliness (Golasz-Szotomicka and Szotomicki, 2019).

Beyond the facilitation of emotional well-being and social engagement, vertical green buildings are
able to showcase an improvement in cognitive functioning and productivity. The presence of natural
elements within built environments has long been associated with heightened focus, creativity, and
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overall cognitive efficiency. Kuo et al. (1998) demonstrated that urban green spaces such as tree-lined
streets and well-maintained lawns significantly enhanced feelings among residents of safety and
security, with a resultant improvement in cognitive functioning and decision-making capabilities. These
findings can be related to the architectural design of vertical green buildings where such access to
natural elements might likewise improve mental acuity and reduce cognitive weariness. Further
research on the psychological effect of environmental certification of buildings, with special focus on
vertical green structures, was conducted by Holmgren et al. (2017). They established that occupants
of green-certified buildings evidenced greater satisfaction and higher cognitive performance, especially
when their indoor environment was cooler. This study further establishes the potential of vertical green
buildings in terms of maintaining a creative atmosphere that is conducive to productivity and mental
growth, especially in workplaces and schools.

Although wide recognition exists for the psychological benefits associated with both forms of
vertical green structures and vertical forests, some studies point out the complex nature of human
reactions to vegetation in cities. Sonti (2020) discusses ambivalence from residents towards urban
forests: even while greenery of this type can be restorative, it could just as well evoke negative feelings,
such as fear or apprehension, in instances where the green space is also seen as unkempt or
overgrown. This ambivalence may also relate to vertical green structures, whereby design and
maintenance of the vegetation themselves play a crucial role in determining residents' psychological
views (Sonti, 2020). However, the recovering potential of vertical green buildings is still significant.
Knecht (2011) demonstrated how urban greenery, including its vertical format, is successfully reducing
physiological levels of stress and restoring cognitive ability. Where vertical forests create a natural
environment that is beautifully appealing, their effect is one of a mental refuge for those living within
urban milieu and stresses. Benefits of restoration are particularly important in areas when population
density is great and contact with nature is often limited (Knecht, 2011).

Other research has shown that there may indeed be gendered differences in psychological
responses to vertical green buildings. Nevarez-Favela et al. (2023) observed that, in general, women
exhibited higher levels of perceived tranquility and emotionally activated states than men after being
exposed to living walls and rooftop gardens as features of green infrastructure. Men, on the other hand,
tend to report more neutral or suppressed emotional responses. The obtained difference in gender
scores suggests that vertical green buildings may have a stronger psychological impact on women,
particularly concerning stress reduction and emotional well-being (Nevarez-Favela et al., 2023). These
different psychological responses to vertical green buildings point out the importance of considering
diverse user experiences in designing green buildings. This could be furthered in psychological benefits
if architects and urban planners would reassess different emotional and cognitive needs of its
residents.

A more specific psychological issue of inner-city areas pertains to issues of perceived safety and
security. Incorporating plants into built environments can have positive and negative influences on such
perceptions. Kuo et al. (1998) found a significant effect of trees and other vegetation on inner city
residents' perceived safety. The findings concluded that well-maintained green spaces, including
vertical green features, make an important contribution to an enhanced perception of safety, which is
vital for the mental well-being of those living in cities (Kuo et al., 1998). The perception of safety
becomes especially relevant in the context of vertical green architecture since the careful placement of
vegetation can enhance not only the visual aesthetic of a place but also the perceived safety of the
environment. Malys et al. (2016) showed that green walls and green roofs would be able to provide a
positive impact both on the thermal comfort of the buildings and on the psychological aspects, keeping
the feelings of safety and satisfaction among the residents while in their home environment.

17



NATIONAL RECOVERY AND RESILIENCE PLAN

Eoee e GRFFPMPFRSY

NextGenerationEU

3.2 NOISE REDUCTION

Urban settings frequently experience elevated levels of noise pollution, which adversely affects the
quality of life and health of their residents. As urban areas expand, vertically designed green buildings
have the potential to mitigate noise pollution by functioning as natural sound barriers and absorbing
sound waves (Yeang & Powell, 2007; Yeang, 2008; Al-Kodmany, 2015; Chang & Chang, 2022). Vertical
greenery systems function by absorbing sound via the plant structures and substrate layers, thereby
mitigating the transmission of external noise into buildings (Azkorra et al., 2015). When sound waves
encounter these surfaces, they are partially absorbed rather than reflected. This process of absorption
contributes to a reduction in noise intensity, leading to a quieter environment (Al-Kodmany, 2015). The
strategic placement and diversity of vegetation on facades contribute to their acoustic effectiveness,
with different plant species and structural configurations enhancing noise attenuation (Radosavljevi¢
et al,, 2015). This aspect of green architecture aligns with findings that demonstrate significant noise
reduction capabilities for urban spaces, especially in areas with substantial traffic noise (Kang et al.,
2014).

In addition to its sound absorption characteristics, sprouting acts to scatter sound waves in
different directions, thus preventing their concentration in any single direction. This reduces the direct
impact of noise on building occupants. Simultaneously, natural sounds such as the rustling of leaves
and chirping of the birds contribute to creating a more peaceful acoustic environment (Yeang & Powell,
2007). Despite evident advantages, the application of green facades for noise mitigation should be
considered with due care regarding design aspects and physical limitations: optimum substrate
thickness, vegetation type, and construction parameters have to be fixed in order to grant an adequate
noise reduction performance (Pittaluga et al., 2011). The effectiveness of vertical green components
in mitigating noise is significantly augmented when integrated with urban planning approaches that
take into account the spatial configuration and density of green zones. Densely arranged and
interconnected green spaces can serve as more efficient barriers against noise, thus providing holistic
strategies to address urban noise pollution (Sakieh et al., 2017). As green roofs and facades become
more integrated into increasingly urban areas, they represent one potentially effective strategy to
reduce noise pollution and improve the quality of the environment. Combining aesthetic appeal with
functional design, such green infrastructure contributes toward not only reducing noise annoyance and
improving acoustic environments but also stimulating sustainable urban development (Ryherd, 2010).
Further studies and practical installations will most probably be refined towards optimizing the design
of such systems, in order to increase the noise-reducing capability while maintaining their
environmental and aesthetic advantages.

3.3 AWARENESS RAISING FOR VERTICAL GREEN BUILDINGS

The implementation of vertical green technology not only mediates the harsh and inflexible
appearance of steel and concrete typical of urban areas but also mediates incongruous factors such
as the fast pace and high levels of stress that characterize cities. At the same time, it promotes
interaction with nature that stimulates the interests of individuals, develops a more optimistic attitude,
and improves physical and mental health (Theodoridou et al., 2012; Boc V., 2015; Gattringer et al., 2016).
Vertical gardens and green facades are very important methods in cases where space for green areas
is limited in an urban environment. Such systems contribute greatly to the urban environment both
ecologically and socially. Other than beautifying the urban scenery, green fagades help improve air
quality, reduce the urban heat island effect, and increase biodiversity, thus fostering a healthier urban
environment (Rakhshandehroo et al., 2015). These benefits go hand in hand with the rising global
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emphasis on sustainability because they are in line with broader approaches to solving current
ecological problems (Peng, 2013).

Public interest and awareness in green architecture is also reflected in market dynamics, where
properties featuring these systems tend to sell faster, even if consumers remain hesitant to pay
premium prices for green enhancements. This trend showcases the growing cultural and economic
value associated with green buildings, highlighting their role as catalysts in promoting sustainable
urban development (Grewal, 2023). Educational programs developed to highlight the economic and
environmental benefits of green roofs and facades have the potential to capture a wider audience and
increase interest in these practices. By investing in civic education projects and promoting open
communication, cities can encourage more residents and businesses to implement green technologies
into their buildings (Knuth, 2016).

Looking ahead, the application of more advanced sustainable technologies will continue both to
enhance the appeal and functional potential of vertical greens. Innovations in the design of green roofs,
including integrated photovoltaic systems and smart irrigation systems, hold the potential to further
enhance their ecological performance (Luchkina, 2020). The environmental viability of the structures
can be enhanced with the inclusion of various plant species and the use of recycled or sustainable
materials in vertical gardens, thus appealing to the increasing number of ecologically conscious
customers. To really "grow" widespread interest, vertical green buildings must go beyond being simple
architectural elements and become integral components of the ecosystem in urban areas. This
progression necessitates joint initiatives among architects, urban planners, policymakers, and the
general public to guarantee that these advancements fulfill the requirements of contemporary cities
and their residents (Modirrousta & Mohammadi, 2015).
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4 ECONOMIC BENEFITS AND IMPORTANCE

4.1 PROTECTION OF BUILDING STRUCTURE

Vertical greeneries involving green walls and roofs serve an important dual function of ecological
viability and structural safety. The development of such architecture reinforces the durability and
survivability of the building structure because of its thermal insulation, reduction of rainfall, and
temperature differentials, which greatly contribute to the whole in stability and functional effectiveness
of the building structure accordingly (Yeang and Powell, 2007; Yeang and Richards, 2007). The leaves
and branches of vegetation provide a natural screen to harmful ultraviolet (UV) radiation from the Sun.
Thus, they contribute to the structural integrity of buildings by providing a protective cover that can
absorb UV radiation, which may cause material breakdown, discoloration, and decomposition of
construction materials (Yeang & Powell, 2007). Vegetation not only diminishes thermal load but also
serves as a protective barrier against precipitation (Rakhshandehroo et al., 2015). This layer of
vegetation aids in safeguarding the building envelope from severe weather conditions, consequently
mitigating the deterioration of materials over time (Ergin and Usluer, 2022).

Green facades also have the potential to improve the heat resistance properties of building
exterior. With an attempt to add thermal mass, these systems can dramatically improve thermal
efficiency in brick fagades, hence improving energy efficiency and structural durability especially during
colder seasons (Tudiwer and Korjenic, 2017). Moreover, these systems are designed to be sustainable
and adaptable to various architectural forms, thereby facilitating the production of healthier built
environments (Halaszova and Kozlovska, 2021). Vertical green systems not only protect building
structures but also enhance their environmental value. By mitigating the urban heat island effect,
increasing urban biodiversity, and improving air quality, these green systems contribute to ecological
sustainability and building functionality (Abdullahi and Alibaba, 2016). All these put together result in
an integrated building system: robust, durable, very sensitive to the environment, and pleasing to the
eye.

Notwithstanding the evident benefits, the implementation of vertical green systems presents
difficulties related to maintenance, expenses, and design intricacy. To tackle these issues,
comprehensive research and development initiatives are essential to devise systems that are
economically viable and manageable (Du et al., 2010). Furthermore, streamlined installation procedures
and enhanced availability of resources may promote wider acceptance of these technologies within
urban environments. The general importance of green structures therefore lies in protection and
enhancement of the integrity of building components by thoughtfully implementing green walls,
facades, and roofing systems, improving the durability of materials used to construct buildings,
increasing thermal comfort, and ecological sustainability. With continuous evolution toward more
sustainable frameworks in architectural methodologies, it would be said that the capability of vertical
green systems to shield the building infrastructure while maintaining ecological balance will always be
intrinsically a part of urban development strategies.

4.2 BRANDING AND MARKETING

Vertical greening can increase branding and marketing opportunities for developers, businesses,
and local governments taking part in such projects. In urban settings that continuously raise the
sustainability bar, branding for vertical greens becomes vital to differentiate products and reach those
consumers giving value to such environmental responsibility. The development and identity of the
green brand are considered key to gaining more visibility and marketability of such buildings. A green
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brand is constructed on the foundations of sustainability, bolstered by strategic marketing methods
and external certifications such as Leadership in Energy and Environmental Design (LEED) in the United
States and Building Research Establishment Environmental Assessment Method (BREEAM) in the
United Kingdom, which serve to authenticate environmental performance (Burnett, 2007). Clarity in
brand strategy, preservation of unique trade mark, and traceability of products are all very important in
effectively positioning brands in a competitive market place, according to Xiao (2014). Marketing of
vertical green building must also be promoted in terms of the environmental benefits and economic
and social value that these buildings bring to the marketplace. As noted by Yudelson (2006) the green
building marketing strategies differ from the traditional ones, in that such strategies mainly depend on
sustainability attributes for creative branding and the development of customer involvement.

Promotional efforts for environmentally sustainable structures frequently present an overarching
view of the advantages without adequately detailing distinct green characteristics, even though there
is a significant cost differential for eco-friendly real estate. This implies a demand for more focused
marketing initiatives that underline the distinctive features of vertical green architecture and the
enhancements they contribute to one's lifestyle (Chen et al., 2017). The tactical placement of vertical
green buildings is essential to their effectiveness in the commercial sector. Such structures are
generally situated in prominent commercial locations, where they convey robust branding messages
that correspond with corporate commitments to environmental stewardship (Braun and Bienert, 2015).
Nonetheless, an increasing occurrence of these sustainable edifices emerging in less desirable regions
suggests a maturation of the market and a transition towards broader accessibility and societal
acceptance. Eco-friendly building construction encompasses social and cultural dimensions,
positioning these structures as centers of community interaction and local engagement. According to
Kang and Kim (2014), this holistic approach to sustainability can improve the market positioning of
green buildings by relating them to comprehensive lifestyle benefits rather than purely ecological
attributes.

Although the market opportunities for vertical green buildings are expanding, there are issues
related to consumer education and market comprehension. Regarding sustainability, the features of
the building need to be comprehensively communicated in order to demystify the benefits and justify
the cost investment (Akhani and Pitroda, 2018). Branding and marketing vertical green buildings are
pivotal in establishing them as the norm for city structures. These buildings could become
competitively advantageous, ensure consumer loyalty, and thereby help in contributing to a more
sustainable future if the environmental, social, and economic value is underlined with intention.
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5 CONCLUSIONS

While rapid urbanization presents an avenue for change that could be leveraged with efficient
urban planning, it also presents numerous risks. Such risks call for assessments of the institutional
frameworks in acting more appropriately against such contemporary challenges as climate change and
natural hazards. This is since urban centres remain among the greatest contributors of greenhouse
gases, hence being the epicentre of climate change causes and solutions. This indicates that municipal
governments move to the center in designing and implementing action programs site-specifically for
the needs of the residents with respect to climate-associated problems. The programs further focus
on low-carbon, resilient urban growth, underlining the critical role of sustainable urban planning for long-
term environmental goals.

Vertical forests and green walls serve as groundbreaking responses to various environmental,
social, and economic issues within urban ecosystems. Given that numerous cities globally are deficient
in green spaces, these green infrastructures offer a sustainable approach to incorporating natural
elements into urban settings, thereby improving urban resilience, environmental quality, and the well-
being of residents. Therefore, this analysis outlines that, with appropriate configuration of the plants
and trees around buildings, green walls and vertical forests can help bring in multidimensional benefits
in terms of air quality, urban heat, water management, biodiversity, energy efficiency, economy, and
general urban wellbeing.

Building-integrated greenery creates an array of environmental benefits that include improving air
quality and eliminating the phenomena of the urban heat island. There were, from 1950 until 1970,
about 300-320 ppm of CO2 in the atmosphere. It reached 400 ppm in 1970-2010, though there is an
estimation of 700 ppm in the year 2100 (Jozay et al, 2024). Vegetation on buildings helps in filtering,
acting like a barrier between indoors and outdoors. The vegetation absorbs indoor and outdoor CO,
through photosynthesis and captures air pollutants (Q. Wang et al., 2019). Air passing through the
foliage results in fine particulate matter being intercepted on leaf surfaces, which decreases the levels
of injurious particles, thereby protecting the atmospheric air quality and air health. The importance of
this is particularly pronounced in metropolitan regions where air contamination presents considerable
health hazards. Furthermore, vegetation plays a crucial role in the sequestration of carbon dioxide,
which is a primary greenhouse gas influencing global warming and climate change. Studies indicate
that environmentally friendly structures release between 3% to 39% less CO2 when compared to
conventional construction techniques for sustainable architecture (Jozay et al, 2024). A quintessential
illustration is the instance of Bosco Verticale in Milan, which captures 30 tons of carbon dioxide
annually (Boeri Studio, 2024).

Vegetation is especially important in dissipating the urban heat island effect, or locally higher
temperatures of the built-up city compared to its rural surroundings. This diversification of green
features in fact creates the possibility for buildings to benefit from a cooling process related to
evapotranspiration, in which surrounding air temperatures would be reduced and heat released from
construction materials minimized. The inherent cooling phenomenon contributes to reducing the need
for air conditioning, hence reducing thermal discharge from air-conditioning systems (Pan & Chu, 2016;
Thomsit-Ireland, 2018). This in turn reduces energy use, saving between 24% and 50%, according to
Jozay et al. in 2024, which further results in reduced energy generation emissions and better urban air
quality. Various studies have estimated that indoor temperature can be reduced through vertical
greening by 2.2°C and wall surface temperature by 13.9°C (Peng et al. 2019).

Projections done indicate that 153 cities will experience increased temperatures ranging from 1.4-
3.1 °C up until 2050. Global warming is an issue that already significantly prevails in cities today.
Temperature regulation in green buildings is achieved both directly, through a reduction in heating and
cooling energy needs, and indirectly, through mediation of water runoff patterns (Silva et al., 2016).
Vegetation can absorb and filter rainwater, mitigating water drainage issues commonly exacerbated by
heavy rainfall, while providing an additional layer of bioprotection for older buildings (Thomsit-Ireland,
2018), by shielding it from harsh weather conditions, corrosion, and erosion (Kaposztasova et al., 2024).
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Additionally, the quality of surface and underground water is improved, while flooding and water
scarcity risks are mitigated. Adoption of such green infrastructure can save 40—-50% of water (Boano
et al., 2020).

Greenery-covered buildings are reshaping urban design to landscape the urban area in an
aesthetically pleasing yet ecologically beneficial way. These innovative structures meet environmental
challenges while contributing a great deal to improving the visual appearance of urban areas, thus
beautifying and renovating the cityscape perspectives. The incorporation of greenery systems,
including green facades, into retrofitted residential buildings facilitates the engagement of older
structures in the sustainable advancement of urban environments, contributing to decreased cooling
loads, enhanced shading, and diminished solar and conductive heat gains (Mostafa Khalil, 2022). In
addition to the environmental advantages, green facades enhance the aesthetic and social worth of
urban locales by fostering visually diverse and welcoming spaces.

Such environments encourage community interaction, well-being, and a high quality of life in the
urban area, as Kaposztasova et al. 2024 noted, for both inhabitants and wildlife. Many greenery
buildings remain standing as a refuge for the wild animals, incorporating various species of plants and
animals like birds and insects-allowing biodiversity, hence allowing human and nature co-existence.
These benefits align with the growing international concern for sustainable living, as they align with
broader efforts toward solving contemporary environmental problems (Peng, 2013). Public interest and
awareness about green spaces and architecture can also be seen in the property market, where sales
that involve such systems are usually faster. This phenomenon illustrates the increasing cultural and
economic significance linked to green buildings, emphasizing their function as facilitators in advancing
sustainable urban development (Grewal, 2023).

The increasing acknowledgment of the ecological advantages associated with greenery has
prompted urban areas to resist the development of glass skyscrapers, given their detrimental
environmental effects, as demonstrated in the instances of New York and Toronto. In contrast,
governments may provide financial incentives or mandate the incorporation of green elements into
these structures (Al-Kodmany, 2023).

This development necessitates cooperative endeavors among architects, urban planners,
policymakers, and the general public to guarantee that these advancements correspond with the
requirements of modern urban environments and their inhabitants (Modirrousta & Mohammadi, 2015).
Through collaboration, these parties can devise urban green strategies that are both ecologically
sustainable and socially inclusive, promoting cities that are resilient, inhabitable, and effectively
harmonized with natural components.

23



HFRI Greece 2

Hellenic F
( NATIONAL RECOVERY AND RESILIENCE PLAN

ellenic Four
Research &

European men  GRFFNERGY

NextGenerationEU

6 REFERENCES

Abdullahi, M., & Alibaba, H. (2016). Facade greening: A way to attain sustainable built environment.
International Journal of Environmental Monitoring and Analysis. 4(1), 12-20

Abel, C. (2010). The vertical garden city: Towards a new urban topology. Council on Tall Buildings
and Urban Habitat Journal, 2, 20—30.

Addo-Bankas, 0., Zhao, Y., Vymazal, J., Yuan, Y., Fu, J., & Wei, T. (2021). Green walls: A form of
constructed wetland in green buildings. Ecological Engineering, 169, 106321.

Aicher, A., Boermel, M., Londong, J., & Beier, S. (2022). Vertical green system for gray water
treatment: Analysis of the VertiKKA-module in a field test. Frontiers in Environmental Science.

Akhani, D. A., & Pitroda, J. (2018). To identify and analyze market opportunities and challenges for
green building. International Journal of Innovative Research in Technology, 4(12).

Al-Kodmany, K. (2015). Eco-towers: Sustainable cities in the sky. WIT Press.

Al-Kodmany, K. M. (2014). Green towers and iconic design: Cases from three continents. Archnet-
IJAR: International Journal of Architectural Research. 8(1), 11-28

Al-Kodmany, K. (2023). Greenery-covered tall buildings: A review. Buildings, 13, 2362.

Atkinson, G., Bateman, I., & Mourato, S. (2012). Recent advances in the valuation of ecosystem
services and biodiversity. Oxford Review of Economic Policy, 28, 22-47.

Azis, S., Sipan, I, Sapri, M., Yusoff, N. S. M., & Hashim, H. A. (2019). Comparison on energy saving:
Green roof and green wall. Planning Malaysia. 17(1), 48-57

Azkorra, Z., Pérez, G., Coma, J., Cabeza, L., Burés, S., Alvaro, J., Erkoreka, A., & Urrestarazu, M.
(2015). Evaluation of green walls as a passive acoustic insulation system for buildings. Applied
Acoustics. 89, 45-56

Barrico, L., & Castro, P. (2016). Urban biodiversity and cities’ sustainable development. P. Castro
et al. (eds.), Biodiversity and Education for Sustainable Development, World Sustainability Series. 29-
42 pp

Bellucci, F., Bogner, J. E., & Sturchio, N. C. (2012). Greenhouse gas emissions at the urban scale.
Elements, 8, 445-449.

Benavides, A. Y. C. D., & Zambrano, Y. M. D. (2023). Techos verdes, una propuesta sostenible para
el futuro. Proceedings of the Encuentro Internacional de Educacién en Ingenieria ACOFI, September
2023. Cartagena, Colombia

Boano, F., Caruso, A., Costamagna, E., Fiore, S., Demichelis, F., Ridolfi, L., Galvao, A., Pisoeiro, J.,
Rizzo, A., & Masi, F. (2019). Greening walls for treatment and reuse of domestic greywater. Proceedings
of the 16th International Conference on Environmental Science and Technology.

Boano, F., Caruso, A., Costamagna, E., Ridolfi, L., Fiore, S., Demichelis, F., Galvao, A., Pisoeiro, J.,
Rizzo, A., & Masi, F. (2020). A review of nature-based solutions for greywater treatment: Applications,
hydraulic design, and environmental benefits. Science of the Total Environment, 711, 134731.

Boc, V. (2015). Current approaches in metropolitan green infrastructure strategies. Scientific
Papers Series B Horticulture, 59, 307-310.

Boeri  Studio. (2024). Bosco  Verticale:  Vertical Forest.  Available  from
https://www.stefanoboeriarchitetti.net/en/project/vertical-forest. Last accessed on 30 October 2024.

Bolund, P., & Hunhammer, S. (1999). Ecosystem services in urban areas. Ecological Economics,
29,293-301.

24



Greece 2

NATIONAL RECOVERY AND RESILIENCE PLAN

Eoee e GRFFPMPFRSY

NextGenerationEU

Bortolini, L., & Zanin, G. (2017). The experimental and educational rain gardens of the Agripolis
Campus (northeast Italy): Preliminary results on hydrological and plant behavior. Acta Horticulturae.
1189, 531-536

Bosehans, G., & Walker, |. (2020). My sustainable city — Exploring lay people’s conception of
sustainable urban design. The Social Science Journal, 59(1), 85-101

Botzat, A., Fischer, L. K., & Kowarik, |. (2016). Unexploited opportunities in understanding livable
and biodiverse cities: A review on urban biodiversity perception and valuation. Global Environmental
Change, 39, 220-233.

Braun, T., & Bienert, S. (2015). Is green (still) a matter of prime? Stylized facts about the location
of commercial green buildings. Journal of Sustainable Real Estate, 7(1), 160—182.

Burnett, J. (2007). City buildings: Eco-labels and shades of green! Landscape and Urban Planning.
83(1),29-38
Chang, L. T., & Chang, F. C. (2022). Study of Living Wall Systems’ (LWSs) support system for

improving LWS life cycle performance and noise reduction potential. Building and Environment, 216,
109007.

Chen, C., Mao, L., Qiu, Y., Cui, J., & Wang, Y. (2020). Walls offer potential to improve urban
biodiversity. Scientific Reports, 10(1), 1-10

Chen, F., Liang, J.-H., & Liang, Y.-Y. (2017). Green building, advertising, and price premium. In 24th
Annual European Real Estate Society Conference. ERES: Conference. Delft, Netherlands, 2017.

Ciacci, C., Banti, N., Naso, V., & Bazzocchi, F. (2022). Evaluating buildings’ green retrofitting to
improve urban environment at district level. Environmental Science Proceedings. 18(1), 7.

Currie, B. A., & Bass, B. (2008). Estimates of air pollution mitigation with green plants and green
roofs using the UFORE model. Urban Ecosystems, 11, 409-422.

aesthetics of buildings and environments. Landscape Architecture and Art. 19(19), 61-72

Davies, C., & Lafortezza, R. (2017). Urban green infrastructure in Europe: Is greenspace planning
and policy compliant? Land Use Policy, 69, 93-101.

Deutsch-Aboulmahassine, E. (2009). Modular wall-mounted plant growing system. U.S. Patent No.
7627983B1.

Djedjig, R., Ganaoui, M. E., Belarbi, R., & Bennacer, R. (2016). Thermal effects of an innovative green
wall on building energy performance. Mechanics & Industry. 18, 104

Du, J.,Ng, P., Chen, J. J., & Fung, W. W. S. (2010). Enhancing the built environment by green roofs.
Advanced Materials Research. 150-151, 267-73.

Efimova, T., & Sviridovskii, A. 1. (2021). Green city: Sustainability of urban landscapes. Scientific
Proceedings: Ecology. 2 (80), 86—89.

Ercin, C., & Usluer, B. (2022). Analysis of the effects of green wall usage on user’s in indoor spaces.
Amazonia Investiga. 11(53), 234-248

Eriksen, A., & Riesto, S. (2017). What the ‘green city’ is up to: Two lenses of criticism for the green
facades of Oluf Bager Plaza in Odense, Denmark. SPOOL. 5(1), 61-80

Farinha-Marques, P., Lameiras, J. M., Fernandes, C., Silva, S., & Guilherme, F. (2011). Urban
biodiversity: A review of current concepts and contributions to multidisciplinary approaches.
Innovation: The European Journal of Social Science Research. 24(3), 247-271.

Finlay, E. (2010). Green infrastructure to combat climate change. In Northwest Climate Change
Action Plan and GRaBS Project. Community Forest Northwest, Edinburgh.

25



Greece 2

NATIONAL RECOVERY AND RESILIENCE PLAN

Eoee e GRFFPMPFRSY

NextGenerationEU

Francis, R. A., & Lorimer, J. (2011). Urban reconciliation ecology: The potential of living roofs and
walls. Journal of Environmental Management, 92, 1429-1437.

Fukuzumi, Y. (1996). Plant growing method for greening wall surfaces. U.S. Patent No. 5,579,603.

Gattringer, H., Claret, A., Radtke, M., Kisser, J., Zraunig, A., Rodriguez-Roda, |., & Buttiglieri, G.
(2016). Novel vertical ecosystem for sustainable water treatment and reuse in tourist resorts.
International Journal of Sustainable Development and Planning, 11, 263-274.

Geon Kang, A., & Kim, J. J. (2023). Effects of vertical forests on air quality in step-up street
canyons. Sustainable Cities and Society, 94, 104537.

Ghaffarianhoseini, A., Dahlan, N., Berardi, U., Makaremi, N., & Ghaffarian Hoseini, M. (2013).
Sustainable energy performances of green buildings: A review of current theories, implementations,
and challenges. Renewable and Sustainable Energy Reviews. 19, 1-11.

Giacomello, E. (2015). Case study: Bosco verticale, Milan: A new urban forest rises in Milan.
Building and Environment, 156, 118-129.

Giacomello, E. (2015). A new urban forest rises in Milan. Council on Tall Buildings and Urban
Habitat Journal, 1, 1-18.

Golasz-Szotomicka, H., & Szotomicki, J. (2019). Vertical gardens in high-rise buildings — Modern
form of green building technology. IOP Conference Series: Materials Science and Engineering, 603,
8022067.

Gdémez-Baggethun, E., & Barton, D. N. (2013). Classifying and valuing ecosystem services for urban
planning. Ecological Economics, 86, 235-245.

Grewal, K. (2023). Green facade: Strategic tool for urban greening. International Journal of
Scientific and Research Publications, 13(1), 123-129.

Guan, J., Ma, J., Zhang, Q., & Zhang, L. (2013). The rainwater artful design of the ecological farm in
Fumin County of Yunnan Province. Advanced Materials Research, 810, 233-236.

Halaszova, 1., & Kozlovska, M. (2021). Sustainability of green walls. IOP Conference Series:
Materials Science and Engineering, 603, 8022066.

Halawa, E., Ghaffarianhoseini, A., Trombley, J., Hassan, N., Baig, M., Yusoff, S. Y., & Ismail, M. A.
(2018). A review on energy-conscious designs of building fagades in hot and humid climates: Lessons
for (and from) Kuala Lumpur and Darwin. Renewable and Sustainable Energy Reviews, 82,2147-2161.

Heidt, V., & Neef, M. (2008). Benefits of urban green space for improving urban climate. In Ecology,
Planning, and Management of Urban Forests: International Perspectives (pp. 84-96). Springer, New
York, NY, USA.

Hesslerova, P., Pokorny, J., Huryna, H., Sejak, J., & Jirka, V. (2022). The impacts of greenery on
urban climate and the options for the use of thermal data in urban areas. Progress in Planning, 159,
100545.

Holmgren, M., Kabanshi, A., & Sorqvist, P. (2017). Occupant perception of “green” buildings:
Distinguishing physical and psychological factors. Building and Environment, 116, 206-214.

Hopkins, G., & Goodwin, C. (2011). Living Architecture: Green Roofs and Walls. CSIRO Publishing,
Clayton, VIC, Australia.

Jaffal, I., Ouldboukhitine, S., & Belarbi, R. (2012). A comprehensive study of the impact of green
roofs on building energy performance. Renewable Energy, 43, 157-164.

Joshi, S. V., & Ghosh, S. (2014). On the air cleansing efficiency of an extended green wall: A CFD
analysis of mechanistic details of transport processes. Journal of Theoretical Biology, 361, 101-110.

26



Greece 2

NATIONAL RECOVERY AND RESILIENCE PLAN

Eoee e GRFFPMPFRSY

NextGenerationEU

Jozay M, Zarei H, Khorasaninejad S, Miri T. (2024). Maximising CO, Sequestration in the City: The
Role of Green Walls in Sustainable Urban Development. Pollutants. 2024; 4(1):91-116.
https://doi.org/10.3390/pollutants4010007

Kang, J., Hornikx, M., Van Renterghem, T., Smyrnova, Y., Forssén, J., Cheal, C., Botteldooren, D.,
Yang, H.-S., Jeon, J., Jang, H., Taherzadeh, S., Attenborough, K., & Mandon, A. (2014). Vegetation in
urban streets, squares, and courtyards. In Routledge Handbooks Online.

Kang, Y.-J., & Kim, M.-D. (2014). A comparative analysis of designs in low carbon environment-
friendly business buildings. Journal of Korean Institute of Industrial Designers & Industry, 16(1), 23-34.

Kaposztasova, D., Lavkova Cakyova, K., Vertal, M., Vranayova, Z., & Burdova, E. K. (2024). Active
Green Constructions and Their Impact on Gray Infrastructure. Buildings, 14(2), 306.
https://doi.org/10.3390/buildings14020306

Kireeva, T. V. (2021). Construction and design of F. Hundertwasser green roofs. In Proceedings of
the 18th Scientifically-Practical Conference on Current Issues in the Modern Technologies of Building
Design, Construction, and Reconstruction, 83-90.

Knecht, C. (2011). Urban nature and well-being: Some empirical support and design implications.
Berkeley Planning Journal, 17, 39-55.

Knuth, S. (2016). Seeing green in San Francisco: City as resource frontier. Antipode, 48(3), 626—
643.

Kuo, F., Bacaicoa, M., & Sullivan, W. (1998). Transforming inner-city landscapes: Trees, sense of
safety, and preference. Environment and Behavior, 30(1), 28-59.

Lee, A., & Greaves, H. (2010). Green wall system. World Intellectual Property Organization, Patent
No. WO 2010/009505 A1.

Li, C., Peng, C., Chiang, P. C., Cai, Y., Wang, X., & Yang, Z. (2019). Mechanisms and applications of
green infrastructure practices for stormwater control: A review. Journal of Hydrology, 568, 626—-637.

Liu, Y. (2023). Analysis of the vertical forest of Milan in terms of high-rise architecture and
biodiversity. Journal of High-rise Architecture and Biodiversity, 3(2), 43-60.

Luchkina, V. (2020). Application of green roofing technologies as site landscaping. ICOMASS
Conference Proceedings, 4, 131-137.

Mace, G. M., Norris, K., & Fitter, A. H. (2012). Biodiversity and ecosystem services: A multilayered
relationship. Trends in Ecology & Evolution, 27(1), 19-25.

Mai, K. (2022). Productive blue-green roofs for stormwater management. IntechOpen.

Malys, L., Musy, M., & Inard, C. (2016). Direct and indirect impacts of vegetation on building
comfort: A comparative study of lawns, green walls, and green roofs. Energies, 9(1), 32.

McDonald, R. I., Kareiva, P., & Forman, R. T. T. (2008). The implications of current and future
urbanization for global protected areas and biodiversity conservation. Biological Conservation, 141,
1695-1703.

Mendes, A., & Teixeira, J. P. (2014). In Encyclopedia of Toxicology (Third Edition), Elsevier, pp.
213-223.

Millennium Ecosystem Assessment (MEA). (2005). Ecosystems and Human Well-being,
Ecosystems, Millennium Assessments. World Resources Institute.

Modirrousta, S., & Mohammadi, Z. (2015). Necessity and methods of designing green buildings in
cities and its effect on energy efficiency. European Online Journal of Natural and Social Sciences, 3(3),
67-79.

27



Greece 2

NATIONAL RECOVERY AND RESILIENCE PLAN

European men  GRFFNERGY

NextGenerationEU

Morakinyo, T. E., & Lam, Y. F. (2016). Simulation study of dispersion and removal of particulate
matter from traffic by road-side vegetation barrier. Environmental Science and Pollution Research, 23,
6709-6722.

Morakinyo, T. E., Lam, Y. F., & Hao, S. (2016). Evaluating the role of green infrastructures on near-
road pollutant dispersion and removal: Modelling and measurement. Journal of Environmental
Management, 182, 595-605.

Mostafa Khalil. (2022). School of Architecture, Urban Planning and Construction Engineering
[Masters Graduation Thesis In Building and Architectural Engineering Track: Building Engineering].
Politecnico Milano 1863.

Nash, R. F. (2005). Urban Place: Reconnecting with the Natural World. MIT Press, Cambridge, MA,
USA.

National Ecosystem Assessment (NEA). (2011). UK National Ecosystem Assessment Synthesis of
the Key Findings. UNEP-WCMC, Cambridge.

Natural England. (2013). Green infrastructure -Valuation tools assessment. Retrieved from
http://publications.naturalengland.org.uk/publication/6264318517575680 [Accessed: 30 October
2024].

Nevarez-Favela, M. M., Garcia-Albarado, J. C., Quevedo-Nolasco, A., Lopez-Pérez, A., & Bolafos-
Gonzalez, M. (2023). Perception of green infrastructure systems: Green walls and green roofs.
Agrociencia, 57(8), 3077-3089.

NYC Codes. Available online: https://www.nyc.gov/site/buildings/codes/nyc-code.page
[Accessed: 30 October 2024].

Osako, L. K., Brito, L., & Silva, P. A. (2022). Arvores de florestas urbanas: Uma 6tica ecoldgica para
uma gestdo promotora e mantenedora da biodiversidade na cidade. Revista de Sustentabilidade e
Desenvolvimento, 11(1), 24887.

Osseweijer, F. J., Van Den Hurk, L. B, Teunissen, E. J., & Van Sark, W. G. (2017). A review of the
Dutch ecosystem for building-integrated photovoltaics. Energy Procedia, 111, 974-981.

Ottelé, M., van Bohemen, H. D., & Fraaij, A. L. A. (2010). Quantifying the deposition of particulate
matter on climber vegetation on living walls. Ecological Engineering, 36, 154-162.

Pan, L., & Chu, L. M. (2016). Energy saving potential and life cycle environmental impacts of a
vertical greenery system in Hong Kong: A case study. Building and Environment, 96, 293-300.
https://doi.org/10.1016/j.buildenv.2015.06.033

Peng, K. (2013). The application of vertical greening to urban rehabilitation and maintenance.
International Review for Spatial Planning and Sustainable Development, 1(3), 74-86.

Pérez, G., Rincdn, L., Vila, A.,, Gonzélez, J. A., & Cabeza, L. (2011). Green vertical systems for
buildings as passive systems for energy savings. Applied Energy. 88, 4854-4859

Perini, K., Magrassi, F., Giachetta, A., Moreschi, L., Gallo, M., & Del Borghi, A. (2021). Environmental
sustainability of building retrofit through vertical greening systems: A life-cycle approach.
Sustainability, 13(9), 4886.

Pettit, T., Irga, P. J., Abdo, P., & Torpy, F. R. (2017). Do the plants in functional green walls contribute
to their ability to filter particulate matter? Building and Environment, 125, 299-307.

Pettit, T., Irga, P. J., Surawski, N. C., & Torpy, F. R. (2019). An assessment of the suitability of active
green walls for NO, reduction in green buildings using a closed-loop flow reactor. Atmosphere, 10, 801.

Pittaluga, 1., Schenone, C., & Borelli, D. (2011). Sound absorption of different green roof systems.
The Journal of the Acoustical Society of America, 130(4), 2530.

28



Greece 2

NATIONAL RECOVERY AND RESILIENCE PLAN

Eoee e GRFFPMPFRSY

NextGenerationEU

Pugh, T. A, MacKenzie, A. R, Whyatt, J. D., & Hewitt, C. N. (2012). Effectiveness of green
infrastructures for improvement of air quality in urban street canyons. Environmental Science &
Technology, 46, 7692-7699

Radomska, M. (2022). Biodiversity-based solutions for the support of ecosystem services provided
by urban green infrastructure. Journal of Urban Ecosystems, 11(4), 507.

Radosavljevi¢, J., Vukadinovi¢, A., Vasovi¢, D., & Petkovi¢, A. (2015). Attenuation of road traffic
noise by vegetation in urban spaces. Noise Control Engineering Journal, 63(6), 570-575.

Rakhshandehroo, M., Mohd Yusof, M. J., & Najd, M. D. (2015). Green fagade (vertical greening):
Benefits and threats. Applied Mechanics and Materials, 747, 12-16.

Reeves-Latour, J. (2017). La représentation du bien-étre en contexte de verdissement urbain: Le
cas des ruelles vertes de I'lle de Montréal. Les Cahiers de droit, 18(2), 35-57.

Rogers, J. (2013). Green, brown or grey: Green roofs as ‘sustainable’ infrastructure. In Sustainable
Development and Planning VI (pp. 119-132). WIT Press.

Rosenzweig, M. L. (2003). Reconciliation ecology and the future of species diversity. Oryx, 37(2),
194-205.

Ryherd, E. (2010). Hot topics in architectural acoustics. The Journal of the Acoustical Society of
America, 127(3), 1528—-1535.

Sakieh, Y., Jaafari, S., Ahmadi, M., & Danekar, A. (2017). Green and calm: Modeling the relationships
between noise pollution propagation and spatial patterns of urban structures and green covers. Urban
Forestry & Urban Greening, 24, 112-121.

Sevianu, E., Malos, C., Arghius, V., Brisan, N., Badarau, A., Moga, M., Muntean, L., & Raulea, A.
(2021). Mainstreaming ecosystem services and biodiversity in peri-urban forest park creation:
Experience from Eastern Europe. Frontiers in Environmental Science, 9(4), 618217.

Sheweka, S. M., & Mohamed, N. M. (2012). Green facades as a new sustainable approach towards
climate change. Energy Procedia, 18, 507-520.

Shishegar, N. (2015). Green roofs: Enhancing energy and environmental performance of buildings.
Renewable and Sustainable Energy Reviews, 45, 686-707.

Shroepfer, T. (2015). Dense + green: Innovative building types for sustainable urban architecture.
Birkhauser.

Sonti, N. (2020). Ambivalence in the woods: Baltimore resident perceptions of local forest patches.
Society & Natural Resources, 33(7), 923-937.

Stangl, R., Minixhofer, P., Wultsch, T., Briefer, A., & Scharf, B. (2022). Green-blue infrastructure in
the built environment: Sustainable and resource-saving designs for urban structures and open spaces.
Journal of Environmental and Earth Sciences, 1078(1), 012132.

Su, Y.-M.,, & Lin, C.-H. (2015). Removal of indoor carbon dioxide and formaldehyde using green
walls by Bird Nest Fern. Horticulture Journal, 84, 69-76.

Sysoeva, E., & Gelmanova, M. (2020). Analysis of roof greening technology impact on rain and
meltwater retention. E3S Web of Conferences, 164, 02013.

Theodoridov, I., Karteris, M., Mallinis, G., Papadopoulos, A. M., & Hegger, M. (2012). Assessment
of retrofitting measures and solar systems’ potential in urban areas using geographical information
systems: Application to a Mediterranean city. Renewable and Sustainable Energy Reviews, 16, 6239-
6261.

Tiwary, A., Sinnett, D., Peachey, C., Chalabi, Z., Vardoulakis, S., Fletcher, T., & Hutchings, T. R.
(2016). An integrated tool to assess the role of new planting in PM capture and the human health
benefits: A case study in London. Environmental Pollution, 214, 356—367.

29



Greece 2

NATIONAL RECOVERY AND RESILIENCE PLAN

Eoee e GRFFPMPFRSY

NextGenerationEU

Thomsit-Ireland, F. (2018). Technologies for Sustainable Built Environments Centre School of the
Built Environment Faye Thomsit-Ireland.

Tudiwer, D., & Korjenic, A. (2017). The effect of living wall systems on the heat resistance value of
the fagade. International Journal of Environmental Engineering and Science. 2, 141.

Tzoulas, K., Korpela, K., Venn, S., Yli-Pelkonen, V., Kazmierczak, A., Niemel3, J., & James, P. (2007).
Promoting ecosystem and human health in urban areas using green infrastructure: A literature review.
Landscape and Urban Planning, 81, 167-178.

Silva, C. M., Gomes, M. G., & Silva, M. (2016). Green roofs energy performance in Mediterranean
climate. Energy and Buildings, 116, 318—-325. https://doi.org/10.1016/j.enbuild.2016.01.012

Stefanatou, A., Lagkadas, M., Petousi, |., Schiza, S., Stasinakis, A. S., Fyllas, N., & Fountoulakis, M.
S. (2024). Vertical flow constructed wetlands as green facades and gardens for on-site greywater
treatment in buildings: Two-year mesocosm study on removal performance. Science of the Total
Environment.906, 167362

Pérez, G., & Perini, K. (2018). Vertical greening systems for pollutants reduction. In Nature-Based
Strategies for Urban and Building Sustainability (pp. 131-140). Elsevier Inc.

Wang, P., Wong, Y. H, Tan, C. Y,, Li, S, & Chong, W. T. (2022). Vertical greening systems:
Technological benefits, progresses, and prospects. Sustainability, 14, 12997.

Wang, Q., Cheng, Y., Garg, A., & Zhu, Z. (2019). Characteristics of local wind pressure distribution
and global aerodynamic forces on a vertical forest. Ecological Engineering, 138, 61-70.
https://doi.org/10.1016/j.ecoleng.2019.07.015

Wang, W., Zhou, X., Wu, S, Zhao, M., Jin, Z., Bei, K., Zheng, X., & Fan, C. (2024). Vertical green wall
systems for rainwater and sewage treatment. Sustainability, 16(17), 7593.

Wang, X., Gard, W., & Kuilen, J. W. G. (2020). Vertical forest engineering: Applications of vertical
forests with self-growing connections in high-rise buildings. Journal of High-Rise Ecology, 12(3), 41—
55.

Wang, Z., & Zhang, J. S. (2011). Characterization and performance evaluation of a full-scale
activated carbon-based dynamic botanical air filtration system for improving indoor air quality. Building
and Environment, 46, 758-768.

Weerakkody, U., Dover, J. W., Mitchell, P., & Reiling, K. (2017). Particulate matter pollution capture
by leaves of seventeen living wall species with special reference to rail-traffic at a metropolitan station.
Urban Forestry & Urban Greening, 27, 173-186.

Weerakkody, U., Dover, J. W., Mitchell, P., & Reiling, K. (2018). Quantification of the traffic-
generated particulate matter capture by plant species in a living wall and evaluation of the important
leaf characteristics. Science of the Total Environment, 635, 1012-1024.

Wei, H., Hauer, R, Sun, Y., Meng, L., & Guo, P. (2022). Emotional perceptions of people exposed to
green and blue spaces in forest parks of cities at rapid urbanization regions of East China. Urban
Forestry & Wong, I., & Baldwin, A. (2016). Investigating the potential of applying vertical green walls to
high-rise residential buildings for energy-saving in sub-tropical regions. Building and Environment, 100,
208-216.

Xiao, H. (2014). Carry out the Green Brand Construction: A Case Study. Applied Mechanics and
Materials, 608-609, 1205-1208.

Xu, D. (2013). Landscape greening combined-type roof rainwater comprehensive utilization
system. Applied Mechanics and Materials, 409-410, 620-623.

Xu, X., & Chang, Y. (2018). “Energy-Economic-Environment” Assessment for Energy-Efficiency
Techniques of Green Buildings. Journal of Energy Resources Technology, 140(5), 053001.

30



Greece 2

NATIONAL RECOVERY AND RESILIENCE PLAN

Eoee e GRFFPMPFRSY

NextGenerationEU

Yan, J,, Yan, P., Wang, B., Wu, S, Zhao, M., Zheng, X., Wang, Z., Zhang, Y., & Fan, C. (2024). Green
roof systems for rainwater and sewage treatment. Water, 16(15), 2090.

Yeang, K. (2008). Ecoskyscrapers and ecomimesis: New tall building typologies. In Proceedings
of the 8th CTBUH World Congress on Tall & Green: Typology for a Sustainable Urban Future, Dubai,
United Arab Emirates, 3—5 March 2008 (pp. 3-5).

Yeang, K., & Powell, R. (2007). Designing the ecoskyscraper: Premises for tall building design.
Structural Design of Tall and Special Buildings, 16(4), 411-427.

Yeang, K., & Richards, I. (2007). Eco Skyscrapers |. Images Publishing, Mulgrave, VIC, Australia.
Yudelson, J. (2006). Marketing Green Buildings. Taylor & Francis Group.

Zainuddin, Z. (2012). Seeing green: Guidelines for the construction of green roofs and walls.
Planning News. 38(5), p.15

Zhao, Y., Babatunde, A., Zhao, X., & Li, W. (2009). Development of alum sludge-based constructed
wetland: An innovative and cost-effective system for wastewater treatment. Journal of Environmental
Science and Health, Part A, 44(8), 827-832.

31



